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Bahar Leventoğlu Duke University, Durham, NC, USA

Po-Hsuan Lin California Institute of Technology, Pasadena, CA, USA

Topi Miettinen Hanken School of Economics, Helsinki, Finland

Gideon Nave University of Pennsylvania, Philadelphia, PA, USA

Shiran Rachmilevitch Department of Economics, University of Haifa,
Haifa, Israel

María P. Recalde University of Melbourne, Melbourne, Australia

Andrzej Skrzypacz Stanford University, Stanford, CA, USA

Alec Smith Virginia Tech, Blacksburg, VA, USA

Robert Sugden University of East Anglia, Norwich, UK

Ashley Swanson Columbia University, New York, NY, USA

Steven Tadelis University of California, Berkeley, Berkeley, CA, USA

Joseph Tao-yi Wang National Taiwan University, Taipei, Taiwan

Lise Vesterlund University of Pittsburgh, Pittsburgh, Pennsylvania,
USA

Alexander Wolitzky Massachusetts Institute of Technology,
Cambridge, MA, USA
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1
Introduction

Emin Karagözoğlu and Kyle B. Hyndman

It goes almost without saying that bargaining is ubiquitous and has been
a part of the human experience for thousands of years. It is arguably one
of the most natural forms of social interaction. As Schelling [6] famously
put it, “most conflict situations are bargaining situations.” Hence, it is
not surprising to see that a great deal of attention has been paid to
it in terms of academic research in multiple disciplines. Among many
other notable works, some of these appear in the survey by Roth [5],
an excellent handbook edited by Bolton and Croson [1], and a book by
McMillan [3]. We, the editors of this book, are thrilled to see that even
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after decades of research on bargaining, it is still a dynamic and evolving
field, and we hope that the readers of this book will share our enthusiasm.

Our goal in this edited volume is to bring together a collection of
essays that highlight both classical and new theoretical foundations, as
well as shedding new light on traditional applications to bargaining
research and, finally, to introduce the reader to some of the newest and
most interesting avenues of current and future research in bargaining.
In so doing, we hope that the book will be a source of inspiration
for future research in this continuously evolving and inter-disciplinary
domain, which touches almost every sphere of life. In line with our
goal, most chapters in this volume start with an up-to-date survey of the
existing literature to inform the reader about the frontier and continue
with the challenges, open questions, and future directions. In this intro-
duction, we will provide a brief overview of the chapters that readers of
this volume will be exposed to.

As alluded to, this book is divided into three parts. The first, Theo-
retical and Behavioral Foundations provides a foundation of many clas-
sical—as well as some more recent—theoretical and behavioral under-
pinnings that serve as a foundation for more applied research. The seven
chapters in Part I, explore commitment tactics, reputational bargaining,
dynamic bargaining with private information, reference dependence, the
role of focal points, ethical aspects of the Nash bargaining solution, and
dynamic models of legislative bargaining.

In Chapter 2, Topi Miettinen surveys the literature on commitment
tactics in bargaining under complete information. Inspired by seminal
works of Nash [4], Schelling [6], and Crawford [2], many scholars
studied the influence of strategic commitments and threats on bargaining
behavior and outcomes. The author provides an overview of this line of
work with a particular focus on pre-commitment, which he defines as an
explicit choice to restrict one’s future action space.

In Chapter 3, Jack Fanning and Alexander Wolitzky focus on
commitment in bargaining games with incomplete information. In these
models, whether a player is a rational type or a commitment type is his
private information and the existence of commitment types introduces a
strategic incentive for the rational players to mimic a commitment type
player. The authors’ survey spans a rich variety of models with single or
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multiple commitment types, endogenous commitment demands, non-
stationary types and environments as well as possible applications in
search markets and mediation.
William Fuchs and Andrzej Skrzypacz delve into the challenging

environment of private information and bargaining in Chapter 4. Their
survey mostly covers recent, cutting-edge theoretical models which are
characterized by private information and dynamically evolving factors
with a special emphasis on the influence of the outside environment. The
arrival of new trading parties, the existence of a deadline, the arrival of
relevant information or outside options are some examples. Their discus-
sion of possible avenues for future research underlines the importance of
endogenous outside options and continuous-time models for this line of
work.

In Chapter 5, Kerim Keskin explains the various ways refer-
ence points and reference-dependent behavior are incorporated into
bargaining models. His overview includes both axiomatic and strategic
models of bargaining. Moreover, his analysis is not restricted only to
models based on Prospect Theory, but also contains bargaining games
or problems where the reference point does not enter agents’ utility
functions but just acts as a salient point coordinating their expectations.

In Chapter 6, Andrea Isoni, Robert Sugden, and Jiwei Zheng
provide us with a thorough survey of the experimental literature on the
role of focal points in bargaining, highlighting the differing effects of
payoff-based and label-based focal points on bargaining behavior and
outcomes. They discuss efficiency and equality as some possible sources
of payoff-based focality, and player labels, strategy labels, and bargaining
table design for the label-based focality.

Shiran Rachmilevitch, in Chapter 7, discusses the ethical aspects of
the celebrated Nash bargaining solution. In particular, he presents results
that reveal how the Nash bargaining solution offers a perfect compro-
mise between two opposing notions of distributive justice, utilitarianism,
and egalitarianism. He concludes with an engaging discussion on John
Roemer’s critique of the study of distributive justice using bargaining
theory, and by explaining how the utilitarian-versus-egalitarian frame-
work surveyed in the chapter can be useful in addressing ethical issues in
distribution.
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Legislative bargaining has been a very dynamic line of research in the
last two decades. In Chapter 8, Hülya Eraslan, Kirill Evdokimov, and
Jan Zápal survey the theoretical literature on legislative bargaining with a
particular emphasis on models with endogenous status quo. The authors
cover a wide set of issues including the existence and efficiency of equi-
libria, distributive and spatial policies, and policy convergence. Finally,
they present concrete open questions and challenges, one of which is the
incorporation of dynamic legislative bargaining models into macroeco-
nomic models of dynamic taxation or evolving debt, where they have a
great potential to offer new economic insights.

Part II, Applications, presents applications of bargaining theory in a
rich variety of research fields ranging from political science to opera-
tions management. The seven chapters in this part explore legislative
bargaining experiments, different market institutions and their impact
on the distribution of surplus, empirical work on bargaining in IO and
trade, applications of Nash-in-Nash bargaining in healthcare markets,
climate change negotiations, applications of bargaining theory in the
scientific study of war, and bargaining in operations management.

Following up on the earlier chapter, which focuses on theoretical
aspects of legislative bargaining, in Chapter 9,Marina Agranov provides
us with a thorough review of the still evolving experimental literature
focusing on legislative bargaining. Her survey ends with a call for more
research on standing committees and the dynamic interactions that take
place in legislatures.

In Chapter 10, Nicholas Feltovich and Nejat Anbarcı revisit a well-
studied problem on how the market institution underlying a trading
mechanism affects prices and the allocation of surplus. They consider
two extremes of posted price and negotiated price institutions, as well
as a middle ground with flexible pricing. They show several interesting
deviations from theory, including low efficiency and seller earnings when
prices are negotiable.

Ali Yürükoǧlu, in Chapter 11, surveys the relatively new and growing
literature which leverages the workhorse Nash-in-Nash bargaining model
to generate predictions, as well as the newly emerging data sets on
bargaining outcomes in various industries. He provides examples from
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media content, healthcare, and grocery industries to highlight the many
policy-relevant insights that are possible with this new approach.

In Chapter 12, Matthew Grennan and Ashley Swanson, dig deeper
into the Nash-in-Nash empirical framework, focusing almost exclu-
sively on the healthcare industry. They provide detailed examples of
this framework being applied to real-world and policy-relevant problems
for purchasing medical devices and pharmaceuticals, as well as hospital
mergers and insurance networks. They end with a call to devote more
attention to modeling asymmetric information and expanding models
to include other important factors (e.g., leadership and incentives) that
often wind up in the “residual.”

In Chapter 13, Alejandro Caparrós, shows us that bargaining theory
is also regularly applied to high stakes multilateral negotiations, with his
discussion of bargaining and climate negotiations. He argues strongly
that the change in approach to climate negotiations brought about by
the Paris Climate Accord creates a need for new approaches to model
this paradigm.
War is a way to resolve conflict, but a rather costly one. A natural

alternative could be peaceful resolution through negotiated settlements.
In Chapter 14, Bahar Leventoǧlu surveys the literature on bargaining
and war that mostly grew in the realms of political science. Shifting
bargaining power, information problems, and commitment problems are
some issues that receive special attention in this chapter.

A great deal of research in operations management (OM) focuses on
contracting between parties at various levels of the supply chain, meaning
that bargaining research is fundamentally important in OM. Andrew
Davis, in Chapter 15, sheds light on bargaining theory and, especially
experiments in this field, and how they are similar to and different from
those found in the economics literature more generally.

Part III, Advances in Bargaining Research: New Platforms, Chal-
lenges and Techniques, contains six chapters where the authors explore
field experiments, bargaining in online platforms, autonomous negoti-
ation agents, applications of machine learning in analyzing data from
bargaining experiments, the role and effect of emotions in bargaining,
and policies that aim to avoid the gender wage-gap in the presence of
gender differences in bargaining.
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In Chapter 16, Burak Dindaroǧlu and Seda Ertaç, provide a broad
overview of the growing literature which takes bargaining research into
the field. Their main focus is on discrimination in the marketplace, as
well as bargaining within the household, and gender-specific aspects of
bargaining more broadly.

Another new and interesting application of bargaining in the field
comes in Chapter 17, by Matthew Backus, Thomas Blake, and Steven
Tadelis. They exploit data from eBay’s roll-out of the Best Offer Plat-
form and provide insights on both the role of communication and how
agents learn to communicate when a new trading institution is brought
to the market.

Self-sufficient, autonomous decision-making units are an extremely
fertile and rapidly progressing field of research. Although it is mostly
the human-like robots or self-driving cars that make it to the news,
the research in the field is not restricted to these. Chapter 18, written
by Tim Baarslag, Michael Kaisers, Enrico Gerding, Catholijn Jonker
and Jonathan Gratch is proof. The authors present a summary of the
progress made on autonomous negotiation agents, and explore various
technological, societal, and ethical challenges that result from using
autonomous negotiation systems.
The world is witnessing a data revolution. One that, naturally, triggers

significant progress in statistical and econometric tools, and spreads their
use in almost all research fields. In Chapter 19, Colin Camerer, Hung-
Ni Chen, Po-Hsuan Lin, Gideon Nave, Alec Smith, and Joseph Tao-yi
Wang present results from the first set of bargaining experiments, where
the authors used machine learning methods to study the effect of process
variables on bargaining outcomes.

Although not often explicitly noted in much of the bargaining liter-
ature found in economics, emotions can be expected to play a key role
in bargaining behavior, especially when we observe deviations from the
normative theoretical prediction. In Chapter 20, Gert-Jan Lelieveld
and Eric van Dijk provide a broad overview of the research in social
psychology that explicitly tries to link emotions to negotiation strategies
and outcomes, as well as the underlying psychological theory.
The economics research in the last 20+ years report gender differences

in negotiation as one of the potential factors contributing to the gender
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wage gap. That said, it is not totally clear what type of policies should
be used to avoid this gap. Should one “fix the women” or “fix the insti-
tutions” or both? María Recalde and Lise Vesterlund, in Chapter 21,
survey the experimental literature on gender differences and discuss chal-
lenging questions related to policies that can improve the wage equality
across men and women.
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Theoretical and Behavioral Foundations



2
Commitment Tactics in Bargaining Under

Complete Information

Topi Miettinen

2.1 Introduction

For a long time economists deemed bargaining problems indeterminate
(Edgeworth 1881; Hicks 1935). The received wisdom was that the solu-
tion must satisfy both individual and collective rationality, i.e., that the
agreement should not be worse for either party than not agreeing, and
that the outcome should be Pareto efficient. Yet, there was no theory to
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Ellingsen, Jack Fanning, Emin Karagözoğlu and Tomas Sjöström for comments. Financial
support of the Fulbright Finland Foundation, the Norwegian Research Council (250506),
the Yrjö Jahnsson Foundation is gratefully acknowledged.

T. Miettinen (B)
Hanken School of Economics, Helsinki, Finland
e-mail: topi.miettinen@hanken.fi

© The Author(s), under exclusive license to Springer Nature
Switzerland AG 2022
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select which of the individually rational and Pareto efficient agreements
would be chosen.

Zeuthen (1930, Chapter 4) proposes a formal structure and an intu-
ition on how to reach a solution to the problem. He considers a protocol
where parties may bind themselves to mutually incompatible commit-
ment positions, and yet, potentially back down and concede if necessary.
Zeuthen argues that the party which has less to lose in case of conflict and
more to win in case of unilateral success will be more willing to insist.
Zeuthen’s solution of the problem anticipates a game-theoretic fixed-
point notion that was later developed by Nash. It is Nash’s (1950, 1953)
exact formalizations which are perceived to discover the first rational
prediction for the bargaining problem.1

Nash (1953) investigates a two-stage model where the players first
commit to threats which would be carried out if negotiations stall. The
parties then bargain under these threats. He shows how the commit-
ments influence the bargaining outcomes. In line with his axiomatic
model (Nash 1950) and the preceding received wisdom of the schol-
arship, the negotiators would come to an agreement in efficient and
individually rational terms. Moreover, this sharing would depend on the
chosen threats. Ever since, commitment tactics have been in the focus of
game-theoretic bargaining scholarship.

Schelling (1956, 1960) adopts a different stance to commitment in
bargaining, which in fact, in its vivid motivating rhetoric, closely mimics
that of Zeuthen (1930).2 He argues that parties might rather attempt to
commit to reduce their strategic capacity (Schelling 1956, p. 286):

...it has not been uncommon for union officials to stir up excitement
and determination on the part of the membership during or prior to
a wage negotiation. If the union is going to insist on $2 and expects
the management to counter with $1.60, an effort is made to persuade
the membership not only that the management could pay $2 but even
perhaps that the negotiators themselves are incompetent if they fail to
obtain close to $2. The purpose ... is to make clear to the management

1 Harsanyi (1956) illustrates that Zeuthen’s solution can be considered largely equivalent to that
of Nash.
2 See also Ellsberg (1959) and Schelling (1966).
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that the negotiators could not accept less than $2 even if they wished to
because they no longer control the members or because they would lose
their own positions if they tried.

He also remarks that the commitment must be credible and success-
fully communicated to the other side of the bargaining table prior to
the start of bargaining for the commitment to be effective. Arriving at
the bargaining table with limited capacity to agree on unfavorable deals
would force other parties to make concessions in order not to delay
agreement. He argues that this type of commitment tactic could lead
to mutually incompatible bargaining positions if pre-commitments are
made simultaneously or unbeknownst of each other’s moves. Superfi-
cially, Schelling seems to build directly on Nash merely changing the
timing of commitments and what the commitments concern. Under-
neath, however, there is a more fundamental difference in approaches:
whereas Nash aspires to offer a unique generally applicable rationality
prescription, Schelling takes a more descriptive perspective admitting
that unique efficient predictions are not consistent with what we observe
in labor disputes, international conflicts, and experimental data. In his
view, outcomes and strategies depend considerably on the context and
human psychology.

Schelling supports his view with insightful experiments and ency-
clopedic anecdotal evidence. He expresses his ideas in approachable
and clear English without any mathematical formulae. His ideas on
pre-commitment are first put under rigorous game-theoretic scrutiny
by Crawford (1982). Crawford sketches a two-stage model of bilateral
bargaining where parties in the first round make attempts to tie their
hands. In second stage, each chooses whether to back down from her
commitment or not. In his model, the power to commit stems from the
costs of revoking one’s commitment. These costs are stochastic in the
model and occasionally excessively high so as to rule out the capacity
to back down and agree on any conceivable deal. Crawford shows
that if excessively high commitment costs are not very likely, then the
unique Perfect Bayesian Equilibrium involves aggressive commitments
which, if successful, are mutually incompatible. Compelled by Schelling’s
more descriptive approach, Crawford also presents a boundedly rational
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version of the model where parties expect revoking probabilities to be
independent of the commitment positions adopted in the first stage.

Contemporary to Crawford’s work was both the celebrated perfect
information alternating-offer bargaining model of Rubinstein (1982)
and the incomplete information protocol-free inefficiency results of
Myerson and Satterthwaite (1983). Rubinstein derives a unique outcome
consistent with the Nash (1950) axioms based on the cost of delay and
subgame perfection; the model has thereafter served as a primary moti-
vation for the widespread use of the Nash bargaining solution in applied
work. Myerson and Satterthwaite (1983) show that when parties are
negotiating a transaction and valuations are privately known, there is
no bargaining or other mechanism which would allow the parties to
efficiently allocate the good. Much of the applied work that followed
adopted the view that Nash bargaining solution is the right prediction
for complete information bargaining and asymmetric information is the
main, if not the only, source of delay and inefficiency in bargaining.

In the meanwhile, the commitment literature evolved to interesting
new directions. Muthoo (1992, 1996) proposes an alternative justifi-
cation for the Nash bargaining solution based on the cost of revoking
commitments. The reputational bargaining literature with stubborn
types (see the chapter by Fanning and Wolitzky), where Schelling’s influ-
ence is clearly visible, leaped forward by the seminal contributions of
Myerson (1991) and Abreu and Gul (2000). Relatedly, Fershtman and
Seidmann (1993) argue that when negotiators are accountable to their
managers or the membership they represent, it may be difficult to accept
a deal which leads to a worse outcome than what one could have gotten
by accepting an offer earlier. Thus there is endogenous commitment to
reject such offers. By combining this intuitive idea with the existence of
a deadline, they show that delay necessarily arises in equilibrium. Perry
and Reny (1993) illustrated how efficiency and relative symmetry of
the agreements in Rubinstein (1982) are influenced by the commit-
ment power provided by reaction and response times and thus even the
Rubinstein model can be perceived as a specific commitment model.
These main developments of the commitment literature before

the turn of the millennium are well summarized in Muthoo
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(1999, Chapter 8). In this chapter, I will focus on the complete infor-
mation non-cooperative literature on commitment following the publi-
cation of Muthoo’s book. I define pre-commitment as an explicit choice
to restrict one’s future action space. I will thus not consider the endoge-
nous commitment literature where commitment arises as a byproduct of
past actions.3 I will also not address reputational bargaining nor dynamic
incomplete information bargaining which are covered in the chapters by
Fanning and Wolitzky and by Skrypacz and Fuchs, respectively, in this
volume.4

The key finding is that costly strategic pre-commitments which are
uncertain to succeed may unavoidably lead to inefficiency—a finding
challenging the received wisdom that complete information bilateral
bargaining is necessarily efficient. These models thus suggest an alter-
native to incomplete information in explaining the empirically observed
delay and inefficiency in bargaining and conflict. I summarize the theo-
retical developments in the following section. In the final section, I
discuss the applied future directions, the empirical evidence, and the
limitations of the approach.

2.2 Theoretical Literature

2.2.1 Stochastic Success and Inefficiency

Consider a potentially dynamic n−player bargaining game B where
players 1 to n bargain on how to divide a continuously divisible pie of
size one, and they have to agree unanimously. Suppose the outcome of B
is unique and efficient. Let us denote the share of player i at the outcome

3 For studies beyond Muthoo’s (1999) comprehensive overview, see Calabuig et al. (2002, 2004,
2006), Cunyat (2004), Compte and Jehiel (2003, 2004), Mauleon and Vannetelbosch (2004),
Li (2007), Caruana et al. (2007) Caruana and Einav (2008), Miettinen (2010), Driesen et al.
(2012), Hyndman (2011), and Kara et al. (2021).
4 Neither will I consider endogenous recognition in multilateral bargaining where prior moves
could be perceived as tying a particular player to the proposer role, or the status quo literature
where commitments concern the current fallback option. See Agranov et al. (2020) and Baron
et al. (2017), respectively.
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by yi where by efficiency y1+...+yn = 1. For example, B could be bilat-
eral and y could coincide with the Nash bargaining solution (Rubinstein
1982; Binmore 1987; Binmore et al. 1987) as in much of the existing
applied literature.

Let us now extend B by allowing each player to attempt commit-
ting prior to B, or prior to each stage of B. A commitment attempt, if
successful, rules out the capacity to accept some proposals in the ensuing
interaction. Let us use the notation that player j at time t with commit-
ment status stj cannot accept a deal where she receives a share strictly
smaller than stj (player j who did not attempt commitment or who failed
has stj = 0). If attempts to commit have been made and st1+...+stn > 1,
then there is disagreement. In this case, if the original B is one-shot or
commitments last forever (stj = st

′
j for t ′ > t) the whole pie is lost. If

the original B is dynamic and commitments eventually decay, there is
delay and the outcome is inefficient for impatient players. If s j ≤ y j for
all j, the pie is shared according to y. If there is i with si > yi and the
commitment statuses sum to weakly less than one, then each receives at
least the share of the pie equal to her commitment status.

In the bilateral case, Renou (2009) and Bade et al. (2009) show very
generally that when the initial pre-commitments are certain to succeed
without cost and last forever, any equilibrium of the underlying game B
is still an equilibrium outcome of the game with commitments and thus
efficient outcomes exist: the argument, when applied to the bargaining
context, generalizes the well-known pattern in the Nash-demand game
that the just-compatible commitment is a best reply to a given commit-
ment of the other.5 In particular, committing to yi is a best reply to
the other’s commitment y j and y remains an efficient outcome of the
commitment game, much like in Crawford (1982) when commitments
are sufficiently likely to succeed.6

5 See also Melkonyan and Chakravarty (2020) for some analysis in the general case under
uncertain pre-commitments.
6 Kalai et al. (2010) further strengthen the efficiency result for a general B by showing that
by allowing for commitments that condition on commitments made by others, a folk theorem
obtains. Other models of conditional commitment include Howard (1971) and Tennenholtz
(2004). Karagözoğlu and Keskin (2018) consider a model where players have reference-points
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Ellingsen and Miettinen (2008, EM) limit attention to bilateral
bargaining but allow commitment to be costly and uncertain to succeed.
In line with Schelling’s (1960) original intuitions and his ideas on
brinkmanship (Schelling 1966), EM predict inefficiencies. They point
out that just-compatible commitments to y1 and y2 constitute a Nash
equilibrium in strategies which are weakly dominated by staying flex-
ible, and a commitment to less than yi is likewise dominated.7 In
fact, when committing is (infinitesimally) costly, dominance becomes
strict and thus any pair of efficient compatible commitments is ruled
out. Moreover, when uncertain success of commitment attempts is
assumed, staying flexible becomes iteratively strictly dominated by the
aggressive commitment to grab the entire pie. Both players attempting
such aggressive commitments is the only equilibrium outcome of the
game. The key intuition relates to the construction of Zeuthen (1930):
the more aggressive is the opponent’s commitment, the lower is the
gain from avoiding conflict thus incentivizing counter-commitments.
Whereas Zeuthen (1930) argued that middle ground obtains when
trading off the increasing threat of conflict with a larger share of the
pie conditional on deal, in EM costly commitment has already ruled out
efficient commitments in the first place. Thus, it is best to aim being
the only one to succeed with an extremely aggressive commitment. The
commitment game in EM is solvable by iterated elimination of domi-
nated strategies and thus the epistemic requirements for the predictions
to arise are weaker than in standard equilibrium analysis (Asheim and
Pérea 2019). It is perhaps counterintuitive that the uncertain success of
pre-commitments uncovers the full force of Schelling’s intuitive conflict
logic. In fact, the probability of a bargaining impasse can be infinitely
close to one in the model if commitments are almost sure to succeed and
the cost of attempting commitment is infinitesimally small. Such almost
perfect commitment power seems just as unlikely as perfect commitment
power. In fact, Schelling (1960) himself criticized Nash (1953) model for

which are ex-ante strategically chosen. This is as if bargaining parties choose aspirations and
suffer a cost if their aspirations are not met.
7 EM assume that if only one of the players, say i, fails or chooses to be flexible, she can sign
off to player j ′s commitment s j by proposing s j and thus receiving 1 − s j herself. Yet, the
assumption that y yields when it is feasible is sufficient for their results.
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the capacity to fully commit not to carry on negotiating and his further
analysis of armed conflict devotes a whole chapter on understanding the
role of the uncertainty of commitment power on outcomes (Schelling
1966, Chapter 3).

Li (2011) and Chung and Wood (2019) investigate the limits of the
inefficiency result of EM. They make alternative assumptions about the
sequence of commitment choices and their observability. Both papers
point out that if a player’s commitment attempt is made observable to
the other player before the latter strategically commits, the first-mover
optimally adjusts her commitment downward. The first-mover leaves the
second-mover a sufficient share of the pie to undermine the latter’s incen-
tives for attempting commitment. The second-mover does not want to
risk destroying the valuable share of the surplus by attempting a poten-
tially mutually incompatible aggressive commitment. Thus, efficiency is
restored by a small change in the observation structure (see also Perry
and Reny 1993). The papers clarify that the success of commitment of
the first-mover does not need to be observable to the second-mover for
efficiency to arise, merely an attempt needs to be observed. The result
requires, however, that the exact level of commitment is observable. In
fact, applying the proposition in Bagwell (1995), one reaches a corol-
lary that if the level of commitment is observed with full-support noise,
then the strong inefficiency result is restored. More generally, these ideas
are closely related to the debate on observation structures and commit-
ment in games when commitments are certain to succeed (see Van
Damme and Hurkens 1996).
Ellingsen and Miettinen (2014) depart from the random

proposer infinite horizon bargaining game B and introduce a commit-
ment stage prior to each bargaining stage of each round. Strategic
pre-commitment with stochastic exogenous decay of commitments is
investigated. In this setup where negotiators cannot commit not to carry
on negotiating when commitments no longer bind,8 the inefficiencies
are no longer as drastic as in EM. Rather there is delay in the unique
symmetric Markov perfect equilibrium. The length of delay depends
on the arrival rate of decay of the commitments. Moreover, neither

8 See Schelling (1960) for the original criticism on Nash (1953) and Rubinstein (1982).
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party no longer walks away from the bargaining table with the entire
pie conditional on agreement. Rather the division of the surplus is more
equal depending on how patient each player is as compared to the rate
of decay of commitments. The study can be interpreted as generalizing
the bargaining outcome of Rubinstein (1982) and shows how commit-
ment tactics can undermine the gains from trade and influence the
division of the surplus. Letting the length of time period tend to zero
yields an inefficient bargaining solution relating to the contributions of
Muthoo (1992, 1996), Binmore (1987), or Binmore et al. (1986).

Miettinen and Vanberg (2020, MV) assume that B is the multilat-
eral random proposer bargaining game à la Baron and Ferejohn (1989),
with no status quo.9 As in Ellingsen and Miettinen (2014) a commit-
ment stage precedes the random draw of the proposer in each round
but unlike in EM 2014, any commitment lasts for one round only.10

The study compares the efficiency and the equality of outcomes under
various voting rules and finds that, under unanimity, inefficiency and
delay are unavoidable for a range of parameter values: in any stationary
subgame perfect equilibrium, each party optimally resorts to an aggres-
sive commitment tactic. In fact, delay is longer in all equilibria as the
number of parties grows larger. Yet, under any majority rule, agree-
ment is immediate and outcomes coincide with those predicted by
the original Baron–Ferejohn model. The intuitive reason is that under
majority, there is competition between responders to be included in
the winning coalition and the most aggressively committed will never
be included. The results contrast with models of concessions costs
(Cardona-Coll 2003; Caruana et al. 2007) where outcomes are effi-
cient or with Eraslan and Merlo (2002) who show in bargaining with
a stochastic surplus, but without commitment, that unanimity rule is
always efficient but majority rule may lead to inefficiencies. Relatedly,
Merlo and Wilson (1995, 1998) show that efficient delay and inefficient
immediate agreements may arise due to fluctuations over time in the
total surplus which is being shared. The close analogy to Ali’s (2006)

9 See Ma (2018) for a related three-player model on majoritarian reputational bargaining in the
Abreu and Gul (2000) tradition.
10 The proposer’s commitment is assumed to automatically lose strength and thus the proposer
is free to propose any deal.
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analysis of voting rules and conflict, however, uncovers a connection
between strategic pre-commitment and stubbornness driven by excessive
optimism thus providing a potential avenue to relate inefficiency due to
pre-commitment to incomplete information (with biased beliefs).
The analysis of MV illustrates how the simple complete informa-

tion pre-commitment setup extends to the multilateral case. The
modeling framework also easily lends itself to attempts to understand
delay patterns observed in the international arenas of the Doha round
of WTO, of UNFCCC climate change negotiations, or among the EU
28 on important issues regarding taxation or refugee policy, for instance.
It also shows how the results in the bilateral case are in fact driven by
the implicit unanimity requirement in bilateral bargaining. Competi-
tion cannot be used to eliminate inefficiencies due to the unanimity
requirement.

2.2.2 Models with Deterministic Success

2.2.2.1 Applied Models of Delegation

Schelling (1960) presents delegation as a key method for credible pre-
commitment. Delegation has been explicitly analyzed in several (applied)
bargaining settings (Jones 1989; Chari et al. 1997; Bester and Sakovics
2001; Jackson and Morelli 2007, 2011).11 To see the analogy to commit-
ment, consider a principal j who, in addition to a fixed compensation c,
pays the delegate a bonus proportional to x j − s j conditional on agree-
ment, where xj is the share received by the principal in and agreement
made by the delegate and sj is a threshold below which the delegate
receives no bonus. This commits the delegate to reject any offer below
the threshold. The incentives of the delegate essentially implement the

11 See also Fershtman and Judd (1987) for a seminal paper analyzing delegation and agency
in the realm of industrial organization. Frank (1987) argues that a conscientious individual,
or more generally emotions, could likewise be perceived as an agent of the selfish gene in
the pursuit of evolutionary fitness. Konrad and Thum (2020) study the optimal degree of
uncertainty about delegate’s preferences when the expectation must nevertheless reflect the
principal’s outside option.
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outcomes of B extended by the commitment stage, and c reflects the
cost of pre-commitment featuring in EM. To my knowledge, none of the
delegation models have considered the stochastic success of commitment,
however.

Jackson and Morelli (2007, Section D) consider a model of endoge-
nous political bias and the implications for emergence of war.12 At
the delegation stage, a representative citizen decides on the bias of
the politician who decides whether to negotiate efficient transfers or
engage in risky inefficient conflict. Inefficiency is never unavoidable
since commitment success is not uncertain. Thus, there are always effi-
cient equilibria alongside the potential inefficient equilibria with war.
Harstad (2008, 2010) applies delegation to environmental negotiations
and shows how hiring delegates with favorably biased preferences can
be privately beneficial but detrimental for efficiency. As in Jackson and
Morelli (2007), this is the case only when transfers are allowed and thus
pie is perfectly divisible. These types of applied models introduce a richer
set of institutional variables than the pre-commitment models.

Another closely related approach in applied work is that of partial
commitment driven by the audience or revoking costs. Leventoğlu and
Tarar (2005) analyze the case where B is as in Rubinstein (1982),
there is a unique commitment stage prior to B, and there is a cost
of revoking proportional to the size of the concession that is made.13

They find, just as Muthoo (1992), that the way in which the pie gets
shared depends on the relative cost of revoking the commitment. A
higher relative cost is advantageous and associated with a higher share
of the pie in equilibrium. Yet, unlike in Muthoo’s work and as in Craw-
ford (1982), mutually incompatible commitments are conceivable thus
leading to inefficiency—the agreement is immediate but the costs of
revoking commitment must be paid to resolve the impasse. Whether
there is an impasse or not depends on how symmetric or asymmetric
the players are.

12 Jackson and Morelli (2011) offer five explanations of rational armed conflict including asym-
metric information and the lack of capacity to enforce. Baliga and Sjöström (2013) review
game-theoretic studies of armed conflict and factors explaining inefficiency.
13 See Leventoğlu & Tarar (2009) for a similar applied model where impasse leads to a war.
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2.2.2.2 Pre-commitment

There are further models in the pre-commitment tradition where the
success of commitment is certain. Closest to the models of Sect. 2.1
are Dutta (2012, 2021) and Miettinen and Perea (2015). Dutta (2012)
considers an extension of Muthoo’s (1992, 1996) model allowing for
arbitrary, convex or concave, costs of revoking commitments, and thus
generalizes the Nash bargaining solution results of Muthoo. Dutta
(2021) discovers sequential concessions as the key force which restricts
the set of subgame perfect equilibria: A subgame-perfect equilibrium may
be destabilized by a deviation which does not lead to an immediate deal
but leads to a position where the deviating player will have a dominant
strategy not to concede (given the mutual equilibrium expectations) and
thereby triggers a concession by the opponent.

Miettinen and Perea (2015) consider a variant where B is the deter-
ministic alternating-offer game of Rubinstein (1982). Prior to each
round, each player can pre-commit to any share of the pie. Commit-
ments are costly and last for one round only. It is shown that Rubinstein’s
original result about first-mover advantage is perfectly reversed: the
unique and efficient equilibrium features a second-mover advantage
which depends on players’ time preferences. The basic intuition is that
the alternating order structure provides implicit commitment power to
the first-mover’s role who thus prefers not to make any explicit commit-
ment. The second-mover best-responds by committing to the residual
of what is left when the first-mover is kept at her continuation value
and thus becomes de-facto first-mover. Amorós and Moreno (2006)
study a simple four-stage model of commitments and concessions where
commitments fade over time deterministically. The exogenous alter-
nating decision structure implies that the unique SPE is either efficient
or inefficient depending on the discount factors and rates of decay.

Britz (2013) shares with Li (2007) the approach that players are
committed to present-value payoffs rather than shares of the pie. Thus, if
both are committed and discount future, there is a time when commit-
ments become mutually incompatible. And it is at this time, Britz
assumes in line with the criticism of Schelling (1960) and Rubinstein
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(1982), that commitments lose their power. Britz shows that unilat-
eral capacity to commit allows reaping surplus from the player with
proposer power. Britz also considers simultaneous commitments and
shows that the Nash-demand-game-like multiplicity of efficient equi-
libria is greatly reduced: each party’s current commitment is constrained
by the opponent’s option of waiting for the payoff received at the time
when commitments eventually become mutually incompatible.

Britz (2018) considers a model of multilateral bargaining under
unanimity where the proposer can endogenously commit to delay the
agreement at a pre-specified length if the agreement is not reached at a
given period. The cost of committing is proportional to the lapse of time
between rounds, however. In optimum, the proposer trades off the effect
of delay on effective discounting, which is a convex function of time,
with the explicit linear cost of delay. When players are not too patient or
too impatient, it is optimal for the proposer to inefficiently commit.

2.3 Relevance and Future

Evidence indicates that bargaining is inefficient. There are more than
10 million battle casualties across the globe since the second world war
(Lacina and Gleditsch 2005); in year 2000 in U.S. State courts alone,
about 20 million cases were filed of which about 3–4% ended up in trial
leaving the courts with a workload of about million cases yearly (Ostrom
et al. 2003); strikes and labor unrest have a negative impact on produc-
tivity and product quality (Krueger and Mas 2004; Mas 2008) and
Gruber and Kleiner (2012) show that nurses’ strikes increased in hospital
mortality by 18.3 percent in the state of New York. In U.S. legislature,
filibusters and threats of government shutdown are the new normal. In
international arenas, WTO Doha round, UN climate change negoti-
ations, and many negotiations in the sensitive areas of the European
Union have stalled. In all cases since conflict is inefficient, rational parties
should negotiate a treaty and avoid conflict. This is the thrust of the
Coase theorem. So why does bargaining fail? Commitment tactics is
just one potential explanation. In the realm of economics, inefficiencies
are mainly explained by incomplete information. Yet, not all observed
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conflict is consistent with incomplete information. In this section, I will
discuss various applied contexts and cover some experimental and other
empirical evidence.

2.3.1 Experiments

Crawford (1997, p. 207) argues that experimentation informed by theo-
retical developments and theoretical developments informed by empir-
ical studies is the recipe for advancement of the study of bargaining.
Laboratory experiments provide a means of causally testing whether the
mechanisms proposed in the theoretical models are borne out in data.
Whether thus identified mechanisms are at work in the field requires
field experiments and other empirical research with happenstance data.

Neither strategic pre-commitment nor comprehensive strategic dele-
gation models have been cleanly tested in the laboratory. There are a few
relevant experimental studies, however. Fershtman and Gneezy (2001)
experimentally test a one-sided model of delegation where bargaining
outcomes in standard ultimatum game setups are compared with those
where one party can send a delegate to bargain instead of the principal.
Moreover, the observability of the incentive contracts with the delegates
is varied across treatments; only when contracts are observable to the
opponent can they be used as a commitment device.14 The results show
that the option to delegate influences outcomes as predicted by theory:
the payoff of the side who delegates increases. The delegates are incen-
tivized to reject offers below the equal split and the proposers make
efficient proposals in response. Contrary to what theory predicts, dele-
gation equalizes sharing even when contracts are unobservable. Croson
et al. (2003) study an ultimatum game where the responder can lie about
the value of her outside option, effectively threaten about opting out

14 There is a short step from this design to designs with an inefficiency prediction where each
side could delegate and observability is stochastic.
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if offer is too low, before the proposer’s move. Threats are just cheap-
talk, thus the experiment is not really about pre-commitment. Threats
are found to influence bargaining outcomes.15

The results from numerous ultimatum bargaining and dictator
game experiments (Camerer 2003; Güth and Kocher 2014) show
that fairness matters and positive offers are rejected when self-interest
dictates that the offer should be accepted. Roth (1985) and Crawford
(1997, p. 223) thoughtfully summarize the evidence from unstructured
bargaining game experiments arguing that fairness norms provide focal
points of equilibrium selection and that, to a large extent, disagreements
can be understood as coordination failures. But the fair divisions also
provide moral justification for commitment, and the induced intrinsic or
reputational moral costs from backing up provide the needed commit-
ment power for such commitments. Strategic mimicking of fair types
may explain why self-serving biased demands and delay are common-
place in strategic bargaining experiments but self-serving biases are
less commonly observed in non-strategic settings (Luhan et al. 2019;
Cappelen et al. 2011). Multiple fairness ideals open the door for
conflicting demands, each committing to a demand coinciding with
the fairness-ideal which better serves one’s private interest. Indeed,
many experimental dynamic bargaining studies in such settings exhibit
delay (Gächter and Riedl 2005, 2006; Karagözoğlu and Riedl 2015;
Embrey et al. 2015; Fanning and Kloosterman, 2019; Luhan et al.
2019).16

2.3.2 Field Evidence

There are some relevant field negotiation contexts where the observed
delay patterns are more in line with the strategic pre-commitment
models than incomplete information models. Kiefer (1988, p. 661) finds
that constant hazard rate describes the duration and termination of

15 In his doctoral dissertation, Giwa (2010) reports results supporting the predictions of
Ellingsen and Miettinen (2008).
16 See also Karagözoğlu (2012) for a review article on experimental bargaining on jointly
produced surplus.
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American labor disputes. This is in line with the complete informa-
tion pre-commitment (Ellingsen and Miettinen 2014), and contrary
to dynamic incomplete information models predicting that the hazard
rate of termination of conflict is increasing over time and/or conflict does
not last very long.17 In the domain of settlement of legal disputes, Kessler
(1996) finds that empirical hazard rates of the settlement of automobile
bodily injury insurance claims are non-increasing. Fenn and Rickman
(1999), however, find that hazard rate in the settlement of health insur-
ance claims in Britain is increasing. This suggests that various alternative
conflict models may be effective in explaining empirical conflicts, and
combination of theoretical and empirical research is needed to increase
our understanding of how these various factors play out in various
contexts.

2.3.3 Steps Forward

Prescriptive theory is valuable for deriving benchmarks. It identifies fixed
points of the best-reply correspondences reflecting outcomes where every
opportunity for reconsideration of bad practices, habits, false beliefs, ill-
conceived strategies, misunderstandings have been exhausted, and all
slippery slopes toward self-interested opportunism have been slid. As
such, it constitutes a central tool for the logical practice of practical and
philosophical analysis of economic and societal institutions. To derive
transparent rational solutions, indeed, to model complex bargaining
interaction, one often needs to make a series of simplifying abstractions.
Each rationality assumption serves such a simplifying purpose asserting
that a principle of choice holds generally and independent of context.
When trading off simplicity and explanatory power, however, a more
descriptive approach needs to allow dependence on institutions, indi-
vidual heterogeneity, and selection, all of which may influence outcomes.
If these complications did not generate systematic bias, the heterogeneity
in these dimensions could be modeled as noise around the rational

17 Theory suggests that there must be two-dimensional asymmetric information for longer
delay to arise (Abreu et al. 2015; Fanning 2018). See also Powell (2006) and Baliga and
Sjöström (2013).
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prediction. Yet, often these complications generate a systematic bias
which must be modeled explicitly if one wishes to reach higher explana-
tory power. In bargaining, inefficiency is the central domain of variation
which calls for understanding. A good descriptive model accounts for its
rational, institutional, and behavioral sources.
To provide example, in fresh haggling or conflict or after drastic

institutional changes, for example, there may be non-equilibrium expec-
tations about the incentives or choices of the opposing party. Such
expectations complicate matters and require understanding (Crawford
et al. 2013). Simsek and Yildiz (2016) and Yildiz (2011) provide exam-
ples of how optimism can be incorporated into equilibrium analysis as
a source of conflict in the medium run in a rich institutional setting.
In the longer run, negotiators who are commonly known to be expe-
rienced and operate in recurrent circumstances are more likely to have
converged to equilibrium behavior. Nevertheless, the theory also suggests
that in tough conflict, payoffs can be low and fairly independent of one’s
choices, and thus the learning gradient can be quite flat. Other-regrading
concerns, either driven by strategic, political or status considerations, or
genuine intrinsic preference, will further complicate the logic. More-
over, while many dynamic theoretical models of bargaining focus on
simple stationary or Markov perfect strategies, existing experimental
studies feature non-stationary strategies (Baranski and Morton 2021,
2020; Agranov et al. 2020), especially strategies reflecting both instru-
mental and intrinsic reciprocity (Sobel 2005; Cabral et al. 2014), in
setups where commitment plays no role. In descriptive models, equilib-
rium refinements should perhaps be motivated by empirical consistency
rather than stationarity or other simplifying refinements. We need to
understand to which extent this mismatch between bargaining theory
and experiments also holds for the analysis of commitment tactics as
the first experimental studies on the topic will be rolled out. Once these
mechanisms are well understood both theoretically and in the laboratory,
they should be taken to the field.

Future applied work of pre-commitment and delegation should
consider uncertain and costly commitment in rich institutional settings.
This holds a promise of providing unique comparative statics predic-
tions of agreement and conflict also capturing the moderating role of
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institutions. This approach could complement the incomplete informa-
tion explanation and yield a more comprehensive account of bargaining
inefficiencies. Section 2.2 of this review shows that uncertain success
is a key prerequisite and thus a transparent account of why commit-
ment success might be stochastic is needed in each applied context.
Schelling, (1960, p. 149) suggests that this could amount to under-
standing why communication of commitments might sometimes fail and
sometimes succeed. Moreover, descriptively relevant moderators discov-
ered in experimental research should be incorporated into the analysis.
In order to make progress, there is a genuine need for theorists, structural
and reduced-form field empiricists, and experimentalists to join forces.
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3
Reputational Bargaining

Jack Fanning and Alexander Wolitzky

3.1 Introduction

In their 1992 survey of noncooperative bargaining theory, Binmore,
Osborne, and Rubinstein observe that “Schelling’s (1960) view of
bargaining as a ‘struggle to establish commitments to favorable
bargaining positions’ remains largely unexplored as regards formal
modeling” [11, p. 200]. A generation later, this is no longer true. One
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branch of the literature has modeled attempts to establish commit-
ment as explicit moves in a complete-information bargaining game; it is
surveyed in the current volume by Miettinen. A second branch considers
simple bargaining games with only offers and accept/reject decisions,
but introduces incomplete-information about whether a bargainer is a
“type” committed to obtaining a large share of the surplus; uncom-
mitted bargainers then have incentives to imitate these types to develop
a tough reputation. This is the literature on “reputational bargaining.”
Such models have proved remarkably tractable and often provide clear
predictions that are independent of details such as the bargaining proce-
dure and the distribution of commitment types. They have also delivered
new insights in settings beyond bilateral bargaining, such as repeated
games and search markets.
The predictions of complete-information bargaining models following

Rubinstein [42] have been criticized for depending on unobserved details
of the extensive form, such as whether one party can make offers more
frequently than the other, or whether offers are sequential or simul-
taneous [46, 28].1 The reputational bargaining literature’s eschewal of
explicit extensive-form modeling of commitment thus reflects an ambi-
tion to predict the outcome of negotiations on the basis of players’
preferences and beliefs alone, rather than on how bargaining is assumed
to proceed.
The first hint that such procedure-independent predictions might be

possible comes from the classical Coase conjecture ([21], [23]; see [8]
for a survey). Loosely speaking, this result states that in bargaining with
one-sided private information about valuations for a good, the informed
party’s equilibrium payoff is no less than it would be if she were known
to have her most favorable valuation (e.g., a seller with a known cost
immediately proposes a price that all buyer value types accept). However,
extending this model to two-sided private information about valuations
produces less compelling predictions. An inevitable feature of such envi-
ronments is that a player’s offers signal her information, typically leading

1 Perry and Reny [39] provide support for Rubinstein’s predictions in a continuous-time
model with endogenously timed offers. Cooperative bargaining solutions offer an alternative,
procedure-free approach.
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to vast equilibrium multiplicity: signaling allows a player to be “pun-
ished with beliefs” for deviating from a proposed equilibrium path (e.g.,
she is identified as the weakest possible type and given a low contin-
uation payoff ), and the threat of this punishment can support a wide
variety of behavior, ranging from no-trade to Myerson and Satterthwaite
[35]’s constrained-efficient bounds [9]. While attempts have been made
to impose “reasonable” refinements on these equilibria, it is often hard to
agree on what is reasonable, particularly when some natural refinements
give paradoxical results such as no-trade [8].
The reputational bargaining literature thus starts not from the classical

Coase conjecture, but from a “reputational Coase conjecture” established
by Myerson [34]. Myerson considers an infinite-horizon, alternating-
offers bargaining game, where one player has a small probability of being
a “commitment type” who always demands some exogenous, prespecified
share α of the surplus and never accepts less. Myerson shows that, when
both players are patient, the possibly committed player cannot receive an
equilibrium payoff significantly below α, regardless of the players’ rela-
tive costs of delay. Kreps [28] conjectured the same result, and predicted
it would hold regardless of the details of the bargaining protocol.2

The seminal reputational bargaining model of Abreu and Gul [1]
(henceforth AG) vastly generalizes Myerson’s result by introducing
general bargaining protocols (rather than alternating offers), multiple
commitment types (rather than Myerson’s single “α-insistent type”),
and two-sided reputation formation (i.e., commitment types on both
sides). AG find a unique equilibrium that is independent of the
details of the bargaining protocol, so long as both sides can make
offers frequently. Punishing with beliefs does not arise despite two-
sided incomplete-information, because commitment types are immune
to belief punishments: they insistently make their pre-specified demands,
forcing this behavior onto the equilibrium path. The equilibrium features
a war of attrition structure, with uncommitted players on both sides
mimicking commitment types before eventually conceding. This offers
a good description of some real-world negotiations and links AG to
earlier models of incomplete-information wars of attrition [e.g., 29, 33].

2 See Chapter 5 of Kreps [28], and also Exercise 9 to Chapter 15 of Kreps [27].
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AG provide especially clear predictions when commitment behavior is
vanishingly unlikely: under some conditions, payoffs approximate those
from complete-information, alternating-offers bargaining. Similarly clear
predictions in the complete-information limit arise in many other repu-
tational bargaining models, even those with multiple equilibria.
The rest of this chapter is arranged as follows. Section 3.2 describes

AG’s model and its predictions. Section 3.3 discusses extensions of the
reputational bargaining framework. Section 3.4 presents applications
to specific economic environments. Section 3.5 discusses experimental
evidence. Section 3.6 concludes by highlighting some open questions.

3.2 The Abreu-Gul (AG) Reputational
Bargaining Model

AG’s paper has three parts. It first analyzes a simple concession game with
a single commitment type on each side. The game is then generalized
to allow multiple commitment types, with a focus on the complete-
information limit. Finally, AG show that equilibria in a large class
of discrete-time reputational bargaining games converge to the unique
equilibrium of the concession game as offers become frequent.

3.2.1 The Concession Game with a Single
Commitment Type

Two players must divide a dollar at some point in continuous time. Each
player i ∈ {1, 2} is a “commitment type” with independent probability
zi (alternatively, a “behavioral,” “inflexible,” “insistent,” “obstinate,” or
“irrational” type) and otherwise is rational. A commitment type always
demands some fixed share αi ∈ (0, 1), where the commitment demands
are incompatible: α1 + α2 > 1. At any moment each player i can “con-
cede” (accept), obtaining share 1 − α j and giving her opponent α j .
Commitment types never concede. Each player i discounts payoffs expo-
nentially at rate ri > 0, so that if she obtains share xi at time t , she
receives payoff e−ri t xi .
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Each player i ’s strategy is conveniently described by a distribution
Fi over concession times, where Fi (t) is the probability that player i
concedes by time t . Because commitment types never concede, player i ’s
reputation for being committed at time t (absent agreement) is

zi (t) = zi
1 − Fi (t)

.

This concession game has a unique Nash equilibrium, in which play
follows a war of attrition. It is characterized by three properties:

a. Both players’ reputations reach probability 1 at the same time T ∗.
b. At most one player concedes with positive probability at time 0.
c. On the interval (0, T ∗), each player i concedes at the constant rate

that keeps her opponent indifferent between waiting and conceding.

These properties are not difficult to establish. Property (a) must hold,
because if rational player i were ever certain that she faced committed
player j, she would concede immediately. If property (b) did not hold,
a player could profitably wait until an instant after time 0 before
conceding, to see if her opponent concedes first. By similar reasoning,
concession must be continuous after time 0, which implies that each
player must always be indifferent between waiting and conceding. For i
to be indifferent, j must concede at the constant rate λ j given by

ri (1 − α j ) = λ j (αi + α j − 1) ⇔ λ j = ri (1 − α j )

αi + α j − 1
. (3.1)

This equates i ’s flow cost of delaying concession (the lost interest on
j ’s offer, 1 − α j ) and her flow benefit of delay (the probability that j
concedes multiplied by i ’s payoff gain when that happens, αi −(1−α j )).
Equation (3.1) implies that for t ≤ T ∗, we have

1 − Fj (t) = (1 − Fj (0))e
−λ j t ,
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where Fj (0) is the probability that j concedes at time 0. Since both
players’ reputations reach 1 at time T ∗, we have

z j (T
∗) = z j eλ j T ∗

1 − Fj (0)
= 1.

If i does not concede with positive probability at time 0, her reputation
reaches 1 at time

Ti = − ln zi
λi

.

Because at most one player concedes at time 0, the equilibrium charac-
terization is completed by setting

T ∗ = min{T1, T2} and

Fj (0) = 1 − z j e
λ j T ∗ = max

{
0, 1 − z j z

−λ j/λi
i

}
. (3.2)

A useful way to understand the equilibrium is to first ask which player
would win a “race” to reach reputation 1 absent concession at time 0: that
is, which player has the smaller Ti . The losing player (the one with the
larger Ti ) must then concede at time 0 to give her reputation a sufficient
“head start” to reach 1 at the same time as her opponent’s. Note that
because each player i is indifferent to conceding an instant after time 0,
her equilibrium payoff is

Fj (0)αi + (1 − Fj (0))(1 − α j ),

which exceeds her payoff from immediately conceding only if she wins
the reputational race.

So, which player wins the race? Note that Ti < Tj if and only if

ln zi
ln z j

ri
r j

1 − α j

1 − αi
< 1.
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Therefore, i is better-positioned to win the race when her initial reputa-
tion is larger, when she is more patient, and when her demand is smaller.
This last comparison—smaller demands increase bargaining strength—
plays a major role in the expanded model with multiple commitment
types, because it incentivizes rational players to make moderate demands.

It is also important to note that players’ initial reputations zi , z j
enter bargaining strength through the ratio of their logarithms, unlike
the concession rates λi , λ j . This has dramatic implications for the
complete-information limit, where commitment types become vanish-
ingly unlikely. Consider a sequence of concesssion games where initial
reputations converge to zero at the same rate, zni , z

n
j → 0 with zni /z

n
j ∈

[1/K , K ] for some K ≥ 1, with all other parameters fixed. If λi > λ j
then j must concede at time 0 with probability approaching 1 along
the corresponding sequence of equilibria. This is immediate from exam-
ining equation (3.2), which shows that j ’s time 0 concession satisfies

Fj (0) ≥ 1 − Kz
1−λ j/λi
i when z j ≤ Kzi , and noting that this lower

bound on Fj (0) is close to 1 when zi ≈ 0 and λi > λ j . To see the
intuition, notice that to reach a probability 1 reputation when the initial
reputations are small, players must concede with probability close to 1.
Since after time 0 players concede at constant rates (which are indepen-
dent of the initial reputations), the reputational race must continue for a
long time. During this long race i ’s reputation grows exponentially faster
than j ’s, (dzi (t)/dt)/zi (t) = λi > λ j , which overwhelms any fixed
proportional advantage for j in the initial reputations.

3.2.2 The Concession Game with Multiple
Commitment Types

Now suppose for each player i there is a finite set of commitment
types Ci ⊂ (0, 1), where each type is identified with its demand. The
(exogenous) probability that i demands αi ∈ Ci conditional on being
committed is πi (αi ), while the total probability that she is committed
remains zi . At time 0, first player 1 publicly announces a demand
α1 ∈ C1, and then player 2 announces a counterdemand α2 ∈ C2,
whence play continues into a concession game. Denote the (endogenous,
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equilibrium) probability that rational player 1 demands α1 by μ1(α1),
and denote the probability that rational player 2 counterdemands α2 by
μ

α1
2 (α2). Players’ reputations at the start of the concession game with

demands α1, α2 are

z̄α11 = z1π1(α1)

z1π1(α1) + (1 − z1)μ1(α1)
,

z̄α1,α22 = z2π2(α2)

z2π2(α2) + (1 − z2)μ
α1
2 (α2)

.

AG show there is still an essentially unique equilibrium after incorpo-
rating this demand-choice stage. The basic intuition is that when rational
player i becomes more likely to mimic type αi , this reduces her posterior
reputation after announcing αi , which reduces her continuation payoff
and makes mimicking αi less appealing. This “strategic substitutability”
pushes toward a unique equilibrium.
What happens in the complete-information limit of this richer game?

AG show that, along a sequence of concession games where initial repu-
tations converge to zero at the same rate, each player i can guarantee a
limiting payoff of at least

αi = max

{
αi ∈ Ci : αi ≤ r j

ri + r j

}
.

To see this for i = 1, note that if player 2 counterdemands α2 > 1−α1,
then r2/(r1 + r2) ≥ α1 > 1 − α2, and therefore

r1(1 − α2) <
r1r2

r1 + r2
≤ r2(1 − α1),

so λ2 < λ1. As we have seen, this implies that player 2 concedes at time
0 with probability 1 in the complete-information limit.

Given the above result, if the space of commitment types is sufficiently
rich, player i ’s payoff must be approximately r j/(ri + r j ), which is also
her payoff in Rubinstein [42]’s complete-information, alternating-offers
game when offers are frequent. Types who demand exactly α∗

i = r j/(ri+
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r j ) are sometimes called “cannonical” types. When they are present, we
can precisely identify equilibrium outcomes in the complete-information
limit. The independence of this prediction to the distribution of commit-
ment types, πi , is a crucial robustness property. It is similar to Fudenberg
and Levine [22]’s finding that, in the presence of a type that always
plays a Stackelberg action, a patient long-run player facing short-run
opponents obtains approximately her Stackelberg payoff.

3.2.3 Convergence of Discrete-Time Bargaining
to the Concession Game

The final part of AG’s paper considers discrete-time reputational
bargaining games. The only assumption made about the bargaining
protocol is that each player can make at least one offer in every length-
� > 0 interval of real time. AG show that all perfect Bayesian
equilibrium outcome distributions of all such games converge to the
unique equilibrium of the concession game as offers become frequent
(� → 0). This crucial result shows that the preceding analysis (of
concession games where players cannot change their demands) applies
equally to any bargaining game with frequent offers, independently
of the details of the bargaining protocol. It is the basis of much of
the subsequent literature, which often directly adopts AG’s tractable
continuous-time concession game structure.
To understand AG’s convergence result, suppose we knew that if a

player takes an action inconsistent with any of her commitment types
(“reveals rationality”) before her opponent does, then she must imme-
diately concede. We would then be back to a (discrete-time) concession
game: after making her initial demand, a player’s only remaining choice
is whether to keep mimicking her chosen commitment type or to reveal
rationality and concede. Convergence to continuous time would then be
a technical exercise.
The key part of AG’s result is therefore that, with frequent offers,

revealing rationality is essentially the same as conceding, and in particular
gives approximately the same continuation payoffs. This follows from
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a generalization of Myerson’s reputational Coase conjecture, discussed
above. It remains to explain the logic of Myerson’s result.

Suppose player 1 is possibly committed, while player 2 is known to
be rational. Note first that there exists a finite time T such that, if
player 1 always demands α and never accepts less, then player 2 concedes
by T . The argument is similar to ones in the literature on reputation
in repeated games (e.g., [22], see [32] for a survey): If player 2 does
not immediately accept, she must believe that 1 will cease commit-
ment behavior soon with positive probability. So, if 1 does not cease,
2’s belief that 1 is committed must increase. Iterating this argument, 2
must eventually become certain that 1 is committed, and so accept.
This argument implies that at any time t < T rational player 1

can guarantee a continuation payoff of e−r1(T−t)α1 by insisting on α

until T . To complete the proof, we argue that T converges to 0 as
offers become frequent. Suppose toward a contradiction that T remains
bounded away from 0, and suppose 1 insists on α1 until time T − ε

for some small ε > 0. From this point forward player 2 can expect at
most 1−e−r1εα1 in any agreement. Fixing another small number η > 0,
agreements reached after time T −ηε must be worth even less to player 2
from the perspective of time T − ε: at most e−r2(1−η)ε(1− e−r1ηεα1) <

1 − α1. Hence, for 2 to delay acceptance from T − ε to T − ηε, she
must believe 1 will cease commitment behavior before T − ηε with
high probability. Iterating this argument for k ∈ N, if time T − ηkε

is reached, 1 must cease commitment behavior before T − ηk+1ε with
high probability.3 But these repeated expected deviations from commit-
ment behavior eventually exhaust the probability that 1 is rational before
time T , a contradiction.

3 Frequent offers guarantee that 2 has an opportunity to accept 1’s demand within each such
interval.
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3.3 Extensions

3.3.1 Endogenous Commitment Demands

In AG, the interpretation of the distribution over commitment types πi
is somewhat ambiguous. Certainly, real-world bargainers may not have a
very precise sense of the probabilities with which their opponents can be
committed to various bargaining positions. One of AG’s key messages is
that the details of πi are often irrelevant in the complete-information
limit, but they do assume that the relative probabilities of different
commitment types do not blow up, and πi also matters away from the
limit. These considerations have led some researchers to consider models
where the distribution of commitment demands is endogenous.
The first paper in this area—written shortly after AG’s paper was

first circulated—is due to Kambe [25]. Kambe considers an elegant
variant of AG, where each player i is initially rational for sure, but after
making any initial demand αi becomes committed to it with some prob-
ability zi . (Thus, a player is parameterized by a single number zi rather
than a distribution πi .) A player does not observe whether the oppo-
nent becomes committed; moreover, the initial demands cannot signal
commitment, because they are made before commitment arises.4 Once
players make their initial demands (and potentially become committed),
play proceeds as in AG’s concession game.

Kambe shows that in equilibrium players make the unique just-
compatible demands αi , α j that lead to a tie in AG’s reputational race:5

that is, demands satisfy the system of equations

ln zi
ln z j

ri
r j

1 − α j

1 − αi
= 1, αi + α j = 1,

4 These assumptions mirror those of the complete-information bargaining model of Crawford
[13].
5 More precisely, these demands arise in the unique equilibrium without randomization over
initial demands, and payoffs in equilibria with randomization are similar.
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which has solution

αi = r j ln zi
ri ln zi + r j ln z j

.

If player i ’s demand is more aggressive than this, she loses the reputa-
tional race and ends up conceding; while if she is less aggressive, she gets
a smaller share when her opponent accepts.

Kambe’s model thus predicts immediate agreement, even when zi is
large (unlike AG). However, αi → r j/(ri + r j ) when zi and z j go
to 0 at the same rate, so Kambe’s model coincides with AG in the
complete-information limit. It can thus be viewed as a reinterpretation
of AG where the exogenous commitment type distribution is replaced by
endogenous bargaining postures.6

3.3.2 Nonstationary Types and Payoffs-as-You-Go

In the models considered so far, the play of commitment types takes a
very simple form: always demand some fixed share αi , and never accept
less. There is no obvious reason to restrict attention to such stationary
types, and indeed it seems plausible that a player could be committed to
richer behaviors, such as making tougher or weaker demands over time,
or responding aggressively to certain opposing actions.7 Such nonsta-
tionary types are considered by Abreu and Pearce [2] (henceforth AP).
AP also analyze “bargaining with payoffs-as-you-go,” a hybrid between
the pure bargaining model considered so far and a repeated game: players
first announce potentially nonstationary commitment types (where all
commitment types announce truthfully), and then repeatedly play a
stage game and receive payoffs, while simultaneously offering each other
binding contracts to govern the future play of the game.

6 Sanktjohanser [44] considers a hybrid of Kambe and AG, where each player knows at time 0
whether she is a “stubborn type,” all types are free to make any initial demand, and stubborn
types become committed to any initial demand they make. This model reintroduces signaling
concerns, which allow almost any equilibrium payoffs; however, the paper also characterizes
behavioral properties that hold across all symmetric equilibria.
7 Richer types also let us avoid AG’s somewhat counterfactual “no-haggling” prediction that a
player who changes her offer immediately concedes.
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In this rich and complex model, the authors establish a remarkable
result: in the complete-information limit, payoffs converge to the Nash
bargaining with threats (NBWT) payoffs identified by Nash [36], so long
as there is a type on each side that always plays the corresponding NBWT
action and insistently demands the NBWT payoff. Thus, the stationary
NBWT type is canonical, while nonstationary types have no effect.8

Intuition for the result comes from first generalizing AG’s model
with only stationary types to a setting with arbitrary flow/disagreement
payoffs and feasible agreements corresponding to the stage game payoffs.
With equal patience, a type demanding her Nash bargaining payoff is
canonical: it ensures that a player concedes faster than her opponent in
the war of attrition. Now allow players to first choose mixed actions in
the stage game to determine the flow payoffs. Anticipating that they will
agree on Nash bargaining payoffs relative to the flow payoffs, the players
will choose their Nash threat actions. Finally, AP show that a war of
attrition structure is preserved when nonstationary types are introduced,
although now concession rates are determined by equilibrium contin-
uation payoffs rather than current offers. While a player imitating the
NBWT type may concede with lower probability than her opponent at
certain times, she concedes with higher probability over the long run and
so still wins the reputational race.9

Wolitzky [47] notes a caveat to AP’s powerful equilibrium selection
result: it relies on the assumption that commitment types are “trans-
parent,” in that they truthfully announce their future behavior at the
beginning of the game. Suppose there is instead a positive probability of
a “weak” commitment type that initially claims to be the NBWT threat
type and mimics its behavior for a long time, before eventually conceding
to any demand. If this type is more likely than the true NBWT type, a
player will wait when her opponent claims to be the NBWT type, hoping

8 Recall that given a stage game with action sets Ai and utility functions ui , the NBWT
solution is the Nash equilibrium of the game where players choose “threats” βi ∈ �(Ai ) and
payoffs are given by the Nash bargaining solution for the feasible payoff set of the stage game
with disagreement point u(β1, β2).
9 A related paper by Atakan and Ekmekci [7] obtains a war of attrition structure in a class of
repeated games with two-sided reputation. In recent work, Abreu and Pearce [3] extend their
NBWT prediction to settings without binding contracts, by imposing a form of renegotiation
proofness.
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that he is actually the weak type. Thus, when commitment types are both
nonstationary and nontransparent, equilibrium selection depends on the
relative frequency of different types.10

3.3.3 Nonequilibrium Analysis

The complexity of the equilibrium reasoning involved in reputational
bargaining models raises the question of what predictions are robust
to letting players hold more permissive, nonequilibrium beliefs about
the opponent’s behavior. Wolitzky [48] investigates this issue in a
bargaining model where players can announce any (potentially nonsta-
tionary) path of bargaining demands, before become committed to the
announced path with probability zi (as in Kambe’s variant of AG). He
asks what predictions can be made assuming only that players’ strate-
gies can be rationalized by some belief, and what path of demands
a player must announce to guarantee her largest possible payoff. It
turns out that a player with ex-ante commitment probability zi can
guarantee a “minmax” payoff of α∗

i = 1/(1 − ln zi ) against an uncom-
mitted opponent, which is substantial even for relatively small zi . The
announcement which guarantees this payoff initially demands α∗

i and
subsequently demands compensation for any delay: more precisely, it
demands min{eri tα∗

i , 1} at each time t . The intuition is that a demand
path that increases slower than this leaves the player with a payoff
below α∗

i when the opponent accepts after some delay; while a path
that increases faster fails to convince the opponent that the player is
committed by the time her demand reaches 1, and thus could lead to
a permanent impasse.

10 If all types are stationary then transparency is irrelevant, because initial play reveals the entire
strategy.
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3.3.4 Nonstationary Environments

Fanning [15] extends AG’s model to a nonstationary environment
where players must agree before a random deadline that is continu-
ously distributed on a finite interval [0, T ]. When commitment is
vanishingly unlikely, outcomes differ markedly depending on whether
or not commitment types are stationary, unlike in AP. With a rich
set of stationary types, players can approximately guarantee their Nash
bargaining payoff regardless of their impatience. This occurs because
small initial reputations cause bargaining to continue until close to T ,
when the cost of delay explodes. A Nash demand player concedes much
faster than her opponent at that point, and so wins the reputational
race. With nonstationary types, the type that adopts the time-varying,
complete-information, alternating-offers strategy for this environment
is canonical. The intuition is that alternating offers give players equal
opportunities to use the threat of costly delay to extract surplus, so if
agreement were ever delayed this would be equally costly to both players.
Therefore, in reputational bargaining, a player who demands more than
her alternating-offers share faces higher delay costs than an opponent
imitating an alternating-offers type, and so concedes slower and loses the
reputational race.
When commitment types are stationary, the model also predicts

“deadline effects” similar to those observed empirically [e.g., 41]. There
is frequent agreement at time 0 and close to the deadline but not in
between, and some disagreement. Here the time 0 agreements reflect
initial concessions as in AG, while the subsequent lull in agreement
followed by a spike at the deadline occurs because war of attrition
concession rates are proportional to delay costs.

Fanning [16] considers a different nonstationary extension of AG,
where now players’ costs of delay can change at some “revelation time”
R > 0, with both players initially uncertain about the direction of such
changes. For instance, an election at time R may determine political
parties’ costs of resisting an agreement in a divided legislature. The main
result shows that there is often delay, even in the complete-information
limit with a rich set of stationary commitment types. Rational players
make aggressive, incompatible demands and then wait until time R in
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the hope that the opponent will turn out to have a large delay cost, and so
concede. Mutually beneficial compromises exist; however, a player who
proposes one increases her opponent’s option value of waiting, so the
opponent still waits.

3.3.5 Incomplete Information About Preferences

A final extension combines commitment types with incomplete-
information about preferences. One interpretation of AG’s results is that
perturbing a complete-information bargaining model with a rich set of
commitment types selects a unique equilibrium outcome. Abreu et al. [4]
ask the same question for the incomplete-information model of Rubin-
stein [43], where one player’s preferences are known while the other
can have one of two possible discount rates. The authors show that
perturbing this model with a rich set of stationary commitment types
and taking the limit as those types become vanishingly unlikely supports
a “Coasean” prediction: the outcome is the same as if the informed
player were known to be patient. The intuition is that, since the patient
rational type concedes at a slower rate in the war of attribution, in the
limit the outcome of the reputational race is solely determined by this
type’s behavior. By contrast, allowing nonstationary types that can delay
making their initial offer yields a non-Coasean equilibrium where the
rational informed player no longer receives the payoff corresponding to
her patient type. The problem is that the patient type has an incentive
to separate by delaying her initial demand, which breaks the pooling
equilibrium.11

11 Pęski [40] studies multi-issue reputational bargaining with incomplete-information about
players’ weights on different issues, where bargainers can offer menus of alternative agreements.
With one-sided preference uncertainty, the uninformed party gets half the total surplus by
offering a menu consisting of all allocations that give her that payoff.
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3.4 Applications

3.4.1 Outside Options and Search Markets

In an early critique of AG, Compte and Jehiel [12] investigate the
effect of outside options on reputational bargaining. Their main point
can be seen when each player i has a single commitment type, which
demands αi . Assume an alternating-offers bargaining protocol, which
gives complete-information payoffs v∗

1 = 1− v∗
2 = (1− δ2)/(1− δ1δ2).

Further, assume that each player can opt out of bargaining at any time,
yielding payoffs vouti , voutj , and that player i prefers her commitment
demand, over her complete-information payoff, over opting out, over a
committed opponent’s offer: that is, αi > v∗

i > vouti > 1 − α j .
Compte and Jehiel show that in the unique equilibrium play proceeds

exactly as in the model without outside options or commitment types:
the players immediately agree to the complete-information payoffs.
The intuition is that since each player will opt out if she becomes
convinced her opponent is committed, players have no incentive to build
reputations, but instead reveal rationality and bargain under complete-
information.
This analysis suggests that much depends on whether outside options

are sufficiently attractive relative to the commitment types’ offers.
With a rich set of commitment types (or in Kambe’s endogenous
demand model) players make moderate equilibrium demands, and in
the complete-information limit we have αi + α j = 1, which violates
the assumption αi > v∗

i > vouti > 1 − α j . Thus, Compte and Jehiel’s
critique is most significant when there is only a small number of relatively
aggressive commitment types.

Atakan and Ekmekci [6] consider reputational bargaining with outside
options endogenously determined by a search market. Firms and workers
flow into the market and are randomly matched to bargain. They exit
the market after reaching an agreement that generates a unit of surplus
(or randomly dying). Players are rational or committed. Player i ’s single
commitment type always demands αi , but also stops bargaining and
returns to the market if convinced that her opponent is committed. On
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returning to the market, players must wait time τ ≥ 0 before being
rematched.
The paper derives several results concerning steady-state equilibria.

A headline result is that when search costs are minimal (τ ≈ 0) and
firms and workers enter the market at the same rate, bargaining involves
no initial concessions, so the outcome is inefficient with total payoffs
2 − α1 − α2 < 1 (in contrast with AG, where initial concessions lead
to efficiency in the complete-information limit). The reason why initial
concessions cannot occur is that this would give players on the other
side of the market outside options that are greater than their payoffs
from conceding, which is inconsistent with equilibrium. However, it is
unclear whether a richer set of commitment types would constrain this
inefficiency.

Endogenous outside options are also central to Özyurt [38], who
shows that even vanishingly small reputational concerns allow a wide
range of prices in a Bertrand-like setting. This occurs because buyers who
observe a seller undercutting her rival’s posted price use the lower price
as an outside option in bargaining with the high price rival.12

3.4.2 Mediation

Fanning [17, 18] investigates how an uninformed mediator can improve
efficiency in AG’s model. The first paper considers a simple form of
mediation often used by professional mediators: publicly suggesting a
deal only when both parties accept it in private. This can be effective,
but only if the mediator sometimes fails to suggest the deal even when
both parties accept. The second paper characterizes the equilibrium with
mediation that maximizes rational players’ payoffs in symmetric games.
Mediation improves on unmediated bargaining if and only if commit-
ment demands are larger than the probability of commitment types.
The mediator suggests agreements with reduced delay between self-
reported pairs of rational agents (compared to unmediated bargaining),

12 Özyurt [37] introduces commitment types into Fearon [20]’s “crisis bargaining” model, where
in addition to waiting or conceding, bargainers can end the game by “attacking”; this is another
type of outside option.
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while not suggesting any agreements involving a reported commitment
type on some initial interval in order to incentivize truthful reporting of
rationality.

3.5 Experimental Evidence

Behavior resembling reputational bargaining was observed even in early
unstructured bargaining experiments. For example, Roth and Malouf
[41] had subjects divide the probability of winning a monetary prize
before a deadline by sending proposals and free-form messages over
a computer. When the prize was worth three times as much to one
player, agreements clustered around two focal points: equal probability
of winning a prize (the Nash solution) and equal expected payoffs (75%
probability for the low-prize subject). Agreements occurred close to the
deadline, although some subjects never agreed. These focal divisions
correspond to two notions of fairness that may motivate commitment
behavior. By contrast, when each subject could win the same prize, they
always split the probability equally, again suggesting that commitment
to a demand may depend on its perceived fairness and/or focality.

One feature of behavior in these experiments that does not align
with AG’s predictions is that small demand changes do not precip-
itate immediate agreement. Nonetheless, Fanning and Kloosterman
[19] provide support for the basic Coasean underpinnings of repu-
tational bargaining when there is only one fair/focal division: in an
infinite-horizon bargaining experiment where one subject makes all the
offers, outcomes were close to immediate agreement on an equal divi-
sion (in contrast to relatively unequal divisions in one-shot ultimatum
bargaining).

Other experiments have sought to test reputational bargaining predic-
tions more directly. Embrey et al. [14] allow a simultaneous initial
demand stage followed by a continuous-time concession stage with fixed
demands. When subjects faced either another subject or a computer
committed to a fixed demand (without knowing which), they made
the computer’s demands more frequently than in a control treatment
in which they always faced another subject. This suggests that subjects
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understood the benefit of mimicking a tough computer bargainer.
However, many subjects still demanded an equal split instead of the
computer demand, and there was more delay than predicted by AG.
Heggedal et al. [24] test Compte and Jehiel [12]’s predictions by adding
treatments with outside options to the above experimental setup. Outside
options reduce imitation of aggressive computer demands but do not
improve bargaining efficiency, because they are used too often.

3.6 Open Questions

3.6.1 Foundations for Commitment Behavior

A key feature of reputational bargaining models is that commitment
behavior is exogenous. This has the advantage of limiting signaling and
equilibrium multiplicity. But it also raises important questions of where
commitment behavior comes from, and what forms of commitment
behavior are most likely to be observed.

Abreu and Sethi [5] address these questions using evolutionary game
theory. They consider a population of commitment and rational types
who are randomly matched and then bargain. All players have the
same preferences over agreements, but rational types incur an extra
cost reflecting their more sophisticated behavior. This cost ensures that
commitment types always exist in every evolutionary stable equilib-
rium.13 The main result is that whenever there is a commitment type
demanding α there must also be a complementary type demanding 1−α.
Complementary types ensure that invading types demanding more than
α are incompatible with the complementary type, and so earn lower
profits. For any α > 0.5, an equilibrium exists with only two comple-
mentary types demanding α and 1 − α (in addition to rational types,
when the cost of rationality is sufficiently small). The equilibrium is
efficient when α → 0.5.

13 Abreu and Sethi’s notion of evolutionary stability requires that all types in the population
obtain the same expected payoffs, and obtain strictly higher payoffs than the population average
after introducing a small fraction of invading types.
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Basak [10] provides a simple foundation for commitment in an
alternating-offers model where players have private “reservation values.”
Each player’s reservation value ωi is drawn from a binary distribution,
where the high value exceeds her complete-information payoff but is
compatible with the opponent’s low value. A player receives utility xi
for obtaining a dollar share xi ≥ ωi , but receives negative utility for
a lower share. The unique equilibrium matches AG’s war of attrition:
high types always demand their reservation value, and low types imitate
them before eventually conceding. Uniqueness arises because reservation
values do not affect players’ intertemporal preferences for dollar shares
larger than that value.14

Weinstein and Yildiz [45] show that any (stationary or nonstationary)
commitment type’s behavior in a repeated game is the unique ratio-
nalizable strategy of a utility-maximizing type with different payoffs
and information about the stage game. Rational players face the same
strategic situation as in the original game with commitment types, while
the commitment-behavior types sometimes face types that were absent
in the original game (in particular, values may be interdependent, so
commitment-behavior types may not know their own payoffs). The
permissiveness of this result provides some support for AP’s approach
of flooding the game with a wide variety of types when commitment is
vanishingly unlikely.

3.6.2 Other Directions

Further open questions include: What is a tractable model of multilat-
eral reputational bargaining?15 Can reputational bargaining’s powerful
equilibrium selection results be further extended in general dynamic

14 Basak also considers the effect of releasing information about the reservation values. Fully
informative signals ensure immediate agreement, but partially informative signals may reduce
efficiency.
15 Kambe [26] analyzes a multilateral, incomplete-information war of attrition with some simi-
larities to reputational bargaining. Ma [31] shows that in majoritarian bargaining, an agent may
benefit from having a lower reputation, because this leads to her inclusion in more winning
coalitions.
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games, such as repeated games?16 How does repeated reputational
bargaining unfold?17 What are the effects of allowing players to gain
and lose commitment over time? Does considering commitment types
who randomize their behavior or behave nontransparently deliver new
insights?

Finally, we began this survey by discussing the overarching ambi-
tion of reputational bargaining models to make predictions on the basis
of putatively observably factors like players’ beliefs about each other’s
commitment behavior, rather than the details of the bargaining protocol.
A crucial question is thus whether these models can predict and explain
bargaining field data better than competing models. Such empirical
application of reputational bargaining models is currently a wide open
area.
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4
Dynamic Bargaining with Private

Information

William Fuchs and Andrzej Skrzypacz

4.1 Introduction

In this chapter, we discuss a few recent theoretical papers studying the
dynamics of negotiations. This is not a comprehensive review of the field.
First, our focus is on recent papers, with the previous literature excel-
lently reviewed in Ausubel et al. (2001). Second, our focus is on papers
that describe bargaining “outside the void.” That is papers that model
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negotiations between two parties that are influenced by the outside envi-
ronment: for example, by the possibility of entry of new trading parties,
the existence of a deadline, the possibility of arrival of information, or
new outside options materializing. Finally, in most of this survey, we
focus on highlighting the economic intuitions in the continuous-time
limit.

Dynamic bargaining problems have historically been modeled in
discrete time, with some important results (like the Coase conjecture
we start with) derived as a limit of the equilibria when the discount
factor converges to one. As we show, many complex bargaining games
are particularly tractable in continuous time. The key observation is that
the HJB equation describing the problem of the uninformed player is
linear in the speed of trade. This linearity is what lies behind the Coasean
forces. Importantly, it provides for a simple algorithm to find equilibria
since, in any smooth equilibrium, the linear terms must add up to 0. This
condition provides almost immediate implications for the value of the
uninformed player and equilibrium prices with clear economic intuition.
We will highlight the power of this approach throughout this survey.
The benefits of continuous time do not come without cost. Game-

theoretic models in continuous time often create technical problems. We
do not discuss any of those problems here. In the literature there are two
main approaches. One is to write the game in discrete time and analyze
the limit of equilibria as periods get short. The second is to write the
game directly in continuous time and propose an appropriate equilib-
rium notion for that model. Our goal here is to highlight the economic
intuition of the results, side-stepping the technical issues. Thus, some of
our constructions in this survey may seem incomplete. They should all
be read as having a preface “suppose the equilibrium is nice, then here is
how it must look like.” We direct readers interested in this methodology
to the original papers. We hope that a less technical survey, focused on
connecting several of the underlying ideas, will serve as a complement to
the existing work be an accessible introduction to readers interested in
this literature.
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4.2 Dynamic Bargaining
with (Endogenously) Interdependent
Values

A classical result in the bargaining literature, the Coase Conjecture
(Coase 1972), establishes that despite market power and asymmetric
information, trade would be immediate without inefficient delay if the
seller were unable to commit not to revise her prices in the future. Coase
argued that the seller’s future self would be tempted to lower its price to
satisfy the remaining demand and in doing so, create competition for its
current self, leading to a competitive outcome with immediate trade. In
contrast to these predictions, delays are common in practice. As a result,
the literature that followed tried to augment the basic setting of Coase
to obtain more realistic results.1

In this chapter, we discuss a new set of papers that considers models of
bargaining with interdependent values/costs or bargaining in the shadow
of new entry, new information, or deadlines. The goal is to illustrate
common themes in those papers: if the seller’s cost (either physical cost
or opportunity cost) of serving a particular type of a client is increasing
in the client’s willingness to pay, then we will observe a delay in equilib-
rium. Despite this delay, we argue that a generalized form of the Coase
conjecture still often survives.

In the model proposed by Coase and formally analyzed by Stokey
(1981), Bulow (1982), Gul et al. (1986)[GSW] and Fudenberg et al.
(1985)[FLT] the seller’s cost is independent of the valuation of the
buyers. As we show, this assumption is crucial for attaining immediate
trade. Furthermore, we believe that this assumption naturally often fails
in practice. The interdependence of values can be exogenous or arise
endogenously. By exogenous, we mean situations in which there is a form
of adverse selection. A natural example is an insurance firm bargaining
with a potential client. If the client’s willingness to pay for insurance is

1 Examples include: models with two-sided private information about fundamentals and over-
lapping values (e.g., Cramton 1984; Chatterjee and Samuelson 1987; Cho 1990, among others);
irrational players (Abreu and Gul 2000); higher-order beliefs (Feinberg and Skrzypacz 2005);
disagreement about continuation play (Yildiz 2004); externalities (Jehiel and Moldovanu 1995);
reputation/non-stationary equilibria (Ausubel and Deneckere 1989).
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increasing in its privately known risk, the cost of serving this client is also
increasing in its type. If we flip the model so that the seller is privately
informed (and the buyer makes offers), we can naturally capture situa-
tions like the sale of a firm. The better the firm, the more costly it is
for the seller to part with it, and the more valuable it is to the buyer.
Evans (1989), Vincent (1989), Olsen (1992), and Deneckere and Liang
(2006)[DL] have studied bargaining with exogenously interdependent
values.
Values can also be endogenously interdependent if there is a correla-

tion between the value of the buyer and the opportunity cost of trading
with that type at a given point in time. For example, if new traders or
new information can arrive as in Fuchs and Skrzypacz (2010)[FS1], then
trading with the buyer now implies forgoing the value to trade with that
buyer later, when information arrives, or the value that could be attained
from an auction when more buyers arrive in the market.2 Similarly,
when there are deadlines, as modeled by Sobel and Takahashi (1983)
and Fuchs and Skrzypacz (2013b)[FS3], trading today has an endoge-
nous opportunity cost of not waiting to trade at the deadline, and that
cost is correlated with the type of the buyer who trades today.

4.2.1 Revisiting the “Classic” Coase Conjecture

Consider a seller (she) facing a buyer (he) who has private information
about his value of the good, v. Assume v ∈ [1, 2] is distributed according
to an atomless distribution with full support, F(v). The seller has cost
c ≥ 0 to serve the buyer. Every period of an infinite horizon game,
the uninformed seller makes an offer pt . If pt is accepted, the game
ends with payoffs (v − pt ) for the buyer and (pt − c) for the seller.
If the offer is rejected, the seller makes another offer at time t + �.

Thus, � can be thought of as the commitment power of the seller. Both
buyer and seller discount future payoffs with a common, continuously
compounded, interest rate r.

2 See also Daley and Green (2019) for a combination of exogenous interdependence and news.
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Since higher-value buyers lose more from delay, in any equilibrium
the Skimming Property holds. That is, if type v is willing to accept an
offer pt , then all higher types strictly prefer to accept this offer. This
property helps characterize equilibria because it means that in every equi-
librium, after any history, the remaining distribution of types is given by
a truncation of the original distribution. We denote by kt the highest
type remaining before the offer at time t is made, i.e., the seller beliefs
at time t are that v ∈ [1, kt ] with truncated distribution F(v)/F(kt )
(with k0 = 2).
An important distinction arises whether there is common knowledge

of strict gains from trade, c < 1 (the gap case), or not, c = 1 (the
no-gap case). As shown by FLT and GSW, in the gap case the game
must end in a finite number of rounds (uniformly bounded for all �).
Intuitively, what happens is that when (kt − 1) is very small relative to
(1 − c) the possible gain from screening the remaining types is small
relative to the cost of not realizing the gain of (1 − c) with all remaining
types immediately. This gain can be realized by setting pt = 1. Thus,
in the gap case, once kt is close enough to 1, in every equilibrium, the
seller offers pt = 1, and there is immediate trade. That allows to apply
backward induction (in types) and to show that equilibrium must be
unique (up to seller’s randomization at time 0). These equilibria have
the property that the seller value depends only on the state of the game,
kt , a property called “stationarity” that is similar to the equilibria being
Markov. Stationary equilibria continue to exist when c = 1 but, besides,
as shown by Ausubel and Deneckere (1989), other nonstationary equi-
libria can be constructed. In these reputation-like equilibria the seller is
supposed to start with a high price and lower the prices at a very slow
rate. This is sustained with the threat that if the seller ever lowered prices
faster, the buyer would believe that the continuation play would revert
to a stationary equilibrium with prices dropping quickly to p = 1 (for
small �). In what follows, we do not discuss such reputational equilibria
and focus instead on the stationary ones.
The Coase conjecture states that as � → 0, i.e., when the seller

loses all ability to commit to prices, prices fall to the lowest buyer
valuation, p0 → 1, and there is no inefficient delay. Our intuition
is as follows. Suppose that in a stationary equilibrium the buyer has
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a simple reservation-price strategy: accept prices below P(v; �) and
reject prices above. Taking the limit as � → 0, and defining P(v) ≡
lim�→0 P(v;�), we argue that the buyer’s reservation price cannot be
captured by a downward slopping (demand) function strictly above 1. If
such were the case, as illustrated in Fig. 4.1, the seller’s optimal response
would be to charge the reservation price of the highest type first and
then lower its prices continuously to trade with each type at its reser-
vation price. The contradiction arises because the seller would want to
run through these prices infinitely fast so as not to suffer from inef-
ficient delays and capture all the available surplus immediately. Since
buyers are forward-looking, their reservation prices would fall. Indeed,
in equilibrium (in the limit) they must drop all the way to 1. Given
these reservation values, the offer made by the seller converges to p0 = 1
as � → 0. In the limit, trade is immediate and the uninformed party,
despite making all the offers, effectively does not screen. There are still
positive profits since c < 1, but these disappear as we shrink the gap
(1 − c) by taking c → 1.

Fig. 4.1 In the limit, if P(v) were strictly above c(v), the seller would want to
lower the price infinitely fast to immediately capture all the profits. Therefore,
in equilibrium P(v) must be lower
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4.2.2 Exogenously Interdependent Values

Consider now a variant of the model with interdependent values, so that
the cost of selling to type v is an increasing function of the buyer’s type,
c(v) with c′(v) > 0. We continue to assume that immediate trade is
strictly efficient for all v ∈ (1, 2], c(v) < v. In this case, the equi-
librium dynamics depend on the degree of adverse selection. If there is
little adverse selection, i.e., E[c(v)] ≤ 1 then, as in the constant-cost
case, the continuous-time limit of the unique stationary equilibrium has
immediate trade (as shown in DL). If there is more adverse selection,
E[c(v)] > 1, the seller would prefer not to trade at all rather than
offering p0 = 1 and trading with all types, so trade cannot be efficient
in equilibrium. No trade cannot be an equilibrium either. For no trade
to be an equilibrium, prices would always have to be above 2. If the price
were ever lower, a mass of buyers (2−ε, 2] would accept this price. If, on
the other hand, prices were always above 2, there would be a profitable
deviation for the seller. The seller could offer p0 = c(2) < 2 and then
offer a sequence of prices that would lead to no losses. In the contin-
uation equilibrium, there would either be no more trade (which would
make it optimal for types around 2 to accept) or there would be even
more trade, on which the seller would not make losses on average (since
otherwise, the seller could deviate to asking for c (2) in every period).
What then do equilibria look like?
Toward building intuition, heuristically, suppose the continuous-time

limit equilibrium strategy of the buyer is characterized by a contin-
uous downward-sloping demand function, P(v). Then the seller’s best
response problem is to choose the speed at which to trade to maximize
her expected value given the history of the game (summarized by kt):

rV (kt ) = max
k̇t∈[0,∞]

(P(kt) − c(kt) − V (kt))
(−k̇t

) f (kt)

F(kt)
+ V ′(kt)k̇t

In this formulation, kt is the evolution of the cutoff type induced by the
sequence of prices chosen by the seller and k̇t is the time right-derivative
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Fig. 4.2 Graphical explanation of the equilibrium reservation prices

of this function.3 The interpretation of this equation is that in equilib-
rium, the seller’s value comes from trade. When trade happens, the seller
collects P(kt) − c(kt) and the game ends. Trade happens with a proba-
bility flow

(−k̇t
) f (kt )
F(kt )

. If the trade does not happen, the seller becomes

a bit more pessimistic, and his continuation payoff drops by V ′(kt)k̇t .
Note that this optimality condition is linear in the chosen speed of

trade, k̇t . Therefore, if the seller chooses an interior speed of trade, it
must be that all the coefficients multiplying k̇t add up to zero. In turn,
that implies V (kt) = 0 for all kt and P(kt) = c(kt) is the unique candi-
date for such an equilibrium. The characterization of the equilibrium is
completed by pinning down kt .
The economic intuition for why in equilibrium P(kt) = c(kt) is

similar to what we described above for constant c(v). If in the limit
P(v) were above c(v) (region A in Fig. 4.2), the seller would like to
collect the surplus infinitely fast, dropping prices immediately, but then
buyers would not be optimizing if they did not wait for the lower offers.

3 If the seller chooses a continuous price path pt then the process kt can be obtained by
inverting P(v). If P(v) is strictly downward sloping, it is optimal for the seller to choose a
price process such that kt is continuous.
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In turn, if P(v) were below c(v) (region B in Fig. 4.2), the seller would
be better off not trading at all, again making the buyers not optimizing.
Only when P(v) = c(v) we can have the seller smoothly screen types
over time. The economic consequence of P(v) = c(v) is that Coase’s
idea that even a monopolistic seller would behave competitively (i.e.,
trade at its marginal cost) survives in this more general setting. However,
trade takes place with delay.4

We want to highlight two aspects of the linearity of the seller’s
problem. From the economic perspective, this linearity reflects the
Coasean forces. The idea is that the uninformed party must be indif-
ferent regarding the speed at which it screens. Therefore, in the limit,
equilibrium demand curves depicted in Figs. 4.1 and 4.2 can never be
above the marginal cost curves. From a technical perspective, the fact
that we can first (and quite easily) solve for V (kt) and P(kt) without
solving for the whole equilibrium makes it much easier to solve for the
equilibrium. This advantage has been exploited by several related papers
such as DeMarzo and Urosevic (2006), Daley and Green (2019), Chaves
(2019), and DeMarzo and He (2020) that work directly in continuous
time.
To complete the construction of the equilibrium, note that since the

seller makes no profits on any trade, she is indifferent over the speed at
which she decreases prices. Yet, prices need to drop in equilibrium at the
right speed so that the buyers choose optimally to trade when they are
supposed to. In particular, a marginal type has to be indifferent between
making profit v − pt today and waiting a little bit, suffering from delay,
but benefiting from a lower price. Denote the time-derivative of prices
by ṗt . Then, the IC constraint of the buyer is:

r(v − pt ) = − ṗt .

Combining this constraint with the reservation price P(v) = c(v) we
obtain the differential equation that completes the characterization of the

4 Olsen (1992) studies a model with “learning by doing” that is a seller whose production costs
decrease with past sales. This is an alternative way to motivate exogenously interdependent
values. He was the first to show that in the � → 0 limit equilibrium trade is gradual, and
pricing is competitive (price equals current cost).



70 W. Fuchs and A. Skrzypacz

equilibrium:

r(kt − c(kt)) = −c′(kt)k̇t
k0 = 2

This equation does not depend on the distribution of v, can be often
solved explicitly, and allows one to better understand the nature of the
equilibrium.

For example, consider what happens as c(v) gets steeper (i.e., as we
move away from the independent-values case). As we make c(v) steeper
(point-wise, keeping c(1) = 1), when the current offer is rejected, the
cost of serving the remaining types changes by a larger amount. As a
result, the seller would lower the prices at a faster rate. But if prices
were to decrease faster, then buyers would want to trade later than when
they are supposed to. Thus, in equilibrium, the seller must go through
buyers at a lower rate. Therefore, trade speeds up as c(v) gets flatter. If
c(v) becomes flat, we get the original Coase conjecture.
Is the equilibrium indeed smooth in the limit as � → 0? It turns

out that this hinges on whether there is a gap or not. For the formal
analysis of equilibria for � > 0, it is easier to solve for equilibria in
the gap case. This is done in DL. They show that for c(1) < 1, in
the limit as � → 0, the equilibrium is characterized by periods with
a strictly positive probability of trade and quiet times in between. The
seller makes positive profits in its initial offer but, after the initial trade,
the seller makes 0 expected profits from all future offers. This last point
is crucial since, as discussed above, it leaves the seller indifferent about
how fast it drops its prices and the speed can be adjusted such that the
different buyer types trade when they are supposed to be in equilibrium.
Importantly, this is a robust feature of the equilibria. Yet, since in the gap
case trade is lumpy, the equations that describe the equilibrium depend
on the distributional assumption and do not lend themselves easily to
comparative statics or interpretations.

However, as we have shown in FS2, if we remove the gap by taking
the limit as (1 − c(1)) → 0, the equilibrium conditions in DL change
so that the lumpy trading converges to smooth trading with no quiet
periods (along the sequence, the atoms get smaller and smaller and so do
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the quiet periods). In the limit, as � → 0 there is perfect separation,
with each type trading at a different moment in time. Thus, our char-
acterization above with the HJB, is formally characterizing that limit of
equilibria.

4.2.3 Endogenously Interdependent Values:
Bargaining with Arrivals

In FS1 we considered a bargaining game where over time information or
additional traders can arrive. In that model, the physical cost of serving
every type is constant, but the true cost of trading is the opportunity cost
of ending the game, which is endogenous. By ending the game, the seller
gives up her option to wait for the arrival.

Denote this opportunity cost by C(v), and for contrast, assume a
constant exogenous cost of serving all types, c(v) = c = 1. For example,
suppose that while the seller and buyer bargain, a competing buyer or
seller can arrive with Poisson intensities λb and λs, respectively. The new
buyer has the same value as the current buyer, and the new seller has the
same cost as the current seller. Upon arrival, the short side of the market
captures all the rents.5

In that game, C(v) = λb
λb+λs+r (v − c) and C ′(v) = λb

λb+λs+r . Anal-
ogous reasoning to what we discussed in the exogenous case implies that
the equilibrium speed of trade decreases as the seller expects to have
other interested buyers arrive more frequently (i.e., as λb increases) and
increases when she expects competing sellers to arrive sooner (i.e., as λs
increases).

Alternatively, suppose fully revealing information arrives at rate λ and
upon revelation, the seller and buyer split the surplus with a fraction α

going to the seller and (1 − α) to the buyer. That implies an endogenous
opportunity cost of trading today of C(v) = λ

λ+r α(v − c). Again, the
faster the information arrives, the slower the equilibrium trade (condi-
tional on no arrival). Similarly, as the fraction of the surplus captured by

5 This can be easily generalized to capture other payoffs (and games) upon arrival.
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the seller upon information arrival increases, the equilibrium trade slows
down.

Define VA(kt) ≡ E[C(v)|v ≤ kt ]. That is the expected payoff of
the seller upon arrival of the information (or another trader) condi-
tional on the remaining types being below the cutoff kt . Heuristically,
in equilibrium the seller solves:

rV (kt) =λ(VA(kt) − V (kt))

+ max
k̇t∈[0,∞]

(P(kt) − c − V (kt))
(−k̇t

) f (kt)

F(kt)
+ V ′(kt)k̇t .

(4.1)

The first term comes from the possibility of arrival, the second from
the possibility of trade, and the last one from the seller becoming less
pessimistic if the trade does not happen.

For the seller to choose an interior speed, we must have again that
all the terms that multiply k̇t add up to zero. That implies that the
equilibrium payoff of the seller is

V (kt) = λ

λ + r
VA(kt).

That is, just like in the Coase conjecture the seller cannot make positive
profits from the gradual screening of types that she does in equilibrium:
her equilibrium payoff is the same as if she just waited for the arrival
of the information (or another trader if we let λ = λb + λs and C(v)

= λb
λb+λs+r (v − c)). Moreover, for the coefficients that multiply k̇t to

add up to zero, prices have to satisfy:

(P(kt) − c) f (kt ) = d

dkt
[V (kt)F(kt)]

Since in equilibrium

V (kt) = λ

λ + r

∫ kt

1

C(v) f (v)

F(kt)
dv.
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we get that the equilibrium prices have to satisfy

P(kt) = c + λ

λ + r
C(kt).

This is again related to the Coase conjecture: the seller prices competi-
tively in the sense that every type pays the full marginal cost of serving
them: c + λ

λ+r C(kt), where λ
λ+r C(kt) is the expected profit the seller

would get from waiting for the arrival in case the buyer had type kt .
The tractability gained by looking at the continuous-time limit allows

us to do a series of interesting comparative static exercises. For example,
one can show that: (1) when the buyer valuations fall (in a first-order-
stochastic-dominance sense) then, time in the market increases and
transaction prices fall. (2) When allowing for the arrival of competing
buyers λb and competing sellers λs we can capture the notion of a seller’s
market or buyer’s market by the relative intensity of arrival of additional
buyers or competing sellers λb

λs
. (3) One can also extend the model to

allow for different time preferences rs and rb and compare the relative
impatience that stems from facing competition and losing out on the
trade vis a vis time discounting. Comparing to Rubinstein (1982) we see
that the arrival of competition captured by λs generates an additional
sense of impatience and that the seller’s two sources of impatience (rs
and λs) have almost identical effects on prices. Furthermore, when the
arrival rates are high relative to the discount rates (which is natural in
many settings), then the prices paid by the different buyer types depend
mostly on the arrival rates and not on the discount rates.

P(v) = c + λb

λb + λs + rs
v.

4.2.4 Endogenously Interdependent Values:
Bargaining with Deadlines

Deadlines can also imply an endogenous opportunity cost of trading
today, albeit one that changes with the time remaining to the deadline,
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C(v, τ ). Let T denote the real time by which the players have to reach
an agreement. Assume that at T the seller gets to make the last take-it-
or-leave-it offer to the buyer. The optimal offer at T can be found using
the standard static monopoly approach: given kT the seller can calcu-
late the marginal revenue of the truncated distribution, FT (v) ≡ F(v)

F(kT )
,

as MR(v) ≡ v − 1−FT (v)
fT (v)

(virtual valuation in Myerson 1981) and set
it equal to the exogenous marginal cost, c. Let that optimal price be
PT (kT ). Given the commitment power at the deadline, the seller expects
some positive profits at t = T, which we denote by �(kT ). This means
that at any time s, the seller could, by making very high offers until
T , guarantee itself a payoff of e−r(T−s)�(ks). A deadline thus provides
the seller with a lower payoff bound that she can achieve by making
unacceptable offers until the deadline. Since this final payoff depends on
the buyer’s type, there is an endogenous interdependence of the buyer’s
value and the seller’s opportunity cost. This model was first studied by
Sobel and Takahashi (1983) and later in FS3, we studied its properties
in the continuous-time limit.
The first main result is that as commitment disappears (� → 0),

the seller’s equilibrium payoff converges to this lower bound: she obtains
a payoff equal to the outside option of just waiting for the deadline.
However, trade and prices do not converge to the standard Coase conjec-
ture outcome (immediate trade and all types trading at one price) or the
outside option (trade only at the deadline). Instead, trade happens grad-
ually over time with an atom at the deadline. The price paid by each type
is equal to the discounted price that this type would pay at the deadline if
the seller adopted the wait-till-deadline strategy. This is the opportunity
cost from serving this type before the deadline. This property of prices
is important to satisfy equilibrium conditions: as before, if prices were
higher, the seller would like to speed up trade; if they were lower, she
would prefer to wait for the deadline. Finally, the speed at which equi-
librium prices drop over time (which is one-to-one related to the speed
at which the seller screens the types) assures that no buyer type wants to
delay or speed up trade.

Heuristically, if in the continuous-time limit the buyer equilibrium
strategy is described by a family of functions P(v, t) that are continuous
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in time and continuous and strictly increasing in v, then the seller’s best
response problem can be stated as:

rV (k, t) = max
k̇t∈[0,∞]

(P(kt , t) − c − V (k, t))
(−k̇t

) f (kt)

F(kt)

+ ∂V (k, t)

∂k
k̇t + ∂V (k, t)

∂t
V (k, T ) =�(k).

As above, the optimization problem is linear in the speed of trade. Hence,
if the seller chooses in equilibrium an interior speed of trading, all the
terms multiplying k̇t must add up to zero. That yields that any such
equilibrium must satisfy:

V (k, t) = e−r(T−t)V (k, T ) = e−r(T−t)�(k).

In turn, equilibrium reservation prices must be:

(P(k, t) − c) f (k) = ∂

∂k
(V (k, t)F(k)) = e−r(T−t) d

dk
(�(k)F(k)).

At the deadline, the seller chooses the final price P(k, T ) to induce trade
with types between k and k′ = P(k, T ). The optimization problem at
that time is:

�(k) = max
k′

F(k) − F
(
k′)

F(k)

(
k′ − c

)
.

Therefore, by the envelope theorem:

d

dk
(�(k)F(k)) = f (k)(P(k, T ) − c).

Plugging it into the expression for equilibrium prices we get

P(k, t) = c + e−r(T−t)(P(k, T ) − c).
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In words, every type that trades before the deadline has to pay the phys-
ical cost of the good plus the marginal opportunity cost that the seller
could have waited for the deadline to trade with that type and make
NPV profit of e−r(T−t)(P(k, T ) − c) from that type.
The main difference in the trading patterns with respect to the model

with arrivals is that there will be an atom of trade at the deadline.
We illustrate that in Fig. 4.3. This concentration of agreements at the
“eleventh hour” is referred to as the “deadline effect” in the empir-
ical literature. Such effect has been documented by Cramton and Tracy
(1992) in the context of labor negotiations, and by Williams (1983) in
the context of pre-trial negotiations. Similar findings also arise in lab
experiments e.g., Roth et al. (1988), or Güth et al. (2005).
The clean characterization of the continuous-time limit enables us

to carry out a series of comparative statics. This generates additional

Fig. 4.3 Equilibrium path for Prices and Cutoffs and agreement atom at the
deadline normalized to T = 1
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testable predictions which are in line with some of the available empir-
ical work. For example, as the cost of disagreement rise, more agree-
ments are reached in equilibrium and the deadline effect becomes
more pronounced. In the context of labor negotiations, Gunderson
et al. (1986) show that the likelihood that the talks fail, and a strike
materializes is decreasing in the efficiency loss from a strike.
The model also implies that parties entering a negotiation might

purposely subject themselves to costly disagreement payoffs to increase
the likelihood of an agreement. This was very prominently featured
in the 2011 US budget negotiations. The parties agreed to auto-
matic across-the-board sequestrations which were seen as very painful
and undesirable. One can also show that such threats can be welfare
enhancing from an ex-ante perspective even though there is no guar-
antee an agreement will be reached, and agreements may be additionally
delayed to the deadline.

4.3 Privacy in Bargaining and Endogenous
Entry

As we argued above, bargaining often does not happen in a vacuum,
but in the shadow of possible entry or other players and events. For
example, in 2017, AT&T approached Straight Path (a publicly traded
company) to negotiate an acquisition. After months of negotiations,
AT&T announced a negotiated agreement to acquire Straight Path for
$1.25 billion. The transaction was supposed to close within 12 months.
However, before it closed, Verizon entered the competition to acquire
Straight Path, resulting in a bidding war and a final price of $3.1 billion.6

This example raises a natural question, studied in Chaves (2019),
how transparency of negotiations affects equilibrium outcomes.7 In that
model, there is a Poisson arrival of potential new entrants. Entrants are

6 See Chaves (2019).
7 In addition to the economic results we discuss here, Chaves (2019) also contains a technical
contribution. Building on the approaches in Ortner (2017) and Daley and Green (2019), he
defines and studies regular Markov equilibria directly in continuous time.
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short-lived (cannot delay entry) and each draws an independent entry
cost. Given beliefs about the remaining types of the incumbent buyer,
entrants decide whether to enter. Because as k changes expected profit
from entry changes, entry rate is state-dependent, 	(k). If entrants are
encouraged by learning they face a weak competition (low k), then 	(k)
is decreasing.8

Let �(k) be the expected seller profit upon entry of the competing
buyer. Assume that in equilibrium the seller screens the incumbent types
smoothly. Then her expected payoff is:

rV (k) = max
k̇

(P(k) − V (k) − c)
(−k̇

) f (k)

F(k)

+ 	(k)(�(k) − V (k)) + V ′(k)k̇.

As before, linearity in k̇ implies that the seller’s equilibrium payoff is:

V (k) = 	(k)

	(k) + r
�(k).

That is, even though in equilibrium the arrival rate changes as the cutoff
type k changes, the equilibrium payoff is the same as if the seller stopped
screening and just waited for arrival, analogously to our previous results.
Interestingly (and in contrast to all the previous results we discussed),
prices are more complex in this equilibrium. As before, since seller’s equi-
librium payoff is linear in the speed of screening all the coefficients on k̇
have to add up to zero which requires:

P(k) = c +
∂
∂k [V (k)F(k)]

f (k)
.

However, now V ′(k) is more complex because 	(k) improves as k
decreases: screening types today creates an additional benefit in equilib-
rium, higher arrival rates in the future. Letting D(k) = 	(k)

	(k)+r and

8 If entrants are discouraged as k decreases, for example, because the value of the entrant
is proportional to the value of the incumbent, then 	(k) can be increasing. Chaves (2019)
analyzes both cases, we focus on decreasing 	(k).
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π(k) be the expected profit upon arrival if the incumbent type is k (so
that �(k) = E[π(v)|v ≤ k]), equilibrium prices are

P(k) = c + D(k)π(k) + D′(k)�(k)
F(k)

f (k)︸ ︷︷ ︸
<0

. (4.2)

The gain from future arrivals (that D′(k) < 0) implies lower prices than
if 	 were constant. Moreover, equilibrium prices no longer have the no-
regret property. When the buyer accepts pt , the seller regrets making that
offer. She realizes at that point that she would have been better off asking
for more and waiting for the arrival (D(k)π(k) > P(k) − c).
Chaves (2019) considers next a game where rejected offers are not

observable by the potential entrants. The potential entrants are aware of
when the negotiations started, so they update their beliefs about the value
of entry based on the time passed. In equilibrium, high incumbent types
trade quickly and low types delay . Therefore, as time progresses, the
entrant beliefs become more optimistic, and the arrival rate, λt , increases.
The arrival rate grows over time with both private and public offers.

However, with private offers it is only a function of time. This distinc-
tion does not matter on the equilibrium path since the entrants have
correct beliefs about kt . However, it matters for the incentives to deviate
to different prices. In the public-offers game, entrants observe seller
deviations and the cutoff and arrival rate adjust. In particular, if the
seller deviates to a higher price, no trade takes place and 	(kt) remains
constant after such a deviation. When offers are private, deviations do
not affect λs (s ≥ t).
These observations lead to an important difference in the equilibrium

payoffs of the seller. Chaves (2019) shows that in the private offers equi-
librium trade is smooth (i.e., kt changes continuously on the equilibrium
path) and hence the equilibrium payoff satisfies:

rV priv(k, t) = max
k̇

(
P priv(k) − V priv(k, t) − c

)(−k̇
) f (k)

F(k)

+ λt

(
�(k) − V priv(k, t)

)
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+ ∂

∂k
V priv(k, t)k̇ + ∂

∂t
V priv(k, t).

The solution is

V priv(k, t) = Dpriv(t)�(k),

where

Dpriv(t) ≡
∫ ∞

t
λse

− ∫ s
t (λτ +r)dτds

is the time-t present value of a dollar that arrives according to the Poisson
process of equilibrium entry.

Finally, note that:

D(k0) < Dpriv(0)

because D(k0) in the public-offers case assumes constant arrival rate (if
the seller deviates), while the Dpriv(0) in the private-offers case has an
increasing arrival rate of entry. That implies that the seller prefers to
bargain with private offers than with public offers:

V (k) < V priv(k, t).

4.3.1 Bargaining in the Presence of Outsiders

A different aspect of bargaining in the presence of outsiders is analyzed in
Perlroth (2019). He points out that in many bargaining situations, third
parties are interested in observing the negotiation process because they
want to make informed decisions. For example, when countries negotiate
a trade agreement or the UK and the EU negotiate Brexit, producers in
those countries would like to infer possible agreements from the offers
made (and decide in which country to locate). Similarly, voters can be
influenced by the news from the negotiations. In turn, the negotiating
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parties may want to influence the decisions of those outsiders by making
strategic offers.

Motivated by this observation, Perlroth (2019) models a bargaining
game between two parties in the shadow of a decision by an outsider.
There is a state of the world that affects the possible set of agreements.
The two negotiators know the state, but the outsider does not. The
outsider’s optimal action depends on the beliefs about the state. It can
act now, or it can delay (with some discounting cost) in the hope of
obtaining additional information from the outcomes of the bargaining.
The negotiators care about splitting the bargaining surplus and about
the actions of the outsider. Their preferences over the outsider actions
are misaligned: one party wants the outsider to believe that the state is
high while the other that the state is low.

Perlroth (2019) shows that this situation can lead to posturing in equi-
librium: despite the negotiators knowing the state of the world, they may
delay reaching an agreement until after the outsider acts. Alternatively, a
war of attrition can break out with both the outsider and the negotiators
mixing between delaying or not. Moreover, he shows that making the
negotiations private (and only revealing the eventual agreement) could
solve the problem: posturing behavior disappears, and the negotiations
end quickly with the outsider taking action right after a deal is reached.

Drugov (2007, 2018) are related papers that study the informational
externalities that might naturally arise between two bargaining pairs
when there is correlation in the private values of the bargaining parties.

4.3.2 Effect of Privacy of Offers with a Sequence
of Traders

Another tension between privacy and publicity of rejected offers appears
in models of sequential bargaining between a single long-lived player
negotiating with a sequence of traders on the other side of the market.
For example, in Kaya and Liu (2015) one buyer with privately known
value bargains with a sequence of homogenous sellers. In a transparent-
offers game, when a new seller arrives in the market, he can see all the
past offers made. In a private-offers game, the arriving seller observes only
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that the buyer is still looking for a good but does not observe past rejected
offers. Their main result is that equilibria of the private-offers game have
lower prices and more trade. Intuitively, rejecting an offer today signals
to the market that the buyer value is low. The lower is the rejected
offer, the stronger is that signal. While on the equilibrium path sellers
anticipate past prices correctly, observability of rejected offers changes
the elasticity of demand with respect to price reductions. When offers
are private, a price reduction does not change the buyer’s continuation
payoff. Instead, when offers are public, it increases the buyer’s contin-
uation payoff. So, demand is more price-sensitive with private offers,
leading to the result. The difference in the outcomes can be dramatic.
In a 2-period example with a buyer value distributed uniformly between
0 and 1 and zero cost, for large discount factors trade is approximately
efficient with nontransparent offers and bounded from efficiency with
public offers. More complicated dynamics appear in a model with inter-
dependent values, as shown in Hörner and Vieille (2009) and the welfare
rankings are more ambiguous than in Kaya and Liu (2015). Still, there
is a tendency for the equilibrium of the private-offers game to be more
efficient for high discount factors.

4.4 Avenues for Future Research

There are several interesting questions we did not have the space to
address in this survey. In particular, we focus on the importance of
the seller’s outside options, while Board and Pycia (2014) focus on
the buyer’s outside options. Moreover, we assume constant costs, while
Ortner (2017, 2019) allow them to change. In the working paper version
of this survey we describe these papers and connect them to the general
formulation.

Understanding endogenous outside options is an important building
block for what we think is a promising avenue for future research.
Given that the continuous-time bargaining models are both tractable
and amenable to comparative statics, we believe they could be inte-
grated into richer models with endogenous search and matching. Most
commonly, for tractability purposes, these models use Nash bargaining
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to determine how the surplus is split when two parties meet. As high-
lighted by Hall and Milgrom (2008) in a labor market setting, departing
from the Nash bargaining solution can be important to capture certain
features of the data. In addition, using these richer models could lead
to different policy implications, particularly when policies would affect
players’ outside options.

Finally, on the technical side, we expect that the continuous-time
methods will continue to be developed and that their applications will
spread to other areas (for a recent example, see DeMarzo and He 2020).
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5
Reference Dependence in Bargaining

Models

Kerim Keskin

5.1 Introduction

It is often observed in real-life bargaining encounters and in bargaining
experiments that individuals might reach a belated agreement (i.e.,
delay) or leave the table completely empty-handed (i.e., disagree-
ment) (see Roth et al. 1988; Babcock et al. 1995; Gächter and Riedl
2005; Karagözoğlu and Keskin 2015; among others). Since the clas-
sical bargaining models provide little help in explaining such observed
behavior,1 one can utilize the models of behavioral economics in order
to have a better understanding of the qualitative aspects of the observed

1It is worth noting that those bargaining models are more helpful in this regard under the
assumptions of incomplete or asymmetric information.
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E. Karagözoğlu and K. B. Hyndman (eds.), Bargaining,
https://doi.org/10.1007/978-3-030-76666-5_5

87

http://crossmark.crossref.org/dialog/?doi=10.1007/978-3-030-76666-5_5&domain=pdf
mailto:kkeskin@ada.edu.az
https://doi.org/10.1007/978-3-030-76666-5_5


88 K. Keskin

bargaining outcomes. Furthermore, since most behavioral models have
additional degrees of freedom (compared to the models with standard
preferences), they might be of help in explaining the quantitative aspects
of the observed outcomes as well. The latter would be important espe-
cially when the distributional properties (e.g., equal and/or fair division)
of the bargaining outcome are of concern. One of the behavioral models
used in bargaining theory is reference dependence. This chapter surveys
the literature on reference dependence in bargaining models, with a
particular focus on theoretical contributions in both cooperative and
non-cooperative bargaining theory.
The idea behind reference dependence in bargaining is that there

exists a reference point that affects the bargaining outcome implemented
by an arbitrator or agreed on by bargainers. A reference point can be
influenced by norms (e.g., equal division), historical data (e.g., previous
agreements), fairness judgments, or it can even be determined endoge-
nously during the bargaining process. Additionally, as defined in some
non-cooperative bargaining models, reference points can directly affect
the agents’ utilities at any division, so that the influence of a refer-
ence point on the bargaining outcome is even more intensified. Such
studies utilize what is commonly referred to as reference-dependent prefer-
ences, introduced by Kahneman and Tversky (1979) as a part of prospect
theory. The theory stipulates that an individual’s preferences can be
represented by a pair of functions: a value function and a probability
weighting function. The value function replaces the utility function in
expected utility theory2 and takes an earning amount and a reference
point as its arguments. Reference dependence is generally coupled with
loss aversion, another important dimension of prospect theory. Accord-
ingly, an individual evaluates his/her earning with respect to a reference
point such that losses (earnings below the reference point) loom larger
than gains (earnings above the reference point).

Although the first incorporation of reference points into coopera-
tive bargaining problems dates back to the late 1970s and into non-
cooperative bargaining problems dates back to the early 2000s, it would

2 Throughout this chapter, we use the term ‘utility function’ whenever we mean a ‘value
function.’
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be fair to say that reference dependence in bargaining is still an under-
studied topic. First, Brito et al. (1977) and Thomson (1981) investi-
gate new approaches to the Nash solution in a cooperative bargaining
model in the presence of an allocation that can be regarded as a
reference point. Later, Gupta and Livne (1988) extend the standard
model by incorporating an exogenously given reference point into the
problem and present a new bargaining solution for that extended model,
and Shalev (2002) changes the interpretation of reference points in
cooperative bargaining by considering agents with reference-dependent
preferences and transforming the bargaining set into a set of reference-
dependent utility pairs. On the other side, Shalev (2002) and Compte
and Jehiel (2003) are the first to incorporate reference dependence into
non-cooperative bargaining theory. Afterward, building on the stan-
dard alternating-offers bargaining model, Driesen et al. (2012) and Kara
et al. (2021) also investigate the equilibrium behavior of agents with
reference-dependent preferences. Thanks to the sequential nature of the
non-cooperative models utilized in those papers, the authors define refer-
ence points endogenously as functions of the offers received in the past.
On top of these, there are studies analyzing reference dependence in
other bargaining models (see Butler 2007; Hyndman 2011) as well as
studies analyzing concepts such as commitment, envy, or fairness (which
can be considered as special cases of reference-dependent preferences) in
standard bargaining models (see Kohler 2013, Miettinen and Perea 2015,
Karagözoğlu and Keskin 2018b; among others).

In this chapter, following a survey of the theoretical contributions
on reference dependence in both cooperative (see Sect. 5.2) and non-
cooperative (see Sect. 5.3) bargaining theory, we discuss the existing
shortcomings in the analysis and suggest possible directions for future
research (see Sect. 5.4).

5.2 Reference Dependence in Cooperative
Bargaining Models

Consider an n-person bargaining problem (S , d ), where S ⊂ R
n

denotes the bargaining set, including all possible utility n-tuples, and
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d ∈ S represents the disagreement point , describing what agents would
get in case negotiations break off. The bargaining set is assumed to
be convex and compact.3 The set of all such bargaining problems is
denoted by �n . A bargaining solution F : �n → R

n proposes for
any given bargaining problem an allocation from its bargaining set. In
the following, for expositional simplicity, we mostly focus on two-person
bargaining problems.
When Nash (1950) lays the foundations of cooperative bargaining

theory, introducing the setting described above, he also presents a system-
atic way of determining the bargaining outcome. The Nash solution
proposes an allocation such that the product of agents’ utility gains over
their disagreement utilities is maximized; and the solution is character-
ized by the axioms of weak Pareto optimality, symmetry, invariance to
positive affine transformations, and independence of irrelevant alterna-
tives. Next, Kalai and Smorodinsky (1975) point out some problems
with independence of irrelevant alternatives and argue that the axiom
of individual monotonicity might be more relevant in a context of coop-
erative bargaining. Accordingly, for each bargaining problem, the authors
define an ideal point representing the most optimistic aspiration for every
agent; and they present a new solution concept, later called the Kalai–
Smorodinsky solution, proposing an allocation at the intersection of the
bargaining frontier and the line segment connecting the disagreement
and ideal points.

As for the incorporation of reference dependence, it can be argued
that Brito et al. (1977) is the first to implement such an idea into coop-
erative bargaining models. These authors provide a new approach to
Nash’s bargaining problem by defining a solution concept that uses a
threat point (similar to the disagreement point) and an initial alloca-
tion (can be regarded as the reference point). The authors formulate a
class of bargaining solutions and show that there exists a Nash fiber for
every initial allocation, which is defined as the set of all threat points that
yield a bargaining outcome same as the one proposed by the Nash solu-
tion. They also derive a ‘Slutsky-like’ equation relating the derivatives

3 The convexity assumption indicates that each agent’s payoff from a coin toss between two
outcomes is the average of his/her payoffs from those outcomes. The compactness assumption
implies that the set of agreements is closed and bounded from above.
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of the final allocation with respect to the threat point and to the initial
allocation.
Thomson (1981) defines a reference function that associates to every

bargaining problem (S, d) ∈ �2 a utility pair g(S, d) ∈ R
2. As written

by the author, it is a ‘reference point’ to which agents find it natural to
compare any proposed compromise (see pg. 434). Defining a(S ) as the
most favorable Pareto-optimal point of the bargaining set for agent 1
and b(S ) as the same for agent 2, an example of a reference func-
tion might be m(S) = (b1(S), a2(S)), labeled as the point of minimal
expectations.4 Another example might be the middle of the line segment
connecting a(S ) and b(S ), labeled as the point of minimal compromise;
or it might be the center of gravity of the bargaining set, which depends
on the whole set but not only on some features of its boundary. It is
shown that reformulating the axiom of independence of irrelevant alter-
natives with respect to g (S , d ) yields an axiomatization for a modified
version of the Nash solution that uses the reference function rather than
the disagreement point.5

Differently from the studies mentioned above, Vartiainen (2007)
and Bozbay et al. (2012) investigate a collective choice problem, i.e., a
bargaining problem without the disagreement point. In these papers,
the authors extend the Nash solution and the Kalai–Smorodinsky solu-
tion, respectively, in such a way that the extended solution determines an
endogenous disagreement point while proposing an allocation from the
bargaining set. To be more precise, the extended Nash solution presented
by Vartiainen (2007) chooses a pair (s, r) ∈ R

2 ×R
2, where s is called a

solution and r is called a reference point , such that the product of agents’
utility gains from the solution over the reference point is maximized;
whereas the extended Kalai–Smorodinsky solution presented by Bozbay
et al. (2012) chooses a similar pair such that s would be proposed by
the Kalai–Smorodinsky solution for the bargaining problem (S , r ) and
r would be the same for the reverse bargaining problem (−S, −s). As

4 This point is originally used by Roth (1977).
5 Anbarcı (1995) normalizes the disagreement point to the origin, and defines a class of solu-
tions such that whichever reference function agents adopt, the ratio of their utilities from the
bargaining outcome is identical to the ratio of their reference point utilities.



92 K. Keskin

specified by Bozbay et al. (2012), the endogenously formed disagreement
point serves as a ‘mental reference point’ for the agents (see pg. 409).

Gupta and Livne (1988) extend the classical bargaining problem by
introducing an exogenously given reference point into the problem:
(S , d , r ). The reference point r is defined in such a way that r ∈ S and
r > d. It is effective especially when agents “realize that the existence
of such an outcome increases the likelihood that no party exercises its
threat to break-off ” (see pg. 1304). Some examples are the last period’s
agreement in wage negotiations, ‘toss of a coin’ in some division prob-
lems, and so on. The authors present a new solution concept, namely
the Gupta–Livne solution, which proposes an allocation at the inter-
section of the bargaining frontier and the line segment connecting the
reference and ideal points. They also provide an axiomatic characteri-
zation for their bargaining solution, keeping the first three axioms of
Nash (1950) and replacing independence of irrelevant alternatives with
the axioms of restricted monotonicity and limited sensitivity to changes
in the conflict point. Later, Gupta and Livne (1990) present some exper-
imental evidence, supporting the hypotheses that a previous agreement
would emerge as a reference outcome and that the agreed bargaining
outcome would be close to the prediction of the Gupta–Livne solution.

Similarly, Balakrishnan et al. (2011) study a bargaining problem with a
reference point, however, instead of utilizing the reference point directly,
they argue that “the salience of the reference point mutes or tempers the
negotiators’ aspirations” (see pg. 144). Accordingly, the authors define
the tempered aspirations point representing each agent’s maximum utility
when the other agent is guaranteed to receive his/her reference point
utility. Their analysis continues with the introduction of the tempered
aspirations solution, which proposes an allocation at the intersection of
the bargaining frontier and the line segment connecting the disagreement
and tempered aspirations points. This new solution concept is dual to
the Gupta–Livne solution in the sense that “it exchanges the roles played
by the reference and disagreement points” (see pg. 145). Furthermore,
the two solutions coincide in two-person bargaining problems with a
linear frontier, however, this result fails to hold for n ≥ 3.
The fact that the Gupta–Livne solution and the tempered aspira-

tions solution are defined in a similar context, rather by using different
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interpretations for a reference point, raises the question of which solu-
tion concept is more efficient than the other. To answer this ques-
tion, Karagözoğlu and Keskin (2015) perform an efficiency comparison
between the two solution concepts in a bargaining problem with a pre-
investment stage.6 The authors implicitly characterize the cases under
which each solution concept turns out to be more efficient than the
other. The respective condition depends on multiple model parameters,
especially on the weights assigned to the disagreement and reference
points by the two solution concepts. In another work, also utilizing the
similar-context observation above, Karagözoğlu et al. (2019) introduce a
two-parameter family of bargaining solutions, where α ∈ [0, 1] repre-
sents the effectiveness of the reference point in determining the anchor
point and β ∈ [0, 1] represents the effectiveness of the reference point in
shaping agents’ aspirations. Using these parameters, the authors argue
that the respective convex combinations of the disagreement and refer-
ence points would be effective in determining the bargaining outcome.
Accordingly, the solution concept that proposes an allocation at the
intersection of the bargaining frontier and the line segment connecting
the effective anchor and aspiration points constitutes a member of the
(α, β)-family, which encompasses the Kalai–Smorodinsky solution, the
Gupta–Livne solution, and the tempered aspirations solution as special
cases for extreme values of α and β. This clearly indicates that these three
solution concepts are similar in essence.

Along similar lines, Alós-Ferrer et al. (2018) define the negotiated
aspirations solution for which an endogenous reference point is obtained
utilizing the ideal point and a vector of bargaining powers. This new
solution concept is quite similar to the Gupta–Livne solution, in terms
of how reference point is utilized to determine the bargaining outcome,

6 Notice that each bargaining solution already proposes a Pareto-optimal outcome, by definition.
To perform an efficiency comparison, a pre-investment game is considered such that two agents
make costly investments in guns aiming to increase their disagreement point utilities, but at
the cost of reducing the size of the pie to be shared. Accordingly, a bargaining solution is said
to be more efficient if it leads to a larger pie size in equilibrium.

The two-stage framework is an extension to the model introduced by Anbarcı et al. (2002),
who compare three bargaining solutions in terms of efficiency in a similar setting. These authors
find that the equal sacrifice solution Pareto-dominates the other solutions, since it puts the least
weight on the disagreement point.
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however, since it does not require an exogenously given reference point, it
is still well-defined in a standard bargaining problem (S , d ). As written
by the authors, “the negotiated aspirations solutions has a natural proce-
dural description in terms of intuitive concepts: bargaining power and
maximal aspirations” (see pg. 153).

In all studies mentioned so far, reference points influence the
bargaining outcome, hence the utilities received by agents at the end
of bargaining. However, an agent’s reference point is never assumed to
be an argument in his/her utility function. This is a major difference
from reference-dependent preferences (as in prospect theory); which is
an issue first addressed by Shalev (2002). This author changes the inter-
pretation of reference points in cooperative bargaining theory, when he
considers two loss-averse agents trying to agree on an outcome from a set
of possible outcomes, X . A reference-dependent utility from an outcome
x ∈ X is defined as

Ui (x, ri ) =
{
ui (x) if ui (x) ≥ ri
ui (x) − λi (ri − ui (x)) if ui (x) < ri

(5.1)

where ui (x) denotes agent i ’s material utility, ri ∈ R denotes agent i ’s
reference point, and λi ≥ 0 represents agent i ’s loss aversion parameter.
We can see that agent i simply collects his/her utility if that utility is no
less than his/her reference point; but if otherwise, evaluating the respec-
tive outcome as a loss, agent i experiences a decrease in his/her utility in
the amount of λi (ri −ui (x)). Utilizing (5.1) to obtain a set of reference-
dependent utility pairs, Shalev (2002) transforms the current setting into
an extended bargaining problem: (S, d, λ, r). He then studies the Nash
solution and investigates endogeneity by studying self-supporting refer-
ence points such that the reference point pair is also the solution to the
extended problem, as well as stable reference points such that no agent
prefers the solution of a problem differing only in his/her opponent’s
reference point to the solution of the original problem.

Driesen et al. (2011) start with a Shalev-like transformation that incor-
porates reference-dependent preferences into a cooperative bargaining
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model. Differently, however, they employ the following utility function:

Ui (xi , ri ) =
{
xi if xi ≥ ri
xi − λi (ri − xi ) if xi < ri

(5.2)

where xi ∈ R denotes agent i ’s share from the outcome and ri ∈ R

denotes agent i ’s reference point. This is a special case of the utility func-
tion used by Shalev (2002) in the sense that the two functions coincide if
one considers ui (x) = ui ((x1, x2)) = xi in (5.1). Concentrating on n-
player bargaining problems, these authors study the Kalai–Smorodinsky
solution and establish that bargaining problems with loss-averse agents
have exactly one self-supporting outcome.

Finally, Karagözoğlu and Keskin (2018a) utilize reference-dependent
preferences in bargaining problems with a reference point (as defined
by Gupta and Livne 1988). This is the first attempt to combine two
different reference point interpretations from the existing literature. The
authors define a pre-bargaining stage in which agents choose their refer-
ence points strategically, such that those reference points determine the
set of reference-dependent utility pairs over which agents will bargain.7

Using the same utility function as (5.2), the authors perform a Shalev-
like transformation to obtain the respective bargaining set. They analyze
the Gupta–Livne solution in this setting and find that, mostly because
the bargaining outcome proposed by the employed solution concept
turns out to be convex in the reference point, agents choose either the
disagreement point or a particular element from the bargaining fron-
tier as their reference points. It is also worth noting that the paper
presents the first attempt to endogenize reference points in the sense of
the Gupta–Livne solution in cooperative bargaining models.

7 The idea is similar to the use of revocable commitment in bargaining, for instance, studied by
Muthoo (1992) in a sequential bargaining model. In particular, it is as if each agent commits
to an amount in a pre-bargaining stage, and if an agent gets less than what he/she committed
to, the agent experiences a decrease in utility.
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5.3 Reference Dependence
in Non-cooperative Bargaining Models

In non-cooperative bargaining models, multiple economic agents strate-
gically interact with each other in order to determine how to divide
a pie. Here we mostly focus on sequential-move games, especially on
the alternating-offers bargaining game (see Rubinstein 1982), since
reference-dependent preferences have been commonly utilized in such
bargaining problems.

In a two-player ultimatum game (see Güth et al. 1982), the bargaining
protocol is as follows: One agent proposes a division, and the other
agent chooses whether to accept or reject that proposal. If he/she accepts,
then the proposed division is implemented; whereas if otherwise, both
agents end up with nothing. The alternating-offers bargaining game can
be interpreted as a multi-period version of the ultimatum game in that,
now, if the responder does not accept an offer, then the game proceeds to
the next period in which the responder becomes the proposer, and vice
versa. In case agents do not reach an agreement, how the game ends can
be defined in several ways: it might end in T ∈ N periods, it might end
after any period with a certain probability, or it might never end. The
first case corresponds to a finite-horizon game, whereas the other two
correspond to infinite-horizon games.
The incorporation of reference dependence into non-cooperative

bargaining models is mostly through reference-dependent preferences in
the existing literature. In that regard, the first attempt is made by
Shalev (2002) who analyzes subgame perfect Nash equilibrium in an
alternating-offers bargaining model with two loss averse agents such that
an agent’s reference point is defined as the utility received from the
outcome in the previous period. The author shows that the equilibrium
outcome is equal to the unique stable self-supporting outcome of the
corresponding extended bargaining problem studied in the same paper,
if one employs the same utility function, (5.1) (see Sect. 5.2).

Compte and Jehiel (2003) present a similar analysis in a rather
different model with possibly several bargaining stages. At the begin-
ning of a phase, an agent is selected randomly with equal probabilities
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to become the proposer. The rest follows as in the standard alternating-
offers bargaining model unless negotiations break down with an exoge-
nous probability, in which case a new bargaining phase starts. In this new
phase, a new proposer is selected and everything follows similarly. The
novelty lies in the incorporation of reference points, denoted by ri ∈ R

for any agent i ∈ {1, 2}, which are defined as a joint function of the
previous reference point and the largest offer received in the previous
phase. The utility function is

Ui (x, ri ) = xi − ri , (5.3)

where xi denotes agent i ’s share from x ∈ X . This indicates that
the reference point, being fixed in a given bargaining phase, has the
same influence on the utilities independent of whether an agent receives
an amount higher or lower than his/her reference point.8 The authors
construct a subgame perfect Nash equilibrium and argue that delayed
agreements might be observed in equilibrium, which would lead to
efficiency losses.

Later, Driesen et al. (2012) incorporate reference points into the
standard alternating-offers bargaining model, following the footsteps of
Shalev (2002). The initial reference point for each agent is assumed
to be zero; and when an agent rejects a proposal, his/her reference
point is updated in such a way that it becomes the highest previous
offer rejected by the agent.9 This sets the stage for the analysis of endoge-
nously determined reference points. Utilizing the idea that a proposal by
an agent should make the other agent indifferent between that proposal
and the other agent’s proposal in the next round, the authors manage
to characterize a subgame perfect Nash equilibrium that satisfies three
assumptions. In particular, they prove the existence of an equilibrium,
considering stationary Markov strategies only and characterizing the

8 Note that there is no loss aversion in this functional form.
9 As written by the authors: “At some moment t , ... all the offers made to player i by the
other player j... represent all the shares of the pie that player i could have obtained up to
this moment with certainty. Then, it is natural to assume that the maximum of those shares is
player i ’s reference point, since this is what he could have obtained” (see pg. 105).
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equilibrium behavior in nine regions for the (r1, r2) pair. The equilib-
rium is such that there is an immediate agreement and being loss averse
has a negative effect on an agent’s equilibrium share. Due to the former
implication, a new reference point never emerges endogenously on the
equilibrium path.

Kara et al. (2021) extend the bargaining framework studied by Driesen
et al. (2012) in the sense that reference points are updated in a similar
manner, but now, the previous offers can have only a limited influ-
ence such that an offer made to an agent has the potential to influence
his/her reference point for a finite number of periods. This assumption
is inspired by the availability heuristic or retrievability bias in decision-
making (see Kahneman and Tversky 1974) and the recency effect in
belief updating and intertemporal decision-making (see Hogarth and
Einhorn 1992). The authors employ the following utility function:

Ui (xi , ri ) =
{
xi + γi (xi − ri ) if xi ≥ ri
xi − λi (ri − xi ) if xi < ri

(5.4)

such that λi ≥ γi ≥ 0, where xi ∈ R denotes agent i ’s share of the
outcome and ri ∈ R denotes agent i ’s reference point. This is a gener-
alized form of (5.2) in that there is an additional γi parameter in the
gains frame (i.e., for earnings above the reference point), with a similar
interpretation to the loss aversion parameter, λi . The equilibrium analysis
reveals a subgame perfect Nash equilibrium with an immediate agree-
ment, but the agreed bargaining outcome is different from those reported
in earlier work. Furthermore, the authors construct an example that illus-
trates an equilibrium with a delayed agreement under finite expiration
length and positive initial reference points.10

From a certain perspective, it can be argued that Li (2007) also
implements reference dependence into the standard alternating-offers
bargaining model. Although the author chooses to label his modeling
as ‘history dependence,’ as he mentions later in the paper, his formaliza-
tion can be interpreted as reference-dependent preferences (see pg. 696).

10 It is also shown that a delayed agreement is not possible if one of these assumptions is
dropped.
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In particular, agent i evaluates his/her earning, xi ∈ R, with respect
to a reference point , ri ∈ R, which is defined in such a way that it
yields a utility level equal to the highest discounted utility that could
have been received by the agent in case he/she accepted an earlier offer.
The following utility function is employed in the analysis:

Ui (x, ri ) =
{
ui (xi ) if xi ≥ ri
−ε if xi < ri

(5.5)

where ε > 0 is some constant and ui (xi ) represents agent i ’s mate-
rial utility. According to this functional form, an agent receives the
same disutility as long as he/she earns an amount less than his/her
reference point.11 The equilibrium analysis reveals an essentially unique
subgame perfect equilibrium path, which consists of gradual concessions.
For instance, it is shown that if agents are sufficiently patient, there
is a delayed agreement in equilibrium. This leads to inefficiencies; for
example, if agents are infinitely patient, half of the pie would be wasted
due to delay.

All studies above explicitly make a reference dependence argument in
their analysis. One should note, however, that there are several papers
in the literature that model concepts such as commitment, envy, or fair-
ness by employing utility functions with similar mathematical properties
to the reference-dependent utility functions provided above. Based on
this observation, and given that it is a matter of interpretation, here we
mention some examples of those studies. Muthoo (1992) studies a two-
stage framework such that in the first stage each agent i commits not to
accept a share of the pie which is strictly less than an amount, zi ∈ R.
In the second stage, agents play an alternating-offers bargaining game,
where an agent’s commitment can be revoked, but at some cost to
the agent. The author employs the utility function (5.2), such that the
reference point is interpreted as the commitment level and the loss aver-
sion parameter is replaced by the revoking cost. It is shown that there is

11 This cannot be captured by any of the alternative utility functions mentioned above. However,
if one uses an infinitely large loss aversion parameter in those functions, agent i would always
end up with a negative utility in the loss frame and the corresponding equilibrium analysis
would follow similarly.
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a unique subgame perfect Nash equilibrium, where the agents’ equilib-
rium shares depend on the relative magnitudes of the costs of revoking a
commitment. Later, Miettinen and Perea (2015) analyze commitment in
a finite-horizon alternating-offers bargaining model where agents can
update their commitment levels before each period. It is assumed that
commitments are costly and irrevocable and that an agent cannot accept
a share lower than his/her commitment level. The authors characterize a
subgame perfect Nash equilibrium with an immediate agreement and
show that there is a second-mover advantage in the equilibrium if
commitment costs are sufficiently small.

Kohler (2013) studies envy in the standard alternating-offer
bargaining model, by employing the utility function Ui (xi , x j ) = xi −
α j max{x j − xi , 0} where α j ≥ 0 is the envy parameter. Accordingly,
an agent receives only the material utility when earning more than the
other agent, but he/she experiences a disutility if otherwise (due to envy).
Notice that the function coincides with (5.2) when λi = 2α j and the
reference point is set to be equal to the equal division. The equilibrium
suggests an immediate agreement, and an increase in each agent’s envy
parameter causes an increase in his/her share. Kohler and Schlag (2018)
study inequality aversion in a similar setting, but now in addition to
envy, they assume a guilt component in the utility function such that
an agent experiences a disutility even when he/she earns more than the
other agent: Ui (xi , x j ) = xi − αmax{x j − xi , 0} − β max{xi − x j , 0}
where α, β ≥ 0 are envy and guilt parameters. Notice that the func-
tion is similar to (5.4), with an important difference in the signs of the
additional utilities in the gains frame. Similarly, the equilibrium suggests
an immediate agreement; and in case β > 1/2, the unique bargaining
outcome turns out to be the equal division. More recently, Karagözoğlu
and Keskin (2018b) introduce time-varying fairness concerns into the
finite-horizon alternating-offer bargaining model. This indicates that the
weight an agent attaches to his/her fairness ideals decreases over time
as the bargaining deadline approaches. The following utility function is
utilized: Ui (xi ) = xi − αi (t)max{ϕi − xi , 0} for any period t ∈ N,
where αi (t) ≥ 0 is the weight attached to fairness and ϕi denotes
the amount what agent i believes to be fair. The authors show that
an immediate agreement, delayed agreements, and disagreement are all
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possible in the equilibrium. This is the first theoretical result in the liter-
ature showing delayed agreements in the finite-horizon alternating-offers
bargaining model under complete information.

Finally, there are studies studying reference dependence in other
bargaining models. We complete this section by mentioning two of such
examples. Butler (2007) studies a version of the ultimatum game where
agents have an outside option to back down or to fight each other. The
fighting part is modeled as a winner-take-all contest, which includes a
risk factor; and this allows the author to fully utilize prospect-theoretic
preferences, also incorporating subjective probability weighting into his
analysis. Borrowing a utility function from Tversky and Kahneman
(1992), the author considers different types of reference points and shows
how those reference points produce different bargaining behavior. It is
also shown that bargaining failure is possible for this model. Hyndman
(2011) analyzes reference-dependent preferences in a repeated bargaining
framework such that a proposer is randomly selected in each period; if
the offer is accepted, then the pie in that period is divided accordingly;
but if otherwise, then both players receive nothing in that period. In
either case, there is a new pie to be divided in the following period. Each
player prefers disagreement to receiving something less than his/her refer-
ence point. The reference points are either fixed or downward adjusted
such that the latter occurs in period t + 1 if there is disagreement in
period t . It is shown that fixed reference points do not lead to disagree-
ment in equilibrium, but they influence how the pie is divided; and if
reference points are adjusted, disagreement might arise as agents try to
manipulate the reference point of their opponent.

5.4 Discussion

In this chapter, we have provided a survey of the existing theoretical
contributions on reference dependence in bargaining models, starting
with the incorporation of reference points into cooperative bargaining
problems (dating back to the late 1970s) and into non-cooperative
bargaining problems (dating back to the early 2000s). In this section,
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we discuss the existing shortcomings in the analysis and suggest possible
directions for future research.

In cooperative bargaining theory, there are several approaches to the
analysis of reference dependence. In one of these approaches, there exists
an exogenously given allocation that serves as a reference point, as in
Brito et al. (1977) or Gupta and Livne (1988). In other works, Thomson
(1981) utilizes a pre-defined reference function and Alós-Ferrer et al.
(2018) utilize a vector of bargaining powers, which help them derive a
reference point in any given bargaining problem. Although these studies
are based on similar ideas, they mostly differ in the way they utilize
reference points in determining the bargaining outcome. In another
approach, Vartiainen (2007) and Bozbay et al. (2012) investigate a
bargaining problem without a disagreement point in which a ‘mental
reference point’ endogenously emerges while a given solution concept
determines the bargaining outcome. In a third approach, Shalev (2002)
uses a different reference point interpretation in cooperative bargaining,
when he introduces reference-dependent preferences into the standard
framework. This requires a transformation of the bargaining set into a
set of reference-dependent utility pairs via the use of a value function as
proposed in prospect theory. Now, a possible problem is that although
each approach includes important aspects of its own and provides new
insights to the analysis of reference dependence in bargaining, it is still
not established which approach is more relevant than the others. Indeed,
arguably, it might be better if these approaches are somehow integrated,
as attempted by Karagözoğlu and Keskin (2018a) when they utilize
a Shalev-like transformation in a bargaining problem with a reference
point (as defined by Gupta and Livne 1988). This might provide a
unifying framework for future work in this literature. Future research
may address this issue.
The same issue does not appear in non-cooperative bargaining theory,

since most studies investigate reference-dependent preferences as in
prospect theory. These studies also define an endogenous reference
point as a certain function of the previous offers received by the agent.
However, the main issue in non-cooperative bargaining theory is that
the equilibrium analysis and characterization turns out to be a difficult
task due to intractability problems. For example, this is particularly the
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case in Driesen et al. (2012) and Kara et al. (2021), as these authors
have to identify nine and sixteen different regions for the reference
point pairs, respectively. The models studied by Compte and Jehiel
(2003) and Li (2007) are arguably more tractable in that sense, possibly
because of the simplifications in the respective utility functions. It can
be claimed that this issue is a result of how reference-dependent prefer-
ences are formulated (as outlined in prospect theory), however, given
that the intractability problems also depend on the bargaining model in
question and how reference points are defined, it might be possible to
form a more tractable model while preserving the important aspects of
reference-dependent preferences. Future research may address this issue.

In the behavioral economics literature, there have been criticisms chal-
lenging the scientific value of the models that use exogenously given
reference points to explain observed individual behavior: almost any
behavioral phenomenon can be explained by appropriate selections of
exogenous reference points. Since similar concerns would also arise in
bargaining models, endogenizing reference points should be consid-
ered an important subject in the bargaining literature. As summarized
above, although there are attempts to endogenize reference points in
cooperative bargaining theory, it is difficult to claim that there is a
well-established model with an endogenous reference point at the time.
In non-cooperative bargaining theory, endogenous reference points are
more commonly used, however, those studies utilize specific definitions
for how reference points evolve over time, which have not yet been tested
in the experimental literature. To our understanding, it seems that both
strands of literature would benefit from a more generalized approach
to the utilization of endogenous reference points. Such a generalized
approach might even build a strong bridge between cooperative and
non-cooperative bargaining models with reference dependence.

Along similar lines, the so-called Nash program aims to provide
strategic foundations for solution concepts in cooperative bargaining,
thereby bridging the gap between cooperative and non-cooperative
bargaining theory. The main idea is to formulate a non-cooperative
game and to demonstrate that the outcome proposed by a coopera-
tive bargaining solution results in an equilibrium play of that game. In
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the bargaining literature, it is already known that the prominent solu-
tion concepts under standard preferences can be strategically supported,
however, such an analysis remains to be an open question under
reference-dependent preferences, especially when reference points are
endogenously determined.

Finally, although the classical bargaining models predict an immediate
agreement in equilibrium, it is often observed in the experimental liter-
ature that delayed agreements and disagreements are quite possible.12

Furthermore, in case of an agreement, there may be numerous types of
bargaining outcomes with different distributional properties (see Roth
et al. 1988; Babcock et al. 1995; Gächter and Riedl 2005; Herweg and
Schmidt 2015; Karagözoğlu and Keskin 2015; Bolton and Karagözoğlu
2016; Anbarcı and Feltovich 2018; among others). However, to the best
of our knowledge, the existing bargaining experiments are not particu-
larly designed to elicit reference-dependent preferences in the standard
bargaining models (with one exception: Brekke et al. 2018). Therefore,
there is still room for experimental analyses that would provide experi-
mental evidence for the theoretical findings summarized above. Future
research may also address this issue.
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6
Focal Points in Experimental Bargaining

Games
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Most situations […] provide some clue for coordinating behavior, some
focal point for each person’s expectation of what the other expects him to
be expected to do. (Schelling, 1960, p. 57)

The experimental literature on bargaining games is vast and growing.
The common thread is the investigation of games in which bargainers
reach an agreement that results in some allocation of resources between
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them. Unlike real-world bargaining, in which negotiations are often
multi-dimensional and therefore rather complex, in most experiments
outcomes are defined in terms of monetary payoffs to the bargainers,
providing participants with real incentives to pursue their interests in a
way that is intelligible to researchers.

Beyond the major and subtle differences between specific bargaining
protocols, most experimental bargaining games have in common the
most distinctive feature of bargaining: the multiplicity of alternative
agreements (including the possibility of disagreement). The bargainers
typically have conflicting preferences over alternative agreements, but a
common interest in avoiding costly disagreement. This multiplicity of
conflicting alternatives will be the focus of this chapter.

Bargaining problems can be usefully represented as games with
multiple pure-strategy Nash equilibria.1 Such games pose an equilib-
rium selection problem, which has been approached by imposing axioms
that relate the solution to bargainers’ utilities (e.g., Nash 1950). An
alternative route—and the one that will be the focus of this chapter—
is through some form of focal-point reasoning, as first proposed by
Schelling (1960).

6.1 Focal Points in Bargaining

The Strategy of Conflict (1960) was Schelling’s response to the inadequacy
of contemporary game theory for the analysis of the ‘mixture of mutual
dependence and conflict’ that characterise ‘bargaining’ or ‘mixed motive’
games (p. 89). One of his main contributions is the hypothesis that,
in such games, ‘rational’ players will often be able to reach an agree-
ment, even without communication, by using their shared knowledge of
‘incidental details’ of the game.

In a famous example, Schelling considers how two army comman-
ders can decide to stop their advance without engaging in costly warfare.
Some ‘prominent’ features of the surrounding environment (e.g., water

1 Because we are interested in coordination, unless otherwise stated, when we talk about
‘equilibria’ we will mean pure-strategy equilibria.
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courses, ridges) could ‘suggest themselves’ as obvious points of arrest,
their prominence making communication between the commanders
unnecessary: the ‘power of suggestion’ would make them the ‘obvious’ or
‘natural’ ‘place to compromise’ (pp. 68–69). The arbitrariness of such cues
may result in one army occupying more territory or securing more valu-
able resources. Schelling proposes that rational players would recognise
that, even if these details discriminate against them, the mutual expec-
tation of the resulting agreement would leave them no choice but to
submit to it. He uses the term focal point to indicate an equilibrium
that is selected through such a process of ‘meeting of minds’ based on
commonly known cues that discriminate between the available equilibria.
This process is best illustrated by pure coordination games, in which

all equilibria give the same payoff to all players. Because any equilibrium
is as good as any other, what matters is ‘finding the key, or rather finding
a key—any key that is mutually recognised as the key becomes the
key’ (p. 57, emphasis in original). Schelling reports some evidence from
informal experiments on very simple coordination games that confirms
his belief (pp. 54–57). Starting from Mehta et al. (1994), these early
results have been widely replicated and extended, establishing that focal
points are easily identified in pure coordination games (see also Bardsley
et al. 2010).
In Schelling’s analysis, pure coordination games are used to illustrate

the principles by which tacit (i.e., without communication ) bargaining
problems may be solved. He hypothesises that the ‘power of suggestion’
of the incidental details extends to games with communication, which he
refers to as explicit bargaining games. His argument is based on backward
induction, and applies to games with a pre-set deadline. If it is commonly
known that a certain agreement would be salient in a tacit game, then
it can also be expected to be salient in the explicit game, because this
‘necessarily gives way, at some definite penultimate moment, to a tacit
(noncooperative) bargaining game’ (p. 271, emphasis in original).
What counts as a cue in the identification of a focal point? Undoubt-

edly, some agreements may stand out because of properties of the
resulting distribution of payoffs. For instance, when sharing a fixed-size
pie, the equal split may be particularly salient. If the sum of payoffs
differs between agreements, maximising total payoff may stand out.
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We will call equilibria selected following principles such as equality
or efficiency payoff-based focal points. However, there is no reason for
bargainers to limit the search for cues to properties of the payoffs. Many
of Schelling’s incidental details would be treated by game theory as
labelling of either the players (e.g., ‘who are the parties and what they
know about each other’), or the strategies (e.g., ‘precedent, accidental
agreement, ...’). We call equilibria selected using such cues label-based
focal points.
This distinction is crucial for testing hypotheses about focal-point

reasoning. Certain payoff configurations may be attractive for reasons
other than equilibrium selection—e.g., players’ preference for equality
or efficiency. It is much less credible that bargainers pick certain labels
because they like them more than others. Because changing labels does
not alter the game as viewed by standard theory, most experimental tests
of focal points have manipulated labelling cues.

For similar reasons of experimental control, experiments have often
used one-shot simultaneous games with limited communication. As
recognised by Schelling himself, focal points can be based on prece-
dent—e.g., ‘entitlements’ based on previous agreements (Gächter and
Riedl 2005, 2006; Karagözoğlu and Reidl 2015)—and so inducing
an equilibrium can have persistent effects (e.g., Roth and Schoumaker
1983; Binmore et al. 1993). But like payoff-based cues, precedents and
entitlements may be related to players’ normative judgments.

Our discussion will start with selected examples of payoff-based focal
points, in recognition of their real-world relevance (see also Pope et al.
2015), with the proviso that their emergence may be driven by reasons
beyond the essential goal of equilibrium selection.

6.2 Bargaining with Payoff-Based Focal
Points

Because the players of an experimental bargaining game care about their
monetary payoffs, their search for cues may start from the payoffs. We
consider selected experiments mostly not intended as tests of hypotheses
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about focal points in which equal or efficient allocations emerged partic-
ularly frequently. ‘Focality’ may be a reason for this, but not the only
one.

6.2.1 Equality as Focal Point

In many bargaining games, the players’ objective is to reach an agreement
on the division of some surplus or resource. In such games, dividing
equally may be a strong payoff-based cue. We will offer two paradig-
matic cases: the binary lottery games studied by Roth and colleagues and
the ultimatum game.2

In a binary lottery game, two players bargain for a fixed time over
the division of 100 points, which represent the probability of winning a
subject-specific monetary prize. If no agreement is reached within the
allotted time, both players get nothing. The Nash (1950) bargaining
solution entails a 50:50 split of the points regardless of the values of the
monetary prizes. Roth and Malouf (1979) found that the 50:50 split was
particularly common when each player only knew her own prize value,
but agreements often equalised the players’ expected earnings when both
prize values were known. Roth et al. (1981) found that, when the mone-
tary values of the prizes were unknown and payoffs were expressed in
terms of an intermediate commodity (chips), players tended to equalise
expected earnings in chips. Roth and Murnighan (1982) varied whether
one or both players knew both prize values (both always knew their
own) and found that agreements tended to the 50:50 split of points
whenever the player with the low monetary prize did not know both
prizes, otherwise tending towards equal expected earnings. These experi-
ments illustrate that notions of equality are often very attractive, but also
that when there are conflicting focal points players compromise between
them.

In the ultimatum game (Güth et al. 1982), two players—a proposer
and a responder—bargain over the division of a pie (usually a fixed sum
of money). The proposer proposes a division that can be either accepted

2 Recent studies in which an equal split has been interpreted as a focal point include Herreiner
and Puppe (2010), Bolton and Karagözoğlu (2016) and Camerer et al. (2019).
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or rejected by the responder. If the responder accepts, each player receives
the share specified by the offer, otherwise both players receive nothing.
The game has quickly become one of the most widely studied games
in behavioural game theory (e.g., Güth and Kocher 2013). Although
any allowable division of the pie is a potential equilibrium of the game,
repeated elimination of weakly dominated strategies entails that the
proposer should offer the smallest possible amount and the responder
should accept it. Contrary to this prediction, most experiments find that
offers are much larger than the minimum, often averaging between 40
and 50% of the pie. Offers below 20% of the pie are often rejected. More
importantly for our purposes, the 50:50 split is often the modal offer.
It is likely that the focality of the equal split may be contributing to

its prevalence in these sets of experimental results. However, focality is
only one of the possible factors. Alternative explanations may be that
players derive disutility from unequal payoff distributions (e.g., Fehr
and Schmidt 1999), that they have reciprocal tendencies and low offers
may be seen as unkind (e.g., Rabin 1993), that they feel guilty if they
let others down (e.g., Battigalli and Dufwenberg 2007), or that sharing
equally is a social norm the violation of which causes disutility (Bicchieri
2006). This illustrates two important points. First, the appeal of equality
may derive from these other factors. Second, if one is interested in
identifying pure focality, experiments that use payoff-based cues are not
ideal.

6.2.2 Efficiency as Focal Point

In games with multiple equilibria, outcomes that give players as a whole
a higher total payoff may stand out for this payoff-related reason. Pareto-
dominant equilibria are often chosen in coordination games without
conflicts of interest (e.g., Bacharach 2006; Isoni et al. 2019). Pareto
dominance has also been found to be a strong cue in bargaining games
with mild conflict of interest.
To illustrate, consider a two-player game with two Nash equilibria

giving positive payoffs to both players; all other payoffs are zero. For effi-
ciency to be a discriminating cue independent of equality, it must be that
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(i) the sum of the two players’ payoffs is higher in one equilibrium and
that (ii), in the efficient equilibrium, one of the payoffs is larger (other-
wise there would also be an equality cue). Conflict of interest requires
that at least one player has a strict preference for one of the equilibria.
For example, in a game in which the two equilibria have payoffs [7, 6]
and [6, 6], under standard assumptions Player 1 has a strict preference
for the first equilibrium and Player 2 is indifferent. In this case, [7, 6]
is (weakly) Pareto dominant. Bett et al. (2016) report that, in games
of this kind, 60% of players in both roles chose (simultaneously and
without communication ) the [7, 6] allocation, while the remaining 40%
chose the [6, 6] allocation. With strong Pareto dominance—i.e., when
the [7, 6] allocation was pitted against various [X , X ] allocations with
X < 6—the overwhelming majority of players chose the efficient and
Pareto-dominant allocation, but these are hardly bargaining games, as
the conflict of interest is absent.3

The question of whether efficiency is a strong cue when it does not
correspond with Pareto dominance is an interesting one. Suppose the two
allocations were [9, 5] and [6, 7], resulting in a more obvious conflict of
interest. We are not aware of experiments that investigated games of this
kind, but it must be noted that in these games the inefficient equilib-
rium is less unequal, creating conflicting cues.4 For the study of focality,
this adds to the complications arising from players deriving utility from
certain payoff configurations.

3 Bett et al. (2016) also considered games with three allocations, e.g. [7, 6], [6, 7], [5, 5].
Such games have conflict of interest, but efficiency is not a discriminating cue. Similar games
studied by Faillo et al. (2017) kept the sum of the two payoffs in each equilibrium constant,
also excluding efficiency as a cue.
4 Some of the games studied by López-Pérez et al. (2015) had this structure, but there were also
non-trivial differences between the payoffs in the non-equilibrium cells, making risk dominance
considerations relevant. Luhan et al. (2017) considered the focality of total payoff efficiency in
real-time tacit bargaining games in which payoffs were determined by the time spent on
different allocations, but their results do not suggest that maximising efficiency was a priority.
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6.3 Bargaining with Label-Based Focal
Points

We now turn to experiments that investigated bargaining games with
labelling cues. Because labels are generally taken to play no role in
standard game-theoretic analyses, finding that they systematically affect
bargaining provides more compelling evidence for their use as coordina-
tion devices.
The investigation of the effects of labelling is one that benefits from

reducing the bargaining problem to its most essential elements. The
simplest game with multiple equilibria and conflict of interest is a battle-
of-the-sexes (BoS) game played simultaneously with no communication.
It can be seen as a stripped-down version of the Nash demand game with
just two possible splits, one favouring each player, as in the game below.

Two players, Row and Column, choose between two strategies, S1 and
S2. The payoffs from the strategy combination {S1, S1} are L for Row
and S for Column, indicated as [L, S ], {S2, S2} resulting in [S , L],
0 < S < L . Any other strategy combination yields payoffs [0, 0].
In this representation, Row and Column are placeholders for player
labels. S1 and S2 are placeholders for strategy labels. We will only
consider cases in which the two strategy labels are the same for the two
players and all labels are common knowledge. This makes labels potential
discriminating cues.

If labels are ignored, the two equilibria are perfectly symmetrical, and
so are the player roles. Thus, swapping the players, the strategies, or both,
results in essentially the same game. The isomorphism of the equilibria
poses a coordination problem unsolvable through standard best-response
reasoning.
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Labels can break the symmetry between the equilibria. One of
the players may be salient, suggesting their favourite equilibrium is
selected—e.g., if the player labels are King and Duke, knowing that kings
are more important than dukes may suggest the equilibrium that favours
King . Or one of the labels may be salient—e.g., if the strategies are Heads
and Tails, players may recognise that ‘heads and tails’ occurs in speech
more often than ‘tails and heads’ and choose Heads.

In the remainder of this section, we will discuss research on the effects
of player or strategy labels in experimental bargaining games.

6.3.1 Player Labels as Focal Points

Early evidence for the use of player labels in BoS games can be found in
Cooper et al.’s (1993) study of forward induction in a BoS game with
S = 200 points and L = 600, in which Row had an outside option
that would result in a payoff O = 300 to both players without the BoS
game being played. As long as O > S, forward induction predicts that
the players will coordinate on Row’s favourite equilibrium.

Cooper et al. compared this game (BoS-300) with the same game
without outside option (BoS), and the normal-form version of BoS-300
(BoS-300-NF), in which the predicted outcome after iterated elimina-
tion of dominated strategies was the same as that of forward induction
in BoS-300. Players could not coordinate in BoS, but were much better
in BoS-300. In BoS-300-NF, coordination was not as good, questioning
the forward induction argument and suggesting the outside option made
Row the focal player. This possibility was investigated with three variants
of the game: one with a dominated outside option O = 100 (BoS-100);
one in which Row moved first but her choice was not communicated
to Column (BoS-Seq); one in which Row could send a non-binding
message to Column about her strategy choice (BoS-1W). Row’s favourite
equilibrium was played 19% of the cases in BoS, 63% in BoS-100,
62% in BoS-Seq and 96% in BoS-1W, suggesting that a great deal of
coordination success could be attributed to the focality of Row.

Holm (2000) investigated whether knowing the gender of one’s
opponent could provide cues for coordination. In a first experiment,
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conducted in Sweden, gender was communicated by handing question-
naires with the text ‘female student’ or ‘male student’ to participants of
the corresponding gender, and using that information prior to the elici-
tation of choices in the BoS game. The headline result is that both female
and male participants played more aggressively (choosing their favourite
equilibrium) when matched with females, improving overall coordina-
tion success relative to the mixed-strategy equilibrium. A second study in
which gender was communicated using fictitious Swedish names repli-
cated this result. A third study with a US sample found the effect for
females but not for males. Holm interpreted his results as an instance of
‘gender-based’ focal points. However, while this story works for mixed-
gender games, in the case of females facing females, going for the better
equilibrium induces discoordination. Moreover, given that the exper-
iment used the participants’ real gender, their behaviour may reflect
their attitudes to gender. The identification of the pure labelling effect
of gender requires common knowledge that the gender information
provided in the experiment is unrelated to the real gender of the players.

6.3.2 Strategy Labels as Focal Points

One of the first investigations of label-based focal points in bargaining
games was reported by Mehta et al. (1992). They studied a version of
the Nash demand game in which two players decided how to divide
£10. Each player was handed four random cards from a set containing
four aces and four twos. The four aces together were worth £10. Any
other combination was worthless. Unless a player had the four aces, the
two players could bargain about how to divide the £10 deriving from
pooling their cards. There was an agreement if the sum of the two players’
demands did not exceed £10. So, the number of aces contributed by each
player provided a cue for the division of the surplus, a 3:1 split suggesting
£7.50–£2:50, a 2:2 split £5–£5 and a 1:3 split £2.50–£7:50. The equal
split was expected to be the most salient (see Section 2.1), but its use was
systematically affected by the distribution of aces, with 48% of players
owning one ace, 95% of players owning two and 52% of players owning
three demanding £5. Players owning one ace demanded £2.50 in 33% of
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the cases, while those owning three demanded £7.50 only in 12% of the
cases. In the latter case, 24% demanded £6, the closest round number
between the two focal solutions of £5 and £7.50. Overall, the distribu-
tion of aces clearly influenced how much players demanded, with the
player having three aces playing conservatively.

6.3.2.1 Tacit Bargaining Games Framed as Matching
Games

Crawford et al. (2008) studied a number of BoS games framed as a
choice between options describing different payoff distributions for the
two players. Coordination success occurred when players made the same
choice, hence the label matching games. Crawford et al. (2008) varied
the differences between the equilibrium payoffs and whether one of the
strategy labels was salient. In their setup, S was always equal to $5, while
L could be either $5.10, $6 or $10. In the ‘unlabelled’ treatments, the
options were described in text form (e.g., ‘P1 receives $b and P2 receives
$a’), while in the ‘labelled’ versions the text options were also called
‘X ’ and ‘Y ’. The expectation that X would be salient was confirmed
using pure coordination games with the same labels and all payoffs equal
to $5, in which X was chosen by 76% of participants, resulting in an
expected coordination rate (i.e., the likelihood that two players, chosen
at random, coordinate with each other) of 64%. In the BoS games, the
salient strategy was chosen by 52%, 48% and 48% of players when L
was $5.10, $6 and $10 respectively, resulting in expected coordination
rates of 38%, 46% and 47%. Interestingly, when L was $5.10, X was
chosen less often by the players favoured by the labelling cue, whereas
when L was $6 or $10, the majority of both players chose the strategy
with a higher own payoff. But both patterns induced discoordination.
These results were broadly replicated by Parravano and Poulsen

(2015), who varied the stake size by adding a small stake condition
(all payoffs divided by ten), and a large stake condition (all payoffs
tripled). Their hypothesis that larger stakes would encourage focal-point
reasoning was not supported for BoS games (although larger stakes
increased salient choices in pure coordination games).
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Crawford et al. (2008) also reported a series of three-allocation games,
which can be seen as extensions of BoS games that add a third equi-
librium to the two isomorphic ones ([L, S ] and [S , L]). The third
equilibrium was of the form [S , S ], [L, S ], [G , S ] or [L, K ], with
K < S < L < G. In some cases, coordination success exceeded the
random benchmark because the label-salient option was chosen with
high frequencies. But this was particularly the case when the payoffs of
the label-salient equilibrium were [S , S ], suggesting that an equality cue
might have been at work.
Three-option games with the same broad structure were studied by

Jackson and Xing (2014), who used the labels ‘Purple’, ‘Orange’ and
‘Green’ for the three strategies. Coordination on Purple resulted in
payoffs [S , L], Orange in [L, S ], Green in [M , M ], with S < M < L .
Jackson and Xing manipulated whether or not the two players were
from the same country (either US or India) and whether one label was
made salient. [M , M ] was the modal choice without label salience.
When one of the unequal equilibria was made salient, Indian partici-
pants were more likely than Americans to follow the prompt, whereas
Americans responded more markedly when the equal equilibrium was
made label-salient.

6.3.2.2 The Bargaining Table Design

Schelling’s hypotheses about the role of strategy labels in bargaining
were addressed directly by Isoni et al. (2013), who developed the new
bargaining table design to construct an environment that could be seen
as a bargaining situation by both experimenters and participants. Two of
their games are shown in Figure 6.1.
The bargaining game is represented by a 9× 9 grid of squares with a

red and a blue ‘base’ identifying the two players. Valuable objects, repre-
sented as ‘discs’ with a monetary value, are scattered on the table. The
players’ objective is to ‘agree on a division of the discs’. Each player sepa-
rately records which disc(s) she wants to ‘claim’, knowing that the other
player will be doing the same. It is common knowledge that there is an
agreement if, and only if, no disc is claimed by both players. Agreements



6 Bargaining with Focal Points 121

Fig. 6.1 Two bargaining table games from Isoni et al. (2013)

result in each player earning a payoff equal to the sum of the values of
the disc(s) she claimed. If any disc is claimed by both players, there is no
agreement, and both receive a payoff of zero.

Claiming no disc is a dominated strategy, as it guarantees a payoff of
zero. Then, claiming both discs is dominated. So, after iterated elimi-
nation of dominated strategies, both games in Figure 6.1 reduce to a
BoS game.5 Participants could construe the game in Figure 6.1(a) as a
choice between the close and the far disc. The game in Figure 6.1(b)
could be either a choice between the top and the bottom disc, or between
the disc more to the left and the one more to the right . That is, the
distinction between the two games is only a matter of labelling. The
bargaining table design is based on the verifiable premise that the ‘close-
ness’ rule applicable to closeness games like that in Figure 6.1(a) is more
salient than rules that can be used in spatially neutral games like that in
Figure 6.1(b). Thus, agreements should be more likely in closeness games
than in spatially neutral games.

5 Performing iterated elimination of dominated strategies is not always straightforward for exper-
imental participants (e.g., Cooper et al. 1993). However, in Isoni et al.’s setup, dominated claims
occurred extremely rarely.
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Isoni et al. (2013) studied three simple BoS games, with L:S payoffs
6:5, 8:3 and 10:1. The percentages of left (respectively, right) players
claiming the disc closer to their base for different L:S combinations were
76% (78%) for 6:5, 66% (62%) for 8:3, and 66% (52%), resulting in
standardised efficiency (i.e., the ratio of the sum of the players’ expected
payoffs and the total surplus available) of 64.8%, 51.4% and 36.9%.
In the former two cases, these were significant improvements over the
corresponding spatially neutral efficiency levels of 48.6% and 45.7%, but
not in the latter (35.0%). Unlike matching games, labelling exerted an
important influence on BoS games framed as bargaining problems with
claims, but the extent of the conflict of interest hampered the effect of
closeness: in the corresponding pure coordination game standardised effi-
ciency was 46.7% in the spatially neutral and 84.4% in the closeness
version.

Isoni et al. (2013) also considered games with four and eight discs.
These were either equality-compatible games, in which the least unequal
efficient (LUE) division was 5:5, or equality-incompatible games, in
which the LUE was 6:5. In the latter, the principles of closeness and acces-
sion (treating groups of discs as indivisible units when two or more discs
were close to each other to form coherent groups—see Mehta et al. 1994)
always suggested an LUE split. Although with more discs the number
of strategies increases exponentially, the closeness and accession rules do
not necessarily become less obvious. Correspondingly, with more discs,
efficiency and agreement rates were substantially higher in closeness and
accession games than in their spatially neutral counterparts. With more
discs, participants could play more conservatively by claiming less often
the discs nearer the middle column.

6.3.2.3 Other Applications of the Bargaining Table Design

The bargaining table design captures important features of real-world
bargaining: bargainers make claims on valuable resources; ostensibly
payoff-irrelevant ‘relational’ cues (closeness) assign parts of the surplus
to individual players; part of the surplus can be left unclaimed. These
features make the design particularly well-suited to test Schelling’s
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hypotheses about the role of payoff-irrelevant cues in bargaining. A
central question has been why such cues are weakened by conflicts of
interest.

Isoni et al. (2019) noted that, by establishing common knowledge that
agreements favour one player, most experimental designs overemphasise
conflicts of interest relative to real-world scenarios in which payoffs are
imperfectly known. They extended the bargaining table design to allow
each disc to have different values for different players, using two-disc
games in which, for each player, one of the discs was worth L and the
other S . Depending on the disc values, with L > S the game could
be either a BoS or a Hi-Lo game, i.e., a game with two equilibria with
payoffs [L, L] and [S , S ] respectively. There were three conditions. Full
information: participants knew all disc values, and so knew whether the
game was BoS or Hi-Lo. Own information: each player knew L and S
but only her own disc values. No information: neither player knew which
disc was worth L(S ) to either player (but knew L and S ). The results
do not support the hypothesis that focal-point reasoning is more likely
when conflicts of interest are merely potential. In the partial informa-
tion games, the close disc was claimed significantly less often than in the
corresponding BoS games, and in the no information game, the close
disc was claimed significantly less often than in an equivalent pure coor-
dination game. Uncertainty about payoffs may have additional hindering
effects on focal-point reasoning.

Isoni et al. (2020) addressed the difference between BoS and pure
coordination games noting that they differ in two important respects:
conflict of interest and payoff inequality. Coordinating in BoS requires
one of the players to accept her less preferred equilibrium (conflict of
interest), but it also means that one player receives a lower material
payoff than the other (payoff inequality). To disentangle the effects of
these two factors, Isoni et al. (2020) devised the new pizza night game,
which features payoff inequality but not conflict of interest. The pizza
night game is a coordination game with two equilibria—both resulting
in the payoffs [L, S ]—in which it is common knowledge that one player
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is favoured by both equilibria.6 Though not as likely as in pure coor-
dination games, agreements were more likely in pizza night games than
in BoS games, even with extreme payoff inequality (i.e., L = 17 and
S = 4). So, while both payoff inequality and conflict of interest matter
for focal-point reasoning, conflict of interest is the main disrupting
factor.

Sitzia and Zheng (2019) adopted the bargaining table design to inves-
tigate whether, when the players of a BoS game are groups of two people,
focal points can be identified more easily. If one thinks about the focal
solution as some ‘truth’ needing to be ‘discovered’, it seems intuitive to
expect that two people may have better chances of finding the solution
than individuals. Sitzia and Zheng (2019) used some of Isoni et al.’s
(2013) games (and some of Crawford et al.’s [2008] three-allocation
games) played by individuals or groups. Groups chose the focal strategy
more often than individuals, especially for smaller payoff differences.
This may be relevant in the context of Schelling’s analysis, as many of
his real-world examples involve decisions made by teams or committees.

So far, we have focused on ‘tacit’ bargaining games. However, Schelling
suggested that the same cues would work in ‘explicit’ bargaining. This
hypothesis was tested by Isoni et al. (2014), who extended the bargaining
table design by allowing the two players to bargain over a period of 90
seconds in which both players’ claims were shown on each player’s screen,
effectively allowing players to make proposals and counter-proposals.
The real-time nature of the game changed the expected differences
between closeness and spatially neutral games, and the relationship
between payoff-based and label-based cues. Isoni et al. (2014) studied
closeness games in which closeness was pitted against a variety of payoff-
relevant principles. Their main findings are summarised by the title
of their paper: efficiency, equality and labelling. Players were mostly
concerned with efficiency, and rarely left discs unclaimed. Subject to

6 The name ‘pizza night game’ derives from the cover story used by Isoni et al. (2020). This
is a variant of the BoS story, in which husband and wife must meet for dinner downtown but
cannot communicate. They prefer eating together to eating on their own. In the BoS version,
the spouses choose between pizza and steak, the wife preferring pizza, the husband steak. In
the pizza night game, the choice is between two pizza places (the spouses are meeting on ‘pizza
night’), so it is common knowledge that, wherever they meet, she will enjoy the meal more
than he does.
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efficiency being maximised, they tried to minimise inequality. When effi-
cient and least unequal agreements could be achieved in multiple ways,
labelling cues influenced who got the larger share. Contrary to Schelling’s
hypothesis, labelling cues may have only second-order effects on the
outcome of explicit bargaining.

6.4 Discussion and Conclusion

The organising principle of our selected survey has been the distinc-
tion between payoff-based and label-based focal points, because we see
the essence of Schelling’s intuition to be the players’ recognition that
conflicts of interest should be set aside in the search for a discriminating
cue. In this respect, label-based focal points are better suited to identify
pure focal-point reasoning. But because of the power of suggestion, even
payoff-irrelevant cues may derive their salience from associations with
real-world concepts of value. Many conventions involve strategies that
are in some sense focal (Sugden 1986) and may be applied by exten-
sion to other situations thanks to the power of suggestion. It is unclear
whether focality is the source of conventions or the reverse.

Focal points often appear in the discussion of bargaining as a result of
the empirical prevalence of equal splits. Besides the credible possibility
that people have a preference for equality, there are bargaining proto-
cols in which equality emerges as a result of rational behaviour (e.g., the
‘smoothed Nash demand game’ discussed by Binmore 1987). Isolating
the role of focality in the prominence of equal splits is a challenging task
for future research; so is the task of identifying the focal attraction of
efficiency separately from equality.
The evidence points to a differential effectiveness of player and strategy

labels. Beyond the ambiguities in the use of real, as opposed to arbi-
trary, gender labels to identify the players, player labels seem to be more
conducive to focal-point reasoning than strategy labels, whose effects
appear to be more fragile in Battle-of-the-Sexes games. The pizza night
game suggests this is mostly caused by conflicts of interest. It is an
interesting open question whether player labels may solve conflicts of
interest more easily because they directly identify who gets more, whereas
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labelling cues do that indirectly through a strategy that favours one
player.

Given that most existing research has focused on illustrating the power
of focal points, there is limited evidence about conflicting cues. In binary
lottery experiments, whether equality is applied to chips or expected
earnings depends on the knowledge of the disadvantaged player (Roth
and Murnighan 1982). In Mehta et al.’s (1992) game, participants some-
times compromise between the equal and the 3:1 splits. In the bargaining
table design, payoff cues take precedence over labelling (Isoni et al.
2014), but labelling can interfere with payoffs when the cues are incon-
gruent (Isoni et al. 2019). An intriguing topic for future research is the
possibility that sophisticated players may try to strategically and self-
servingly (e.g., Babcock and Loewenstein 1997) steer bargaining towards
cues that favour them.

Given our primary focus on experimental evidence, we have deliber-
ately avoided the debate surrounding the theoretical explanations of how
and when focal points emerge. The two leading explanations—-team
reasoning (e.g., Sugden 1993; Bacharach 2006) and level-k reasoning
(e.g., Crawford et al. 2008)—do not appear to be mutually exclusive
(Faillo et al. 2017), with people liable to use different reasoning in
different games (Isoni et al. 2019). But which of the two modes of
reasoning is the ‘default’ is unclear, with some suggesting that ‘focality
is intuitive’ (Poulsen et al. 2019) and others reaching the opposite
conclusion (van Elten and Penczynsky 2020). Explaining when and
how focal-point reasoning works and understanding its psychological
underpinnings remain the greatest challenges lying ahead of us.
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7
Between Utilitarianism

and Egalitarianism: Some Ethical Aspects
of the Nash Bargaining Solution

Shiran Rachmilevitch

7.1 Introduction

In a classic paper, Nash (1950) formalized a bargaining problem as
consisting of two elements, S and d . The former is a set of feasible utility
allocations out of which one allocation needs to be selected, the latter is
a particular point of S that specifies the players’ utilities in the event of
disagreement. The model has two interpretations. In the first, S is under-
stood as describing the utilities that are obtainable in some underlying
strategic bargaining procedure in which the players are engaged, and d
specifies the utilities the players can secure unilaterally (i.e., their maxmin
payoffs). In the second, the reality underlying the model involves an
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impartial arbitrator who needs to choose an allocation from S , and d
specifies the players’ utilities if the arbitrator makes no choice.1

Utilitarianism and egalitarianism—the two classical notions of
distributive justice—are relevant to the model under either of its inter-
pretations. In the arbitrator-based interpretation this relevance stems
from the fact that the arbitrator would like to choose a fair compromise,
and the quest for fairness involves utilitarian and/or egalitarian consid-
erations. From the strategic perspective, this relevance presents itself in
the form of arguments that the players may invoke through the play of
the underlying game. For example, a player may complain that “it is not
fair that I will gain only this much when you gain that much,” thereby
resorting to egalitarian reasoning; his opponent may reply by “do me
a favor, it will only cost you a little but will help me a lot,” thereby
invoking a utilitarian principle.

Utilitarianism and egalitarianism pool in different directions: when
one recommends increasing the payoff of some player i at the expense
of some other player j, the other makes the opposite recommenda-
tion. More specifically, utilitarianism shifts resources to where they
produce high levels of utilities, hence it favors agents who are effi-
cient “utility production machines.” Egalitarianism, by contrast, tends
to shift resources towards less capable agents. These opposing forces are
taken into account by the Nash bargaining solution, which creates a
compromise between them. In this chapter I survey the various ways
in which this solution offers a “golden path” between utilitarianism and
egalitarianism, as well as related ethical aspects of this solution.

After the presentation of preliminaries in Sects. 7.2 and 7.3 starts
off by presenting the pioneering work of Shapley (1969) regarding the
relation between the Nash solution on the one hand, and utilitari-
anism and egalitarianism on the other hand. Next, each of Sects. 7.4–7.6
concentrates on a different ethical property which is related to utilitar-
ianism and egalitarianism. Sections 7.7–7.9 present models, different
from the canonical bargaining model that serves as the framework for the
earlier sections, in which either the ethical aspects of the Nash solution

1 The arbitrator’s choice can be viewed either as a recommendation, or as a binding outcome
that he can enforce on the players.
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or its connections to utilitarianism and egalitarianism are illustrated.
Section 7.10 concludes. For brevity, proofs—all of which can be found
in the cited papers—are omitted.

7.2 Preliminaries

I consider the following basic version of Nash’s (1950) bargaining model.
A bargaining problem (problem, for short) is a compact, convex and
comprehensive set S ⊂ R

2+, that contains d ≡ 0 ≡ (0, 0) and satis-
fies S ∩ R

2++ �= ∅. That is, the disagreement point is normalized to the
origin and it is assumed that non-individually rational alternatives (alter-
natives under which some player obtains a payoff below his disagreement
payoff ), if they at all exist, can be ignored. The existence of utility allo-
cations that strictly Pareto dominate the disagreement point guarantees
that there is a reason to bargain. Compactness is the combination of
closedness and boundedness. The former says, for example, that if it is
feasible to give a player 2.99999... utility units, then providing him with
3 utils is also feasible; the latter expresses resource-scarcity. Convexity is
a consequence of the assumption that the players are expected utility
maximizers and randomization over agreements is feasible.2 Comprehen-
siveness means that S contains any vector v ∈ R

2+ for which there is
some s ∈ S with v ≤ s;3 that is, utility can be freely disposed in the
region above the disagreement point.
The weak Pareto frontier of S consists of those x ∈ S for which

there is no y ∈ S that satisfies y > x . The strong Pareto frontier of
S consists of those x ∈ S for which there is no y ∈ S that satisfies
y � x . These frontiers are denoted byWP (S ) and P (S ), respectively. A
bargaining problem S is smooth if WP(S) = P(S) and this set equals

2 There is no shortage of natural economic settings that give rise to a convex utility set without
assuming expected utility; for example, if bargaining is over a perfectly divisible resource and
the players’ utilities from consumption are concave. However, some of the properties to be
discussed in the sequel require the expected utility assumption (e.g., the property MD, to be
discussed in Section 7.6). Therefore, it is convenient to assume expected utility.
3 Vector inequalities: xRy iff xi Ryi for both i, for each R ∈ {>,≥}; x � y iff x ≥ y and
x �= y.
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{(t, f (t)) : 0 ≤ t ≤ M}, where M > 0 is some number and f is a
decreasing, strictly concave, differentiable function. This function f is
called S ’s boundary function. The best that player i can hope for in S—
his ideal payoff in S—is ai (S) ≡ max{si : s ∈ S}; a(S ) is called S ’s ideal
point .4 A bargaining problem S is normalized if a(S) = (1, 1).

A solution is a function μ that assigns a unique feasible point for
every problem S , namely μ(S) ∈ S. The Nash solution N (Nash 1950)
assigns to each S the maximizer of x1 · x2 over x ∈ S. The egalitarian
solution E (Kalai 1977) assigns to each S the point (e (S ), e (S )) where
e(S) ≡ max{e′ : (e′, e′) ∈ S}. In other words, E selects for each S the
maximizer of the Rawlsian objective R(x) ≡ min{x1, x2}over x ∈ S.5

Let U(S) denote the set of utilitarian points in S : those that maximize
the utilitarian objective �(x) ≡ x1 + x2 over x ∈ S.6 A solution is utili-
tarian if it always makes its selection out of U . For any domain on which
U is single-valued, it is convenient to simply talk about the utilitarian
solution. The domain of smooth problems has this property.

7.2.1 Axioms

Throughout the chapter I refer to the following axioms, in the statements
of which S and T are arbitrary problems.
Weak Pareto optimality (WPO): μ(S) ∈ WP(S).7

Symmetry (SY): S = {(s2, s1) : (s1, s2) ∈ S} ⇒ μ1(S) = μ2(S).
Independence of irrelevant alternatives (IIA): μ(T ) ∈ S ⊂ T ⇒

μ(S) = μ(T ).

4 The ideal point (sometimes called the utopia point) plays an important role in bargaining
theory; it first appeared in a seminal paper by Kalai and Smorodinsky (1975).
5 The name comes from the Rawlsian principle of maximizing the well-being of society’s least
better-off individual (Rawls 1971).
6 More generally, one could use the term “utilitarian objective” to refer to any expression of the
form αx1 + βx2, for some positive α and β. I will briefly make use of this more permissive
definition in the next section, and I will be explicit when I do that; otherwise, in any other
place in the sequel, “utilitarian objective” means the above-mentioned definition from the text,
namely the one corresponding to α = β = 1.
7 A stronger version of this axiom is Pareto optimality, that requires μ(S) ∈ P(S).
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Scale covariance (SC): μ(l ◦ S) = l ◦ μ(S) for every pair of positive
linear transformations l .8

Nash’s (1950) original characterization of his solution is based on these
axioms. Two other axioms I consider are the following:

Strong individual rationality (SIR): μ(S) > 0.
Conflict-freeness (CF): a(S) ∈ S ⇒ μ(S) = a(S).

7.3 Shapley’s Result

Shapley (1969) was the first to highlight the strategic role that utili-
tarian and egalitarian arguments can play in bilateral bargaining, and he
proposed an ingenious way to combine them. His key point is that argu-
ments of the type mentioned in the Introduction—e.g., “it is not fair that
I will gain only this much when you gain that much”—are expressions
of interpersonal utility comparisons. These comparisons take into account
efficiency and equity, and these, in turn, are related to two weights, in the
following sense. Let S be a problem and suppose, for convenience, that
it is smooth. Suppose that the selected point for S is μ(S) = x > 0.
Then, the payoff-proportion is well-defined, and is given by:

p ≡ x2
x1

. (7.1)

If x is “fair,” that is if each player obtained what he deserves, then the
relative weight p is an expression of this fairness: the right thing to do
is to give player 2 a payoff that is p times that of player 1. Thus, p
expresses the weight given to player 2, relative to player 1, in the fairness
consideration.

But there is another weight associated with x, which is derived not
from an exercise that compares x and the worst possible outcome—
the disagreement point—but rather compares x with nearby efficient
points.9 When we decrease x1 by an arbitrarily small amount and stay

8 A solution that satisfies this property is called scale covariant .
9 The payoff xi is player i ’s gain relatively to disagreement ; hence, disagreement is implicitly
involved in the weight p.
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on the Pareto frontier, the resulting increment in player 2’s payoff is
approximately q, where:

q ≡ − f ′(x1). (7.2)

This is a weight that describes the substitutability between the individual
utilities. It is the efficiency weight in the following sense. Suppose that
one unit of player 2’s utility equals θ units of player 1’s utility. If our
objective is utilitarian (in the sense of footnote 6), then we should have
moved away from any point on the frontier as long as the conversion
rate between the individual utilities is different from θ , because doing so
would increase the objective’s value. That x is a point from which there
is no such movement implies that θ = q.
A conflict between the fairness consideration and the utilitarian

consideration does not arise if, and only if, the two weights agree, namely
if q = p. Substituting the expressions for the weights gives:

− f ′(x1) = x2
x1

,

which is the first-order-condition associated with the Nash solution.
Thus, a Pareto optimal utility allocation induces a common fair-
ness/efficiency weight if, and only if, it is the Nash solution point.

Since the Nash solution is scale covariant, it follows that it maximizes
both the utilitarian and the Rawlsian objectives for some rescaling of
the individual utilities. To see why, start with the abovementioned first-
order-condition:

− f ′(N1(S)) = N2(S)

N1(S)
,

rescale player 2’s utility by λ and leave player 1’s utility intact, where
λ ≡ N1(S)

N2(S)
. Denote the rescaled problem by S̃ and its boundary function

by f̃ ; note that f̃ = λ f . Since N (S̃) = (N1(S), N1(S)), the Nash
solution maximizes the Rawlsian objective over S̃. Since − f̃ ′(N1(S)) =
−λ f ′(N1(S)) = N1(S)

N2(S)
· N2(S)
N1(S)

= 1, it also maximizes the utilitarian
objective.
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Now, let us look at our solution μ, which induces the fairness and
efficiency weights given by (7.1) and (7.2). Suppose that μ is scale
covariant, and that it maximizes both the utilitarian and Rawlsian the
objectives for some rescaling of the individual utilities: c1 of player 1’s
utility and c2 of player 2’s. Since the utilitarian and Rawlsian objec-
tives are homogeneous of degree one, it can be assumed that c1 = 1.
Then c2x2 = x1 and −c2 f ′(x1) = 1, which implies − f ′(x1) = x2

x1
.

Therefore, x = μ(S) = N (S).
The foregoing analysis is summarized in Shapley’s result:

Proposition 1 The Nash solution is the unique scale covariant solution
that maximizes simultaneously the utilitarian and Rawlsian objectives for
some rescaling of the individual utilities.

Two remarks are in order. The first considers a technicality: it has
been implicitly assumed above that the discussion is confined to WPO
and SIR solutions, but there is actually no need to assume this. As for
WPO, note that it is implied by the combination of SC and the fact that
the solution maximizes the utilitarian and Rawlsian objectives for some
rescaling of the individual utilities. Specifically, if μ(S) /∈ WP(S), then
no matter how S is rescaled, the solution point of the resulting problem
will not maximize the utilitarian objective. If SIR is violated in S , then
no matter how S is rescaled, the solution point of the resulting problem
will not maximize the Rawlsian objective.
The second remark is historical: Shapley was not the first to note the

connections between the Nash solution and utilitarianism and egalitar-
ianism. The first paper to mention them is probably Harsanyi (1959).
However, Shapley’s work is the first systematic analysis of these connec-
tions that emphasizes the interpersonal comparisons aspect. A detailed
account of Shapley’s approach can be found in Yaari (1981).

7.4 Bounds

In Rachmilevitch (2015) I showed that the Nash solution is the unique
scale covariant solution μ that has the following property: for every
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problem S and player i ∈ {1, 2}:

min{Ei (S),Ui (S)} ≤ μi (S) ≤ max{Ei (S),Ui (S)},

for some U (S) ∈ U(S). Namely, the solution is “sandwiched” between
egalitarianism and utilitarianism. Therefore, in particular:

min{Ei (S),Ui (S)} ≤ Ni (S) ≤ max{Ei (S),Ui (S)}, (7.3)

for some U (S) ∈ U(S). For convenience, I will maintain in the present
section—as I did in the previous one—that S is smooth. Among other
things, it assures the uniqueness of the utilitarian point, hence renders
the qualification “for some U (S) ∈ U(S)” unnecessary.
The inequalities described in (7.3) follow from Proposition 1. To see

how, consider an arbitrary problem S and scale it so that the resulting
problem, S′, satisfies E(S′) = U (S′) = N (S′).10 Let l be a rescaling
such that S′ = l ◦ S and now scale back the problem S′ to S , namely
apply to it l−1; w.l.o.g., suppose that l−1 is the transformation that leaves
player 1’s utility intact and scales player 2’s utility by c ∈ R++ \ {1}.
Note that the rescaling has no impact on player 1’s Nash solution payoff,
N1(S) = N1(S′). If c > 1—i.e., the rescaling makes player 2 more
capable in utility production—then the utilitarian point will move to
the north-west, because utilitarianism rewards such higher productivity;
the egalitarian point will move to the east, hence the new Nash point will
be sandwiched between the two. If c < 1, the analogous pattern applies.
The bounds-result is implied by Proposition 1, and is therefore logi-

cally weaker. However, the bounds-approach can be used to obtain results
that say more than what Proposition 1 does. Specifically, in Rachmile-
vitch (2015) I showed that for normalized smooth problems S , the
bounds in (7.3) can be improved to:

min{Ai (S),Ui (S)} ≤ Ni (S) ≤ max{Ai (S),Ui (S)}, (7.4)

10 The existence of such a rescaling was established in the previous section.
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where:

A(S) ≡ argmaxx∈S
1

2
�(x) + 1

2
R(x).

Since A is sandwiched in between U and E , (7.4) implies that when-
ever U (S) �= E(S), A(S ) divides the range between U (S ) and E (S )
into two parts, and N (S ) lies in the part that is closer to U (S ). Thus,
if the average A is viewed as a “midpoint” between utilitarianism and
egalitarianism, then the Nash solution is closer to utilitarianism than
it is to egalitarianism. With the required adjustments, this result can be
stated more generally, in a way applicable to non-normalized problems.11

Further bounds-type results, as well as alternative senses in which the
Nash solution is close to utilitarianism, appear in Rachmilevitch (2016).

7.5 Suppes-Sen Dominance andMariotti’s
Result

An appealing property of E , U , and N is that they all satisfy Suppes-Sen
dominance (SSD), which is defined as follows. A vector x SS-dominates
another vector y if either x > y or πx ≡ (x2, x1) > y,12 and SSD is the
requirement that the bargaining solution never selects an SS-dominated
point. The idea behind SSD is that it does not matter which person
enjoys what payoff, it only matters what payoffs are being distributed; in
particular, there is no ethical distinction between x and πx , so excluding
y as a possible solution point on the grounds that it is Pareto dominated
by some other feasible alternative implies that it should also be excluded
if it is Pareto dominated by a permutation of a feasible alternative.

Mariotti (1999) proved the following result:

Proposition 2 A solution satisfies scale covariance and Suppes-Sen
dominance if and only if it is the Nash solution.

11 The details can be found in Rachmilevitch (2015).
12 This notion of dominance is due to Suppes (1966) and Sen (1970).
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The permutation-component of SSD can be viewed as saying that
both individuals are “the same,” and this “sameness” can be taken to
mean that interpersonal utility comparisons are legitimate. The combina-
tion of this idea with scale covariance can be interpreted as follows: while
interpersonal utility comparisons are acceptable in principle, conducting
them in practice may not be doable. More specifically, it may very well be
that there is some objectively correct conversion rate between the indi-
vidual utilities, but it is, unfortunately, unknown. Since it is unknown,
there is no reason to confine oneself to the specific scales in which
the bargaining problem is happened to be given, which is where scale
covariance comes into the picture.13

Anbarcı and Sun (2011) showed that Mariotti’s result can be improved
by weakening SSD to an axiom called weak SSD, which requires that
there be no feasible point that dominates the solution point both in
the SS-sense and in an additional sense, called E -dominance. Given two
vectors x, y ∈ R

2+\{0}, x E-dominates y if min{x1,x2}
max{x1,x2} ≥ min{y1,y2}

max{y1,y2} . That
is, E -dominance ranks utility allocations according to their equity.

A concept related to SSD is egalitarian-utilitarian mono-
tonicity (EUM). A solution μ satisfies EUM if the following holds
for every pair of nested problems S ⊂ T :

• R(μ(T )) < R(μ(S)) ⇒ �(μ(T )) > �(μ(S)),
and

• �(μ(T )) < �(μ(S)) ⇒ R(μ(T )) > R(μ(S)).

That is, when utility-opportunities expand, a decrease in the value of
the objective of either utilitarianism or egalitarianism is accompanied
by an increase in the value of the other objective. The rationale is that
since each of these ethical principles has its merit, it would be unjustified
to make the supporters of both views unhappy when an opportunity for
improvement presents itself. In Rachmilevitch (2019) I showed that the
combination of conflict-freeness and EUM implies SSD. Therefore, the
following is a consequence of Mariotti’s result:

13 It is interesting to contrast this view with the one from Section 7.3: there, the correct rate
is not unknown—rather, it is the one under which utilitarianism and egalitarianism coincide.
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Proposition 3 A solution satisfies scale covariance, conflict-freeness and
egalitarian-utilitarian monotonicity if and only if it is the Nash solution.

7.6 Midpoint Domination

Utilitarianism and egalitarianism also suffer from drawbacks. Consider
the problem of splitting a perfectly divisible good between two players,
each of whom has a constant marginal utility from consumption: that of
player 1 is 1, that of player 2 is k > 1. Thus, player 2 is a more produc-
tive “utility production machine.” In the utility space, this problem is
Sk ≡ conv{(0, 0), (1, 0), (0, k)}, and it is easy to check that E(Sk) =
( k
k+1 ,

k
k+1) and U (Sk) = (0, k). The unattractiveness of these solutions

is clear when one considers parameter values that are either very low or
very high: with low values (k ∼ 1) the players are almost symmetric yet
player 2 obtains the entire surplus under utilitarianism while player 1
gets nothing; under high values (k → ∞), if egalitarianism is applied
then player 2 gets no chance to utilize his ability to enjoy arbitrarily high
levels of utility—his utility is bounded by one, simply because his partner
is the unfortunate player 1, whose capability of enjoyment is limited.
The Nash solution prevents this extremism by selecting the frontier’s

midpoint, (12 ,
k
2). Anbarcı (1998) called this property midpoint outcome

on a linear frontier (MOLF) and showed that its combination with IIA
characterizes the Nash solution:14

Proposition 4 A solution satisfies midpoint outcome on a linear fron-
tier and independence of irrelevant alternatives if and only if it is the
Nash solution.

It is easy to check that every solution that satisfies {WPO, SY, SC}
satisfies MOLF. Hence, Proposition 4 is an improvement of Nash’s orig-
inal characterization of his solution, as the latter involves the axioms

14 MOLF is stated as an axiom in the utility space (that is, the story about splitting a resource
between players with constant marginal utilities is merely illustrative).
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{WPO, SY, SC, IIA}. It is also an improvement of a result by Moulin
(1983), who characterized the Nash solution by IIA and midpoint domi-
nation (MD), the latter being the requirement that in every problem each
player obtains at least half of his ideal payoff.15

In the context of the division problem from the beginning of the
section, there is a simple actual procedure corresponding to MOLF: a
fair coin toss determines who will win the surplus, and the corresponding
pair of expected utilities is the midpoint. The more general MD corre-
sponds to the requirement that the solution point Pareto dominate the
utility image of the coin toss. Another related procedure is the well-
known divide-and-choose: one player splits the good into two, and the
other player chooses one of the parts, leaving the remaining part for
the divider.16 It is clear that the (subgame perfect) equilibrium of this
procedure result in the equal split, with utility image (12 ,

k
2).

17

A property similar to MD/MOLF is symmetry based compromise,
which requires that for every weakly Pareto optimal x such that πx
is also feasible and weakly Pareto optimal, there be some t ∈ (0, 1) such
that μ(S) ≥ t x + (1 − t)πx . As opposed to MD/MOLF, the points
in the convex combination are not confined to {(a1(S), 0), (0, a2(S))},
but can be any {x, πx} ⊂ WP(S);18 at the same time, the weight in this
combination is not restricted to be 1

2 . Xu (2012) proved the following:

Proposition 5 A solution satisfies weak Pareto optimality, scale covari-
ance and symmetry based compromise if and only if it is the Nash
solution.

15 Another two-axiom characterization of the Nash solution in which one of the axioms is MD
has been obtained by De Clippel (2007) in a model with a variable disagreement point.
16 For a detailed discussion about this mechanism, see Brams and Taylor (1996).
17 When the players’ utility functions are not linear, the utility allocation resulting from divide-
and-choose satisfies MD, provided that these functions are concave and assume the value zero at
0. To see this, consider such a function u: note that u( 12 ) = u( 12 ·1+ 1

2 ·0) ≥ 1
2u(1)+ 1

2u(0) =
1
2u(1). The LHS is a player’s utility under divide-and-choose, the RHS is half of the player’s
ideal payoff.
18 Note that the support of the convex combination in symmetry based compromise is quali-
tatively different from the one in MD/MOLF: only in the non-generic case of a symmetric S
it holds that (0, a2(S)) = π(a1(S), 0).
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To make an interim summary: not only does the Nash solution offer
a compromise between utilitarianism and egalitarianism, but there are
also circumstances in which the absence of compromise, in the sense of
choosing either a utilitarian or an egalitarian recommendation, leads to
extreme (perhaps even absurd) outcomes.

In the following sections I revisit the Nash solution in several alterna-
tive models. In these models, too, the Nash solution exhibits attractive
ethical features and creates a compromise between utilitarian and egali-
tarian principles.

7.7 Indivisible Goods

Recent years have seen much development in the economics-and-
computer-science community regarding fairness questions related to the
allocation of indivisible objects. Below I present a couple of results from
an important paper from this literature, Caragiannis et al. (2016), in
which the Nash solution in studied in the indivisibilities context.
There are m indivisible goods to be allocated between two players.19

When player i is allocated a subset A of the goods, his utility is∑
g∈A vi ({g}), where vi is non-negative valued, and the utility from not

obtaining any item is normalized to zero. Call this the AIG model.20

In this model, “Nash solution” means any allocation-selection that
maximizes the utilities-product.

In the AIG model, the notion of egalitarianism becomes irrelevant—
at least in the way that it is stated in the classical bargaining model—
because a weakly Pareto optimal allocation in which the players’ utilities
coincide typically does not exist. An alternative fairness criterion, one
which is trivially implied by egalitarianism, is envy-freeness: every player
should weakly prefer his own bundle to that of the other player. However,
even this weaker requirement is too much to ask for in the realm of

19 Caragiannis et al. (2016) consider n players. I restrict my attention to n = 2 in order to
present (some of ) their results in the simplest possible way, and also in order to be consistent
with the rest of this chapter, in which I have focused on the 2-person case exclusively.
20 AIG stands for Allocating Indivisible Goods. This is my terminology; it is not used in
Caragiannis et al. (2016).
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indivisible goods: for example, think of one indivisible good which is
valued positively by either player—no matter how the good is allocated,
someone is going to envy. This motivates the following milder version of
envy-freeness, envy-freeness up to one good , which does not result in non-
existence: For every player i there is a good g , such that if g is removed
from j ’s bundle, then i does not envy j. Caragiannis et al. (2016) proved
the following:

Proposition 6 In the AIG model, the Nash solution satisfies Pareto
optimality and envy-freeness up to one good.

Indivisibilities dictate further adjustments relative to the classical
model, not just the one concerning egalitarianism. Another example
is given by the divide-and-choose protocol mentioned in the previous
section. There, any division of the good was feasible, and the divider
could secure for himself half of the good. In the AIG model, by contrast,
there are only finitely many ways to divide the goods between the players,
and it is less clear what the divider can secure for himself. This number,
called the maxmin share, is given by:

MMSi = max(A1,A2)∈�mink∈{1,2}vi (Ak),

where � is the set of partitions. It is of course desirable that a solution
assigns each player i a payoff no smaller than MMSi , but this is too
much to ask for. Instead, a weaker demand is that each player obtains at
least some fraction out of his MMSi . Formally, a solution satisfies α-MSS
if each i ’s solution-payoff is at least α · MMSi .

Caragiannis et al. (2016) proved the following:

Proposition 7 In the AIG model, the Nash solution satisfies ϕ-MMS,

where ϕ ≡ −1+√
5

2 is the golden ratio conjugate.

Proposition 7 can be viewed as establishing a property similar to MD,
in the sense that both are minimal utility guarantees.

As we see, the Nash solution’s impressive fairness properties are not
confined to the classical domain over which it is defined, but present



7 Between Utilitarianism and Egalitarianism … 145

themselves in other areas too; in particular, they present themselves in
the important and practical context of allocating indivisible goods.

I now turn to a model that allows for both divisibility and indivisi-
bility.

7.8 ”Utility Production” and the Nash
Product

Let F ⊂ R
2++ be a general non-empty set of feasible utility alloca-

tions. It is allowed to be finite, or some other non-convex set. The
elements of F are called the primitive utility pairs. In addition, there are
other feasible utility allocations, which are generated as follows: given
a probability p ∈ (0, 1), let F p denote the utility pairs of the form
p ∗ u ≡ (pu1, (1 − p)u2), for some u = (u1, u2) ∈ F . The elements
of F p—non-primitive utility pairs—are obtained by the following oper-
ation on the primitive ones: with probability p player 1 obtains his
u-payoff and player 2 obtains nothing, and with the complementary
probability player 2 obtains his u-payoff and player 1 obtains nothing.
The parameter p measures the relative abilities of the players to “pro-
duce utility” out of primitive pairs: large p’s imply that player 1 is more
productive than player 2, small p’s imply the opposite. This model is due
to Mariotti (2000).

Consider choice functions on F ∪ {F p : 0 < p < 1}. As utilitarian
choices favor the more productive player and egalitarian choices go in
the opposite direction, striking a balance between them can be expressed
by ignoring this productivity. Mariotti formalized this by the following
requirement: if u is selected out of F then p ∗ u should be selected out
of F p, for any p ∈ (0, 1). Additionally, he required choices to be made
in a permutation optimal way, which is the following version of SSD: if
u = (u1, u2) is a feasible non-primitive utility pair and πu = (u2, u1)
is Pareto dominated by some other feasible pair, then u should not be
selected. The two requirements—productivity-blindness and permuta-
tion optimality—characterize “Nash choices”: any choice function that
satisfies them maximizes the utilities-product on F .
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7.9 A Probabilistic View on Bargaining

In a recent paper, Bastianello and LiCalzi (2019) take a novel approach
to bargaining, in which the center of attention is the probability that
an agreement will be reached. The basic ingredient in their model is
a set of alternatives, A, and every alternative a ∈ A is mapped into a
pair of individual acceptance probabilities, (p1(a), p2(a)), where pi (a)

is the probability that player i will agree to a, if it were the alterna-
tive on the table. Next, each such pair is mapped, or aggregated, into a
single probability number, the probability of agreement. In probabilistic
terms, such an aggregation is represented by a copula. Several copulas are
axiomatized, each representing a different bargaining solution. The egal-
itarian solution corresponds the copula M(p, q) = min{p, q}, which is
the Fréchet lower bound, associated with the strongest possible positive
dependence between two marginal distributions. The relative utilitarian
solution corresponds to the copula W (p, q) = max{p + q − 1, 0},
which is the Fréchet upper bound, associated with the strongest possible
negative dependence between two marginal distributions.21 The Nash
solution corresponds to the copula �(p, q) = p · q, which expresses
stochastic independence. Hence, the Nash solution is in between the
egalitarian and utilitarian solutions not only in the utility-based defini-
tions surveyed above, but also in a probabilistic sense.

7.10 Conclusion

I have surveyed ethical properties of the 2-person Nash bargaining
solution, with an emphasis on its connections to utilitarianism and
egalitarianism. While most of the results can be extended to n players,
Proposition 3 is an exception. Specifically, there does not exist an
n-person solution (for n ≥ 3) that satisfies conflict-freeness, scale covari-
ance, and egalitarian-utilitarian monotonicity (EUM).22 This gives rise

21 The relative utilitarian solution (Dhillon and Mertens 1999; Sobel 2001; Pivato 2009)
maximizes the normalized sum of utilities x1

a1(S)
+ x2

a2(S)
over x ∈ S.

22 See Theorem 1 in Rachmilevitch (2019).
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to the following questions: Is there an EUM-type property which is
consistent with conflict-freeness and scale covariance in the n-person
case? If there is, what is its relation to the Nash solution? Answering
them remains, at present, a goal for future research.

I will end the chapter with a brief discussion about the implicit
assumption, that the framework within which I have worked is suitable
for a study in distributive justice. Roemer (1986) argues to the contrary,
since an ethical discussion involves concepts such as freedom, rights, and
needs—all of which live out of the utility space. Since he clearly has
a point, why discuss utilitarian-egalitarian trade-offs, and ethics more
generally, in the utility space? Here is an answer.

First, let us distinguish between thick bargaining problems and thin
bargaining problems.23 Problems of the former kind are those that involve
essential non-utility information. To take the simplest example, consider
division of a pie between two players, one of whom is the pie’s owner.
Property rights are not expressible in the utility space, but they are clearly
relevant in this situation. Hence, this situation is a thick bargaining
problem. Problems of the latter kind are those in which there is no
such non-utility information. For example, division of a pie between two
players who have the same ownership status regarding the pie, none of
them is particularly deprived, none of them needs the pie for medical
reasons, and so forth.

My first claim is that there are thick problems to which a utilitarian-
versus-egalitarian approach can be fruitful. For example, division prob-
lems in which the names of the goods matter, e.g., water and whiskey.24

It seems perfectly reasonable to insist that each individual be allocated
at least some minimal quantity of water, but make no such demand
for whiskey. In such a setting is seems reasonable to divide the water
according to an egalitarian principle (e.g., resource egalitarianism, under
which physical quantities are equated) and treat the whiskey separately,
allocating it in a utilitarian fashion. More generally, different goods can

23 This terminology is inspired by Avishai Margalit’s distinction between thick and thin relations
(Margalit 2002, 2017).
24 The idea of including the goods’ names in the model is Roemer’s.
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be treated differently on a “utilitarian-to-egalitarian” scale, depending on
their nature.25

My second claim is that it is appropriate to resort to ethical consider-
ations also in thin problems. These, despite their thinness, may present
real challenges: even if nobody had any special status or needs, and even
in the absence of danger that some freedom will be compromised—even
then, bargaining situations can be quite non-trivial; there is no reason
to exclude ethics from the set of considerations intended to resolve these
non-trivialities.

Acknowledgements I am grateful to Emin Karagözoğlu and an anonymous
reviewer for helpful comments and suggestions.
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Dynamic Legislative Bargaining

Hülya Eraslan, Kirill S. Evdokimov, and Jan Zápal

8.1 Introduction

In this paper, we survey the literature on legislative bargaining with
endogenous status-quo. Since the term “endogenous status-quo” is used
to express different things by different authors, we start by proposing
a typology to distinguish “endogenous status-quo” from “evolving
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status-quo.”1 Bargaining with endogenous status-quo is dynamic
bargaining where in each period a new policy is decided and the policy
implemented if there is no agreement is endogenously determined by the
outcome of bargaining in the previous period. Bargaining with evolving
status-quo is dynamic bargaining where a single policy is decided during
the entire bargaining time horizon, the status-quo policy in each round
depends on the history up to that round, and in the final round, if there
is no agreement, the status-quo in that round is implemented.

As in Eraslan and Evdokimov [46], by “legislative bargaining” we
mean multilateral bargaining where agreement requires less than unani-
mous consent and agreement on a proposal binds all parties. They survey
the literature on legislative bargaining with exogenous status-quo where
players decide on a policy through voting between an exogenously given
status-quo and a proposal offered by a proposer. This protocol is repeated
until an agreement is reached. Here we survey the literature on legislative
bargaining with endogenous status-quo.

Baron [13] is typically credited as the first paper in the literature. Two
important early precursors are Ingberman [52] and Epple and Riordan
[45] who study spatial and redistributive bargaining respectively. Unlike
the subsequent work, these early papers focus on deterministic proposer
recognitions, and in the case of the latter paper, on subgame-perfect
equilibria (SPE).
We start by introducing a general framework that incorporates two

main strands of the literature we discuss in detail: bargaining over
distributive policy and bargaining over spatial policy. After discussing the

K. S. Evdokimov
e-mail: kirill.evdokimov@rice.edu
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equilibrium existence, we use this framework to study the many inter-
esting questions the literature has raised: How does the endogeneity of
the status-quo affect incentives? What are the equilibrium dynamics of
policies? Do the policies converge? If so, to which policy? If not, what is
their long-run behavior? What is the appropriate efficiency concept? Are
equilibrium policies (Pareto) efficient? We end our survey by discussing
avenues for future research.
The general framework we study incorporates related political

economy models with bilateral bargaining, bargaining with evolving
status-quo, random proposal models, costly policy change, and models in
which either a dictator or median chooses policy. We do not review these
papers due to space limitations. We also ignore other related literature on
elections, dynamic linkages via macro variables or power structures, and
coalitional bargaining.

8.2 General Framework

In a typical model, legislators in set N = {1, . . . , n} choose a policy xt
in each period t = 0, 1, . . . , T , where T is finite or infinite. The policy
space is X . When X ⊆ R, bargaining is over a one-dimensional spatial
policy. When X is the (n − 1)-dimensional simplex, bargaining is over
distributive policy.
The game in each period t proceeds as follows. First, period t starts

with a publicly observed state denoted by st . The state st is a vector
whose components include xt−1 but it can include other (potentially
stochastic) variables as well. Player κ(st ) is the proposer and she makes
a proposal x ∈ X (st ) where X (st) ⊆ X is the set of feasible policies in
state st . All players vote to accept or reject x. If the set of players who
accept x is in W(st), which is the collection of winning coalitions in
state st , policy xt implemented at time t is x. Otherwise, xt is ζ(st),
the status-quo in period t when the state is st , where ζ is some known
function.

Stage utility of player i from policy x in state s is ui (x, s). Player i ’s
discounts rate is δi , thus the utility of player i from a sequence of policies
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(xt)Tt=0 and states (st)Tt=0 is

(1 − δi )

T∑

t=0

δti ui (xt , st).

The papers we survey fit this framework. For example, Baron [13] and
Kalandrakis [53] study, respectively, spatial and distributive settings with
simple majority and random proposer recognitions. Under our notation,
they assume that st includes the policy xt−1 from the previous period
and identity of the proposer in the current period, and, for any state st ,
X (st ) = X , W(st ) = {C ⊆ N : |C | ≥ n+1

2 }, and ζ(st ) = xt−1.
The framework naturally incorporates more complex models with state-
dependent stage utilities [e.g., 67, 43, 26], models in which the status-
quo in period t equals the (t − 1)-period policy with some noise [e.g.,
41], models in which players distribute pie with size that stochastically
changes over time (as in the stochastic bargaining models in the spirit
of [61]), or models with state-dependent winning coalitions and policy
spaces [e.g., 31].
Histories, strategies and SPE can be defined in the standard way. The

papers we survey restrict attention to (stationary) Markov strategies and
equilibria. A Markov (behavioral) proposal strategy of player i specifies a
distribution of proposals πi (s, t) over X (s) for each period t and state
s in which i is the proposer. A Markov (behavioral) voting strategy of
player i specifies the probability αi (x, s, t) that player i accepts proposal
x in period t when the state is s. Infinite horizon models further restrict
attention to stationary strategies, which do not depend on t . Moreover,
strategies are usually allowed to depend only on certain (payoff relevant)
components of the state, e.g., the previous-period policy or preference
shocks, but not allowed to depend on others, e.g., the identity of the
proposer.

A Markov strategy of player i is σi = (πi , αi ). A profile of strate-
gies σ = (σi )i∈N induces a dynamic utility V σ

i (x, s, t) from policy x
implemented in period t when the state is s, which satisfies the following
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recursive relation

V σ
i (x, s, t) = (1 − δi )ui (x, s)

+ δi

∫
V σ
i (x ′, s′, t + 1)dPσ (x ′, s′|x, s, t) (8.1)

where Pσ (x ′, s′|x, s, t) is the probability measure over period (t + 1)
policies and states induced by profile σ and period t policy and state.
Let

α(x, s, t) =
∑

C∈W(s)

∏

i∈C
αi (x, s, t)

∏

i∈N\C
(1 − αi (x, s, t)) (8.2)

be the probability that proposal x is accepted in period t when the state
is s.

A profile of strategies σ constitutes a Markov Perfect equilibrium
(MPE) if

(i) for each i, s in which i is the proposer, t and p in the support of
πi (s, t),

p ∈ argmaxx∈X (s)α(x, s, t)V σ
i (x, s, t)

+ (1 − α(x, s, t))V σ
i (ζ(s), s, t),

(ii) for each i, x, s and t , if V σ
i (x, s, t) > V σ

i (ζ(s), s, t), then
αi (x, s, t) = 1, and if V σ

i (x, s, t) < V σ
i (ζ(s), s, t), then

αi (x, s, t) = 0.

A profile of strategies σ is a stationary MPE (SMPE) if it is an MPE
and σi is independent of t for each player i.
The two condition in the definition of MPE require, respectively, that

the proposal strategies and the voting strategies are optimal. As is stan-
dard in the literature, the definition of MPE uses the one-stage deviation
principle, and hence implicitly assumes that it holds. The voting strate-
gies in the definition assume that players vote as if pivotal. This rules out
implausible equilibria that support arbitrary outcomes because no voter
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is pivotal. Some work further focuses on voting strategies with indifferent
players voting for the proposal. This implies that any proposal is either
accepted or rejected with probability one, and hence allows one to focus
on proposal strategies that generate proposals that are always accepted.2

8.3 Existence of Equilibria

SMPE existence is an open issue, outside special cases represented by
finite-horizon models with finite policy spaces, for which MPE exis-
tence follows by standard backward induction arguments. The literature
studying discounted stochastic games, of which the dynamic legislative
bargaining models are a special case, includes numerous conditions for
SMPE existence (see [51], for a recent contribution) but also examples
of SMPE non-existence (see [57, 58]). Moreover, none of the known
conditions for SMPE existence applies to legislative bargaining models
(see [39], for further discussion).
Difficulties typically arise in models where the status-quo in period

t equals the policy in period t − 1. One approach is then to
work with models where xt−1 induces a distribution over ζ(st ) that
changes smoothly when xt−1 changes. This is how Duggan and Kalan-
drakis [41] prove general SMPE existence result for dynamic legislative
bargaining models; they require shocks to status-quo transitions and
players’ preferences. Similarly, Duggan [37] assumes smooth transitions
from a continuous policy space to a countable state space. An alternative
strategy is to assume finite policy space [3, 35].

Because SMPE is not guaranteed to exist, most papers in the liter-
ature construct an equilibrium and study its properties. In the next
two sections we display such constructions, in distributive and spatial
settings.

2 If the voting strategies are pure and ζ(s) ∈ X (s) for each state s, it is without loss of
generality to assume that proposers choose policies only from the set of policies that would be
accepted. This is because proposing a policy that would be rejected is equivalent to proposing
the default outcome ζ(s).
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8.4 Distributive Policy

In this section, we review the results for bargaining over distributive
policies. This type of model raises many interesting questions regarding
equilibrium strategies and outcomes in addition to the questions raised
in the introduction. Specifically, what is the structure of winning coali-
tions? Does the size principle of Riker [69]3 hold? Is the entire surplus
shared or is there waste? More generally, are equilibria inefficient?

As we will see, this model admits multiple equilibria, some of which
differ drastically in their answer to the above questions. To empha-
size this, we focus on two equilibrium constructions that have been
influential: Kalandrakis [53] (henceforth K04) which is an early paper
that features an intuitive construction, and Anesi and Seidmann [9]
(henceforth AS15) which is a thorough investigation of a more general
model.4

K04 is the first to describe an SMPE in a game in which three players
bargain over distribution of a surplus of size 1. The policy space is the
two-dimensional simplex X = {x ∈ R

3+ : ∑3
i=1 xi = 1}. Under our

earlier notation, st includes policy xt−1 from the previous period, and,
for any state st , X (st ) = X , W(st ) = {C ⊆ N : |C | ≥ 2}, and
ζ(st) = xt−1. Player i ’s utility from policy x is ui (x) = xi and players
have a common discount rate δ.
We describe the equilibrium constructed by K04 with the help of

Figure 8.1. The figure shows an equilateral triangle with each vertex
designated for one player. Each edge has length 2√

3
, and therefore the

distances between an arbitrary point inside the triangle and the edges
sum to unity.5 For example, x represents the equal allocation (13 ,

1
3 ,

1
3),

x ′ and x ′′ represent allocations in which player 3 and player 2 respec-
tively receive zero share, and x ′′′ represent the unequal allocation (1, 0, 0)
favorable to player 1.

3 Riker’s size principle states that only minimum winning coalitions can occur.
4 The earliest paper we know of is Epple and Riordan [45] which characterizes SPE in a three-
player game to show that a wide range of outcomes can be sustained in equilibrium using
punishment strategies.
5 This is known as Viviani’s theorem.
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1

2 3

xx′ x′′

x′′′

Fig. 8.1 Equilibrium dynamics in the distributive model

The figure represents the equilibrium dynamics. For four different
status-quo policies x, x ′, x ′′ and x ′′′, the arrows point to the policy
proposed by player 1 (solid line), player 2 (dashed line) and player 3
(dotted line).6 The germane feature of the equilibrium is the dynamics
that moves policies from strictly inside the triangle to its edges and from
the edges to its vertices. That is, the equilibrium dynamics moves over
allocations that differ in the number of players who receive zero share:
starting with no, then with one and then with two players receiving zero
share. Eventually, the equilibrium reaches a state in which the proposer
receives the entire resource. The literature has dubbed this a rotating
dictator equilibrium.
The equilibrium dynamics arises from the nature of winning coali-

tions. We explain the intuition with the help of Figure 8.2. All four
figures show indifference curves of the equilibrium dynamic utility. The
left column is for player 1 and the right column is for player 3 (higher

6 The equilibrium shown is symmetric, which allows one to work out the entire equilibrium
policy dynamics starting from x. In particular, given a status-quo at the vertex, all players
allocate the entire pie to themselves. And given a status-quo at the edge close to one of
the vertices, both players with non-zero status-quo share allocate the entire pie to themselves
and the player with zero status-quo share allocates zero share to the player with the largest
status-quo share.
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utility levels closer to the player’s vertex). The top row is for δ = 0 and
the bottom row is for δ = 6

10 .
Start with the case when δ = 0, so that the model is an infinitely-

repeated one-shot ultimatum game with three players and simple
majority. Consider player 1’s proposer problem assuming she seeks the
approval of player 3, given some status-quo utility level of player 3.
Using top row of Figure 8.2, player 1’s optimal proposal is a policy at
the north-eastern edge of the policy space that gives player 3 the same
utility as the status-quo, allocates zero share to player 2 and allocates
the rest to player 1. When, in addition, the status-quo is located at the
north-western edge of the policy space, the status-quo utility of player
3 is zero and player 1 proposes a policy in which she obtains the entire
pie. That is, the equilibrium dynamics moves policies from within the
policy space to its edges and from the edges to the vertices. Inspection

1

2 3

1

2 3

1

2 3

1

2 3

Fig. 8.2 Indifference curves of the dynamic utility in the rotating dictator
equilibrium
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of the bottom row of Figure 8.2 shows that similar forces operate when
δ = 6

10 , although now the equilibrium is considerably more complex
and its construction significantly more involved.
The rotating dictator equilibrium has several interesting properties.

First, players prefer policies that maintain their share of the resource
but make the other players’ shares unequal. For example, in the left
bottom part of Figure 8.2, starting on the dotted line and moving hori-
zontally towards the edges of the policy space typically increases player 1’s
dynamic utility. This preference arises endogenously; the more unequal
the other players are, the more accommodating will the disadvantaged of
the two players be as a responder and hence the stronger the bargaining
position of player 1 as a proposer next period.

Second, in the rotating dictator equilibrium, the dynamic utilities
lack quasi-concavity, the acceptance sets might not be convex, and the
acceptance correspondence might not be lower hemicontinuous.7 These
results highlight the difficulties in working with the dynamic legislative
bargaining games because the endogenous objects are not guaranteed to
be well-behaved.

Finally, K04 notes that there are multiple rotating dictator equilibria.8

The subsequent work finds other equilibria and culminates in AS15 who
study a significantly more general model and show that large number of
outcomes can be supported by SMPE when players become arbitrarily
patient.9 Their model features general number of players, policy space
X = {x ∈ R

n+ : ∑
i∈N xi ≤ 1} that allows waste, any quota voting

rule, and heterogeneous recognition probabilities, discount factors and
nonlinear utilities.

7 Acceptance set is the set of policies that would be accepted given some status-quo. Acceptance
correspondence maps status-quos to acceptance sets.
8 Kalandrakis [54] extends the rotating dictator equilibrium to a more general class of games.
9 Bowen and Zahran [26] construct a compromise equilibrium in which more than a minimum
winning coalition is allocated a positive share in each period. Their construction relies on
risk-sharing incentives. By additionally allowing waste, Richter [68] constructs an equal division
equilibrium. Baron and Bowen [16] independently use a construction similar to AS15. Our
discussion focuses on the latter since its construction is also applicable to spatial bargaining
[7]. Baron [15] simplifies the construction in Baron and Bowen [16] and studies equilibrium
coalitions and proposal power.
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The argument in AS15 is constructive and we describe its main
features for n odd and a threshold voting rule with quota q ∈ [n+1

2 , n).
Thus, W(st ) = {C ⊆ N : |C | ≥ q}. The key ingredient is a concept
called simple solutions. A simple solution consists of n policies. For each
player i, each of these policies allocates either a bad share bi or a good
share gi > bi to i, with policy xi being a good policy and at least
one other policy being a bad policy for i. In addition, each of these
policies is a good policy for at least q players. Formally, a simple solu-
tion S = (x j ) j∈N consists of n policies such that for all j (i) x j ∈ X ,

(ii) xij ∈ {b j , g j } for all i, where b j < g j , with x j
j = g j and xij = b j

for some i, and (iii) |{i ∈ N : x j
i = gi }| ≥ q.

Given a simple solution S , let Bi = {x ∈ S : xi = bi } and Gi =
{x ∈ S : xi = gi } be the set of bad and good policies in S for i, and
let σ be the following strategy profile. Player i recognized to propose
given status-quo xt−1 proposes xi if xt−1 /∈ S and proposes xt−1 if
xt−1 ∈ S. Player i responding to status-quo xt−1 and proposal x �= xt−1
accepts iff either (i) xt−1 ∈ Bi , or (ii) xt−1 /∈ S and x ∈ Gi , or (iii)
xt−1, x /∈ S and ui (x) ≥ ui (xt−1). Notice the policy dynamics induced
by σ : starting from any status-quo, the equilibrium policy reaches S in
at most one period and stays constant thereafter. AS15 show that the
profile σ constitutes an SMPE for sufficiently patient players.

1

2 3
x2

x1 x3

Fig. 8.3 A simple solution in the distributive model
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Figure 8.3 draws part of the three-player policy space such that
{x ∈ R

3+ : ∑3
i=1 xi = c}, where c ∈ (0, 1], along with a simple

solution S = (x1, x2, x3) that corresponds to vertices of an inverted
equilateral triangle inscribed into the policy space. With patient players,
an SMPE exists with equilibrium dynamics converging on S in at most
one period. However, a continuum of simple solutions and hence SMPE
outcomes exist. For example, vertices of any inverted equilateral triangle
inscribed into the policy space in Figure 8.3 correspond to a simple solu-
tion, irrespective of the size of the inscribed triangle and irrespective of
the value of c. Thus, any policy in {x ∈ R

3+ : ∑3
i=1 xi ≤ 1} can

be supported as an equilibrium outcome including policies with strictly
positive share allocated to all players or with waste. The only policies
that cannot be supported in equilibrium are those that assign zero share
to two or three players.10

8.5 Spatial Policy

The spatial dynamic legislative bargaining literature starts with Baron
[13]. In his model players choose the scale of collective goods from policy
space X = R+ and each player i has a strictly concave utility with bliss-
point θi . The state st includes the policy xt−1 from the previous period,
and, for any state st , X (st ) = X , W(st) = {C ⊆ N : |C | ≥ n+1

2 }, and
ζ(st) = xt−1. Players have a common discount rate δ. Kalandrakis [55]
(henceforth K16) and Zápal [72] (henceforth Z16) analyze three-player
models similar to Baron [13]. This is the version of the model we study
here: three players with quadratic stage utilities, bliss-points θL = −1,
θM = 0 and θR = 1 and equal recognition probabilities choose policies
from R.11

As shown by Z16, this model admits a pure strategy SMPE. We first
discuss the asymmetric equilibrium shown in Figure 8.4 and later turn

10 With n players, the only policies ruled out by equilibrium are those where n − q + 1 or
more players receive zero share.
11 Baron [13] assumes existence of a ‘dynamic median’ voter, which is guaranteed to exist when
stage utilities are quadratic [12, 36].
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xt

xt−1−1 1

−1 θL

1 θR

− 1
2 θ̂L

πR(xt−1)

πL(xt−1)

θL θR

Fig. 8.4 Asymmetric pure strategy equilibrium in the spatial model

to other (symmetric and asymmetric) equilibria.
In Figure 8.4, for relevant subset of the policy space, the white area

is the acceptance correspondence induced by the equilibrium voting
strategies while the πL and πR functions are the equilibrium proposal
strategies of players L and R. We do not show the equilibrium proposal
strategy of the median player M ; for any status-quo, she proposes her
bliss-point θM = 0 (e.g., given status-quo xt−1 = −1, a proposal is
accepted iff it falls into [−1, 1], and players L, M and R propose −1

2 , 0
and 1 respectively).
The shape of the acceptance correspondence is identical to the one

that would arise with a myopic median player: the median player accepts
any proposal that is weakly closer to her bliss-point θM = 0 than the
status-quo. To see this, first note that the shape of the acceptance corre-
spondence is driven by the dynamic preferences of playerM . This follows
because under quadratic utilities the decisiveness of player M in voting
over deterministic alternatives extends into the decisiveness of player M



164 H. Eraslan et al.

in voting over stochastic policy paths [12, 36]. Second, the median player
accepts any proposal that is closer to her bliss-point θM since both her
stage utility and her expected dynamic utility are single-peaked at θM .
The latter is determined by the entire profile of strategies and its single-
peakedness cannot be assumed. Nevertheless, it is single-peaked because
the proposal strategy of every player is such that (i) given any status-quo,
any proposal made is accepted, and (ii) as the status-quo moves away
from θM , the proposals move away from θM , and hence the expected
dynamic utility of the median player decreases.
The shape of the proposal strategies of players L and R are also related

to those that would arise with myopic players as in Romer and Rosen-
thal [70]: for any status-quo, player R proposes the policy closest to
his bliss-point θR = 1 out of those that are weakly closer to θM than
the status-quo and hence the median accepts. In this asymmetric equi-
librium, player L behaves similarly, except that she is not using her
bliss-point θL = −1 and uses her ‘strategic’ bliss-point θ̂L = −1

2 instead.
Because θ̂L = −1

2 is closer to θM = 0, that is, it is more moderate than
θL = −1, we call this behavior moderation.
Why does player L moderate? Her incentive to do so is strategic and

is driven by the endogenous status-quo. Consider status-quo xt−1 =
−1. We claim player L proposes θ̂L = −1

2 in equilibrium. To see this,
consider a one-stage deviation to propose θL = −1, which is the policy
that maximizes L’s static utility. Both of these policies are accepted given
the status-quo. Player L proposes θ̂L = −1

2 instead of θL = −1 in order
to constrain the proposed policy of player R if this player is recognized in
the next period: player R ’s policy will be 1 if player L proposes θL = −1
now, while player R ’s policy will be 1

2 if player L proposes θ̂L = −1
2

now (Figure 8.4 highlights these policies by dots in its left half ). That is,
player L moderates in equilibrium using the acceptance set of the median
player M and the endogenous status-quo to constrain the future policies
of her opponent player R.
Why does not player R moderate? Player R has the same incentive to

constrain the policies of player L. Consider status-quo xt−1 = 1. We
claim player R proposes θR = 1 in equilibrium. To see this, consider
a one-stage deviation to propose xt = 1

2 . Both of these policies are
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accepted given the status-quo. However, the only effect of moderating
and proposing xt = 1

2 rather than θR = 1 is for player R to constrain
herself if she is recognized next period: player R ’s policy will be 1

2 if she
proposes xt = 1

2 now and will be 1 if she proposes θR = 1 (Figure 8.4
highlights these policies by circles in its right half ). In order to constrain
the policy of player L, player R would have to moderate to some proposal
below 1

2 , which is too costly for her in terms of the foregone static utility.
That is, the incentive to moderate is a strategic substitute: because player
L moderates, she is effectively constraining herself and player R has no
incentive to moderate. Because player R does not moderate, her strategic
bliss-point coincides with her bliss-point.

Equilibrium moderation and its strategic substitute nature are two
key insights of the model. But the model delivers additional observa-
tions. First, in order to simplify the exposition, we have chosen δ = 3

4 ,
identical recognition probabilities and particular bliss-points such that
the strategic bliss-point of player L is θ̂L = −1

2 . For general values
of these parameters, the strategic bliss-point of a non-median player
i is θi (1 − 2δr−i ), where r−i is the recognition probability of player
{L , R} \ {i} (Z16). That is, the strategic bliss-point is a point where
two forces offset each other. The first force is standard: policies are
pushed towards players’ bliss-points. The second force is strategic: players
moderate in order to constrain their opponents. The second force inten-
sifies moderating the strategic bliss-point of a player when the player
becomes more patient and when the probability of recognition of her
opponent increases. In fact, when 1 − 2δr−i < 0, player i ’s incentive
to moderate is strong enough for this player to propose θM = 0 for any
status-quo in equilibrium.

Second, because the game underlying Figure 8.4 is symmetric, it is
intuitive that a mirror equilibrium exists in which player L does not
moderate and uses a proposal strategy with her bliss-point θL = 1, while
player R moderates and uses a proposal strategy with strategic bliss-point
θ̂R = 1

2 . This multiplicity is driven by the strategic substitute nature of
moderation: when player L moderates player R has no incentive to do
so, while when player L does not moderate player R has incentive to do
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so. However, this multiplicity is non-generic and restricted to symmetric
games [73].
Third, K16 shows that the game underlying Figure 8.4 admits a

symmetric mixed strategy SMPE. Figure 8.5 shows key features of this
equilibrium. For status-quos outside Xm = [−3

2 , −1
2

] ∪ [1
2 ,

3
2

]
, both

players L and R use strategies similar to those from Figure 8.4, except that
both players use strategies with moderate strategic bliss-points θ̂L = −1

2
and θ̂R = 1

2 respectively. For any status-quo xt−1 ∈ Xm , player R mixes
over two proposals |xt−1| and θ̂R = 1

2 putting probability |xt−1| − 1
2 on

the latter. Player L mixes in the similar way over −|xt−1| and θ̂L = −1
2 .

(Figure 8.5 shows the mixing probabilities for xt−1 ∈ Xm .) This equi-
librium is symmetric and does not inherit the strategic substitute nature
of moderation and, interestingly, features policies outside the set of stati-
cally Pareto efficient policies [−1, 1] that are proposed and accepted with
strictly positive probability.
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Fig. 8.5 Symmetric mixed strategy equilibrium in the spatial model
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The game underlying Figures 8.4 and 8.5 features three symmetric
players and admits multiple SMPE. Going beyond this setup opens new
questions, some of which has been tackled by existing work. First, gener-
alizations of the model that have been studied include versions with three
asymmetric players (Z16), with general number of players [73], and with
multi-dimensional policy spaces and general utility functions [18, 71, 7,
14]. No study of the model with general voting rule exists.
Do all equilibria involve moderation driven by strategic incentives?

In fact, Dziuda and Loeper [43, 44] highlight that bargaining with
an endogenous status-quo leads to strategic polarization in bilateral
bargaining. The logic behind the moderating effect just discussed and
their polarizing effect is the same: with an endogenous status-quo a policy
determines both the current and future policies. Consider player L and
two policies x < x ′ both in [θL , θM ]. In the equilibrium described in
Figure 8.4, both x and x ′ are revised when player R proposes, but x
is revised to a policy that is worse for L than the policy x ′ is revised
to. Although player L prefers x to x ′, policy x brings about worse poli-
cies than x ′, and hence L’s preference for x becomes moderate or even
reverses as a result of an endogenous status-quo. Dziuda and Loeper
[43] study equilibria in which policies are unlikely to be revised, because
acceptance of a policy requires unanimity. In these equilibria, player L
prefers x to x ′ and x brings about better policies than x ′, and hence
L’s preference for x becomes stronger as a result of an endogenous
status-quo. An endogenous status-quo thus induces moderation over
policies that are revised when they become status-quo and polariza-
tion over policies that remain unchanged. The contrast between Dziuda
and Loeper [43, 44] and Z16 highlights the importance of voting rule
on polarization.

Finally, our understanding of dynamic bargaining models with
changing preferences is limited. Several papers partially advanced in this
direction: [67] assume fixed proposer; [40] compute equilibria numer-
ically; [43, 44] have two policies in the policy space; [10] have three
policies; [26, 27, 28] focus on two-period models. Similarly limited is
our understanding of models with a stochastic drift in policies [29, 30],
or models with endogenously changing policy spaces [31].
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8.6 Efficiency

Are the equilibrium outcomes of the dynamic legislative
bargaining models efficient? Answering this requires a framework
for thinking about (in)efficiency of political outcomes. One possibility
is to follow Besley and Coate [22] who draw a parallel with general
equilibrium theory: one defines feasible allocations and uses players’
preferences to decide, without reference to the process that determines
which allocations arise, whether an allocation is Pareto efficient or
not, and, only then, looks at the allocations that arise as a result of an
economic or political process.

Let ωt be the variables included in state st apart from xt−1, i.e.,
st = (xt−1, ωt), and let ω = (ωt)

T
t=0 ∈ 
. An allocation is

a contingent sequence of policies (xω)ω∈
 = ((xω
t )Tt=0)ω∈
 and is

feasible if xω
t ∈ X (xω

t−1, ωt) for all t and ω.12 A feasible allocation
(xω)ω∈
 is ex-ante dynamically Pareto efficient if there is no feasible allo-
cation (yω)ω∈
 such that (1 − δi )Eω[∑T

t=0 δti ui (y
ω
t , (yω

t−1, ωt))] ≥
(1 − δi )Eω[∑T

t=0 δti ui (x
ω
t , (xω

t−1, ωt))] for all i ∈ N , with at least
one inequality strict. For given ω, feasible xω is ex-post dynami-
cally Pareto efficient in ω if there is no feasible yω such that (1 −
δi )

∑T
t=0 δti ui (y

ω
t , (yω

t−1, ωt)) ≥ (1 − δi )
∑T

t=0 δti ui (x
ω
t , (xω

t−1, ωt ))

for all i ∈ N , with at least one inequality strict. Looking at a single
period t , xt ∈ X (st ) is statically Pareto efficient in st if there is no
yt ∈ X (st ) such that ui (yt , st) ≥ ui (xt , st) for all i ∈ N , with at
least one inequality strict.

General characterization of Pareto efficient policy sequences is an
open question.13 Nevertheless, we make the following general observa-
tions. First, in the distributive setting with policy space {x ∈ R

n+ :∑
i∈N xi ≤ 1}, ex-ante dynamic Pareto efficiency in the special case of

12 The variable ω is what [Mas-Colell et al. 60, chapter 19] call a state and should be understood
as a ‘complete description of a possible outcome of uncertainty’ (page 688). Our contingent
policy sequences are analogous to (state) contingent commodities, one of the central concepts
in general equilibrium under uncertainty.
13 See Anesi and Seidmann [9] for a discussion. Typically, Pareto efficient allocations maximize
utility of one player subject to a lower bound on the utilities of the other players. See [Mas-
Colell et al. 60, chapter 16] and Duggan [38] for details.
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linear preferences and homogeneous discount factors requires that poli-
cies do not involve waste, and, otherwise, requires that policy sequences
allocate larger shares to more patient players in later periods. The rotating
dictator equilibrium of Kalandrakis [53] is thus ex-ante dynamically
Pareto efficient, unlike many of the equilibria constructed by Anesi and
Seidmann [9], which are efficient only in special cases.

Second, with risk averse players, ex-ante dynamic Pareto effi-
ciency requires that policies track (only) the preference or policy space
relevant variables included in the states. Formally, an ex-ante dynamically
Pareto efficient(xω)ω∈
 needs to satisfy xω �= xω′

iff ω and ω′ differ
in preference and policy space relevant variables. The inefficiency arising
when policies are insensitive to relevant variables and are sensitive to irrel-
evant variables is what Bowen et al. [25] call, respectively, gridlock and
political risk. The latter is another source of inefficiency in Anesi and
Seidmann [9], while the former is a source of efficiency in Piguillem and
Riboni [63, 64], by serving as an (endogenous) commitment.
Third, if (xω)ω∈
 is ex-ante dynamically Pareto efficient, then, for

each ω, the policy sequence xω is ex-post dynamically Pareto efficient
in ω, and xω

t is statically Pareto efficient in (xω
t−1, ωt) for each ωt .14

This means that the static Pareto inefficiencies noticed by Riboni and
Ruge-Murcia [67], Dziuda and Loeper [43, 44] and Kalandrakis [55]
imply ex-post and ex-ante dynamic Pareto inefficiencies. The former
three papers single out the endogenous status-quo, under which poli-
cies determine players’ future bargaining position, as the source of the
inefficiency. The opposite holds in Bowen et al. [24] where endoge-
nous status-quo improves efficiency , while Bowen et al. [25] suggest
that efficiency might be achieved by combining exogenous and endoge-
nous status-quo. These contrasting results show that the link between
endogenous status-quo and efficiency is not fully understood.

14 See Mas-Colell et al. [60], chapter 19.D) for sketch of the argument.
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8.7 Open Questions

We end with what we deem to be open questions, beyond the ones
already mentioned. First, Anesi and Duggan [7] show that the large
multiplicity of SMPE observed by Anesi and Seidmann [9] for the
distributive model extends to other environments. Their result requires
infinite horizon, continuous policy space, patient players, absence of veto
players, and strictly positive recognition probabilities and hence does not
apply to a number of papers.15 Nevertheless, their work highlights that
the literature lacks an equilibrium refinements that would restore the
predictive power of the models it studies. Eraslan and Piazza [48] propose
refining MPE to ensure that the property chosen to refine MPE is satis-
fied in (i) a single player version of the model, and (ii) a finite horizon
version of the model. Specifically, they restrict attention to strategies
that satisfy a shape restriction that is also satisfied by the optimal policy
of a dictator. Remarkably, the refinement allows them to fully charac-
terize equilibria. Gersbach et al. [49] use similar refinement to establish
a unique equilibrium.

Second, although the surveyed literature includes a number of appli-
cations, further, especially economically relevant ones, should provide
novel insights.16 In particular, the dynamic nature of the surveyed models
seems to be well suited to the study of debt (see [65, 23], for headways),
dynamic issues of taxation (see [63, 59], for existing work), and should
be embedded in realistic macro models (see [50, 11], for early examples).
Third, a study of incomplete information is missing, which is an

obvious gap. Possible developments in this spirit include dynamic
bargaining with a stochastic pie size (as in [61]), or dynamic
bargaining with privately-observed type-dependent preferences (see [4],
for an initial contribution).

15 For example, Anesi [3], Diermeier and Fong [34], Dziuda and Loeper [43, 44], Anesi and
Duggan [6], Diermeier et al. [33] study models with finite policy spaces, Buisseret and Bern-
hardt [27, 28], Chen and Eraslan [31] focus on finite horizon, Duggan et al. [42], Diermeier
et al. [33], Nunnari [62] include veto players, and Riboni and Ruge-Murcia [67], Riboni [66],
Diermeier and Fong [35] feature fixed proposers.
16 A partial list of applications includes studies of lobbying [56], precedents [2, 32], mandatory
versus discretionary public spending [24, 25, 64], environmental policies [10], experimentation
[5].
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Finally, very little effort has been devoted to testing the predictions of
the surveyed models. The limited existing evidence comes from labo-
ratory experiments ([21, 20, 19, 17, 62, 1], see also the chapter on
laboratory experiments in this volume by Marina Agranov) and we are
not aware of any evidence using observational data.
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9.1 Introduction

In this chapter we survey the experimental literature on legislative
bargaining in committees. Legislative committees are typically comprised
of three or more members, each representing her own group of
constituencies, and are charged with making decisions using a pre-
specified set of rules and procedures dictated by institutions in place.
The focus of our survey will be on understanding the effects of these
rules on policies chosen by committees and bargaining process per se.
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We will not cover the papers that deal with two-person bargaining games
or unstructured bargaining.1

From a methodological point of view, we focus on incentivized
controlled laboratory experiments, which fall into the economics tradi-
tion. The chapter starts with a short description of the methodology used
in laboratory experiments. The remainder of the chapter looks at the
two main types of committees: ad hoc or temporary committees (one-
time decisions) and standing committees (repeated decisions by the same
committee). Rather than summarizing every experimental paper on this
topic, the chapter will attempt to identify the main insights about the
effects of institutional rules on the bargaining process and bargaining
outcomes.

9.2 Methodology of Laboratory
Experiments

Laboratory experiments in Political Science follow the principles of
Experimental Economics developed by Vernon Smith in the early 1970s,
and further advanced by Charles Plott, who was one of the first to
study the effects of political institutions and rules on policy outcomes
in non-market settings such as committees, elections, and juries.2,3 The
approach pioneered by Smith and Plott is the marriage of theory and
experimental designs (Plott and Smith 1978).

At the heart of theory-based experiments is the creation of simple yet
real economic environments, in which we observe real subjects making
decisions with real economic consequences. While the settings studied in
these experiments are usually very complex, the objective of the exper-
iments is to provide clean tests of core theories of human behavior;
theories that are often hard to test using field data due to the scarcity of

1 See Roth (1995) and Palfrey (2015) for excellent surveys of two-person bargaining experiments
and unstructured bargaining.
2 See, for instance, the influential paper by Fiorina and Plott (1978) who experimentally test
the basic theory of the core in small committees and examines its robustness with respect to
the fine details of committee rules.
3 For the survey of the early history of Experimental Economics see Roth (1993).
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such data, unobservability of counterfactuals, endogeneity problems, and
other confounding factors that prevent identification of causal effects. If
theoretical predictions fail in the simplest and most transparent version
of the model, i.e., in the laboratory experiment, that casts serious doubt
on the usefulness of the theory as applied to complex settings.
The key features of the laboratory experiments are control, incen-

tives, and replicability. Participants in the experiments operate under
a controlled and carefully designed set of institutional rules and are
provided monetary incentives that are linked to their behavior and reflect
trade-offs captured by theory. These incentives are crucial, as hypothet-
ical behavior may diverge from how participants behave when their
decisions have real consequences measured in monetary terms. Finally,
most of the experiments frame the task in a neutral way avoiding labels
that may influence participants’ decisions. The advantages of context-
free designs include the ease of replicability and general inferences that
one can make about effects of institutions on behavior absent any specific
context. For the literature discussing the methodology of controlled labo-
ratory experiments see Davis and Holt (1993), Roth (1988), and Smith
(1976, 1989).

9.3 Ad hoc Committees

Experimental literature on legislative multilateral bargaining originated
with studies of ad hoc committees that distribute fixed budgets among
members with conflicting interests, i.e., the divide-the-dollar game. The
conflict of interest between members represents the classical economic
problem of scarcity of resources since each member would like to
deliver a higher share to her constituencies. The workhorse model in
this literature is Baron and Ferejohn (1989). It provides a natural and
parsimonious formulation of the bargaining protocol, which lends itself
easily to incorporation of various institutional features present in real
committees. As a result, it serves as a theoretical benchmark for many
experimental papers that investigate the effects of institutional rules on
implemented policies.
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9.3.1 Overview of Baron and Ferejohn (1989) Model

A committee of size n decides how to allocate a unit of resources among
its members; i.e., this is the divide-the-dollar game. Each committee
member is a legislator representing constituencies in her district. The
game has an infinite-horizon with common discount factor δ ∈ (0, 1]
applied between bargaining stages. The discounting captures the cost of
delay in reaching the agreement. Each member cares about the share allo-
cated to her district only; i.e., the utility of member i when proposal
x with share xi allocated for member i is implemented in stage t is
Ui = δt−1xi . The bargaining protocol is an extension of the two-person
bargaining protocol of Rubinstein (1982) to a multi-person bargaining
situation. Specifically, the recognition rule specifies the probability that
each member is selected to be the proposer in a bargaining stage, and the
voting rule specifies the number of votes required to pass the proposal.
At the beginning of each bargaining stage, based on the recognition
rule, one member is selected to be the proposer. The proposer submits a
budget allocation x = (x1, x2, ..., xn) where

∑n
i=1 xi ≤ 1 and xi ≥ 0

for all i. Committee members observe the allocation vector x and vote
either to support or to reject it. If the proposal receives the required
number of positive votes, then the allocation is implemented and the
game is over. If, however, the proposal fails, then the committee moves
on to the next bargaining stage, in which again one of the members is
selected to serve as the proposer based on the recognition rule and she
proposes an allocation, which is then put to a vote. The process repeats
itself until one of the proposals obtains the required number of votes;
otherwise, all members receive zero payoffs.
This game admits a plethora of subgame-perfect equilibria: for suffi-

ciently high δ and n any allocation can be maintained as part of a
subgame perfect equilibrium. To increase the predictive power of this
model, the literature has focused on the stationary equilibria (SSPE),
which restrict attention to memoryless strategies.4 The unique symmetric
SSPE in the case of a uniformly random recognition rule prescribes the

4 See Baron and Kalai (1993) who argue that a stationary subgame-perfect equilibrium is the
simplest and therefore most likely subgame-perfect equilibrium.
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proposer to allocate positive shares to a minimum winning coalition and
appropriate the remainder of resources. Specifically, if q ≤ n votes are
required to pass the proposal, then q − 1 randomly selected members
are invited into a coalition and receive xCoalition = δ

n , while the proposer
gets a larger share of xAS = 1 − (q − 1) δ

n ; the remaining members
get nothing. The coalition partners vote in favor of the proposal, which
guarantees that agreement occurs immediately without any delay.

In the remainder of this section, we survey experimental papers that
address many variants of this basic game focusing on games with an
infinite horizon. Palfrey (2015) surveys the finite-horizon lab implemen-
tations of the Baron-Ferejohn model.

9.3.2 Bargaining Protocol

The first laboratory experiment to investigate the infinite-horizon model
of Baron-Ferejohn is Frechette, Kagel, and Lehrer (2003).5 The exper-
iment compares two types of amendment rules: the closed one, in
which submitted proposals are immediately put to a vote, and the open
one, in which submitted proposals are subject to possible amendment
by a randomly selected committee member. The theory predicts that
the equilibrium in the game with the open amendment rule might
feature delays in agreements, larger than minimum winning coalitions,
and smaller proposers’ shares compared with the game with the closed
amendment rule.

Frechette et al. (2003) test these predictions using five-member
committees and observe that the main theoretical predictions regarding
the effects of amendment rules are borne out in the data. Specifically,
the closed rule produces no delays, while there is considerable delay
in the open rule committees. Proposers enjoy higher shares than any
other committee members in both rules, with the closed rule featuring
higher proposers’ shares than the open rule. However, in both treat-
ments, proposers appropriate a much smaller fraction of resources than
the theory predicts even after subjects play the game many times. Finally,

5 For the very first test of Baron-Ferejohn model see McKelvey (1991) who implements the
finite-horizon version of the game.
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despite the fact that parameters of the game were chosen so that only
minimum winning coalitions should arise in both treatments, larger than
minimum winning coalitions are frequent in the open rule committees,
while the most common coalition size is minimum winning in the closed
rule committees.
What determines bargaining power of players in multilateral

bargaining games? Frechette et al. (2005a, b) design a series of exper-
iments to separate out two natural suspects: the voting power, i.e.,
the number of votes controlled by each member and the recognition
power, i.e., the likelihood of being selected to serve as a proposer. The
authors conduct experiments, in which they vary voting and recogni-
tion powers one at time and contrast predictions of the Baron-Ferejohn
model with Gamson’s Law, which is the popular competing model of
coalition formation in Political Science. According to Gamson’s Law,
coalition members receive shares of resources proportional to the voting
power that they bring to the coalition. The experimental data shows that
the Baron-Ferejohn model organizes results better than Gamson’s Law;
however the fit of the Baron-Ferejohn model is not perfect.6

Does the bargaining protocol per se have an effect on what tran-
spires during bargaining sessions and which outcomes are implemented?
This is the question studied by Frechette et al. (2005c) who compare
two bargaining protocols: the Baron-Ferejohn protocol and the alter-
native model of bargaining developed by Morelli (1999) called the
demand bargaining model. According to the demand bargaining model,
committee members are randomly ordered and make sequential demands
until a subset of feasible demands emerges that holds a majority share of
votes. If there is no feasible winning coalition when all members have had
their turn to speak, then the process starts all over again with discounted
payoffs. Theoretically, the demand bargaining model predicts allocations
which are proportional to voting weights and no first mover advantage.7

6 See also Maaser et al. (2019) who compare three nominally different representations of
majority rule in a Baron-Ferejohn game with five players and find that while inexperienced
players respond to the framing of the voting rule, effects are weak for experienced players.
7 Breitmoser and Tan (2013) study experimentally a simultaneous version of the demand
bargaining game with three players, in which two non-proposers submit demands to the
proposer, who proposes an allocation after observing these demands. If at least one demand
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The experiment considers five-member committees without discounting,
two bargaining protocols and two sets of parameters: one, in which all
voters have equal voting weights, and another, in which one member
has three times the voting weight as other members. The data shows
that in demand bargaining sessions, proposals are more likely to pass
in the first bargaining stage as compared with Baron-Ferejohn sessions.
Most of the implemented allocations are minimum winning in both
bargaining protocols. In the treatment with equal voting weights, the
first-mover appropriates a higher share of resources compared with other
coalition members in both protocols; this advantage is stronger in the
Baron-Ferejohn sessions. However, in the treatment with unequal voting
weights, proposers who control higher numbers of votes appropriate
shares comparable to those of other coalition partners, and overall, the
outcomes are much more similar between the two bargaining protocols
than the theory predicts.

9.3.3 Voting Rules and Continuation Values

The effects of voting rules are explored in Miller and Vanberg (2013,
2015). Miller and Vanberg (2013) compare three-person commit-
tees that use majority and unanimity voting rules focusing on delay in
bargaining. The theory predicts immediate agreement irrespective of the
number of votes required to pass the proposal. In fact, the only differ-
ences between the two voting rule treatments should be the number
of non-agenda setter players that are included in the coalition and
the proposer’s share. Consistent with the theory, experimental results
show that majority committees feature mostly minimum winning coali-
tions, while the unanimity committees feature all-inclusive coalitions.
However, contrary to the theory, unanimity committees take longer
to reach agreements and, moreover, while proposers appropriate higher
shares of resources than any other committee member, these shares are
below those predicted by the theory. These results speak to the work
of Buchanan and Tullock (1962) who argue in favor of approximate

is satisfied by this allocation, then it is implemented and the game ends. Otherwise, the next
bargaining round begins.
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unanimity rules given that less inclusive voting rules involve higher
external costs of collective decisions defined as the cost associated with
the coercion of the minority. In a follow-up paper Miller and Vanberg
(2015) consider the effect of group size (three-person versus seven-person
committees) on the frequency of delay in bargaining under both voting
rules. Under the unanimity rule, the delays occur equally often in both
large and small committees, while under the majority rule , the delays
are more frequent in large than in small committees.

Frechette and Vespa (2017) zoom in on the voting behavior of
non-proposers. The authors vary subjects’ discount factors to generate
substantial variation in their continuation values and uncover the deter-
minants of voting in favor of the proposal. The results show that about
90% of all voting choices are consistent with the equilibrium prediction
of voting in favor of a proposal whenever one’s own share is higher or
equal to the continuation value. This suggests that the equilibrium voting
rule formulated based on the continuation value principle organizes data
better than alternative behavioral rules which do not take continuation
values into account.

Breitmoser and Tan (2017) compare a standard infinite-horizon
Baron-Ferejohn game with discount factor δ = 0.95 with a one-period
game, in which players are paid their continuation payoffs from the first
game if they do not reach agreement in the first period of the game.
While the two games are strategically equivalent for payoff-maximizing
players, the experimental results show substantial differences, which are
best explained by the reference dependent altruism model, according
to which a player’s degree of altruism is low if her payoff is below the
reference point and high otherwise.

9.3.4 Voting Power

Kagel, Sung and Winter (2010) study the effect of granting some
members veto power which can inefficiently prolong the process of
reaching the agreement and award its holder excessive power. The
authors study the three-member committees with and without a veto
player and vary costs of delay. While, in theory, no delay should be
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observed in either treatment, there are more delays in committees with a
veto player especially when the cost of delay is low. Most of the difference
comes from the inability of non-veto proposers to pass their proposed
allocations right away. Results show that veto players obtain signifi-
cantly higher shares when serving as proposers than both other non-veto
proposers and proposers in the control treatment with no veto power;
however, these shares of the veto proposers are still below the theoret-
ically predicted ones. Consistent with the theory, the increase in the
costs of delay increases the willingness of players without veto power to
accept lower shares. Finally, the authors conduct an additional treatment
in which they disentangle the proposer power and the veto power and
find that veto power trumps proposer power.

Drouvelis, Montero, and Sefton (2010) study changes in voting power
driven by adding new committee members holding fixed the budget and
the voting rule. The authors find that the addition of a new member
has differential effects on the bargaining power of the original members
depending on whether the original members had veto power or not.8

9.3.5 Communication

Several recent papers have analyzed the effects of cheap-talk commu-
nication that precedes formal bargaining. Theoretically, it is not clear
why communication should have any effect in the Baron-Ferejohn
game, since this is the game with complete information, in which one
should be able to compute players’ continuation values without talking
to each other. Consistent with this intuition, SSPE predictions in the
Baron-Ferejohn game do not change when bargainers have access to
communication channels.

Agranov and Tergiman (2014) study five-member committees that
use the majority voting rule and allow members to send any free-form
messages to any subset of the committee before the proposer submits
the allocation for the vote. The results show that the introduction of

8 For the investigation of a vote of confidence procedure, which links the survival of a winning
coalition to the successful passage of a bill in a finite-horizon Baron-Ferejohn game see Tergiman
(2015).
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communication moves outcomes closer to those predicted by SSPE:
delays almost never happen, the vast majority of passed allocations
feature minimum winning coalitions, and, most importantly, proposers
appropriate significantly higher shares when communication is allowed.
The mechanism that drives these results resembles an auction for a place
in the coalition, which occurs between the non-proposers. Given that
a simple majority is enough to pass a proposal, non-proposers compete
with each other for a place in the coalition by announcing their reser-
vation prices. The proposer exploits this competition and invites into
the coalition the ‘cheapest’ members and appropriates the remaining
resources. Baranski and Kagel (2015) confirm these results and the
mechanism underlying them with the committees of three members.
The introduction of communication in unanimity committees leads

to very different outcomes. Agranov and Tergiman (2019) show that
in unanimity committees communication leads to more egalitarian
outcomes and significantly reduces delay in reaching agreements as
documented by Miller and Vanberg (2013) in experiments without
communication. The differential effect of communication in unanimity
versus majority committees comes from different uses of communica-
tion channels in the two voting rules. In the majority committees, most
communication is private and contains conversations about amounts
non-proposers are willing to support in the voting stage, while in the
unanimity committees, most communication is public and contains
conversations about fairness, equality and social concerns. These conver-
sations despite being cheap-talk affect the behavior of proposers, espe-
cially in the unanimity treatment, in which each member de facto has a
veto power.

Merkel and Vanberg (2020) introduce explicit costs to communi-
cation: every second of communication increases the probability that
the game is terminated before a proposal can be made, in which
case each player receives an exogenously fixed value with the sum of
values being smaller than the budget size. The results show that the
unanimity rule leads to longer communication delays and more frequent
breakdowns especially when disagreement values are asymmetric.
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9.3.6 Bargaining with Public Goods and Public Policy

Frechette, Kagel and Morelli (2012) study a modification of the Baron-
Ferejohn game, in which a budget can be allocated to both public good
and private transfers to individual members of the legislature. Members
value both a public good and private transfers and the experiment varies
the parameter α, which governs the relative weight members attach to
private goods in their payoff function. This experiment is based on the
theoretical paper by Volden and Wiseman (2007), which predicts full
investment in the public good for low values of α and no investment in
the public good for high α. For the intermediate values of α, we should
observe both public and private goods, with a somewhat counterintuitive
prediction that the investment in the public good increases with α, which
results in a non-monotonic relationship between α and the proposer’s
private share.9 The experimental results are at odds with this last predic-
tion for the intermediate values of α, but track theory closely for low
and high values of α. Other characteristics of bargaining outcomes are
similar to those observed in previous Baron-Ferejohn games: delays are
rare, proposers’ shares tend to be higher than those of other coalition
partners but lower than predicted and minimum winning coalitions are
frequent (in the appropriate region). Overall, consistent with the exper-
imental literature on the voluntary provision of public goods , public
good provision is substantially higher than predicted (see the survey of
voluntary public good games by Ledyard [1995]).
Christiansen et al. (2014) consider a related but different setting in

which a three-person legislature bargains over the public policy with or
without the availability of private goods. The experiment is based on
the model of Jackson and Moselle (2002). In all treatments, members
have a single-peaked preferences over public policy with different ideal
policies. In addition, in a treatment with private goods, there is a fixed
budget available to be distributed between committee members. The
bargaining protocol is standard with an equal recognition rule and no
discounting. Theoretically, in games without private goods the median

9 This prediction is driven by the linearity in preferences and does not hold for more general
types of preferences.
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preferred policy should emerge. Under the parameterization used in the
experiments, in games with private goods, we expect to see the shift in
average implemented policy (towards one of the extreme legislators) and
positive probability of coalitions that exclude the median legislator and
instead consist of two extremists. Experimental results show the shift in
location of public policy when private transfers are introduced, which
is in line with the theoretical prediction. First stage proposals are much
more likely to pass in games with private transfers than in games without
private transfers consistent with the “greasing the wheels” interpretation
of private transfers. Total welfare of the committees is generally higher
when private transfers are available.10 All this evidence highlights the
positive role of private transfers in bargaining in ad hoc committees.

9.3.7 Bargaining over Endogenous Budgets

Several recent papers investigate the Baron-Ferejohn bargaining game
augmented by the production stage in which surplus to be divided
through bargaining is created. Baranski (2016, 2018) compares the
two versions of such a game: the redistributive game, in which the
production stage precedes the bargaining stage, and the pre-distribution
game, in which the production stage occurs after the bargaining stage.
The production of a joint surplus resembles the public good game,
i.e., players allocate their endowment between private consumption and
investment in the joint project; the sum of contributions into the joint
project is scaled up by a factor of two to produce the joint budget.
The bargaining stage follows the standard Baron-Ferejohn protocol with
equal recognition probabilities, majority voting rule and no discounting.
Theoretically, the production stage in the redistribution game is similar
to the standard public good game, since shares allocated to subjects in
the bargaining stage are independent of their contributions. Thus, the
theory predicts no individual investments in the production stage. In
the pre-distribution game, the proposer is expected to appropriate the
whole budget, and, thus, he is the only one expected to contribute his

10 Christiansen et al. (2018) study how framing of the bargaining problem affects bargaining
outcomes in a similar environment.



9 Legislative Bargaining Experiments 191

whole endowment to the joint production. In the experiment, indi-
vidual contributions in the two games are different but not consistent
with the theory predictions. In the redistribution game, investments
rise with experience towards an efficient rather than an equilibrium
outcome. In the pre-distribution game, subjects’ contributions decline
over time and joint budgets converge to zero. Contrary to the theory,
many coalitions are all-inclusive rather than minimum winning, which
drives down proposers’ shares. Finally, in the redistribution game players
obtain shares proportional to their individual contributions, while in the
pre-distribution game, players free-ride in the production stage, which
results in unravelling towards no contributions.

Merkel and Vanberg (2019) compare how claims based on contribu-
tions to production affect bargaining behavior under the majority and
unanimity rule in a redistribution game, in which the budget to be
divided is produced by an individual real effort task. Under both voting
rules, observed outcomes constitute a convex combination of equal-
splits and splits proportional to relative contributions.11 Taken together,
these studies suggest that distribution of endogenously created budgets
are quite different from exogenous ones despite the fact that the same
bargaining protocol is used to govern the bargaining process.

9.3.8 Effect of Malapportionment

Vespa (2016) explores legislative committees which consist of members
who represent communities of different sizes. He studies two commonly
used institutions that introduce malapportionment in voting power in
legislative committees, which are meant to protect the rights of minority
groups. The two institutions are bicameralism and weighted voting.
The bicameralism system requires the approval of a proposal from two
chambers, House and Senate, and implements proportional represen-
tation in the House and a fixed number of senators in the Senate.
Weighted voting has a unicameral committee with higher representation

11 Gantner et al. (2016) compare different bargaining procedures, all of which require unan-
imous consent to reach agreement, and also find that fairness judgments reflect individual
contributions.
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of more populated states. The experiment is concerned with under-
standing how implemented allocations change in response to the two
institutions described above and to changes in the recognition proba-
bility of members representing groups of constituencies of different sizes,
i.e., states. Several treatments are conducted with variation in the insti-
tution used to pass the proposals as well as the recognition probability of
members. All treatments use a variant of the Baron-Ferejohn bargaining
protocol with a closed amendment rule and no discounting. The results
show support for qualitative prediction of the theory, which suggests
that proposer power can be used to equalize per-capita allocations under
bicameralism, but not under weighted voting. Under bicameralism, final
allocations feature no difference across members representing states of
different sizes if all members have the same probability of being recog-
nized as the proposer. On the contrary, members representing small
states appropriate a higher per-capita share of resources under weighted
voting and in case recognition probabilities are malapportioned under
bicameralism.

9.4 Standing Committees

Many bargaining situations involve repeated interactions. This is
certainly true in legislatures which operate by standing committees that
interact repeatedly year after year and bargain over the allocation of scarce
resources over the sequence of budget cycles rather than just once. The
experimental literature on dynamic bargaining , which we survey below,
is still in its infancy and has been developing rapidly over the past few
years.

9.4.1 Dynamic Bargaining with Endogenous Status
quo

The first studies of dynamic bargaining introduced dynamics by linking
decisions of the committee over several budget cycles via endogenous
status quo determined by previously implemented outcomes. The game
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was introduced theoretically by Kalandrakis (2004) and studied experi-
mentally by Battaglini and Palfrey (2012). In the game, the committee
with n members must decide in each of an infinite number of periods
how to allocate a fixed budget among its members using the majority
voting rule. The agenda setter is selected randomly in every period.
If the allocation proposed by the agenda setter receives a majority of
votes, then this allocation is implemented, the current cycle ends, the
committee moves on to the next bargaining cycle and the implemented
allocation becomes the status quo for the next cycle. However, if the
current proposal fails to achieve the support of the majority, then the
status quo policy is implemented. Theoretically, there exists a Markov
Perfect Equilibrium in undominated strategies, in which regardless of
the initial status quo, the trajectory of implemented allocations converges
to a rotating dictatorship with the current proposer appropriating the
whole budget and such allocations passing without any delay.

Experiments conducted by Battaglini and Palfrey (2012) consider
several versions of this game with three-member committees and
discount factor δ < 1. In two of the three treatments, the set of possible
allocations was limited, while in the third treatment proposals could be
any three-way split of the budget with fine grid. The allocations in the
first two treatments were chosen in such a way that the three-way equal
split is the Condorcet winner and the absorbing state in the first treat-
ment and a Condorcet loser in the second treatment. The experimental
results were quite mixed with the second treatment showing patterns
most closely tracked by theoretical predictions. The unconstrained third
treatment shows a lot of egalitarian outcomes, which are not predicted by
the theory. The authors show that concavity of utility (instead of linearity
assumed in the theory) is able to decrease the gap between theoretical
predictions and observed outcomes.

9.4.2 The Effects of Communication

Baron, Bowen, and Nunnari (2017) extend the unrestricted treatment
of Battaglini and Palfrey (2012) by allowing the committee members to
communicate with each other either through a public chat or privately



194 M. Agranov

and study the effects of communication on bargaining outcomes and the
coalition formation process. Similar to the results obtained by Battaglini
and Palfrey (2012), when communication channels are not available,
dictatorial outcomes are almost never observed, most outcomes feature
all-inclusive coalitions, and less than a third are minimum winning coali-
tions. Private communication decreases the fraction of all-inclusive coali-
tions and boosts the number of minimum winning coalitions to nearly
half of all outcomes. In contrast, public communication increases the
number of all-inclusive coalitions and essentially eliminates minimum
winning coalitions. Durable coalitions emerge more frequently and last
longer when communication is allowed. The contents of communi-
cation logs show patterns similar to the ones observed in the static
bargaining games with communication (see Agranov and Tergiman
2014). In particular, public communication by non-proposers is corre-
lated with all-inclusive three-way allocations. Moreover, advocating for
fairness increases the fraction of an all-inclusive allocation, while advo-
cating for minimal winning coalitions and one’s own allocation decreases
this fraction.

9.4.3 Veto Power

The introduction of the veto players in the dynamic bargaining may
lead to status quo inertia and even larger leverage of the veto players
as compared with the static bargaining games with veto players. Nunnari
(2019) investigates experimentally these concerns by studying a dynamic
bargaining game with three players and an endogenous status quo . The
experiment manipulates the strength of dynamic incentives captured by a
variation in the players’ degree of patience (discounting) and the presence
of a veto player. The empirical investigation of this setting is particularly
warranted since even when one focuses on the Markov Perfect Equilibria,
theoretical predictions depend strongly on the assumptions about the
space of feasible allocations, initial status quo , and discount factors (see
Diermeier et al. 2017; Nunnari 2018). Experimental results show that in
games with a veto player most outcomes allocate a positive share to the
veto player and to at most one non-veto player, and allocations which
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give most resources to the veto player are stable and absorbing state
with share of the veto player gradually increasing over time. Further,
the frequency of dictatorial and all-inclusive three-way coalitions does
not depend on players’ patience, and allocations that give a substantial
amount of resources to both non-veto players are more likely to survive
when committee members are more patient.

9.4.4 Public Good Accumulation

Several papers have considered the ability of legislatures to provide
public goods in dynamic settings. These papers consider a legislature
with n members which divides a fixed budget between durable public
good and private transfers to individual members over a sequence of
periods. Members value both public good and private transfers. The
bargaining protocol is the Baron-Ferejohn protocol with a randomly
chosen proposer in every period. The passage of a proposal requires
obtaining the support of q members. If the proposal fails, then the
status-quo policy with no public good investment is implemented.
The first paper of this kind is Battaglini, Nunnari, and Palfrey

(2012) who study an infinite-horizon model. Theoretically, Markov
Perfect Equilibria feature a monotonic relation between the steady-state
provision of public goods and the voting rule: higher q implies higher
provision of public goods.12 Battaglini et al. (2012) test theory predic-
tions with five-member committees, no depreciation, and three different
voting treatments: unanimity rule (q = 5), majority rule (q = 3)
and dictatorship rule (q = 1). Experimental results confirm the main
comparative static predictions of Markov perfect equilibria: a higher q
leads to higher investment in the public good. However, similar to the
static voluntary provision public good experiments and the public good
provision in static legislatures described above, the authors observe signif-
icant over-investment in the public good in the early rounds of play

12 There are two effects at play. First, similar to the static environment, a higher q forces the
agenda setter to internalize a larger share of the public good. Second, a higher q reduces the
worry about the future proposers’ incentives to appropriate the current public good investments,
which is only present in dynamic settings.
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for all three voting rules. This over-investment is mainly compensated
by disinvestments in the later rounds in all three treatments. Within
each bargaining round, most of the proposals pass without invoking the
status-quo and most feature allocation of private transfers to minimum
winning coalitions.

Agranov et al. (2016) design an experiment to empirically estimate
relative magnitudes of static and dynamic distortions in a dynamic
bargaining game. The experiment utilizes variation in depreciation rates
across treatments in order to identify the importance of dynamic linkage
between periods, and decomposes dynamic distortions into two types
of distortions: crowding-out effect and durability effect. Experimental
results show that dynamic inefficiencies can be large and increase with
a dynamic link across periods. Among the two types of dynamic distor-
tions, the durability effect is large in magnitude, while the crowding-out
effect is less pronounced. The analysis of individual strategies shows that
many subjects choose high public good investments in the first periods of
the game and then shift towards minimum winning coalitions, excluding
members who do not invest enough in the public good in early periods
and rewarding those who do by including them in their coalitions.

Finally, Battaglini et al. (2019) modify this game by introducing the
possibility of borrowing and lending between periods and uncertainty
about the future value of the public good. The theory predicts that the
proposer issues too much debt and uses these funds for private transfers
to get the support of members of the minimum winning coalition. The
amount of debt is decreasing in the size of the required majority and
converges to an efficient level for the unanimity rule. For a fixed voting
rule, the equilibrium level of debt is decreasing in the probability that the
public good has a high value in the future. The treatments vary the voting
rules, the distribution of the future public good value, and the presence
of commitment. The experimental results show many patterns consistent
with the theory. Public policies are inefficient, and efficiency is increasing
in the number of votes required to pass the proposals, q. Observed
levels of debt are lower when the probability of future negative shocks
is higher. When proposers can commit to a policy in early periods, the
dynamic distortions are essentially eliminated. However, contrary to the
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theory, most of the time subjects choose allocations which are budget-
balanced in each period of the game, which leads to lower distortions
than predicted. In addition, consistent with the insights of the static
bargaining experiments, higher q leads to more delays in reaching the
agreements.

9.4.5 Agenda Setting Rules

Agranov, Cotton, and Tergiman (2020) consider the dynamic
bargaining settings without the status-quo structure, and, instead, focus
on the agenda-setting rules. The paper studies both theoretically and
experimentally two versions of the infinitely repeated multilateral divide-
the-dollar game: the Endogenous Power game and the Random Power
game. In the Endogenous Power game, the proposer can hold onto
power across bargaining rounds as long as she maintains the support of a
majority of other members. In the Random Power game, the proposer is
chosen randomly in every bargaining round. Under the standard station-
arity refinement, the two games are outcome equivalent, since station-
arity rules out the ability of the proposer to reward those who supported
her in the past. This eliminates any incentives that players have to keep
a proposer in power, and results in high turn-over of proposers and
outcome-equivalence in both games. Contrary to the theory, the exper-
imental analysis shows substantial differences in behavior and outcomes
across the games. In the Endogenous Power game, proposers use insti-
tutional rules to their advantage and remain in power for long stretches
of time. This, coupled with the fact that proposers obtain on average
higher shares than other members creates a high level of inequality in
the long-run payoffs between committee members. Slightly over half
of observed coalitions are minimum winning, while the remaining are
all inclusive coalitions. In general, the evolution of coalitions across
cycles features stability across several dimensions: coalition size, identity
of coalition partners and their shares. On the contrary, when rota-
tion in proposers’ power is institutionalized as in the Random Power
game, persistence of power is not possible by design, which reduces the
inequality in members’ long-run payoffs. This also affects which types of
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coalitions are formed and passed within each round. Most outcomes in
the Random Power game feature all inclusive coalitions with equal splits
among all members. Overall, the experimental data clearly show that in
both games, subjects use strategies that involve punishments, reciprocity
and history dependence—all properties that contradict the stationarity
refinement. This casts serious doubts on the ability of the stationary
refinement to organize the data for the dynamic bargaining games despite
its very good fit in the one-shot bargaining games.

9.5 Future Directions

As is apparent from this short survey, we have accumulated a much more
nuanced understanding of how institutional details of the bargaining
process affect bargaining dynamics and outcomes in the ad hoc commit-
tees that are dissolved after reaching the agreement. Much less is known
about the functioning of standing committees which interact repeat-
edly. Existing studies of dynamic bargaining paint a clear picture which
prevents a simple extrapolation of results from one-shot bargaining envi-
ronments to the dynamic ones. This makes future studies of dynamic
bargaining environments both exciting and complex due to the many
forms that dynamic interactions take in legislatures. The progress in
this literature will crucially depend on the dialog between two dimen-
sions: (a) the development of appropriate theoretical refinements that
can narrow down the set of possible outcomes and bargaining trajec-
tories one can expect to emerge in dynamic environments, and (b) the
collection of richer data sets which will be used to evaluate theoretical
predictions and inform the theory of missing forces.
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10
Market Institutions, Prices

and Distribution of Surplus: A Theoretical
and Experimental Investigation

Nick Feltovich and Nejat Anbarcı

10.1 Introduction

In this chapter, we use a lab experiment to investigate the effects of
the market institution (the rules under which prices are determined) on
market outcomes such as prices, efficiency and profits. We exogenously
vary the institution under which the good is traded, and we compare the
outcomes. While previous studies have experimentally compared market
institutions, they have typically assumed financial-market contexts with
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E. Karagözoğlu and K. B. Hyndman (eds.), Bargaining,
https://doi.org/10.1007/978-3-030-76666-5_10

203

http://crossmark.crossref.org/dialog/?doi=10.1007/978-3-030-76666-5_10&domain=pdf
https://doi.org/10.1007/978-3-030-76666-5_10
mailto:nicholas.feltovich@monash.edu
mailto:nejat.anbarci@durham.ac.uk
https://doi.org/10.1007/978-3-030-76666-5_10


204 N. Feltovich and N. Anbarcı

buyers and sellers meeting in a central location, and emphasising double
auctions (e.g., Smith 1964; Cason and Friedman 2008; Van Boening
and Wilcox 2008). We instead focus on goods markets, with two
primary implications. First, we adapt a decentralised directed-search
setting (Montgomery 1991; Burdett et al. 2001), where sellers compete
for buyers by posting prices, and buyers direct their search based on the
information they receive. Directed search implies a greater role for fric-
tions: even though all potential exchanges are mutually profitable, sellers
may be visited by too few or too many buyers, meaning there will be both
buyers and sellers who are unable to trade. Also, though our markets have
equal numbers of buyers and sellers overall (either 2 sellers× 2 buyers or
3× 3), the realisations of buyers’ visit choices mean that some sellers will
face local excess demand and others will not.
Second, our comparison involves three market institutions more

typical of goods markets. Under non-negotiable price posting (“posting”),
sellers post prices which are observed by buyers prior to the visit choice,
and any trade is at the posted price. Under negotiated prices (“haggling”),
no prices are posted; instead, the price is determined after buyers have
made their visit choices, either by bilateral bargaining if the seller faces
only one buyer, or by auction if the seller faces multiple buyers. Under
price posting with negotiation (“flexible pricing”), sellers post prices that
are non-binding: negotiable downwards by bargaining or upwards by
auction, depending on how many buyers visit the seller. There has been
some comparative theoretical analysis of these institutions and related
ones (Lu and McAfee 1996; Kultti 1999; Julien et al. 2000, 2001, 2002;
Albrecht et al. 2006; Camera and Selcuk 2009), but we are unaware
of any previous controlled experimental studies. We also add to a small
but growing literature on experiments involving directed-search markets
(Cason and Noussair 2007; Anbarci and Feltovich 2013, 2018; Anbarci
et al. 2015; Kloosterman 2016; Helland et al. 2017; Kloosterman and
Paul 2018). In particular, we are (to our knowledge) the first to consider
the possibility that the outcome depends on the number of buyers
visiting a seller.

Market outcomes in our experiment are only partly in line with the
theory. There are substantial deviations from point predictions, with effi-
ciency lower under haggling and flexible pricing, and sellers’ profits lower



10 Market Institutions, Prices and Distribution of Surplus … 205

under haggling and flexible pricing but higher under posting. These devi-
ations affect comparisons of the institutions, with observed seller profit
in the 2× 2 market higher under posting than under flexible pricing, the
opposite sign of the theoretically predicted effect. These results may be
due in part to deviations in the bargaining and auction stages. Bargaining
in our haggling treatment favours the seller, who receives roughly 55%
of the cake in agreements despite this being a symmetric bargaining
setting. Bargaining under flexible pricing is even more skewed towards
sellers, with little tendency for even high posted prices to be negoti-
ated downwards. Auction results also favour the seller, though not to the
extent implied by the theory. Disagreements are also inconsistent with
the theory (though not surprising in experiments); these occur about
10% of the time in bargaining and about 3% in auctions.

10.2 Theory and Experiment

We consider m×n markets, with m ≥ 2 sellers and n ≥ 2 buyers. Sellers
produce a single unit of a homogeneous, indivisible, perishable good.
Identical buyers each have a valuation of 20 for a single unit. Trading
takes place under one of three exogenously imposed market institutions
(see Fig. 10.1). Under posting , sellers simultaneously post prices in [0,
20]. Buyers observe these prices and each simultaneously chooses a seller
to visit. A seller visited by at least one buyer sells at the posted price; in
the case of multiple buyers, one is chosen randomly to buy, while the
other buyers are unable to buy.

Under haggling , sellers do not post prices, so buyers simultaneously
choose a seller to visit based on zero information. If exactly one buyer
visits a seller, they bargain over the price under Nash’s (1953) demand

Fig. 10.1 Sequence of decisions in the experiment (P = posting, H = haggling,
F = flexible pricing)
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game, with buyer and seller each simultaneously proposing a single price
in [0, 20]. (This is strategically equivalent to the standard formulation
where each bargainer claims a share of the available surplus.) If the
buyer’s “bid price” is at least as high as the seller’s “offer price”, they
trade at a price halfway between these; otherwise they do not trade. A
seller visited by two or more buyers conducts a second-price auction,
with buyers’ bids and the seller’s reserve price chosen simultaneously in
[0, 20]. If one or more bids is at least as high as the reserve price, the
seller sells to the highest bidder, and the price is the larger of the reserve
price and the second-highest bid. If all bids are below the reserve price,
the unit is “passed in” (unsold).

Our third institution, flexible pricing, combines aspects of the other
two. Sellers post prices in [0, 20], after which buyers are informed of
these and choose whom to visit. However, these prices are negotiable.
If a seller posting price pp is visited by exactly one buyer, they play
a Nash demand game as under haggling, but with the bid and offer
prices restricted to [0, pp]. If the seller is visited by multiple buyers,
there is an auction with bids and reserve price restricted to [pp, 20].
The initially posted price is therefore not cheap talk, but neither is it
completely binding; it can be negotiated downwards in case of a single
visiting buyer, or upwards if there are multiple buyers. (The unit may
also fail to be traded, as in the case of haggling.)

10.2.1 Theoretical Predictions

In our experiment, there are six combinations of institution (posting,
haggling, flexible pricing) and market (2× 2 and 3× 3).1 We will often
abbreviate our cells as Post2, Hagg2 and Flex2 for the three 2× 2 insti-
tutions, and with similar notation for the 3× 3 institutions. The case of
posting is analysed in detail by Burdett et al. (2001); below we discuss the

1 The 2× 2 market is the simplest non-trivial directed-search setting; the 3× 3 market is the
next-simplest version with no structural excess demand or excess supply, allowing the three
possibilities of local excess demand, local excess supply and local market clearing each to occur
with substantial frequency.
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haggling and flexible-pricing cases, with additional details in the online
appendix.

Bargaining/Auction Stage
When multiple buyers visit a seller, there is a second-price sealed-bid

auction. All buyers have a known valuation of 20, so they all bid this
amount. Then, the unit is traded with certainty at a price of 20—equal
to the seller’s profit—and each buyer earns zero.
When one buyer visits a seller, they propose prices pb and ps , respec-

tively (constrained to be at most the posted price in the flexible-pricing
treatment). Payoffs are 20− (pb + ps)/2 for the buyer and (pb + ps)/2
for the seller if pb ≥ ps , and zero otherwise. Any pair of equal, feasible
bid and offer prices are consistent with Nash equilibrium. To overcome
this multiplicity, we impose risk dominance (Harsanyi and Selten 1988),
which selects a unique equilibrium, shown in Fig. 10.2.
The unit is traded with certainty. Under flexible pricing with a posted

price of pp, the transaction price is min{pp, 10}, while under haggling
(which in the bargaining stage can be thought of as a special case of
flexible pricing with pp = 20), the transaction price is 10. This is the
“deal me out” outcome (Sutton 1986; Binmore et al. 1998): the available
surplus is split equally unless one bargainer can unilaterally guarantee
more than half of the surplus, in which case that bargainer receives

Fig. 10.2 Bargaining set (hatched area) and bargaining solution, haggling and
flexible-pricing treatments
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Fig. 10.3 Normal form of the 2× 2 market with flexible pricing (vi = max {20−
pp
i , 10}, with posted prices pp

1 , pp
2 )

exactly the amount she can guarantee, with the remainder going to the
other bargainer. This outcome can be thought of as “the” prediction of
bargaining theory, as it coincides with many other solutions (e.g., Nash
1950; Carlsson 1991).
Visit-Choice Stage
Suppose Seller i in the flexible-pricing treatment posts price pp

i . From
the discussion above, a buyer earns zero when more than one chooses
the same seller, while a sole visitor to Seller i earns vi = max {20 −
pp
i , 10}. Hence buyers in the 2× 2 market play a symmetric two-player

game between themselves (see Fig. 10.3); in the unique symmetric Nash
equilibrium, each visits Seller 1 with probability q = v1/(v1 + v2).
In the 3× 3 market, they play a three-player game, also with a

completely mixed symmetric equilibrium (see the online appendix for
details).2

Since bargaining and auctions always lead to the good being traded
(there is no disagreement in bargaining or passing in at an auction),
the only predicted source of inefficiency is frictions: the possibility a
seller is not matched due to the realisations of buyers’ visit choices.
In the 2× 2 market, if each buyer visits Seller i with probability qi ,
the expected number of trades is 1 + 2q1q2, so efficiency (normal-
ising to [0, 1]) is (1 + 2q1q2)/2. In the 3× 3 market, efficiency is
[2+6q1q2q3−(q31 +q32 +q33 )]/3, given visit probabilities q1, q2 and q3.
When all sellers post the same price, and in the special case of haggling,

2 This is in contrast to posting, where out of equilibrium, buyers may visit the low-priced
seller with certainty. Under flexible pricing, being the sole visitor to a high-price seller means
bargaining for a lower price than the one posted, while being one of multiple visitors to a
low-price seller means a zero profit from the auction. This reduces the importance of sensitivity
to the advertised price and raises that of local market tightness (i.e., whether or not there is
excess demand for that particular seller’s item), compared to posted pricing.
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buyers visit each seller with equal probability, so efficiency is 3/4 in the
2× 2 market and 19/27 in the 3× 3 market.

Price-Posting Stage
Under flexible pricing, Seller i posting price pp

i earns zero if not
visited, min {pp

i , 10} if exactly one buyer visits, and 20 if two or more
visit. Let �1 and �2, respectively, be the probabilities of Seller i being
visited by exactly one and at least two buyers, computed from the buyers’
equilibrium visit probabilities. Then her profit is

�i = �1 · min {pp
i , 10} + �2 · 20. (10.1)

To find a symmetric equilibrium in prices, we first derive the first-
order condition assuming all rival sellers post price pp, then we impose
symmetry (pp

i = pp). In the 2× 2 market, this procedure yields a
continuum of equilibria; sellers can post any price in [10, 20]. In the
3× 3 market, there is a unique equilibrium in seller prices: each chooses
pp = 20/3.

10.2.2 Experimental Design and Hypotheses

Table 10.1 summarises the theoretical predictions underlying our
hypotheses.

Table 10.1 Theoretical predictions

Cell Market Efficiency Posted
Transaction
price Profit

institution size price All
1
visit

2+
visits Sellers Buyers

Post2 Posting 2× 2 0.750 10.00 10.00 10.00 10.00 7.50 7.50
Post3 3× 3 0.704 9.33 9.33 9.33 9.33 6.57 7.51
Hagg2 Haggling 2× 2 0.750 13.33 10.00 20.00 10.00 5.00
Hagg3 3× 3 0.704 13.68 10.00 20.00 9.63 4.44
Flex2 Flexible 2× 2 0.750 10.00∗ 13.33 10.00 20.00 10.00 5.00
Flex3 Pricing 3× 3 0.704 6.67 11.58 6.67 20.00 8.15 5.93

Note *: or any higher value up to 20.00



210 N. Feltovich and N. Anbarcı

First, as noted above, predicted efficiency depends only on the
numbers of buyers and sellers (and hence the likelihood of frictions),
not on the institution itself.

Hypothesis 1: For a given market (2× 2 or 3× 3), efficiency is the same
across all three market institutions.

Second, there are usually unambiguous order relationships for the
transaction price—the price at which the good is traded (which may differ
from the posted price)—in both 2× 2 and 3× 3 markets.

Hypothesis 2: Transaction prices in the 2× 2 market are the same under
either haggling or flexible pricing, and lower under posting, while those
in the 3× 3 market are highest under haggling and lowest under posting.

Since expected profits for buyers and sellers depend only on profit per
trade (determined by the transaction price) and the probability of trading
(determined by efficiency, which does not vary across market institu-
tions), the hypotheses for buyers’ and sellers’ profits follow immediately
from Hypothesis 2.

Hypothesis 3: Sellers’ profits in the 2× 2 market are the same under
either haggling or flexible pricing, and lower under posting. In the 3× 3
market they are highest under haggling and lowest under posting.

Hypothesis 4: Buyers’ profits in the 2× 2 market are the same under
either haggling or flexible pricing, and higher under posting. In the 3× 3
market they are lowest under haggling and highest under posting.

10.2.3 Experimental Procedures

The experiment was conducted at Monash University; the 376 subjects
were mainly undergraduates, recruited using ORSEE (Greiner 2015).
There were at least ten markets in each of the six cells (see the online
appendix for details). Some sessions with large numbers of subjects were
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partitioned into two “matching groups”, each at least twice the size of
an individual market, and closed with respect to interaction, allowing
two independent observations from the same session. Subjects played 40
market rounds with the cell (Post2, etc.) and role (buyer or seller) fixed,
but were randomly re-assigned to markets each round.

All interaction took place via z-Tree (Fischbacher 2007). Subjects were
visually isolated and received no identifying information about other
subjects, reducing the scope for repeated-game behaviour such as tacit
collusion by sellers (by making it impossible to recognise and punish a
deviator in future rounds) or dynamic coordination by buyers (such as
alternating who visits the low-priced seller). Written instructions were
given to subjects before the first round, and read aloud in an attempt
to make the rules common knowledge. All price choices (posted prices,
bids, etc.) were restricted to multiples of AUD 0.10 (at the time, the
Australian dollar varied from roughly 0.70–0.80 USD). End-of-round
feedback included all posted prices (when applicable), the number of
visits (if a seller) or buyers visiting the same seller (if a buyer), quan-
tity traded and profit for the round, as well as bargaining and auction
results when applicable. No information about other markets’ results was
provided.

After the 40th round, subjects undertook an incentivised Eckel-
Grossman (2008) lottery-choice task, and a survey of demographic and
attitudinal questions, including an elicitation of what price is “fair” given
one, or more than one, buyers visit a seller.3 After completing these tasks,
subjects were paid. Subjects received (exactly) the sum of their profits
from four randomly chosen rounds, plus the earnings from the lottery-
choice task, plus a show-up fee of $10. Total earnings averaged $42.07,
including $26.94 from the market rounds ($31.99 for sellers and $21.89
for buyers), for a session that typically lasted about 90 min.

3 Subjects’ original instructions stated that there would be a Part 2 to the session, but nothing
about what would take place. See the online appendix for sample instructions and screen-
shots, including those for the post-market tasks. Additional materials including the raw data
are available from the corresponding author upon request.



212 N. Feltovich and N. Anbarcı

10.3 Results

Aggregate observed market outcomes (Table 10.2) diverge in several ways
from the theoretical point predictions (recall Table 10.1).

First, efficiency under haggling and flexible pricing is between 3.4 and
6.5% points below the theoretical prediction. The “fraction matched”
column suggests that this is due to bargaining and auction behaviour
rather than to frictions (which are captured in the fraction of traders
who are matched, while bargaining disagreements and units passed in at
auctions—due to all bids being below the seller’s reserve price—are not).
By contrast, efficiency under posting is exactly at the predicted level in
the 2× 2 market and only 2.5% points below it in the 3× 3 market.

Second, transaction prices under posting are higher than predicted—
due to high posted prices—while those under haggling and flexible
pricing are lower than predicted in three of the four cells, by amounts
ranging from 31 cents to $1.86. (In the Flex3 cell, transaction prices are
above the predicted level, but not enough to offset the below-predicted
efficiency.)
Third, sellers’ profits are higher than predicted under posting,

reflecting the high transaction prices, but lower than predicted under
haggling and flexible pricing. This last result reflects the below-predicted
efficiency levels in those treatments, along with the (usually) lower-than-
predicted transaction prices. Fourth, buyers’ profits often, but not always,
deviate from theory in the opposite direction to sellers’ profits; the excep-
tions are the Hagg3 and Flex3 cells, where the below-predicted efficiency

Table 10.2 Aggregate observed behaviour (all sessions and rounds)

Cell Market Efficiency Fraction Posted Transaction Profit

Institution Size matched price price Sellers Buyers

Post2 Posting 2× 2 0.750 0.750 11.28 11.03 8.27 6.73
Post3 3× 3 0.679 0.679 10.64 10.40 7.06 6.52
Hagg2 Haggling 2× 2 0.716 0.774 12.54 8.98 5.34
Hagg3 3× 3 0.643 0.702 13.37 8.59 4.27
Flex2 Flexible 2× 2 0.685 0.752 9.66 11.47 7.86 5.84
Flex3 Pricing 3× 3 0.657 0.710 10.24 11.97 7.86 5.27
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(which reduces profits for both buyers and sellers) outweighs the devia-
tion in transaction prices (which affects buyers and sellers in opposite
ways), so that both buyers and sellers earn lower profits than predicted.
In the Hagg2 and Flex2 cells, buyers’ profits are higher than predicted,
while in the two posting cells, they are lower than predicted.
These deviations between predicted and observed profits can be

substantial (eight out of twelve represent increases or decreases of more
than 10% from the theoretical point prediction), and lead to observed
treatment effects that can differ qualitatively from the predicted treat-
ment effects. Seller profits in the 2× 2 market are actually higher under
posting than under flexible pricing, the opposite of the theoretical predic-
tion. Even when the ordering across treatments is not changed, the
magnitudes of treatment effects can be substantially different. For sellers,
profits under haggling are predicted to be higher than under posting by
$2.50 in the 2× 2 market and by $3.06 in the 3× 3 market, but the
actual differences are much smaller: only $0.71 and $0.73, respectively.
We further examine treatment effects with probit regressions for effi-

ciency (which is binary at the individual-subject level) and Tobits for
transaction price, seller profit and buyer profit. The main explanatory
variables are indicators for the Hagg and Post treatments (so Flex is the
baseline). We additionally include the round number and its interactions
with the treatment indicators, the number of markets in the matching
group (as a proxy for incentives for seller collusion) and a constant term.
All regressions in this article were estimated by Stata, with standard errors
clustered by matching group.
Table 10.3 displays the main results, focusing on treatment effects.

Differences between either the Post or Hagg treatments and the Flex
treatment are given by the average marginal effects (MEs) of the Post and
Hagg indicators, while differences between the Post and Hagg treatments
are summarised by the p-value for the Post-versus-Hagg comparison
immediately below the Hagg treatment indicator. (Corresponding point
estimates are approximately given by the difference between the Post-
and Hagg-treatment indicators.)
The results reinforce what was seen in the summary statistics. Despite

the theoretical prediction of equal efficiency across market institutions,
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efficiency is significantly higher under posting than in the other treat-
ments (though the difference between Post3 and Flex3 is only significant
at the 10% level). While the other three variables are ordered across treat-
ments in the same way as the theoretical predictions in the 3× 3 market,
the 2× 2 market shows qualitative deviations from the theory, similar to
those in the descriptive statistics. Seller profit is significantly higher under
haggling than flexible pricing, as is transaction price, whereas the theory
predicted both of these to be equal between those cells. Also, seller profits
were predicted to be lower under posting than under haggling and flex-
ible pricing, but Table 10.3 shows no significant differences there, and in
the case of flexible pricing, the effect is actually in the opposite direction.

10.3.1 Observed Bargaining Behaviour

We move to bargaining and auction behaviour, which may help explain
the deviations we observe in the market outcomes. In the Hagg treat-
ment, bargaining is symmetric, which would normally imply a strong
tendency towards equal splits, corresponding here to an agreement on a
price of $10. However, Fig. 10.4 shows that bargaining actually favours
the seller.

Fig. 10.4 Bargaining results in Hagg treatment—cumulative distribution func-
tions
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Mean transaction prices are $10.97 in 2× 2 markets and $11.24
in 3× 3 markets, significantly higher than $10 (two-tailed Wilcoxon
signed-ranks test, pooled Hagg2 and Hagg3 matching-group-level data,
p ≈ 0.008).4 While seller price proposals, averaging $10.16 and $10.33
in 2× 2 and 3× 3 markets respectively, do not significantly differ from
equal splits (p ≈ 0.16), buyers’ proposals averaging $11.74 and $12.20
in 2× 2 and 3× 3 markets, respectively, are significantly higher (p ≈
0.004).

Our bargaining environment differs from standard bargaining settings
in two ways: (i) framing as a buyer-seller interaction rather than
symmetric roles, and (ii) the presence of other components of the market
(price posting, auctions, etc.) rather than exclusively bargaining. Either
of these could have disrupted the usual pull towards equal splits. Another
departure from standard experiments involving the Nash demand game
is relatively low, though not negligible, frequency of disagreements: 8.9%
in the 2× 2 market and 11.7% in the 3× 3 market.

In the Flex treatment, there is little tendency for prices to be nego-
tiated downwards from the posted price. Transaction prices determined
by bargaining average $8.83 in the Flex2 cell and $9.57 in the Flex3
cell, compared to the maximum possible transaction prices of $9.36 and
$10.09, respectively (i.e., if all transactions were at the posted price).5

Figure 10.5 shows scatterplots of the posted and transaction price for
all bargaining agreements in the Flex treatment, separately for 2× 2 and
3× 3 markets. The horizontal and vertical coordinates of the points are
both perturbed with uniform[−0.2, 0.2] noise, to minimise observations
obscuring one another. Also shown are the 45-degree line and a least-
squares line that is piecewise linear with a kink at $10 (to allow for the
deal-me-out solution).
The most striking result in the figure is the lack of any tendency to

settle on equal splits, but nor is the typical result similar to that seen in

4 See Siegel and Castellan (1988) for descriptions of the non-parametric tests used here.
5 Even when the posted price is above $10, meaning that the equal-split norm ought to nudge
prices downwards, average transaction prices are $10.59 and $11.32 in the Flex2 and Flex3
cells, respectively, compared to maximum possible prices of $11.50 and $12.01. Also, average
buyers’ proposals—over all posted prices, and irrespective of agreement—are $9.09 and $9.88
in the Flex2 and Flex3 cells, respectively, while sellers’ average $8.83 and $9.57.
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Fig. 10.5 Bargaining results in Flex treatment—scatterplots of posted and
transaction price

the Hagg treatment. Instead, sellers in the Flex treatment capture nearly
the maximum surplus possible, with transaction prices tending to remain
close to the original posted price. This outcome is consistent with deal-
me-out when the posted price is below $10, but not when it is above $10
(where deal-me-out implies a transaction price of $10). Disagreement
frequencies are comparable to those in the Hagg treatment: 12.4% in
Flex2 and 9.4% in Flex3.
Table 10.4 shows results from panel linear regressions with (buyer or

seller) price proposal as the dependent variable. Eight models are esti-
mated, corresponding to the possible combinations of Hagg or Flex
treatment, buyer or seller price proposals and 2× 2 or 3× 3 market, so
the samples we use are the Hagg2, Hagg3, Flex2 or Flex3 market rounds
where the seller is visited by exactly one buyer.6 Explanatory variables
include the posted price on its own and multiplied by a “low price” indi-
cator equal to one if the posted price is less than 10 (again, allowing the
deal-me-out bargaining solution to emerge), the low-price indicator on

6 Here, we drop those observations where either (a) the posted price is 0 and one buyer visits,
or it is 20 and multiple buyers visit, in either of which case the subsequent choices by buyer
and seller are forced (0 in the former case and 20 in the latter), or (b) the decision-maker does
not choose a price before time expires in the bargaining or auction stage (and a default choice is
imposed, of the minimum allowable choice for sellers or the maximum for buyers). Combined,
these cases make up less than 0.5% of observations in the Hagg and Flex treatments.
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Table 10.5 Auction results, Hagg and Flex treatments

Hagg Flex

2× 2
3× 3, 2
buyers

3× 3, 3
buyers 2× 2

3× 3, 2
buyers

3× 3, 3
buyers

Mean buyer
bid

16.56 17.03 17.06 17.09 16.66 16.95

Fraction of
$20 bids

0.261 0.280 0.392 0.404 0.384 0.422

Mean seller
reserve
price

12.13 12.48 13.41 11.55 12.49 11.71

Mean
transaction
price

16.14 16.35 18.27 16.29 15.80 17.46

its own, all three of these multiplied by the round number, and the round
number on its own, as well as a constant term and subject random effects.
As additional controls, we include an indicator for female, the degree of
risk tolerance from the lottery-choice task and the elicited fair price.7

Models 9–12 add little to what we could see in Fig. 10.4 about
bargaining in the Hagg treatment, and we do not elaborate further on the
results. The results for the Flex treatment are more noteworthy. Consis-
tent with Fig. 10.5, we observe that deal-me-out does not characterise
bargaining well (e.g., proposals significantly increase in the posted price,
even for posted prices above $10). There is some evidence of an increase
in price proposals (for both buyers and sellers) over time, but there are
no systematic effects of gender, risk tolerance or elicited fair price.

10.3.2 Observed Auction Behaviour

In our auctions, the theoretical prediction is for all of the available
surplus going to the seller: prices of $20 irrespective of the market and
whether there are two buyers or three. Table 10.5 shows that bids at the
predicted level of $20 occur less than half the time. Average bids are

7 Recall from Sect. 10.2.3 that two fair prices were elicited at the end of the experimental
session: one for when only one buyer visited a seller, and one for when multiple buyers visited.
We use the former for these regressions.
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Fig. 10.6 Auction results in Flex treatment—scatterplots of posted and transac-
tion price

roughly $17, and despite the different frequencies of equilibrium bids,
do not vary much across the six cases.

Accordingly, transaction prices are well below $20 in all cases, though
sellers still receive the lion’s share of the surplus.8

Figure 10.6 shows how auction results in the Flex treatment associate
with the posted price.
We see positive associations between posted and transaction prices,

in contrast to the theoretical prediction of no systematic relationship
between the two.9 Roughly speaking, average transaction prices tend
to lie roughly midway between the posted price and the theoretically
predicted price of $20, though they are higher when there are three
bidders than when there are two.

10.4 Discussion

Understanding the performance of pricing mechanisms such as price
posting, haggling and flexible pricing is an important step towards under-
standing why these institutions have survived for so long, how they can

8 Unsold units are rare here, occurring about 3.23% of the time overall.
9 Panel regressions, not reported here but similar to those in Table 10.4 (and available from
the authors upon request) show that buyers’ bids are also increasing in the posted price. Also,
bids tend to increase over time, and are lower for more risk-seeking subjects.



10 Market Institutions, Prices and Distribution of Surplus … 221

co-exist in some markets and when buyers, sellers or social planners may
prefer one to another. We find that the standard theory has mixed success
in characterising actual market outcomes, both in point predictions and
in directional predictions of treatment effects. A potential explanation
for the deviations we find lies in the observed bargaining and auction
behaviour, which departs from theory in several ways:

1. Agreement in bargaining occurs only about 90% of the time, while
the theoretical prediction is full agreement.

2. In symmetric bargaining (the Hagg treatment) conditional on agree-
ment, the seller receives about 55% of the surplus, while the theoret-
ical prediction is an equal split.

3. In auctions in the Hagg treatment, the seller receives about 85% of
the surplus, while the theoretical prediction is the entire surplus.

4. In the Flex treatment conditional on bargaining agreement, the trans-
action price is (approximately) equal to the posted price, while the
theoretical prediction is deal-me-out.

5. In auctions in the Flex treatment, the transaction price is roughly
halfway between the posted price and buyers’ valuation, while the
theoretical prediction is the buyers’ valuation.

The last four of these deviations act to make bargaining less attrac-
tive for buyers relative to auctions (and the opposite for the sellers).
This impacts the other decision buyers face: which seller to visit, and
in particular, whether to chase the lowest price (and likely participate in
an auction) or visit a higher-price seller (and likely bargain). The more
buyers benefit from auctions relative to bargaining, the more incentive
they have to visit the low-price seller, so the more price-sensitive buyers
should be. Therefore, haggling and flexible pricing are behaviourally
more similar to price posting than they are in theory, though with the
extra complication of disagreements in the former, which make both
buyers and sellers worse off.

It is plausible that a behavioural theory that incorporated these stylised
facts, instead of standard bargaining and auction theory—combined
with equilibrium behaviour in the other stages of the model—would
generate predictions for the haggling and flexible-pricing treatments that
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fit the experimental data better than the predictions we used. This is
likely, rather than certain, since the model could fall short in other areas
besides bargaining and auctions: buyers may choose out-of-equilibrium
visit probabilities (either too much or too little price-responsiveness), or
sellers may choose above- or below-equilibrium posted prices.10

Our work is in the spirit of other recent work that adapts theoret-
ical models to account for stylised facts observed in the lab. Bolton
and Karagözoğlu (2016) and Kloosterman and Paul (2018) develop
(quite different) models that incorporate bargaining subgames, and use
empirical bargaining regularities in formulating theoretical predictions,
rather than relying exclusively on the standard-theory solution. There is
much more room for this in economic modelling, however. Bargaining
or auction subgames exist in many environments, such as household
economics (intra-household bargaining affects incentives to invest in
human capital and to marry), professional labour markets (incentives to
take on non-promotable tasks depend on current and future employers’
hiring, promotion and compensation decisions, which may be deter-
mined via bargaining or auction), housing markets (expected sale prices,
based on bargaining or auctions, impact on buyers’ willingness to expend
resources on visiting and assessing properties, as well as sellers’ willing-
ness to improve their properties prior to sale), and others. With more
realistic behavioural assumptions for bargaining and auction outcomes,
the implications of these and other models may change for the better.
We encourage more of this kind of work, by both theorists and experi-
menters.
We also encourage more applications of directed search in theoret-

ical and experimental modelling. There are numerous variations of the
institutions we have examined, and particular markets may be better
described by one of these rather than the versions we have used. For
example, posted prices could be completely cheap talk, rather than
constraining transaction prices in one or both directions. Sellers visited
by several buyers may use multiple pairwise bargaining rather than an

10 Evidence presented in an earlier version of this chapter suggests that modifying the assump-
tions about bargaining and auction behaviour does indeed improve fit with the data from the
current experiment, though this still raises the question of whether such a model could predict
well out-of-sample.
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auction. Failing to agree with a seller might result in visiting another
seller at a positive cost, rather than failing to trade entirely. Sellers’
products may be differentiated rather than homogeneous, with them
announcing not only prices, but possibly other attributes of their items
(which may be search, experience or credence attributes) as well. Directed
search is theoretically versatile, behaviourally interesting and descriptive
of many real-world settings, and we look forward to seeing it used more
widely.
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11
Empirical Models of Bargaining

with Externalities in IO and Trade

Ali Yürükoğlu

11.1 Introduction

This chapter provides an overview of empirical models of situations
where a small number of agents interact with each other in pairwise
negotiations. The surplus in each pairwise negotiation is partially deter-
mined by the terms of other pairwise negotiations. The two leading
examples are firm-to-firm negotiations over supply contracts in the
context of bilateral oligopoly used in the field of industrial organization
and country-to-country negotiations over trade agreements in interna-
tional trade. In the last fifteen years, an empirical literature has emerged
estimating such models and using them for counterfactual analysis in a
variety of industries and in the context of tariff negotiations.
The most widely used model in recent work models pairs as engaging

in Nash bargaining, and defines an equilibrium to the model as each
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pair solving its Nash bargaining problem given the solutions to the other
bargaining problems. This solution concept has been termed a “Nash-in-
Nash” equilibrium in recent work, but the idea goes back to the notion of
“contract equilibrium” in Cremer and Riordan [11] and was developed
further by Horn and Wolinsky [28] and Davidson [13] much before
acquiring its “Nash-in-Nash” name. This chapter will generally focus on
this formulation which is a hybrid of cooperative and non-cooperative
game theoretic concepts, but will touch on advances in providing non-
cooperative foundations as well as alternative formulations. The agents’
payoff functions that enter the bargaining problems are formulated from
a model of oligopoly industry equilibrium or a Ricardian model of
international trade.

Most of the work has been in the context of firm-to-firm negotia-
tions over supply contracts. To begin to fix ideas, consider the interaction
between Walmart and the Coca-Cola Company. Coca-Cola supplies a
number of different brands and package sizes to Walmart. The two
parties have to agree on terms of this relationship which would include
first and foremost the price schedule, potentially nonlinear, that Walmart
pays Coca-Cola. Both firms are extremely large with strong brands so
would have some degree of market power. This creates a negotiation
problem where both parties would prefer some deal to no deal, but
disagree in the sense that Walmart would prefer a lower price schedule
and Coca-Cola would prefer a higher price schedule (up until the
monopoly price). However, the situation is complicated by the presence
of other agents. Walmart faces the same type of negotiation problem with
Pepsi. And Coca-Cola faces the same type of problem with Costco. The
amount of Coca-Cola that will be sold at Walmart will depend not just
on whether Walmart and Pepsi have an agreement, but potentially on
the terms of that agreement. Furthermore, Walmart’s profits are affected
by the existence and terms of Costco’s contracts with Coca-Cola and
Pepsi because Walmart competes with Costco to bring customers to its
stores. The models under consideration in this chapter are rich enough
to predict equilibrium prices and contract terms in bilateral oligopoly
market such as the Walmart–Costco–Coca-Cola–Pepsi example.

Many industries have a similar structure. The literature has so far
focused mostly on media and health care markets. In a leading example
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of the media case, the downstream firms are cable distributors like
Comcast or AT&T. The upstream firms are content producers such as
ESPN and HBO. In health care, the most common example has the
downstream firms as health insurance carriers like Aetna or Cigna and
the upstream firms as hospitals. The media and health care sectors have
been the focus of several high-profile antitrust cases where these models
have been employed.
The same bargaining model has been applied in the context of tariff

negotiations between countries. Consider the United States (US) and
European Union (EU) negotiating tariff reductions. Even discrimina-
tory tariff reductions that only alter the two entities’ tariffs with each
other will affect other countries’ welfare because the tariff changes might
lead to direct effects of substitution away from Japanese products toward
products whose tariffs were reduced in the negotiation or through general
equilibrium effects. Furthermore, because post-war tariff negotiations
happen predominantly in the context of the World Trade Organization
(WTO) which requires non-discrimination outside of free trade agree-
ments, any tariff reductions between the US and EU will translate into
tariff reductions for all other WTO members.
The rest of the chapter describes the specification of the model at a

level of generality that applies to both the bilateral oligopoly context and
the trade agreement context before describing methods for estimating
parameters of these models. I will then describe specific examples from
the media, health care, and tariff negotiation examples and the types of
counterfactual analysis that have been performed. Finally, I will discuss
directions for future research.

11.2 Bargaining Equilibrium

Before considering applications, we define and discuss the bargaining
equilibrium notion. There are N agents. Each agent has a payoff function
πn(x) where x is the set of all bilateral contracts between all agents. Parti-
tion the set of contracts into those which involve agent i and those which
don’t as (xi, x−i) where xi consists of (xi1, xi2, ..., xi N ). Agent i’s payoff
thus may depend on contracts to which it is not party, as in the example
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of Pepsi’s profits depending on the contractual terms reached between
Coca-Cola and Walmart. Each agent can negotiate with some subset Mi
of the other agents. Some pairs of agents might be restricted by assump-
tion to not negotiate so that Mi < N . For example, in IO settings it is
common to not allow competing firms such as Coca-Cola and Pepsi to
negotiate over anything in respect of antitrust laws. If j /∈ Mi then we
say that xi j = ∅. Null contracts can also be the outcome in a pair which
is allowed to negotiate if no contract leads to positive gains from trade
for that pair.

Each pair of negotiating agents (i, j ) solves the following Nash
bargaining problem:

max
xi j

(πi (xi j , xi,−j, x−i) − πi (∅, xDi,−j, x
D−i))

ζi j (π j (xi j , xj,−i, x−j)

− π j (∅, xDj,−i, x
D−j))

1−ζi j

The contract vector is spelled out to differentiate between an agent’s
contract under negotiation, xi j , contracts that the agent is party to but
not under negotiation, xi,−j in agent i’s case, and all contracts that the
agent is not party to, x−i in agent i’s case.
The maximization is subject to there being gains from trade to both

parties, so the values inside each parenthesis must be non-negative.
The second term inside each parenthesis is the disagreement value for
each agent. xD denotes a contract that might be different in response
to disagreement. As written, the disagreement value allows for other
contracts to change in response to agents i and j disagreeing. However,
the equilibrium notions we define will put strong restrictions on how
these change, and in the leading case hold them fixed. Along the same
lines, in the agreement payoff, all other contracts besides the one under
negotiation are held fixed. That is, when i and j are evaluating different
values for their own contract to maximize their Nash product, they hold
fixed all other contracts, including other contracts to which they are party
but are not under negotiation.

A bargaining equilibrium consists of contracts x such that each pair i,
j that can negotiate chooses xi j to maximize its Nash product given the
other contracts.
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A key component in calculating an equilibrium involves defining
disagreement values. The most common choice, and one that treats other
contracts in disagreement analogously to how the model treats other
contracts at non-equilibrium candidate values for the contract under
negotiation, is to hold fixed all other contracts at their equilibrium levels.
This choice is typically the cheapest computationally. However, it may
not serve as a good approximation to the situation under study in some
settings. Other options have been explored. One possibility is to elimi-
nate (i, j ) from the set of pairs which can negotiate, and recompute the
bargaining equilibrium. To do this consistently, this requires computing
bargaining equilibria for all sub-coalitions of bargaining pairs, which can
be computationally expensive. This setup is described in the appendix to
Yurukoglu [37]. Another option that has been explored in Ho and Lee
[27] is to set up a mechanism for i and j to form a new agreement with
some other non-contracted agent in case of disagreement, but hold all
other contracts fixed.
The equilibrium concept employed is a hybrid of cooperative and

non-cooperative game theoretic solution concepts. If one thinks of each
pair as being a player in a synthetic game, and each Nash product as
that “player”’s payoff in that synthetic game, and the contract xi j as the
“player”’s action, then the bargaining equilibrium can be thought of as a
Nash equilibrium to that synthetic game. From this analogy emerged the
terminology of “Nash-in-Nash,” the first “Nash” referring to the Nash
equilibrium between bargains, and the second referring to each bargain
being a Nash bargaining problem.

Many users of this equilibrium notion concede that a fully non-
cooperative formulation would be preferable. Such a formulation would
eliminate the arbitrariness of specifying what happens in disagreement.
Furthermore, a non-cooperative formulation would be more amenable
to matching institutional features in actual negotiations as actions, infor-
mation, and timing would be explicit. Such a formulation has proven
difficult, partly because of the intractability of informational issues that
arise and the sensitivity of the models to assumptions on timing and
ordering. Some progress has been made. Collard-Wexler et al. [8] provide
conditions on payoffs and the contract space for existence and unique-
ness of a non-cooperative alternative offers game in a setting of bilateral



232 A. Yürükoğlu

oligopoly leads to prices that converge to Nash-in-Nash prices. The result
employs the concept of passive beliefs when necessary to specify what
contracts agents who receive out-of-equilibrium contract offers believe
other agents have negotiated. Passive beliefs have been explored in a
take-it-or-leave-it offer setting by Hart and Tirole [24] and McAfee
and Schwartz [30]. Earlier related results are found in Björnerstedt and
Stennek [7]. De Fontenay and Gans [14] examines a version with renego-
tiation of other contracts in case of disagreement and derives a relation to
the Myerson-Shapley cooperative solution concept. When all upstream
firms have bargaining parameters equal to one, then Nash-in-Nash is a
Bertrand-Nash pricing game by the upstream firms that only considers
single deviations to support the equilibrium.
The researcher must specify the timing of bargaining relative to the

other decisions in the model. In the typical industrial organization case
so far, the choice is between whether bargaining is decided simultane-
ously with downstream prices or prior to downstream prices. This choice
is related to the distinction of interim observability in the theoretical
literature on vertical relationships. Under the simultaneous specifica-
tion, prices are taken as given when negotiating which implies, under
the usual choice of disagreement specification, that the price of the
downstream firms stays the same even if the downstream firm loses the
input. For example, the prices of other goods at Walmart would remain
constant if Walmart no longer stocks Coca-Cola. Under sequential
bargaining then pricing, prices would respond to disagreement. Further-
more, prices adjust when computing the payoffs to candidate (that
is, non-equilibrium) contractual terms. In most market settings, price
setting and bargaining are staggered and can be triggered endogenously,
so little guidance comes from the field. The simultaneous assumption is
computationally more tractable and allows for some analytical progress.
Both timing assumptions have been employed in the literature.

11.3 Estimation

In all applications of which I am aware, the bargaining model is part of a
larger model. In many cases, it is the outer nest with the inner nest being
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an oligopoly industry equilibrium. It could also be nested inside and
generating payoffs for an investment or entry and exit model. Because
of this interplay with other parts of the full model, discussion of identi-
fication and estimation is difficult to do in a general fashion. Therefore,
here I will discuss in loose terms what sorts of data and what patterns
in data can help to estimate the bargaining parameters and potentially
other objects.

Consider the case where a researcher knows or has estimates of the
payoff function for different contracts and a data set of contractual
outcomes. The bargaining model can be used to estimate bargaining
parameters for each player. In this situation, the researcher can choose
the bargaining parameter in each pair to predict the observed contractual
outcome for that pair as closely as possible. As one example, consider the
case of a bilateral monopoly with linear contracts and price setting by
the downstream firm to consumers. Assuming the demand function is
known and the linear fee between the upstream and downstream firm
is observed. One can solve for the bargaining parameter which induces
the observed linear fee. More generally, in a bilateral oligopoly, if each
pairwise contract is observed, and the researcher allows for a separate
bargaining parameter for each pair, then the researcher can hold all the
other contracts fixed, and solve for the pairwise bargaining parameter
which induces the observed pairwise contract as closely as possible.

Matters are more complicated in the typical case where the researcher
is missing components of the payoff functions or does not have detailed
data on contractual outcomes. One strategy is to estimate the contracts
using another part of the model. For example, in a bilateral oligopoly
with Nash-Bertrand pricing downstream, the researcher could back out
from the implied marginal costs of each good from the first order condi-
tions for downstream prices, and regress these marginal costs on product
characteristics. If the input being negotiated is one of the product char-
acteristics, then this will provide an estimate of the negotiated wholesale
cost. This approach was employed by Villas-Boas [36] in an early empir-
ical paper on wholesale pricing and vertical relationships in the grocery
industry. The paper in fact goes further and infers the form of the
contracts from how retail prices change with cost shocks to the manu-
facturers’ raw ingredients. A similar idea is to infer what contracts must
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have looked like to rationalize other observable outcomes than prices. For
example, Ho [25] estimates how payments between insurers and hospi-
tals must have looked like to rationalize which hospitals are available
on which insurance plans. Relatedly, Mortimer [32] observes contrac-
tual form and terms and studies how terms and welfare change after a
technological innovation allowed for a richer contractual space.

11.4 Empirical Applications

Applications in IO use the above notion of a bargaining equilibrium
by generating profit functions from nested models of consumer demand
and firm competition. Researchers also often further restrict the model
using institutional features of the industry under study, for example they
may restrict the contract space in certain ways. Finally, most studies
are ultimately using the bargaining model as part of a larger goal of
answering some economic or policy question. The answer to the question
is typically provided in the form of counterfactual analysis, that is, the
fully estimated model’s prediction for what would have happened under
alternative scenarios.

All of the applications in IO partition the set of firms into upstream
firms, or suppliers, and downstream firms, or distributors or retailers.
Downstream firms procure inputs from upstream firms and transform
them for sale to consumers. The bargaining equilibrium is used to char-
acterize the market interaction between upstream and downstream firms.
Competition between downstream firms and consumer demand typically
follows a model of Nash-Bertrand pricing by firms to consumers who
follow a differentiated products random coefficients demand system.
This setup for downstream demand and pricing is usually from Berry
et al. [6] and has become a workhorse in industrial organization. That
said, nothing in the bargaining model requires that the payoff functions
come from a certain type of oligopoly model. One could just as well plug
in a model with Cournot pricing or a different form of demand system
to generate the payoffs under different contracts.
We now detail a variety of applications by identifying the specific

research question under study, specifying which agents in the system are
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negotiating with whom, point out any unique features of the implemen-
tation, and highlight the main results. At present, this is an active area
with new papers using these models appearing frequently. As such, some
of the papers I detail are current unpublished working papers whose
results may change under revision.

11.4.1 Media Content and Distribution

We consider first the setting of media content and distribution. Specifi-
cally, we focus on the US cable television industry during the period of
2000–2010. Models of the sort we will discuss have already been used by
agencies in merger analysis and have showed up in high-profile antitrust
court cases.
We consider two applications. The first application, studied in Craw-

ford and Yurukoglu [9] asks the research question of what would
happen to social welfare if the government were to mandate unbundling
of content by downstream cable distributors? The second application,
studied in Crawford et al. [10], addresses the research question of what
are the effects on social welfare of vertical integration between content
and distribution?

Both papers feature a model with three types of agents: consumers,
downstream cable and satellite distributors, and upstream content
producers. The content producers are conglomerates which own “chan-
nels.” For example, the Disney owns the channels ABC, ESPN, The
Disney Channel, ABC Family, and a host of lesser known channels.
Downstream distributors negotiate with conglomerates or channels over
the terms of access. Building on knowledge of the industry, the authors
assume these contracts are linear and stipulate the payment from the
distributor to the channel for every subscriber of that distributor who
has access to watch the channel, whether they watch it or not. The
distributors sell the channels to consumers. In practice, the distribu-
tors package the channels into larger bundles and charge one price per
bundle. However, they pay separate linear fees for each channel on the
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bundle.1 Distributors are assumed to play a Nash-Bertrand equilibrium
when pricing bundles to consumers. Consumers choose which distrib-
utor bundle to purchase and subsequently how much time to spend
watching each channel. The time spent watching decision allows the
authors to use data on viewership patterns to inform the estimates of
consumer tastes for channel content, though it does require assuming a
parametric model of how consumers value time spent watching content.
The earlier paper, Crawford and Yurukoglu [10], uses the model to

counterfactually simulate à la carte pricing regulations at the downstream
level. That is, after estimating the demand and bargaining model param-
eters, they force the downstream firms to offer more flexible options for
consumers. They counterfactually simulate equilibria where the distrib-
utor’s price numbers of channels, and consumers are free to pick and
choose which exact channels, and an approximation to à la carte pricing.
In all scenarios, accounting for the equilibrium in the wholesale market
is important for the welfare results. Without modeling the reaction
of wholesale contracts, such pricing regulations are predicted to have
large consumer welfare benefits. However, once the bargaining equi-
librium is applied in the presence of the pricing regulations, wholesale
prices rise by around 100%, offsetting these consumer gains. On net,
average consumer surplus increases by just 0.2%, though there are bigger
winners and losers among consumers. The estimated bargaining param-
eters in this application were close to 0.5 for most pairs suggesting that
a model of take-it-or-leave-it offers would not have provided as good a
fit to the observed outcomes, and potentially less reliable counterfactual
predictions.
The latter paper adopts the same framework but makes several

improvements and alternative assumptions. It uses a more realistic
viewership model and estimates most of the bargaining and demand
parameters jointly rather than separately as in the earlier paper. It also
models the vertical integration between distributors and channels. Verti-
cally integrated entities value the payoffs to their co-owned segments. For

1 This industry structure has been eroding recently with more direct-to-consumer (D2C) and
over-the-top (OTT) offerings that are billed by the content producers but still must travel over
some distributors infrastructure. The structure described above was the dominant paradigm for
the sector from about 1985 (when cable began to take off ) to 2015.
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example, a vertically integrated channel negotiating with a downstream
distributor who is rival to its integrated distributor will take into account
that when it negotiates a higher input fee, this will raise downstream
prices and some benefit will accrue to its downstream distributor. Simi-
larly, when the integrated distributor is pricing its bundle to consumers,
it understands that any fee it has to pay to the upstream segment is not
a true economic cost, thereby eliminating double marginalization. One
modeling difference between these two papers is that Crawford et al.
[9] employs the simultaneous bargaining and pricing assumption while
Crawford and Yurukoglu [10] employed the sequential bargaining and
pricing assumption.
The empirics in Crawford et al. [9] focus on regional sports chan-

nels (RSN’s) in the US, some of which are vertically integrated and
some of which aren’t. It counterfactually simulates integrating the unin-
tegrated RSN’s and disintegrating the integrated RSN’s for the year
2007. The main results are that a full ban on integration would lower
welfare, but would be raise welfare in markets where the integrated
downstream firm has strong incentives to exclude rivals from the content.
Regulations banning exclusive dealing work to reduce the welfare losses
in these markets while maintaining the benefits of reduced double
marginalization.
These papers did not have data on exact contractual terms between

each pair of downstream and upstream firms. They did have access to
estimates of average terms by channel, for example the average input
fee received by ESPN across its downstream distributors per year. It
combined these data with the approach outlined in the previous section
for using downstream pricing and packaging behavior to infer pairwise
contractual terms.

11.4.2 Health Care

Many exciting applications of bargaining models in industrial organiza-
tion have been in the health care sector. This is partly because the health
care sector is a large portion of the US economy and partly because many
markets are highly concentrated which leads to bargaining situations.
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Grennan [23] used a bargaining model to make predictions about
policies that limit price discrimination among buyers of medical devices.
In this application, the upstream firms are manufacturers of coronary
stents, a medical device that is implanted by surgery to keep arteries open
for blood flow. The downstream firms are doctors in hospitals repre-
senting patients. The paper has detailed data on payments from hospitals
to manufacturers. The paper documents significant price dispersion
across hospitals for the same stent. Motivated by this observation, the
author asks the research question of what would happen if price disper-
sion were eliminated? After estimating the bargaining and doctor choice
model jointly, the author implements the counterfactual under a variety
of plausible assumptions about how such a regulation might play out.
In one case he assumes that all the hospitals negotiate using the average
bargaining parameter or the maximum that he estimates across hospi-
tals or when hospitals have a zero bargaining parameter. He finds that
requiring uniform pricing in this manner would raise average prices and
harm welfare unless the hospitals are able to bargain at the maximum
bargaining parameter that he estimates.
The next set of papers focused on local markets where the upstream

firms are the hospitals and the downstream firms are insurance compa-
nies. This structure is very similar to the cable television structure
in that insurers are offering packages of hospitals to consumers for a
monthly premium. One important difference is that consumers do pay
a copayment when choosing different hospitals whereas in the television
example there is no additional charge for watching after subscription.
Gowrisankaran et al. [22] used a bargaining model to study the effects
of a hospital merger in the market for Northern Virginia. They had
detailed contractual data on payments from insurance companies to
hospitals. This model abstracted away from the competition between
insurance companies for consumers and modeled the insurance compa-
nies’ payoff function as the consumer value of its enrollees minus the
payments made to hospitals. Their main result is that a counterfactual
hospital merger, which had been proposed but challenged and aborted,
would have raised hospital prices and lowered consumer welfare absent
significant efficiencies. This paper also derives, under the assumption
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of no competition between insurers, an analytical expression for equi-
librium negotiated prices in terms of demand, demand elasticities, and
bargaining parameters that can be used to facilitate estimation.

Ho and Lee [26] used a bargaining model to study the effects of
insurance mergers. The structure is similar Gowrisankaran et al. [22]
except that this model allows for competition between insurers, and thus
brought the hospital-insurance bargaining models to the same degree of
richness of competition as the earlier cable television models discussed
above. Their setting is California. They find that insurance mergers
typically lead to higher consumer prices and lower welfare, but do
also produce off-setting reductions in negotiated prices with hospitals.
Having fewer insurers to play off of each other worsens the disagree-
ment values of hospitals leading to worse outcomes for hospitals. Despite
these lower input prices, insurers still raise prices to consumers due to a
reduction in competition in an already concentrated market.

Ho and Lee [27], Liebman [29], and Ghili [21] all use this frame-
work to study the effects of minimum network policies whereby the
government requires health insurers to maintain a minimum number
of hospitals in the package it offers consumers. All three papers note
difficulty with using the plain vanilla Nash-in-Nash framework to model
minimum network policies. First, under the demand and cost models
used in previous papers, there are typically gains from trade for any
pair of hospital and insurer, thereby making it difficult to generate
narrow networks in equilibrium. Secondly, in the case where one does
generate a narrow network, and there is a minimum coverage regula-
tion in place, the disagreement point that holds all other contracts fixed
is likely not a good approximation to behavior as the insurer would
replace the dropped hospital to meet the minimum coverage regulation.
To address the first problem, Ho and Lee [27] and Liebman [29] allow
insurers to commit to a narrow network before negotiations. Ghili [21]
instead assumes there are additional fixed costs to an agreement, and
finds the costs that offset the gains from trade from agreements that are
not observed. To address the second issue, the papers allow for some form
of replacement of hospitals in the case of disagreement. For example, Ho
and Lee [27] allows the insurer to make a take-it-or-leave-it offer to a
hospital that it does not have a contract within the case that it disagrees
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with a hospital it does have a contract within equilibrium. This allows
the insurers to fulfill their adequacy regulations while threatening to walk
away from a negotiation.

Cuesta et al. [12] examine vertical integration between hospitals and
health insurers using a bargaining model. Their setting is the Santiago,
Chile market which features a segment of privately insured patients
whose choice set includes some insurers who own hospitals. In contrast
to the cable case in Crawford et al. [9], Cuesta et al. [12] find that disinte-
grating the integrated entities would raise welfare. Apart from differences
in the industry and geographical setting, this paper also employs the
sequential timing assumption whereas Crawford et al. [9] employs the
simultaneous assumption.

Shifting to pharmaceutical markets, a pair of papers analyzes the
bargaining between pharmaceutical manufacturers with retailers in
Dubois and Sæthre [18] and with a government purchaser in Dubois
et al. [17]. Dubois and Sæthre [18] analyze how parallel trade, that is the
ability of retailers to import the same drug from different countries with
different regulated prices in the EU, affects the negotiations between
manufacturers and retailers. Their downstream model includes an assort-
ment decision by the retailers and quantifies the benefit to manufacturers
from banning parallel trade. Dubois et al. [17] consider the possibility of
US regulators using Canadian drug prices as a benchmark, and show that
this significantly alters the incentives of manufacturers in the bargaining
with the Canadian government such that Canadian prices would likely
rise without much effect on US prices due to the differences in market
size and price elasticities between Canada and the US.

11.4.3 Groceries

Draganska et al. [16] is the one of the earliest empirical papers to
use the “Nash-in-Nash” framework. Their application has upstream
coffee product manufacturers and downstream grocery stores in the
German market. Their goal was to quantify the effect of different observ-
able characteristics on the bargaining parameters of the firms. Noton
and Elberg [33] similarly analyze the estimated bargaining parameters
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of grocery retailers and coffee product manufacturers in the Chilean
market, and find that small and large retailers both have bargaining
parameters near one-half. These two papers are mostly interested in the
bargaining parameters themselves rather than using the model in a coun-
terfactual analysis. Ellickson et al. [20] study the effects of private label
brands which are essentially vertically integrated with the grocery retailer.
Molina [31] studies the effects of buyer alliances.

11.4.4 Other Sectors

While media, health care, and groceries make up the lion’s share of appli-
cations, there is much potential for applications to other sectors. Here
we mention two working papers. De los Santos et al. [15] examines an
important antitrust case involving book publishers, Amazon, and Apple
in the e-book market. Book publishers jointly switched their pricing
model from wholesale pricing to agency pricing. Under agency pricing,
publishers would choose the retail price and the retailer (Amazon or
Apple) would take a negotiated percentage of the retail price. Whole-
sale pricing is the model discussed in all applications above, where the
firms negotiate over the input price and the retailer chooses the retail
price. De los Santos et al. [15] use data from before and after the change
to estimate the parameters of a bargaining model. Robles-Garcia [35]
studies the bargaining over commission rates between mortgage brokers
and lending banks in the UK market. She finds that banning commis-
sions would hurt consumers despite the incentives for steering induced
by the presence of asymmetric commissions. Both of these papers use the
bargaining model to improve the realism and fit of the model relative to
take-it-or-leave-it offers.

11.4.5 Tariff Determination in International Trade

A smaller number of papers have begun using these bargaining models to
study the determination of tariffs in negotiations between large economic
entities. Similar to the industrial organization settings, international tariff
negotiations feature large entities with market power negotiating over
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terms of trade that have effects on third parties through competition.
The system here is more dense in a certain sense than in the bilateral
oligopoly framework because the countries are both buyers and sellers of
goods and because tariffs in different product markets can have effects
through the general equilibrium conditions of these models. As just one
example, the tariff on cars that Japan imposes on the US affects the price
of vegetables in the EU through general equilibrium effects.
We focus on negotiations that fall under the “terms-of-trade” ratio-

nale for trade agreements. Absent a trade agreement, large countries have
an incentive to levy tariffs to exercise monopsony power by depressing
world prices in goods for which their purchases make up a large share.
All large countries engaging in this non-cooperative tariff setting lead
to equilibrium tariffs which are too high from a global perspective. A
trade agreement lets all countries cooperate to reduce tariffs to an effi-
cient level. Institutionally, the world trading system since World War II
has operated under the auspices of the Generalized Agreement on Trade
and Tariffs (GATT) and its successor the World Trade Organization
(WTO). Bagwell and Staiger [2] details which institutional features of
the GATT/WTO and world trading system lend themselves to reaching
multilateral efficiency and which features, such as preferential tariffs,
impede reaching global efficiency.

On the empirical front, an important initial contribution was Ossa
[34] who took an estimated Ricardian trade model and computed
a counterfactual Nash equilibrium in tariffs and counterfactual total
welfare maximizing tariffs. The total welfare maximizing tariffs can be
considered as emerging from a multiparty negotiation where all parties
are at the table in contrast to the interconnected bilateral bargaining
detailed in this chapter. One motivation for this is that the WTO is a
centralized organization for tariff negotiations, so a joint surplus maxi-
mizing procedure is perhaps a decent approximation. In practice, tariff
negotiations at the GATT and WTO did proceed bilaterally, with exten-
sion to third parties through “Most Favored Nation” treatment. As an
example, if the US and Japan came to a bilateral agreement to lower
tariffs on some set of products, for example for Japan to lower its tariffs
on computers and the US on cars, these new tariffs would apply to
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any member of the WTO.2 Tariff negotiations thus typically took place
during negotiation rounds where principal suppliers of goods would
negotiate effectively on behalf of the other members of the GATT/WTO
over certain tariffs. The details of the Torquay round and some analysis
of the bargaining patterns there are available in Bagwell et al. [3].

Bagwell et al. [5] model the bilateral bargaining over tariffs with exten-
sion through most favored nation status to other GATT members. Their
focus is on the Uruguay round of negotiations which occurred between
1986 and 1994. The question of interest is what tariffs would have been
were negotiations done without the most favored nation rule. In this
discriminatory case, tariffs still have third party effects through competi-
tion and general equilibrium conditions. Bagwell et al. [4] derive a sense
in which most favored nation rules lead to too little tariffs reductions and
discriminatory negotiations lead to over-liberalization, including possibly
subsidizing production of foreign goods. Bagwell et al. [5] estimates a
Ricardian trade model following Eaton and Kortum [19] and embeds
this into a Nash-in-Nash bargaining equilibrium under most favored
nation rules to estimate bargaining parameters. The bargaining parame-
ters are then held fixed to simulate discriminatory tariff negotiations. The
results suggest the most favored nation rules outperform discriminatory
negotiations for total welfare by reducing the incentive for discriminatory
tariff reductions that lead to cross-subsidization of imports.

11.5 Conclusion and New Directions

Bilateral bargaining models with externalities are being used more and
more in empirical work and even in some high stakes antitrust proceed-
ings. New data sets on firm-to-firm contracts will only increase their
usefulness. There is still much scope for future work in this area.

On the theoretical side, more work on the non-cooperative foun-
dations of bargaining with externalities is clearly needed. Despite the

2 A notable exception to this is if countries are in a free trade agreement across all goods, like
NAFTA or Mercosur.
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progress that is been made, many questions remain regarding what equi-
libria of non-cooperative offer-counteroffer games look like under more
general contract structures, non-passive beliefs, and alternative timing
specifications. To the extent that the state space of such models becomes
too large for meaningful analytical results, computational work using
approximate dynamic programming or mean field approximations are
one avenue for potential progress. On the estimation side, a treatise on
identification conditions under different availability conditions of data
would be useful. For example, some researchers observe wholesale prices
but not marginal costs of production. Some research observes marginal
costs of production but not downstream market shares. Some researchers
see average wholesale prices and shifters of marginal costs of production,
and so on.

In terms of applications, while there has been a proliferation of papers
recently, this literature is still likely in its beginning stages. Since complex
supply chains are the rule rather than exception [1], most industries
have some structure like that studied so far more extensively in media,
health care, and groceries. Future work will also likely take into account
multiple segments in the supply chain. For example, in media, there
are television studios that supply programs to channels that negotiate
with distributors. In health care, doctors groups, pharmaceutical manu-
facturers, hospitals, health insurers, pharmacies, and pharmacy benefits
managers are all players with market power whose contractual terms
affect one another.

Actual contracts are often much higher dimensional than what
researchers have so far modeled. In commercial contracts, in addition
to prices, firms often specify a length of time that the contract is in
place, quantity and marketing provisions, information-sharing provi-
sions, confidentiality, and potentially exclusive dealing terms. Interna-
tional trade negotiations take place over tariffs and non-tariff barriers
such as intellectual property protection. Enriching the scope of the
modeled negotiations to include additional terms could be important
for some policy-relevant counterfactuals.

Finally, embedding the bargaining models into models of investment
or other dynamic processes is of first order importance. How surplus
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gets split between parties should have first order effects on the invest-
ments those parties make. Changes in market structure and product
quality from investment and other dynamic decisions likely outweigh
static pricing decisions in welfare calculations.
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12
Bargaining in Healthcare Markets:

Applications of Nash-in-Nash
and Extensions

Matthew Grennan and Ashley Swanson

Many prices in healthcare are determined in business-to-business nego-
tiations. Private, self-insured employers negotiate with private insurers
over insurance plan characteristics and prices. Insurers in turn negotiate
with healthcare providers and pharmaceutical manufacturers/distributors
over prices for the goods and services used in providing care. Providers
themselves negotiate with suppliers of the medical devices they use to
provide services. Combined with the rich data that has become available
to healthcare researchers, this has led to a growing body of empirical
research on bargaining in healthcare markets, particularly in the devel-
opment of structural models of bargaining that researchers can estimate
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from data and use to consider counterfactual policies. In this chapter, we
review these models and their importance for healthcare and bargaining
research more broadly. We also discuss other studies that provide the
foundation for this literature or that inform the directions in which this
literature could mature in order to better capture bargaining scenarios
important to healthcare policy and economics more broadly.

12.1 Bargaining in Healthcare, Upstream,
and Downstream

Health economists have for some time analyzed the ex-ante willingness-
to-pay for adding a player to an economic exchange—variously referred
to as a player’s “marginal contribution” or “added value” or “gains
from trade”—a fundamental building block to most economic models
of bargaining. Pioneering work in Town and Vistnes [65] and Capps
et al. [3] characterized healthcare as an option demand market, in
which intermediaries offer a network of upstream suppliers to down-
stream consumers, and these networks are valued by consumers’ ex-ante
willingness-to-pay for expected future treatment needs. Ho [35, 36]
connected these ideas to their current use, estimating detailed demand
models for hospitals, and then estimating an explicit bargaining game.
To fix ideas, consider the following model. For a trading network G,

define the gains for a hospital h trading with partner j (here the model is
sufficiently abstract for j to be, for example, an upstream input supplier
or a downstream insurer):

GFT H
hj := πH

h (G, {phj , p−hj}, φ) − πH
h (G \ hj,p−hj, φ) (12.1)

where phj denotes the price negotiated between the focal parties, and
p−hj is the vector of prices negotiated by other trading pairs in G. φ

is a vector of demand and supply parameters governing production,
consumption, and bargaining. πH

h is a functional that maps these prim-
itives φ and equilibrium objects (G, p) into ex-ante expected hospital
surplus. Similarly, define gains from trade to partner j trading with the
hospital, GFT J

hj , by replacing πH
h with π J

j in (12.1).
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After Ho [36], a series of empirical applications of bargaining in
healthcare markets were relatively direct adaptations of the Crawford and
Yurukoglu [8] empirical specification of the Horn and Wolinsky [40]
“Nash-in-Nash” (NiN) bargaining model. The Grennan [27] study of
hospitals bargaining with their suppliers and the Gowrisankaran et al.
[25] study of hospitals bargaining with insurers contributed to this new
methodology by clarifying the ways in which the model could be iden-
tified and estimated. The NiN model specifies that each buyer-supplier
pair reaches a solution that maximizes its pairwise Nash Product, and no
pair wants to renegotiate, taking the prices negotiated by the other pairs
as given, solving:

max
phj

[
GFT J

hj

]φB
j (h)[

GFT H
hj

]φB
h ( j)∀hj ∈ G (12.2)

where the parameter φB
j (h) ≥ 0 represents the bargaining ability of

player j negotiating with player h.
This model extends the well-known Nash-Bertrand Equilibrium

(NBE) in prices with differentiated substitutes. To see this, consider a
case where hospital h procures differentiated medical devices j ∈ J
used in a particular surgical procedure (e.g., prosthetic knee implants).
In this case, the network is the set of the device manufacturers paired
with the hospital, G = J × h. Further, assume that the quantity sold to
this hospital is small relative to any fixed costs of production or distribu-
tion, so that GFT J

hj := π J
j (G, {phj , p−hj}, φ)−π J

j (G\hj, p−hj, φ) =
qhj (phj −mchj )−0. Then we can solve for the pricing equation implied
by the first-order conditions of this maximization problem:

phj = mchj + φB
j (h)

φB
j (h) + φB

h ( j)

[(
1 + ∂qhj

∂phj

phj − mchj
qhj

)GFT H
hj

qhj

+GFT J
hj

qhj

]
. (12.3)

Here the markup of the supplier is a function of the total bilateral gains
from trade, the demand elasticity, and the ratio of the supplier bargaining
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ability relative to that of the hospital
φB
j (h)

φB
j (h)+φB

h ( j)
∈ [0, 1]. When this

ratio is zero, phj = mchj . When this ratio is one, the equation reduces
to the first-order condition for NBE where the manufacturer sets price,
∂qhj
∂phj

phj−mchj
qhj

= −1.

The elasticity term measures how the total gains from trade shrink
as equilibrium quantities respond to a price increase. In studies such as
Grennan [27, 28] where physicians are not very price sensitive in their
usage of medical devices, it plays a relatively small role.1 However, elas-
ticities are central in other contexts. For example, Brown [2] studies
how New Hampshire’s price transparency initiative affects equilibrium
prices and quantities for medical imaging services. Transparency makes
some consumers more price elastic as they gain information on prices
and switch to cheaper providers. This increased elasticity then decreases
the gains from trade generated by providers, lowering all prices in
equilibrium.
Thus when prices are negotiated, they will be a function of elasticities

(as they are when suppliers post prices), but they will also be a function of
gains from trade and bargaining ability parameters. Bargaining abilities
provide a new source of supply shifters when estimating demand, and
a new parameter that may change under counterfactual analysis [27].
Gains from trade depend on the availability of close economic substi-
tutes, and thus are related to market structure (and changes to market
structure, such as mergers) in a manner that goes beyond standard
cross-elasticity analyses. These three components: elasticities, gains from
trade, and bargaining abilities represent the basic channels determining
negotiated prices in this literature.

1 This highlights one reason why bargaining models have been important in healthcare: NBE
often implies unreasonably large markups when end users are insensitive to price [25, 27].
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12.1.1 Applications to Buyer Power: Purchasing
of Medical Devices, Pharmaceuticals,
and Hospital Care

The conventional wisdom that “bigger is better” in business-to-
business negotiations pervades the policy discussion on topics ranging
from insurer mergers to hospital mergers to group purchasing organiza-
tions and whether or not the government should negotiate drug prices.
For example, this notion has led U.S. policymakers to advocate for more
centralized procurement of healthcare products and services by federal
and state governments [43], rather than decentralized bilateral bargaining
as is the norm.

In spite of conventional wisdom, a “buyer size advantage” is not a
given in the economics literature. In a fairly general class of models, larger
buyer firms may obtain better prices if and only if the supplier’s surplus
function is concave (e.g., Chipty and Snyder [5]). However, size may
also be associated with differences in bargaining abilities if, for example,
larger firms are better managed.2 Moreover, mechanisms that lead to
lower input prices may not improve welfare [4, 33].3 The impact of these
mechanisms may further depend on details such as geography or supplier
market structure.4

These ambiguities and the multiplicity of mechanisms laid out in
theory have prompted a move toward empirical studies. The empirical
literature on the effects of buyer power in healthcare has focused on
purchasing of healthcare production inputs, drugs, and hospital care.

One strain of the literature focuses on hospital mergers and costs.
Hospital systems have consolidated substantially in recent decades [11].
A typical justification for these horizontal mergers is their potential
to generate cost synergies. Much of the literature on the effects of

2 Bloom et al. [1] find that larger hospitals have better management practices.
3 For example, a merger downstream could lead to decreased innovation or product variety
upstream [41].
4 Geographic proximity may be a success factor for mergers (a common contributor to buyer
size increases), economies of scale in supplier distribution, or otherwise. Larger buyers may spur
competition among multiple suppliers. These competition effects may be mediated by buyers’
demand commitments [12, 41], by suppliers’ own tacit collusion [59, 60], or by the presence
of transaction costs [22, 48].
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hospital mergers on costs has focused on overall hospital costs [14, 56]
and on labor costs [10, 54]. This literature generally finds that hori-
zontal hospital mergers lead to cost reductions for at least some types of
combinations. However, attributing these findings to changes in bilateral
bargaining between hospitals and suppliers presents several difficulties.
As noted in Gaynor and Town [23], cost data are usually limited to
Medicare Cost Reports and state financial data, which “are not easily
adjusted for changes in patient severity, and are subject to the vagaries of
accounting methodologies.”

One study that explicitly examines the effects of hospital mergers
on bilateral bargaining, accounting for composition, is Craig et al. [7],
which uses detailed data on hospital supply purchase orders issued by a
sample of U.S. hospitals from 2009 to 2015. The authors find that, for
a fixed basket of top hospital supply categories, the average merger target
saved 1.9%, while the average acquirer achieved no savings. Hetero-
geneity in effect estimates was consistent with mergers inducing a small
increase in hospital buyer power that is (1) driven by local returns to
scale, and (2) more influential for merger targets than for acquirers. There
was little evidence that savings, where they exist, are mediated by supplier
market structure.

Several studies have examined the effects of strong purchasers on drug
prices. A key finding in this literature is that buyers’ ability to credibly
exclude suppliers can be as important, or even more important, than
buyer size. Duggan and Scott Morton [18] estimate that drug “formula-
ries,” which give insurance plans a mechanism to exclude suppliers, were
crucial in restraining drug costs during the early rollout of Medicare Part
D, the federal prescription drug benefit for the elderly in the U.S. They
find that Part D led to a substantial relative decline in branded pharma-
ceutical prices, but only in drug classes where exclusion was statutorily
allowed and where multiple substitutes were available on the market.
The importance of upstream competition for leveraging buyer power

is echoed by other studies of drug pricing. Ellison and Snyder [19] find
that large purchasers (chain drugstores) extract lower antibiotic prices
from manufacturers than small purchasers (independents), but only for
drugs with multiple competitors. Lakdawalla and Yin [42] find that
exogenous increases in enrollment enable insurers to negotiate lower
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drug prices with pharmacies, but these buyer size discounts were smaller
in drug classes where manufacturers extracted monopoly rents and left
little surplus for insurers and pharmacies to divide. Looking across low-
and middle-income countries, Dubois et al. [16] find that centralized
procurement is associated with large discounts relative to decentralized
procurement, and the discounts vanish when the drug is supplied by a
monopolist.
The interaction between buyer size and supplier competition has

also been emphasized in the literature on insurer-hospital bargaining.
Staten et al. [64] argue that insurer size alone does not confer the
power to extract price concessions from hospitals. In order to extract
discounts, an insurer must also be able to credibly threaten to send its
enrollees elsewhere, and such threats are undermined by patient loyalty
to hospitals. Ho and Lee [37] provide a framework for exploring these
forces. In their model, managed care organizations (MCOs) with market
power compete for enrollees and negotiate with hospitals over the prices
of hospital services. MCOs can threaten to exclude hospitals from their
network. Household premiums are set via bargaining between employers
and MCOs. Subsequent to these negotiations, households enroll with
MCOs as a function of their premiums and provider networks, experi-
ence healthcare needs, and choose hospitals for treatment. The authors
estimate this upstream-downstream bargaining model using detailed data
on prices, premiums, enrollment, and hospital admissions for public
employees in California.

In this model, equilibrium prices in a given MCO-hospital negoti-
ation are a function of several forces that map the above notions of
“hospital and insurer loyalty.” For example, if dropping the hospital from
the MCO’s network leads to a large drop in enrollment, then the hospital
can command a higher price. Similarly, prices will be increasing in a
recapture effect, which represents the profits that a hospital will obtain
if loyal enrollees re-sort into other MCOs when the hospital is excluded
from the current MCO’s network.
The Ho and Lee [37] results present nuanced evidence on buyer

power in healthcare markets. First, in an option demand setting where
employers negotiate premiums, removing an MCO can lead to posi-
tive or negative effects on remaining MCOs’ premiums. Second, these
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premium effects can counteract or reinforce the remaining MCOs’
increased market power with respect to hospitals, with ambiguous impli-
cations for hospital prices on net. Finally, premium and price effects
are quite heterogeneous across markets, though consumer welfare always
decreases when an MCO is removed, due to reduced product variety.

12.1.2 Applications to Supplier Market Power:
Mergers and Hospital-Insurer Bargaining

Bargaining has been especially influential in the realm of antitrust,
particularly in the analysis of horizontal mergers and market power.
For example, the Federal Trade Commission’s standard model for eval-
uating hospital mergers is a bargaining model [20]. In recent cases, court
opinions have relied heavily on bargaining theory [50].

Gowrisankaran et al. [25] estimate a bargaining model of competition
between hospitals and MCOs and use the estimates to evaluate the effects
of hospital mergers. They find that MCO bargaining restrains hospital
prices significantly. In a counterfactual analysis, they find that a proposed
hospital acquisition in Northern Virginia would have significantly raised
hospital prices, and remedies based on separate bargaining would not
alleviate the price increases.

Gowrisankaran et al. [25] hold bargaining parameters fixed in their
merger simulations, so price effects are driven by the impact of the
merger on gains from trade (and internalization of cross-elasticities). In a
model that estimates bargaining ability parameters, Lewis and Pflum [44]
find that more of the observed price gap between system and non-system
hospitals can be attributed to bargaining parameter differences than to
differences in gains from trade driven by local market concentration.
The result that bargaining power parameters explain a substantial

portion of the variation in prices is a recurring phenomenon in this liter-
ature. As these parameters are in part residuals, they could in principle
capture many unmodeled phenomena internal (including firm organiza-
tional structure, information, incentives, management, and leadership)
or external to the firm (including exclusionary contracting, quantity-
based contracting, or other unmodeled features of the full vertical supply
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chain or contract space). Much of the subsequent literature has sought
to increase the scope of the models and data in order to capture these
elements of various bargaining scenarios in healthcare. A large part of
the rest of the chapter discusses these extensions and related work.

12.2 Modeling Network Formation

Real world trading networks in business-to-business markets are rarely
exogenously determined or costless to form (and reform). As in other
contexts, these factors can lead to selection in who contracts with whom,
potentially affecting demand and supply estimation. They can also
change the outside options in negotiations relative to the “frictionless”
NiN models we have discussed thus far. These are potentially important
issues in considering how insurers construct their provider networks and
how hospitals construct their supplier networks. New research is making
strides toward quantifying the magnitudes of these issues.

12.2.1 Strategic Exclusion

The discussion in the previous sections focused on how buyers and sellers
split their gains from trade, holding all other agreements fixed. The
model assumes that all agreements involving positive gains from trade
will be made in equilibrium. Exclusion is an off-equilibrium threat.

Contrary to this notion, exclusion is an increasingly pervasive
phenomenon in healthcare markets. For example, insurers form restric-
tive formularies, pharmacy networks, and provider networks [31, 49,
52, 62]. Several theories of bargaining provide useful intuition as to what
might be happening. Gal-Or [21] presents a stylized bargaining model
in which insurers can reduce hospital prices in “exclusionary” contracts
in which each insurer forecloses all but one hospital. However, if hori-
zontal differentiation between hospitals is sufficiently large, and when
the likelihood of becoming sick is sufficiently high, the only equilib-
rium that can arise is non-exclusionary. In a similar vein, Dana [12]
and Inderst and Shaffer [41] present models in which a merged buyer’s
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bargaining advantage is mediated by buyers’ demand commitments.
The welfare implications of such demand commitments are complex.
Some buyers will consume their less preferred product, but benefit
on net from lower prices. In the healthcare context, similar tradeoffs
precipitated the managed care backlash of the 1990s [32], as well as
conflicts between physicians and hospitals regarding hospital attempts
to sole-source medical devices [51].

A substantial body of reduced form empirical evidence supports the
notion that exclusion can reduce insurer spending via price reductions.
For example, many state Medicaid programs, which provide health insur-
ance to low-income consumers, have been shown to successfully leverage
restrictive formularies to lower retail drug expenditures [13, 26, 49]. In
a similar vein, Sorensen [61] showed that the ability of Connecticut
MCOs to channel enrollees to hospitals (i.e., their demand commit-
ments) was a far more important determinant of negotiated hospital
prices than MCO size.

Only very recently, a structural empirical literature has emerged that
models equilibrium exclusion and demand commitments that provide
buyers additional leverage to reduce negotiated prices. For example, Ho
and Lee [38] propose the “Nash-in-Nash with Threat of Replacement”
model (NiNTR), in which buyers can threaten to replace suppliers with
viable alternative suppliers that are outside the network. The NiNTR
solution looks similar to NiN, but with the additional requirement that
insurer j will never pay hospital h more than its outside option of drop-
ping h from the network and adding the best non-contracted alternative
hospital k to the network (at k ’s reservation price). They also define
a stability condition for NiNTR prices to be an equilibrium: a given
network G is stable at NiNTR prices if, and only if, the network does
not exclude any hospital that generates higher bilateral surplus with the
insurer than any included hospital.

In order to make this intuition concrete, Ho and Lee [38] use the data
and parameters from Ho and Lee [37] to simulate the counterfactual
premium, price, and welfare effects of one insurer offering a restric-
tive hospital network. They estimate that, with a narrow network, the
insurer would have been able to negotiate steep discounts. On average,
consumers would benefit from the narrow network, as the resulting
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decrease in premiums would offset the consumer surplus loss of having
access to fewer hospitals. However, consumer surplus varies widely:
some consumers, such as those living close to excluded hospitals, would
experience significant harm.

Ghili [24] and Liebman [45] propose alternative extensions of the
Nash-in-Nash framework to accommodate equilibrium exclusion. Like
Ho and Lee [38], Ghili [24] allows an insurer to threaten to replace
any contracted hospital in its network with one outside its network.
To rationalize observed variation across plans in network breadth, he
assumes that different plans have different “economies of scale,” captured
by fixed costs of including additional hospitals in network. Liebman [45]
proposes a different model, in which insurers commit to network size in
an initial stage of the game. Prices are then determined as the result of
an alternating offers bargaining game between all hospitals and insurers,
where upon disagreement in bargaining for a given insurer-hospital pair,
a replacement hospital may be randomly chosen.

12.2.1.1 Selection on networks

Shepard [58] focuses on how exclusion interacts with patient selec-
tion. A large theoretical and empirical literature suggests that more
generous insurance plans will attract more costly enrollees. If insurers
are not perfectly able to adjust premiums as a function of enrollees’
risk, then costly enrollees will be less profitable to insurers.5 This study
focuses on a key aspect of plan generosity that interacts with insurer-
hospital bargaining: whether plans cover the best-regarded academic
(or “star”) hospitals. Using rich data on claims and plan choices from
Massachusetts’ health insurance marketplace for low-income individuals,
CommCare, Shepard [58] shows that consumers with a pre-existing
attachment to star hospitals in Massachusetts are both very costly to
insure and also far more likely to choose a plan covering star hospitals.

5 “Risk adjustment” is a tool regulators use to limit insurers’ incentive to seek low-risk
enrollees. Risk adjustment works by measuring medical risk factors (e.g., age and diagnoses)
and compensating plans that attract observably sicker people.
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This form of selection provides a strong inducement for plans to drop
star hospitals from their networks.

12.2.1.2 Quality regulation

A natural concern is that welfare is harmed when intermediary firms
exclude suppliers. This might be particularly problematic in the health-
care setting, where excluding a high-quality provider or product may
be a life-or-death matter and consumers may be insufficiently informed
about tradeoffs. For example, Gruber and McKnight [31] find that the
marginal enrollee in limited provider network plans does not simply
avoid high-cost providers: she consumes less healthcare services overall.
The health economics literature has pursued this issue in a few

different ways. Some papers have used structural model estimates
to evaluate the effects of policy interventions that regulate network
size. E.g., Ghili [24] and Liebman [45] study the effects of “net-
work adequacy” rules that require minimum levels of coverage of local
providers, finding that such standards would increase hospital prices
and, perhaps, insurer premiums. Shepard [58] uses his structural esti-
mates to evaluate the welfare effects of a targeted subsidy for plans that
cover star hospitals. He finds that these policies would decrease welfare,
as they would entail healthcare cost increases exceeding the increase in
consumers’ value for the hospitals.

In some instances, whether due to binding regulations or due to more
informal pressures from healthcare suppliers or consumers, buyer firms
opt not to fully exclude suppliers and instead rely on partial exclu-
sion for leverage in bargaining. Starc and Swanson [62] consider the
Medicare Part D context, in which plans are prohibited from excluding
many retail pharmacies. Recently, many Part D plans have established
restrictive “preferred pharmacy networks,” where preferred status means
reduced out-of-pocket costs to enrollees. In order for partial exclu-
sion to result in a demand commitment, enrollees must respond to
reduced out-of-pocket costs by frequenting preferred pharmacies. Starc
and Swanson [62] show that: adoption of preferred networks is asso-
ciated with selection of low-cost enrollees, consistent with Shepard



12 Bargaining in Healthcare Markets: Applications ... 261

[58]; enrollees respond significantly to pharmacy “preferred status”; and
preferred-network plans negotiate lower prices for drugs, with no effect
on consumer access.6 Unsurprisingly, the effects of preferred pharmacy
networks disappear in plans that cover primarily subsidized beneficiaries
who face low out-of-pocket prices no matter the pharmacy.

12.2.2 Frictions in network formation

The Ghili [24] study mentioned above rationalizes exclusion via fixed
costs of adding and maintaining a buyer-supplier relationship. These
costs can make it optimal to form a trading network that is smaller than
the full network, and thus provide insurers a credible threat to replace an
in-network hospital with an out-of-network one. To address the poten-
tial computational challenges involved in estimating a model with a large
number of potential network configurations by, the paper uses a moment
inequalities estimator derived from stability conditions on the observed
networks in order to estimate the fixed costs of contracting. Applied to a
health insurance market in Massachusetts, Ghili’s estimated model finds
that fixed costs of network formation add up to approximately one-third
of insurer profits.

12.3 New Directions: Contracts,
Organizations, and Information

Many of the models and applications discussed thus far have explicitly
or implicitly assumed that the contracting parties have full informa-
tion about all model parameters, for themselves and all parties who
could potentially be included in the trading network. The contracting
space is typically limited to linear prices, exchanged bilaterally, that only
impact each other via their impact on equilibrium quantities. The players
themselves are abstract entities, reducing complex and heterogeneously

6 Similar “steering” effects are examined in the case of tiered hospital networks in Prager [53]
and vertically integrated insurer-hospitals in Cuesta et al. [9].
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skilled and motivated people and organizations down to a few parame-
ters. Though these simplifying assumptions may be good approximations
to reality in some contexts, in other cases they may miss important
features of the market. Recent research has made progress toward better
understanding and/or loosening these restrictions, but there are many
opportunities for important contributions.

12.3.1 Enhancing the Contracting Space

Contracts in healthcare can be complex, and sometimes that
complexity is critical for understanding equilibrium outcomes. An
important example in drug procurement has been most-favored-nation
(MFN) clauses or other types of “reference pricing” where the outcomes
of prices negotiated in other agreements enter the negotiation directly
through the contract stipulations, not only via their effects on demand.
Scott Morton [57] and Duggan and Scott Morton [17] demonstrate
these effects in studies of the U.S. Federal Government’s introduction
of an MFN clause on pharmaceutical prices supplied to Medicaid in the
1990s. Firms had to provide drugs to Medicaid at their lowest price.
However, the rule resulted in higher prices to some non-Medicaid drug
consumers.

More recently, a few papers have structurally modeled and estimated
the impact of reference pricing on equilibrium prices, quantities, and
entry patterns. Dubois et al. [15] consider the effects of a hypothet-
ical U.S. reference pricing policy that would cap prices in U.S. markets
by those offered in Canada. Counterfactuals based on their estimated
model predict modest consumer welfare gains in the U.S., substantial
consumer welfare losses in Canada, and an increase in overall pharma-
ceutical profits. Maini and Pammolli [47] also study the issue of reference
pricing for pharmaceuticals, focusing on how reference pricing policies
affect drug entry timing across countries within the EU. While they
abstract from modeling the bargaining process underlying their pricing
policy function, they consider both the direct externality imposed by
reference pricing, and also the indirect externalities imposed on choice
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sets due to strategic entry delays (which are an optimal response to the
reference pricing).

Another important feature of insurer-provider contracting is the desire
to induce multiple providers to jointly balance the overall health benefits
and financial costs of the care they provide. This desire has motivated
both public and private payers in the U.S. to establish provider contracts
with financial rewards/penalties based on all costs and consequences for
a defined set of patients or episode of care (e.g., “Accountable Care Orga-
nizations” and “Comprehensive Care for Joint Replacement”). These
efforts may be important in contexts where narrowly focused contracts
have unintended consequences. For example, the literature on drug
formularies in state Medicaid programs [13, 26, 49] finds that restric-
tive formularies may result in offsetting increases in other healthcare
expenditures because drugs and other healthcare products and services
are substitutes in the production of health. This may impose an exter-
nality on health insurance programs [63]. Further, Cooper et al. [6]
show that many hospitals are staffed by specialists like emergency physi-
cians, radiologists, and anesthesiologists that cannot be easily avoided by
patients admitted at the hospitals where they practice. The result is that
such specialists, even those staffed at in-network hospitals, can opt out of
insurers’ physician networks and charge inflated prices without sacrificing
demand, and this lucrative outside option enables them to command
high in network prices.

12.3.2 Asymmetric Information Bargaining

There is currently no standard approach for introducing asymmetric
information explicitly to the Nash-in-Nash framework. This is unfortu-
nate as much of the debate regarding transparency in healthcare hypoth-
esizes about how such information may directly affect the bargaining
problems between hospitals and insurers [34] or hospitals and device
manufacturers [46].

Grennan and Swanson [29] study the latter context by examining
what happens when hospitals obtain access to “benchmarking” data
on the prices other hospitals pay for the same medical devices. They
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find that savings from access to this information are largest for physi-
cian preference devices, where high-price, high-quantity hospital-brand
combinations average 3.9% savings, versus 1.6% for commodities.
The paper offers two theoretical models that could explain these

savings: an asymmetric information bargaining model where hospitals
are uncertain about manufacturers’ bargaining parameters [55], and a
model where bargaining parameters represent the outcome of an agency
problem between hospital owners and the administrators who nego-
tiate prices, so that benchmarking data allows owners to better monitor
administrator effort [39]. They find evidence for both, but stronger
evidence for the model of asymmetric information about bargaining
parameters. They also model a role for externalities: transparency might
discourage suppliers from agreeing to low prices with any buyer because
that price can then become information that other buyers will use against
the supplier, but they don’t find empirical evidence of this effect.

12.4 Discussion: Progress and Opportunities
for Bargaining in Healthcare
and Beyond

The healthcare sector is one where most prices are set via business-to-
business negotiations, and thus many important policy questions depend
on bargaining outcomes across buyer-supplier networks. Because the
healthcare setting has recently provided researchers with relatively rich
data to model and estimate the surplus creation and division process,
it has been at the forefront of much of the recent literature on empir-
ical studies of bargaining. In many regards this literature has experienced
a great deal of success in that the tools and approaches have quickly
become influential, in particular with regard to antitrust in hospital and
insurer markets.

However, the empirical bargaining literature (in healthcare and more
broadly) is still young, and there are many challenges to tackle before
researchers will have a toolkit that allows them to model the many inter-
esting and important research questions that remain. There are currently
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very few structural papers that go beyond Nash-in-Nash to incor-
porate the phenomena documented in Sects. 12.1.1 and 12.2. Work
that improves tractability (e.g., allowing endogenous network formation
for counterfactuals with a high-dimensional player space, or incorpo-
rating externalities in structural models of bargaining under asymmetric
information) or sheds further light on the importance and validity of
modeling assumptions (e.g., fixed costs of adding a trading partner)
would be a strong contribution.

Even less well-understood are the formal and informal contracts that
exist between and within healthcare suppliers, or how those contracts
may be disrupted in counterfactual scenarios. First, hospital surplus is
to a great extent governed by physicians who recommend hospitals for
inpatient and outpatient care and choose medical device brands (which
are paid for by hospitals) to use in procedures.7 Historically, physicians
and hospitals were financially and organizationally distinct co-producers
of care with strong informal ties and explicit prohibition of “kick-
back” arrangements, but recent decades have seen growth in hospital
ownership of physician practices and gainsharing. The literature (and
policymakers) have not yet grappled with the contracting relationships
between physicians and hospitals as co-producers of care.

Second, the bargaining parameters estimated in the Nash-in-
Nash framework are often an empirically important but not well
understood “residual” in the sense that they will tend to absorb any
modeling or measurement error in the relationship between gains from
trade and prices. Empirically, bargaining parameters capture the relative
weight put on buyer and supplier surplus necessary to explain price vari-
ation as a function of added value variation. Theoretically, they are often
modeled as discount factors in a multi-stage bargaining game. In the
real world, they may proxy for a host of factors—impatience, oppor-
tunity costs of time, laziness, fear of negotiation breakdown—that will
depend on leadership, management, and incentives within firms. Work
that advances our understanding of what real-world factors bargaining

7 Relatedly, physician relationships with medical device and pharmaceutical manufacturers may
impact both hospital/insurer ability to credibly exclude those manufacturers’ products and
researchers’ ability to use choice patterns to infer consumer welfare [30].
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parameters capture, perhaps involving new ways of incorporating those
factors into surplus calculations, would be tremendously beneficial.
We anticipate that the ubiquity of bargaining, the welfare at stake, and

the large amounts of detailed data available to researchers will continue to
make healthcare applications important for empirical bargaining research
in the future.
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13
Bargaining and Climate Change

Negotiations

Alejandro Caparrós

13.1 Introduction

Climate change is one of the main challenges faced by humankind and
over the last decades countries have tried to find a global response to this
challenge through intense negotiations. Unfortunately, results have been,
at best, mixed. Game theoretic analysis of International Environmental
Agreements (IEA) has been a very active research area over the past three
decades (Finus and Caparrós 2015). Although this literature does not
apply exclusively to the climate change problem, there is no denying
that climate change has been the main motivation. Although most of
this literature abstracts from the negotiating process, this chapter focuses
on the papers that have indeed modeled climate change negotiations, or
parts of it.
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To model negotiations, the most obvious approach is to base the
analysis on the Nash Bargaining Solution (NBS) or the Rubinstein
Bargaining Solution (RBS), and this has been the path followed by
most of the papers discussed below. However, recent developments
have diminished the relevance of many of these papers for the anal-
ysis of current climate change negotiations. The reason is that climate
change negotiations have moved away from what was basically a burden-
sharing agreement, the Kyoto Protocol, to a pledge and review process,
the Paris Agreement. Yet, at least without modifications, the NBS and
the RBS are appropriate for analyzing burden-sharing agreements but
not necessarily for the process launched by the Paris Agreement. This
could be seen as diminishing the relevance of bargaining theory in this
context but I will argue that, on the contrary, this opens up opportunities
for future research, as recent advances are showing that properly modified
bargaining models continue to be relevant. Furthermore, the flexibility of
bargaining models makes them better candidates to analyze current nego-
tiations than alternative modeling frameworks (see Finus and Caparrós
[2015] for other frameworks used to analyze IEA).
Before moving on, I briefly describe the history of climate

change negotiations. This will allow us to compare the theoretical anal-
yses with this benchmark. In 1992 virtually all the countries in the
world signed and ratified the United Nations Framework Convention
on climate change (UNFCCC). The UNFCCC’s objective is to achieve
the “stabilization of greenhouse gas concentration in the atmosphere
at a level that would prevent dangerous anthropogenic inference with
the climate system” (UNFCCC 1992). In 1997 the Kyoto Protocol
was signed, engaging the countries included in Annex I (OECD and
economies in transition) to reduce their overall emission by five percent
in 2012 compared to 1990. The main feature of the Kyoto Protocol is
that it was negotiated as a burden-sharing agreement. That is, countries
bargained over the contribution that each party should do, and once
signed and ratified, the agreement became ‘binding’ under international
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law.1 As efforts to extend the Kyoto approach beyond the first commit-
ment period (2008–2012) failed, negotiators agreed in 2015 on the Paris
Agreement. This agreement specifies the goal of the UNFCCC, stating
that countries aim at “holding the increase in the global average tempera-
ture to well below 2◦C above pre-industrial levels and [...] pursue efforts
to limit the temperature increase to 1.5◦C above pre-industrial levels”
(UNFCCC 2015). The main feature of the Paris Agreement is that it
does not have short-term commitments, but rather it urges countries
to periodically submit their voluntary commitments, their Nationally
Determined Contributions (NDCs). These NDCs (pledges) are not
legally binding, not even under international law.2 This approach is less
ambitious than a binding burden-sharing agreement, but the advantage
is that the Paris Agreement covers 96% of current emissions, while the
potential successor to the Kyoto Protocol, negotiated in parallel, only
covered 14%.The reason for this is that under the Paris Agreement devel-
oping countries also agreed to submit NDCs. It is also relevant to note
that there are two types of NDCs: unconditional ones, where the country
states the abatement that it pledges to do irrespectively of the behavior or
other countries; and conditional ones, where the country pledges addi-
tional abatement efforts that it is willing to do in return for (technology
or monetary) transfers. The latter have been used mainly by developing
countries (Rogelj et al. [2016] show that about 80% of the NDCs have
a conditional component).
There are other parts of the Paris Agreement which are also relevant

and imply negotiations. Article 6 states that countries may cooperate,
bilaterally or regionally, to increase the reach of their abatement targets,
as this can significantly reduce costs and allow for more ambitious
goals (Mehling et al. 2018). Article 9 considers monetary transfers from
developed countries to assist developing countries in their efforts to miti-
gate and adapt to climate change. Developed countries have agreed to
mobilize a substantial amount of money, although this commitment is
carefully worded to minimize any binding interpretation and, as for

1 Even an agreement that is ‘binding’ under international law is weak, as countries can abandon
it at any time (as Canada did just before the end of the first commitment period of the Kyoto
Protocol).
2 Only procedural obligations are binding in the Paris Agreement.
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targets, this global financial goal is not broken down into individual
contributions. The approved text is as follows: “prior to 2025 the Confer-
ence of the Parties [...] shall set a new collective quantified goal from a
floor of USD 100 billion a year” (UNFCCC 2015).
To focus more on the detailed negotiations, as some papers have done,

I will now briefly describe how climate change negotiations unfold. Every
year negotiators sent by the countries meet for two weeks. Delegates
meet and discuss the different proposals and, if all delegates agree on
a particular text, a general assembly is called and all participating coun-
tries confirm the agreement, if they so wish. If the agreement is signed, it
then needs to be ratified to come into force, usually by a given percentage
of all countries involved. In most democratic states, this implies that the
parliament and/or the senate need to accept the agreement. If all these
steps are successful and the agreement was meant to be binding under
the international law, countries are bound to the terms of the agreement.

‘Coalitions’ have played a significant role in these negotiations since
the early nineties (Hampson and Hart 1995). During each round of
negotiations countries have organized themselves into ‘coalitions,’ such
as the Group of 77 and China or the Coalition of Rainforest Nations.
This concept of ‘coalition’ differs from the one used in most of the
literature on game theory and IEA (Finus and Caparrós 2015), where
a coalition is a group of countries that have decided to determine their
abatement efforts jointly. In international negotiations, however, a ‘coali-
tion’ is a group of countries that have decided to join forces during the
negotiations, generally meeting in private to agree on common positions.
In other words, the Coalition of Rainforest Nations is not a coali-
tion according to most of the literature on IEA. To avoid confusion,
I follow Caparrós and Péreau (2013) and use the term ‘negotiation-
coalition’ to refer to the coalitions set-up for negotiation purposes.
These negotiation-coalitions (NC) have been relatively stable and always
formed between developed or between developing countries.

No model has thus far been able to capture all the details of the
negotiation process just described, but there have been several attempts
to capture key characteristics of this process. I first discuss models that
were developed having the Kyoto Protocol in mind, in Sect. 13.2, before
describing recent efforts to model the Paris Agreement, in Sect. 13.3.
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13.2 Modeling the Kyoto world

13.2.1 The Basic Model

As the reader of this book is well aware, the basic bargaining model
introduced by Rubinstein (1982) describes the process through which
negotiating agents try to reach an agreement. The player opening the
negotiations makes an offer, a proposed sharing of a resource of known
size (e.g., a cake). The other player can accept the offer, in which case
the negotiation ends, or reject it and make a counter-offer. This counter-
offer may be accepted or rejected with a new counter-offer, and so on
(this process can potentially go on forever and only ends if an agreement
is reached). Rubinstein proves that every bargaining game that satisfies a
set of reasonable assumptions has a unique subgame perfect equilibrium
(SPE), which is reached immediately. A direct application of Rubinstein’s
model to a negotiation between the geopolitical North and the geopolit-
ical South over climate change would be as follows. I use this simplified
scenario as a benchmark to compare other models below.
The gross payoff before transfers, Vi , of both players (i = N , S,

where N represents the North and S the South) depends on abatement
made by the North, qN , and the South, qS . More precisely, benefits,
Bi , depend on the abatement efforts made by both players but costs,
Ci , are only supported by the player i involved in the abatement effort
(the benefit function is supposed to be concave and the cost function
convex). The functions Bi and Ci are supposed to capture the discounted
stream of future constant benefits and costs, respectively, associated with
a level of abatement. Thus, we have (for i, j = N , S and i �= j):
Vi (qi , q j ) = Bi (qi , q j ) − Ci (qi ).
The game starts at the non-cooperative equilibrium, where both

players follow the Nash equilibrium. I denote the corresponding abate-
ment by qncN and qncS . To focus on the simplest case, assume that there
is a negotiation about the transfer, τ , that the North should grant
to the South to move from the non-cooperative to the cooperative
solution. Abatement efforts in the cooperative solution are determined
using the standard procedure and noted qcN and qcS . The transfer τ

can be seen as a simple form of issue linkage, as side payments are
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not necessarily monetary. The net payoff functions, after transfers, for
both players of an agreement reached at period t over a transfer τ from
the North to the South are: UN (τ, t) = V nc

N + δtN

(
V c
N − V nc

N − τ
)

and US(τ, t) = V nc
S + δtS

(
V c
S − V nc

S + τ
)
, where δtN and δtS are

the discount factors of the North and the South, respectively, t =
{0, 1, ...} the periods in which the offers or counter-offers are made,
V nc
i = Vi (qnci , qncj ) and V c

i = Vi (qci , q
c
j ). The RBS is the unique

SPE given by the two following conditions (Rubinstein 1982; Muthoo
1999): UN (τ S, 0) = UN (τ N , 1) and US(τ

N , 0) = US(τ
S, 1), where

τ i denotes offers proposed by player i. The first equation states that the
North is indifferent, in terms of expected payoffs, in regards to accepting
the Southern offer, τ S , in the current period, or rejecting it and making
in the following period the counter-offer τ N , which will be accepted
by the South. The second equation reflects the same indifference for
the South. Assuming that the North makes the first offer, the equi-
librium transfer is: τ ∗ = ϕ

(
V c
N − V nc

N

) − (1 − ϕ)
(
V c
S − V nc

S

)
, with

ϕ = δS(1−δN )(1 − δN δS)
−1. Hence, the transfer depends positively on

the marginal gain of the North and negatively on the marginal gain of the
South. As this is at the basis of several of the results discussed below, note
that if the disagreement points, V nc

N and V nc
S , could be modified in a

pre-negotiations stage the distribution of the surplus would be modified.
As shown by Rubinstein (1982), under perfect information the equi-

librium offer is proposed by the North in the first round and is
immediately accepted by the South, i.e., τ N = τ ∗. Hence, the transfer
τ ∗ implies that each player gets its perpetual disagreement payoff V nc

i
and a share of the additional surplus created. As it is well known,
when the time between offers becomes infinitely small, or the discount
factors tend to one, the SPE of Rubinstein’s model converges to the asym-
metric Nash Bargaining Solution (Muthoo 1999). More precisely, the
RBS converges to the asymmetric NBS if the discount rates of the agents
are not identical, while it converges to the NBS if both agents share the
same discount rate (in other words, the discount rates are at the origin
of the asymmetry). This provides a strategic justification of the NBS and
also shows that this concept should be used when the time between offers
is arbitrarily small, which may be interpreted as bargaining situations in
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which the absolute magnitudes of the frictions in the bargaining process
are small (Muthoo 1999).

Rotillon and Tazdaït (1996), Rotillon et al. (1996) and Chen (1997)
present early applications of bargaining theory to the analysis of global
IEA. As Rubinstein’s model abstracts from enforcement issues, which are
key in most analyses of IEA, Hovi (2001) presents a model that incor-
porates enforcement issues into a two-stage bargaining model. The first
stage is a direct application of Rubinstein’s model, as the one described
above. However, after an agreement is reached in the first stage, the
players move on to a second stage where they play a prisoners’ dilemma
over the implementation of the agreement with an infinite time horizon.
Nevertheless, as the equilibrium in the first stage needs to be subgame
perfect and there are only two players, most of the results obtained with
a direct application of Rubinstein’s model continue to hold.

In the bilateral bargaining process described above uniqueness is
ensured by Rubinstein’s alternative-offers procedure (Schelling 1956).
However, requiring unanimity in the multilateral bargaining case may
yield multiple equilibria, as shown by Shaked (reported by Sutton
[1986]) in the 3-player case and by Herrero (1985) in the n-player case.
Given the limited predictive power of models with multiple equilibria,
there are different proposals aimed at restoring uniqueness by modifying
the structure of the game. One alternative is to focus solely on the case
where the history of the negotiations has no impact, as the notion of
Stationary SPE may be used to restore uniqueness. As the restriction
on the strategy space in this case is rather strong, the second alterna-
tive considered is the one introduced by Suh and Wen (2006), who
propose a series of bilateral negotiations. This is the approach followed in
several of the applications to IEA so far. Once uniqueness is restored the
results obtained for multilateral negotiations are rather similar to those
obtained for bilateral negotiations, although the richer framework allows
discussion of issues that are irrelevant in the two-player case.

In their analysis of climate change negotiations, Rotillon et al. (1996)
consider a single North and n Southern players. The aim is to study
the formation of NC in complete information according to their degree
of complementarity and substitutability. Southern players are called
complementary when all have to sign the agreement to be effective and
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substitutable otherwise. The bargaining process follows the alternating-
offers procedure and uniqueness is ensured because it is modeled as a
set of bilateral agreements. The results show that when all players are
perfectly complementary, they act separately, and that when they are
perfectly substitutable, they act jointly. As Southern countries were most
likely substitutable in the Kyoto world analyzed in this section (as only
developing countries had commitments and North–South negotiations
were mostly done in the context of the Clean Development Mechanism),
the Southern countries had a strong incentive to talk with a single voice
in these negotiations. This was actually the case, as G77 and China acted
united.

In Caparrós and Péreau (2013) incentives to form NC were analyzed
in a world with two Northern and two Southern countries. Negotia-
tions take place à la Rubinstein and uniqueness is maintained because the
model assumes a set of bilateral agreements. As in Rotillon et al. (1996),
the central question is whether or not there is a natural tendency for this
type of negotiation to be carried out between NC, but now the focus is
on whether the incentives to form this NC come from efficiency gains
or from the potential to gain bargaining power. Efficiency gains refer to
the direct gains that countries can expect when they negotiate together,
minus what they can expect negotiating separately (due to fixed-costs
savings, or because players expect different commitments while acting
together instead of separately). Even if efficiency gains do not exist,
the authors show that countries are not indifferent about negotiating
together or separately. Furthermore, these additional motivations, based
purely on bargaining power, go in the opposite direction for the North
and the South. This implies that bargaining power never favors a negoti-
ation between a single Northern NC and a single Southern NC. In their
framework, this implies that in equilibrium there are two bilateral agree-
ments, instead of a single global agreement. This also implies that the
first-best is not attained.

Another variation of the basic game can be found in Okada (2007),
who discusses a truly multilateral bargaining process, showing that there
is a unique Stationary SPE and that this equilibrium converges to the
asymmetric NBS as the probability of stopping negotiations becomes
close to zero, which is similar to assuming that the discount factor tends
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to one. The article then moves on to a numerical illustration of the
bargaining outcome without fully analyzing the details of the multilateral
bargaining process.

13.2.2 Variations on a Theme

In this section, I discuss several issues that have been analyzed based on
developments of the basic model discussed above.

13.2.2.1 The Role of a Leader

The difference in ambition between the EU climate policy and that of
the rest of the world is so stark that the question of the role of unilateral
action has been repeatedly addressed. Brandt (2004) argued that unilat-
eral action may have a role to play if it can be used as a signal to show that
costs are relatively low. Benedick (1998, 2007) has argued that the almost
unilateral action taken in the late 1970s by Australia, Canada, Norway,
Sweden and the US to individually and separately ban the use of CFCs
in aerosol spray cans, demonstrated to skeptics that reducing emissions
was feasible at a reasonable cost. This enabled the subsequent signa-
ture of the Montreal Protocol, a protocol that is frequently depicted as
the paramount example that international cooperation can indeed work.
Whether this would also work for climate change is unclear. Although
climate policy has been relatively successful in Europe, it is true that
costs related to climate policy have in fact been rather modest, especially
for the sectors included in the EU emission trading system. However,
the analysis in Brandt (2004) also requires costs to be clearly correlated
and it is unclear whether the US or developing countries see the costs in
Europe as relevant to them.

In any case, the pioneer analysis of the role of unilateral actions was
proposed in Hoel (1991) and was more pessimistic, showing that unilat-
eral actions by one country may trigger lower reductions in the other
countries. In Hoel (1991) unilateral action can take two forms, as coun-
tries can commit to (i) a unilateral reduction of emissions even if an
agreement is not reached or (ii) an over fulfillment of the negotiated
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agreement. In the first case the commitment alters the disagreement
point used to determine the NBS and the consequence is that when
one country commits to a unilateral action, its bargaining power is
reduced. In the game outlined in the previous sub-section, a unilateral
commitment by the North implies that it abates qncN + x instead of
qncN if no agreement is reached. This implies that the North has weak-
ened its bargaining position. As Hoel (1991) shows, it also implies that
total emissions may increase and global welfare may be reduced as a
consequence of the unilateral action. If the second derivative of the cost
function in Country 1 is relatively high, at the equilibrium, compared to
that in Country 2 total emission will increase (i.e., Country 2 increases
emissions more than Country 1 reduces emissions), while they will both
decrease their emissions if the opposite relation holds.

In the second type of commitment considered in Hoel (1991), both
countries bargain over a uniform reduction and one country commits
to a given additional effort. In the model outlined in the previous sub-
section, this implies that the North commits to abate q + x if an
agreement is reached. This type of commitment will in general reduce
total emissions, as long as the second derivative of the cost function of
the committing country is not too large, at the equilibrium.
Ward et al. (2001) discussed the role of potential leaders in climate

change negotiations, focusing on the competition between leaders who
can each offer package deals to attract support of veto players. However,
given that the US has had a modest role in leading climate change nego-
tiations, studies focusing on a single leader are probably more relevant in
the current context. In this line, Caparrós and Péreau (2017) consider
a gradual agreement formation game where a single leader, e.g., the
EU, gradually extends a binding agreement in a sequential bargaining
setting, following a similar pattern to that observed for trade agree-
ments. Formally, the leading country endogenously decides whether to
negotiate multilaterally or sequentially over climate change (the choice
is determined by the convexity of the transferable utility game and the
free-rider payoffs of the followers). Except in a few clearly defined cases,
the outcome of the negotiation process is always the grand coalition,
although the process may take some time as the leader may choose
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a sequential path.3 The authors also analyze the role of a facilitating
agency, which has the power to shape the negotiation process but not
the power to impose a precise outcome. They show that, under certain
conditions, it is able to favor a multilateral negotiation, which implies
that the globally efficient outcome is attained earlier.

13.2.2.2 Features of International Negotiations

I now discuss papers that have focused on some of the key features of
international negotiations, such as the role of delegation and ratifica-
tion (see Sect. 13.1). Schelling (1956, 1960) initiated the discussion
on delegation and Jones (1989) formalized it. More related to IEAs,
Segendorff (1998) analyzes strategic delegation in a model where two
countries bargain over the provision of a transboundary public good.
In each country a principal has the option to delegate the negotiation
to an agent. The game has two stages: first, both principals simultane-
ously choose agents, second, agents bargain over the provision of the
public good. Segendorff (1998) considers a weak and a strong dele-
gation model, the difference being that in the former the breakdown
allocation is carried out by the principal, while in the latter the agent
also decides on the breakdown allocation. Principals choose agents that
have lower preferences for the public good than their own because this
lowers the reservation utility and increases their bargaining power. That
is, as in Beccherle and Tirole (2011) and Urpelainen (2012), the players
use the pre-negotiation stage to modify their disagreement point to gain
bargaining power. However, as both adopt this strategy, delegation makes
at least one of the principals worse off compared to the case where the
principal negotiates. When delegation is strong this effect can more than
offset the gains from reaching an agreement. The analyses of strategic
delegation just described are developed further in Buchholz et al. (2005),

3 The authors show that this holds even if one assumes, as it is standard in IEA coali-
tion formation games, that the remaining countries continue to cooperate if one player leaves
the agreement. They also show that, even in this framework, a sequential path may lead to a
stable grand coalition, even if negotiating directly a stable grand coalition is not possible. Note
that in this framework each agreement has to grant all signatories its free-rider payoff, and not
only its disagreement payoff as in a standard bargaining game.
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confirming Segendorff ’s (1998) results. Buchholz et al. (2005) extend
the analysis to different types of transboundary pollution, showing that
the incentive to elect delegates who pay lower attention to the environ-
mental problem becomes stronger when negotiating global public goods.
The authors show that when voters anticipate a bargaining process their
incentives to misrepresent their preferences increases. Thus, the median
voter can be better off in a situation where elected countries determine
their policy independently.
The analysis of delegation was extended to n players by Harstad

(2008), including the analysis of the role of side payments. Harstad
confirms that with side payments each principal appoints a delegate
that values the project less in order to increase bargaining power. Side
payments turn out to have a negative effect if the heterogeneity is small
and at the same time the uncertainty and the value of the project are
large.

As discussed in Sect. 13.1, agreements signed by negotiators need to
be ratified by different parliaments before entering into force. Schelling
(1960) highlighted, informally, this feature and Putnam (1988) analyzed
this issue using a two-level game. This issue was subsequently analyzed
in Iida (1993), Haller and Holden (1997) and Tarar (2001). These anal-
yses find that Schelling’s conjecture, that a tough ratification constraint
can be a bargaining advantage, holds. Courtois and Tazdaït (2008) apply
Putnam’s structure to a climate negotiation between the South and two
separated Northern players, showing that a parliament that is reluctant
to ratify an agreement increases the bargaining power of the players.
Tarar (2005) focuses on the exact nature of the constituency defining the
ratification constraint (although not applied to climate change negotia-
tions, the paper is still relevant for these negotiations). In the first option
considered, the executive (negotiators) has a national constituency while
the legislators who have to ratify the agreement have local ones (as in the
US). As predicted by Schelling’s conjecture, in this case the negotiators
benefit from being constrained, unless the constraint is so tough that no
agreement is possible.
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13.2.2.3 Future Binding Negotiations

Buchholz and Konrad (1994), Beccherle and Tirole (2011) and
Urpelainen (2012) all analyze the impact that expecting a bargaining
process over abatement in the future may have on technology invest-
ments (see also Harstad 2012, 2016). These analyses were particularly
relevant before the Kyoto Protocol was signed, and again on the road
to Paris, as the world had abandoned the Kyoto Protocol and a future
(potentially binding) agreement was expected. Buchholz and Konrad
(1994) analyze a two-stage game where countries decide first their tech-
nology and then move on to a second stage where abatement efforts are
negotiated according to the NBS. Countries choose their technology and
hence modify the utility frontier and the disagreement point. Given the
influence of the disagreement point on bargaining power, both coun-
tries have an incentive to adopt a technology with high costs per unit
of abatement. In a related but more general model, Beccherle and Tirole
(2011) focus on the consequences of delaying a binding agreement (see
also Tirole 2012). Both countries have an incentive to set high levels of
pollution in the first stage, as this credibly commits to a high level of
pollution in the second stage. This increases the bargaining power in the
second stage, which is analyzed using the NBS. Harstad (2012, 2016)
further investigates the role of incomplete contracts. His results confirm
that countries invest less if future negotiations are expected.

13.2.2.4 Asymmetry of Information

Asymmetry of information is a key ingredient of any international nego-
tiation, and several analyses of climate change negotiations have focused
on this feature. In most of the analyses discussed below information is
shared via signaling, as discussed by Spence (1974), where an informed
agent takes costly actions that reveal its information, or its type. In
this context, information about relative costs of abatement is shared,
or not, to gain bargaining power. Rotillon and Tazdaït (1996) analyze
a bargaining process that is based exclusively on the North’s initiatives,
while the South merely accepts or rejects the different offers. Caparrós
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et al. (2004) present a more direct application of Rubinstein’s frame-
work to climate change negotiations under asymmetric information. The
payoffs are a simplified version of those shown in the previous sub-
section, where costs functions are not explicitly modeled and, instead,
the South has a minimum requirement for the transfer. All the elements
of the negotiation are known, except the minimum amount of trans-
fers that is acceptable to the Southern countries (they can have ‘weak’ or
‘strong’ requirements). As is standard in this type of models, the authors
find pooling and separating equilibria. The results show that the asym-
metry of information favors the weak South in both cases, but especially
in the pooling equilibrium. As there is a monotone relation between the
probability attached by the North of facing a strong South and the emer-
gence of the pooling equilibrium, if the South were able to send a signal
showing that it has high abatement costs (strong transfer requirements)
in a pre-negotiation phase, it would be interested in doing so. In Buch-
holz and Konrad (1994) and Beccherle andTirole (2011) pre-negotiation
actions are used to commit to low abatement efforts, here pre-negotiation
signals are used to show that the country has high abatement costs, even
if this is not the case. Caparrós et al. (2004) extended their analysis
to one North and two Southern players, which can both be strong or
weak, while Bayer and Urpelainen (2013) essentially analyze the opposite
scenario, proposing a game with one recipient and two donors. Jakob and
Lessman (2012) also analyze one-sided asymmetric information, which
can refer to the North or to the South. They also consider the possi-
bility that countries ‘cheat’ by entering an IEA without fulfilling their
commitments. They assume that after an agreement is struck, players
play a one-shot game in pure strategies, where they decide to fulfill, or
not, their commitments. Their analysis highlights a situation that may
be relevant in actual climate change negotiations: the North is interested
in engaging in early abatement to credibly signal its type, even though
the involved costs exceed the benefits enjoyed in the first period, while
the South prefers to delay action.
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13.3 The Paris Agreement Arrives, New
Models Are Needed

The world has moved away from binding burden-sharing agreements
and has embraced instead a system based on voluntary contributions
announced through pledges (NDCs). Theoretical analyses have not yet
incorporated this tendency, although there are several ongoing efforts in
this direction. As discussed in Sect. 13.1, the main feature of the Paris
Agreement is that countries no longer negotiate burden-sharing agree-
ments. Instead, each country submits, independently, its conditional
and/or unconditional NDCs.

Harstad (2020a) and Caparrós (2020) are two contemporaneous4

papers that attempt to model the Paris Agreement in a bargaining frame-
work. To some extent these models can be seen as complementary, as the
former considers only unconditional NDCs while the latter considers
both, but focuses more on conditional NDCs.

In Harstad (2020a) each country quantifies its own contribution, the
unconditional NDCs described in Sect. 13.1.5 Then, the author assumes
that the set of pledges must be unanimously accepted. If at least one
country does not accept the NDCs submitted by all the other countries,
all countries have to submit new NDCs. This yields a novel bargaining
game, with potential application to other areas. The author further intro-
duces uncertainty over which pledges will be accepted, captured through
uncertainty over the discount factors. This allows him to show that there
exist equilibria which improve over the situation that would prevail in the
absence of any agreement. More precisely, assuming uncertain tolerance
for delay, the author shows that equilibrium pledges (NDCs) coincide
with an asymmetric Nash bargaining solution. That is, each equilibrium
pledge maximizes an asymmetric Nash product where the weights reflect
differences in the discount rates, but also the extent of uncertainty in

4 Early versions of both papers were presented at the WCERE 2018.
5 The author complements the analysis with a discussion of the differences between the Kyoto
Protocol and the Paris Agreement in Harstad (2020b). In this paper, the bargaining protocol
proposed in Harstad (2020a) is embedded in a dynamic game with several relevant features,
such as endogenous technology and participation.



286 A. Caparrós

shocks and the correlation in shocks across the parties. Since the equi-
librium weights vary from one party’s pledge to another’s, the bargaining
outcome is not Pareto optimal. As noted above, the bargaining game
combines a focus on unconditional pledges with a need for unani-
mous approval. The focus on unconditional pledges can be justified by
the fact that developed countries have sent unconditional pledges, so
that the analysis covers a significant share of total emissions. The need
for unanimous approval is more problematic. Pledges are, in principle,
excluded6 from the unanimity rule, as countries merely “communicate”
their pledges (NDCs), which are recorded in a public registry by the
secretariat (Article 4.2).

Caparrós (2020) is another paper that attempts to model the Paris
Agreement. To do so, the paper introduces a model where a long-term
non-binding agreement is followed by a series of short-term interactions,
in a stochastic environment. Short-term interactions are modeled as a
bargaining game in which countries submit conditional and uncondi-
tional pledges (NDCs), which are not binding and not subject to the
approval by other countries. Then, eventually, countries bargain over the
conditions set out in the conditional pledges (as noted in Sect. 13.1,
about 80% of the pledges submitted have a conditional component).
This negotiation happens in an implementation phase, intended to
capture negotiations under articles 6 and 9 of the Paris Agreement (see
Sect. 13.1). However, backing-off from the initial terms proposed in the
conditional pledges has reputational costs. The bargaining part of the
model extends to a multilateral framework the bilateral bargaining game
with partial commitment analyzed by Muthoo (1996) using the NBS
and by Leventoglu and Tarar (2005) using the RBS (as the paper uses
the RBS, it is closer to the latter). The paper also analyzes long-term

6 New agreements by the Conference of the Parties (COP) are usually subject to the unanimity
rule (or at least to an absence of an objection). In fact, this was the reason why the Copenhagen
Accord, a predecessor to the Paris Agreement that included pledges, was not adopted as a
decision of the COP in 2009. However, the Paris Agreement has followed a different route. The
Paris Agreement itself was adopted unanimously as a decision of the COP in 2015. Countries
were then invited to communicate their first pledges before or at the time of ratification, and
to communicate new pledges every five years. That said, the fact that pledges are public, and
that countries may decide not to take any emission abatement action if they do not like the
pledge made by one particular country, could be seen as a weak form of unanimity.
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provisions that are non-comprehensive, because countries do not agree
on investments, and non-contingent, as agreements cannot depend on
the state of nature finally observed. This long-term provision (a part of
the Paris Agreement itself ) is modeled as an agreement that can be aban-
doned if it is not profitable to all parts (see footnote 1). The results show
that the pledge mechanism, followed by an implementation phase, can
implement the first-best in the short term, and that the surplus is shared
according to the relative importance of the cost-of-revoking the pledges.
It is also shown that without a long-term provision there is underin-
vestment. However, even if the agreement does not cover investments, a
long-term contingent provision can implement the long-term first-best,
and a long-term non-contingent provision can bring the world closer.

Before concluding, let me briefly discuss which ones of the results
discussed in Sect. 13.2 are more likely to be still relevant in the new
framework. Analyses of unilateral actions and the role of a leader remain
relevant for a post-Paris world, because countries can decide to submit
NDCs that are comparatively more ambitious, as the EU has done. Dele-
gation and ratification is probably less relevant, as the Paris Agreement
has a very long time horizon and it has already been negotiated (although
some details are still being negotiated, in particular referring to articles 6
and 9) and the pledges (NDC) are not subject to any negotiation. The
role of future binding contracts is still relevant, but shifting the focus to
agreements signed developing articles 6 and 9 of the Paris Agreement.
Finally, asymmetry of information is certainly still relevant, but the anal-
ysis would need to be adapted, to focus either on information regarding
future NDCs or on information that is relevant for articles 6 and 9.

13.4 Conclusion

This chapter has discussed papers that have used bargaining theory
to analyze climate change negotiations. The basic bargaining model is
optimistic, although developments of this model tend to temper this
optimism. In any case, this literature offers insights that are relevant
to analyze international negotiations on climate change. However, most
available papers have been written having in mind a burden-sharing
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agreement, such as the Kyoto Protocol, while climate negotiations have
moved on and the Paris Agreement is the new kid in town. There are
several ongoing attempts to model this agreement, showing that a prop-
erly modified bargaining game can be used to model this new framework.
Analyzing the robustness of the different results discussed above in this
new framework opens up exciting avenues for future research.
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14
Bargaining and War

Bahar Leventoğlu

14.1 Crisis Bargaining

War destroys the resources of all engaged parties. Therefore, the surplus
parties can divide after war is always smaller than the surplus they could
divide before war. Then why do rational actors not agree to a negoti-
ated settlement they would all prefer to the war outcome? This question
constitutes the central puzzle in the rationalist paradigm on war. This
puzzle manifests itself in bargaining models of war as in Fearon’s (1995)
pioneering work “Rationalist Explanations for War”.
The formal approach to war as a bargaining process can be traced

back to Schelling (1960) (see Powell 2002). In this survey, my point
of departure will be Fearon (1995). I will focus on models with dyads
and conclude by arguing that multilateral models of bargaining and war
remain as one of the most promising areas of research. Space limitations
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Fig. 14.1 Bargaining range in the conflict

do not allow for a more comprehensive review.1 I will also not be able to
cover the Economics literature on bargaining breakdowns.2

14.2 The Basic Framework and Fearon’s
Rationalist Accounts of War

Bargaining models of war build on the assumption of anarchy. There
is no supranational authority to make and enforce law in the interna-
tional arena and stop war from happening (Waltz 1959). War remains as
an option for all parties in the conflict and provides a lower bound for
payoffs for rational agents.

Consider a conflict between two rational states S and D over a pie
of size 1. Let x ∈ [0, 1] denote a resolution. S and D derive payoffs of
x and 1 − x from the resolution, respectively. War is a costly lottery. If
the states fight, S prevails with probability p, D prevails with probability
1 − p, and the winner gets the entire pie. The cost of fighting to S and
D is s and d , respectively. Therefore, S ’s payoff from fighting is p − s,
and D ’s payoff from fighting is 1 − p − d.

1 See Powell (2002), Fey and Ramsay (2007), Kydd (2010), Jackson and Massimo (2011) and
Baliga and Sjöström (2013) for surveys of literature with different perspectives.
2 E.g., see Brito and Intriligator (1985) for a model war with bargaining and Fernandez and
Glazer (1991) for a theory of union strikes in wage bargaining.
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A rational agent prefers a peaceful resolution to fighting if and only
if the payoff from the resolution is at least as high as the payoff from
fighting. S would accept a resolution x ∈ [0, 1] if x ≥ p − s and D
would accept it if 1− x ≥ 1− p−d, equivalently x ≤ p+d. Therefore,
there always exists a bargaining range of negotiated settlements x ∈ [p−
s, p+d] that both sides would prefer to war. Figure 14.1, replicated from
Fearon (1995), illustrates this range.

Assume that either state can initiate a war. Then any negotiated settle-
ment must be in the bargaining range for both parties to agree. Let
q ∈ [0, 1] denote the status quo. If q ∈ [p−s, p+d], each state prefers
status quo to war and status quo prevails. Suppose 1 − q < 1 − p − d,
equivalently q > p + d. Then, D is dissatisfied with the status quo and
would go to war unless the status quo is revised in his favor. To model
the bargaining process, assume that S makes a take-it-or-leave-it offer of
x. If D accepts S ’s offer, x becomes the negotiated settlement, otherwise
war breaks out. The best S can do is to offer the least that D would
accept, which is D ’s war payoff. So, S offers 1 − x = 1 − p − d for
D and she collects x = p + d > p − s, which she prefers to war. The
dispute is settled peacefully under complete information.
The literature has long argued that informational asymmetry among

parties is one of the causes of costly fighting (Powell 1987).3 Two promi-
nent examples are uncertainty on the resolve of countries (Morrow 1985)
and uncertainty on relative strength of states in war (Blainey 1988).
Fearon argues that “the cause of war cannot be simply lack of informa-
tion, but whatever it is that prevents its disclosure.” Therefore, his first
explanation focuses on rational incentives that explain why states cannot
remedy informational problems.

Suppose that a resolved D ’s cost of fighting is d = dl and an unre-
solved D ’s cost is d = dh > dl . D knows his own type, S only knows
that D is unresolved with probability α. Rationality implies that both
types of D accept any offer greater than or equal to 1 − p − dl and the
unresolved type accepts any offer greater than or equal to 1 − p − dh .
So, only these two offers matter for S . 1 − p − dl settles the dispute

3 Myerson and Satterthwaite (1983) show a general impossibility of ex post efficient mechanisms
without outside subsidies under private information.
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peacefully, 1 − p − dh yields resolved type fighting. S faces a tradeoff
between the non-risky peaceful resolution and the risky offer that may
lead to war. S ’s expected payoff from the peaceful resolution is p+dl and
her expected payoff from the risky offer is α (p+ dh)+ (1−α)(p− s).
If the latter is greater, this “risk-return” trade-off resolves in favor of the
risky offer and war breaks out between S and a resolvedD. A similar risk-
return trade-off emerges when uncertainty concerns relative strength of
the states.

Fearon’s second explanation relates to commitment problems. Modify
the complete information model as follows: S wins the war with proba-
bility p f if S attacks first, with probability ps if D attacks first, and with
probability p if both states attack simultaneously, where ps < p < p f .
Under the assumption of anarchy, there is no mechanism to make states
commit to not attacking. If states agree to a resolution x, then x would
be peaceful only if it provides each state with at least its war payoff when
it attacks first. This implies x > p f − s and 1− x > 1− ps −d, that is,
p f −s < x < ps+d. If p f −s > ps+d, incentives for preemptive war
preclude the existence of a bargaining window for peaceful resolution.

A second and empirically more relevant commitment problem relates
to preventive motivations against large and rapid changes in distribution
of power (Taylor 1954; Organski 1958). Modify the model as follows:
States play the game twice and consume the flow of benefits in both
periods. Relative strength of power evolves in favor of D in the second
period. S wins the war with probability p1 and p2 < p1 in the first
and second periods, respectively. There is no discounting. If war breaks
out in the first period, the winner collects benefits in both periods. Let
x1 and x2 be S ’s share from peaceful resolutions in the first and second
period. Rationality and no commitment imply 1 − x2 ≥ 1 − p2 − d,
or x2 ≤ p2 + d. The maximum S can get in the first period is x1 = 1,
so S ’s payoff from peaceful settlements in both periods is bounded from
above by 1+ p2+d. If S fights in the first period, she wins the war with
probability p1 and collects the benefits in both periods, so her payoff
from war is 2p1−s. If 2p1−s > 1+p2+d, or 0 < p2 < 2p1−s−d−1,
then a declining S prefers fighting in the first period in order to avoid
bigger concessions in the second period.
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Fearon’s third explanation relates to issue indivisibilities such as terri-
torial disputes. Which are also a form of commitment problem (Powell
2006). I will focus on informational and commitment problems below.

14.3 Informational Problems

14.3.1 Dynamic Bargaining

Only one actor can make an offer in Fearon’s take-it-or-leave-it model.
Powell (1996a, 1999) shows that the risk-return trade-off emerges in
presumably more natural bargaining environments, in which both states
can offer and counteroffer. Powell generalizes the alternating offers model
of Rubinstein (1982) by adding the option of going to war and private
information about cost of war. D is said to be dissatisfied if he prefers
war to accepting what he would be offered in the underlying Rubinstein
bargaining game. Powell shows that in any perfect Bayesian equilib-
rium of the game, no dissatisfied D ever rejects an offer in order to make
a counteroffer. So, a dissatisfied D either accepts the offer or goes to war
in any equilibrium. Then S ’s optimal strategy becomes a take-it-or-leave-
it offer as in Fearon. The duration of bargaining depends on which state
makes the initial offer, but the probability of war is independent of which
state makes the initial offer. Powell (1996b) applies this model to address
whether war is less likely when there is an even distribution of power,
as argued by the balance-of-power school (Claude 1962; Morgenthau
1966; Mearsheimer 1990; Wright 1965; Wolfers 1962) or when there
is a preponderance of power, as argued by the preponderance-of-power
school (Blainey 1988; Organski 1958; Organski and Kugler 1980).

14.3.2 Bargaining Power

Leventoğlu and Tarar (2008) argue that the risk-return trade-off is the
unique perfect Bayesian equilibrium outcome in Powell’s model because
it gives all the bargaining power to the satisfied state and this rules out
any incentive for the dissatisfied state to make a counteroffer. This is
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achieved in Powell’s model by the assumption that a state goes to war
only in periods in which the other side makes an offer. Leventoğlu and
Tarar modify Powell’s model by allowing states to go to war after the
rejection of an offer in any period, rather than just in periods in which
the other side makes an offer. Unlike Powell, they show that when the
dissatisfied state is not too impatient, equilibria exist in which a peaceful
agreement is reached through the offer-counteroffer process. This finding
implies that, unlike in Fearon’s original argument, private information
leads to war only in conjunction with other factors that impact or explain
impatience of states in negotiations, such as domestic political vulner-
ability, exogenous obstacles that hinder ability to make counteroffers
quickly, bargaining tactics that create incentives to strike quickly, or
actions that lock states into war.

14.3.3 Robust Predictions: Mechanism Design
Approach

As shown by Leventoğlu and Tarar (2008), model predictions may not
be robust to model specifications. In an earlier work, Banks (1990)
formulates a two-state crisis bargaining with one-sided private informa-
tion as a mechanism design problem. He derives results that hold in
equilibrium of any bargaining game that the states may play. Such gener-
alization cannot provide precise predictions for states’ behavior, but it
offers comparative statics results that hold in every equilibrium of every
possible game the states may play. Since this approach is relatively rare in
the literature, I will discuss it in more detail below.
The building block of Banks’ approach is a Bayesian-Nash revelation

principle (d’Aspremont and Louis-Andre 1979), which yields a set of
incentive compatibility constraints that must be satisfied in every equi-
librium of every game that may be played. Assume D ’s cost can take
value t ∈ T = [tl, th], where t is D ’s type and it is private informa-
tion. The probability distribution of t is common knowledge. A game
form consists of actions AS for S and AD for D and an outcome func-
tion with two components: gp(aS, aD) ∈ [0, 1] is the expected value of
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D ’s share from a peaceful resolution and gw(aS, aD) ∈ [0, 1] is proba-
bility of war when S and D ’s actions are aS and aD, respectively. S and
D choose actions simultaneously. Let σS and σD(t) be perfect Bayesian
equilibrium strategies of S andD of type-t in the game induced by S and
D ’s payoff functions. The outcome of this equilibrium can be written as
D ’s expected share from the peaceful settlement

y(t) = gp(σS, σD(t))

and the probability of war

π(t) = gw(σS, σD(t))

If type=t D plays σD(t), his expected payoff is

U (t; y, π) = π(t)(1 − p − t) + (1 − π(t))y(t)

and if he plays σD(t ′), his expected payoff is

U (t ′, t; y, π) = π(t ′)(1 − p − t) + (1 − π(t ′))y(t ′)

(y(·), π(·)) is a function of D ’s type only and it is called a direct mecha-
nism. (y(·), π(·)) is incentive compatible if U (t; y, π) ≥ U (t ′, t; y, π)

for all t, t ′ ∈ T , namely a type-t D derives at least as much from
reporting his true type to the direct mechanism as he would by reporting
another type. The revelation principle states that any outcome that can
be obtained as perfect Bayesian equilibrium of a game can be obtained by
an incentive compatible mechanism. So, the following inequalities must
hold for any two t, t ′ ∈ T :

π(t)(1 − p − t) + (1 − π(t)) · y(t) ≥ π(t ′)(1 − p − t)

+ (1 − π(t ′)) · y(t ′)

π(t ′)(1 − p − t ′) + (1 − π(t ′)) · y(t ′) ≥ π(t)(1 − p − t ′)
+ (1 − π(t)) · y(t)
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Summing up these inequalities and canceling out yields π(t) ≥ π(t ′)
for all t, t ′ ∈ T such that t ′ ≥ t . A smaller t means more resolved D.
Then this result means the more resolved D is the more likely a war is in
any perfect Bayesian equilibrium of any game between S and D.

Given the anarchic nature of the game, D ’s share of a peaceful settle-
ment must also be at least as large as his war payoff. This implies an
individual rationality constraint:

y(t) ≥ 1 − p − t

for all t ∈ T . Since also π(t) ≥ π(t ′) for t ′ ≥ t ,

π(t)(1 − p − t) + (1 − π(t)) · y(t) ≤ π(t ′)(1 − p − t)

+ (1 − π(t ′)) · y(t)

Combining this with the first incentive compatibility constraint,

π(t ′)(1 − p − t) + (1 − π(t ′)) · y(t ′) ≤ π(t)(1 − p − t)

+ (1 − π(t)) · y(t)
≤ π(t ′)(1 − p − t)

+ (1 − π(t ′)) · y(t)

we obtain

π(t ′)(1 − p − t) + (1 − π(t ′)) · y(t ′) ≤ π(t ′)(1 − p − t)

+ (1 − π(t ′)) · y(t)

which implies y(t) ≥ y(t ′) for t ′ ≥ t , i.e., D ’s expected share from a
peaceful settlement increases with his resolve.
These strikingly general monotonicity results are derived by easy

manipulations of the incentive compatibility and individual rationality
constraints. They robustly predict that a more resolved D runs a higher
risk of war but also expects a higher share in a peaceful resolution.

Fey and Ramsay (2011) generalize this when both S and D have
private information about their types but the joint distribution of types
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is common knowledge. Unlike Banks, this generalization also captures
uncertainty about countries’ relative strength and allows for evaluation
of consequences of different types of uncertainties mentioned above.

Like Banks, Fey and Ramsay impose an individual rationality
constraint to model the anarchic nature of the international system. They
also account for the potential of the bargaining process to reveal infor-
mation about types, so their individual rationality constraint is satisfied
with updated belief after such information revelation. They model uncer-
tainty about resolve as independent private values for cost of war. Bank’s
monotonicity results generalize to this setting.

In this independent private values model, they also obtain a unique
peaceful equilibrium with voluntary agreements, in which each state gets
a share proportional to its relative strength, i.e., S gets p and D gets
1−p. Comparing this finding with Powell (1996b) is worthwhile. Powell
calculates probability of war as a function of the disparity between the
status quo disparity of distribution of benefits and the distribution of
the expected benefits from war. He shows that this disparity must be
small for a peaceful agreement to emerge in the unique equilibrium of
his model. These two results are not contradictory. Powell’s result holds
true for an institutional setting that can be modeled precisely through
a Rubinstein bargaining model under the shadow of war. On the other
hand, Fey and Ramsay show that there exist other institutional settings in
which a peaceful agreement would be achieved even when the disparity
is large enough to guarantee war in Powell’s setup.

Uncertainty over relative strength is a case of interdependent values,
since a state’s relative strengths necessarily define the other state’s relative
strength. Fey and Ramsay show that, when each state receives a private
signal about their relative strength, there does not exist any game with
an always peaceful equilibrium when the sum of costs of war is not too
large.

14.3.4 Resolution of Informational Problems

If informational problems cause war, are there other institutions that may
mitigate the problem? Ramsay (2011) studies a crisis bargaining game
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with two-sided incomplete information. Unlike in the previous models,
he assumes that states can engage in diplomatic communication through
a cheap talk game before the bargaining starts. Ramsay shows that,
although the messages in the cheap talk game do not change the funda-
mentals of the game, players credibly communicate with each other
about their values for the outcome in equilibrium. Such communication
may change the continuation payoffs. In Ramsay’s model, this happens
especially when the bargaining game has multiple equilibria. The cheap
talk diplomacy reveals information and helps players coordinate their
actions and decreases ex ante probability of war.

If diplomatic channels are closed, can fighting resolve the very
problem of informational asymmetry that causes inefficient fighting at
the first place? After all, the assumption of war as a game-ending costly
lottery contrasts with the perception of war as part of the bargaining
process (von Clausewitz 1976; Schelling 1960). Slantchev (2003a) argues
that warfare communicates information about players, and it ceases to be
useful when it loses its informational content and ends with negotiated
settlement if it has not ended before by a military decisive victory. To
formalize this argument, Slantchev embeds war as a stochastic process
between two players in an alternating offers bargaining game. Victor
of a battle is determined randomly, and a country must win a certain
number of battles to win the war decisively. When D has private infor-
mation on relative strength, D ’s decision to accept or reject an offer and
his offer to S reveal information. D may manipulate that information.
But, fighting necessarily reveals information about the distribution of
power, so fighting has a valuable information content. Learning during
fighting happens through strategic information revelation on the nego-
tiation table and involuntary information revelation on the battlefield.
When players’ expectations converge sufficiently and battles no longer
reveal information, the dispute settles peacefully.

Powell (2004a) models war as a simpler stochastic process: War may
end with decisive victory by one of the states or the game proceeds to the
next period, in which S makes all the offers. Unlike in Slantchev (2003a),
in Powell’s model, S can be uninformed about either D ’s resolve or his
relative strength. In the generically unique Bayesian equilibrium under
either scenario, S screens D by making new and increasing offers as long
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as D keeps rejecting the offers. More resolved and more powerful types
of D accept higher offers and informational asymmetry is resolved in
equilibrium.

In contrast to the models above, Leventoglu and Metternich (2018)
build a model of civil wars with imperfect information but no informa-
tional asymmetry. In their model, the government faces a rebel group.
The success of a rebel attack depends on the size of those who participate
in violent and non-violent anti-government activities and the strength of
the rebels. The society has common beliefs about rebels’ strength, but
nobody knows it. Like in (2003a), fighting reveals information about the
rebels’ strength, which influences middle-class’ support for rebels. They
show that fighting ends with concessions from the government when the
society’s belief about rebels’ strength becomes favorable enough to induce
middle-class participation in non-violent anti-government activities.

14.4 Commitment Problems

14.4.1 Lack of Commitment to Future Redistribution

Fearon (2004) identifies several empirical regularities related to civil
war duration. Civil wars emerging from coups and revolutions, civil
wars in Eastern Europe and former Soviet Union and anti-colonial civil
wars tend to be short; civil wars that involve land conflict between an
ethnic minority and a dominant ethnic group and civil wars in which
rebels derive major funding from contrabands tend to be longer. Fearon
explains these patterns by the inability to commit to future redistribution
after shift of power. Since this theme appears repeatedly in the literature,
it is worth to summarize Fearon’s model here.

Fearon sets up a complete information dynamic game with a govern-
ment and a rebel group. They interact successively in an infinitely
repeated game which starts with peace. The government controls the
flow of resources. Each period, nature determines whether the govern-
ment is weak or strong, then the government decides how to distribute
resources. All parties observe the government’s strength. Rebels cannot
fight during strong times, so a strong government does not redistribute.
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When the government is weak, rebels decide whether to fight or not,
which may end the game with rebels’ victory, or the game proceeds to
the next period. This is the commitment problem rebels face during weak
times. They choose between accepting the government’s current offer and
risk future redistribution, or fight now and possibly win autonomy when
they can. If weak times are not likely, the government would not redis-
tribute most of the time and the rebels would prefer to fight whenever
they get a chance to do so.
This is the same mechanism Acemoğlu and Robinson (2001) use

to explain political transitions. In their model, the elite controls the
government and decides on redistribution and whether to extend the
franchise to the poor. The poor can attempt a game-ending revolution
when the elite is in control. Extending franchise eliminates the possi-
bility of revolution and brings democracy. The elite may attempt a coup
under democracy. The state of the economy is determined by nature
every period. Both revolt and coup attempt are very costly when the
economy is booming, incentives to revolt and for coup attempt emerge
only during economically bad times. Since revolution and coup are not
possible during good times, elite under autocracy and poor under democ-
racy cannot commit to redistribution during economically good times,
the elite does not redistribute, and the poor impose a high tax rate
under democracy during good times. Lack of commitment during good
times creates incentives for the poor to revolt under autocracy and for
the elite to attempt a coup under democracy during bad times. The
commitment mechanism can explain transition to and consolidation
of democracy, and unconsolidated democratic transitions. Leventoğlu
(2005, 2014) uses the same mechanism to study the impact of social
mobility on political transitions and on middle-class behavior.

14.4.2 Shift of Power and Persistent Fighting

Powell (2012) links three regularities of interstate and civil wars to shifts
in the distribution of power: periods of persistent fighting exist, fighting
ends in negotiated settlements as well as in military decisive outcomes,
fighting may reoccur. Powell explains these regularities through the role
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of fighting to forestall adverse shifts in an infinite horizon stochastic
game with a government in control of resources and a rival faction. Each
period, the government makes a take-it-or-leave-it-offer, the rival decides
whether to accept or fight the government. The state consolidates and the
distribution of power shifts in favor of the government unless the govern-
ment and the rivals fight. Fighting may end the game decisively in favor
of one of the parties, or the game may proceed to the next period stochas-
tically. The rival faces a tradeoff between accepting and benefiting from
an offer today at the expense of facing a stronger government tomorrow.
Since the government cannot commit to future redistribution, this means
smaller offers in future. This tradeoff may resolve in favor of persistent
fighting in equilibrium.

14.4.3 Robust Predictions: A Unifying Approach

Powell (2004b) offers a unifying perspective on commitment problems.
He shows that a common mechanism is at work in a diverse set of ineffi-
cient bargaining breakdowns. Powell formulates the mechanism through
an inefficiency condition in dynamic stochastic games as follows: Two
players, S and D, are trying to divide a flow of a pie of size one every
period. They discount future payoffs by δ. Normalize payoffs so that the
lifetime surplus from the flow of pies is 1. Let k denotes the state of the
world. For example, k may represent state of economy in Acemoğlu and
Robinson (2001), government strength in Fearon (2004), a consolidated
state or an unconsolidated one in Powell (2012). Transition of k may be
stochastic as in Acemoğlu and Robinson (2001) and Fearon (2004), or
deterministic as in Powell (2012). Let Mj (t, k) be j ’s minmax payoff in
the continuation game starting in state k in period t, j ∈ {S, D}. Then
S must offer D at least MD(t, k) to avoid a costly fight. Suppose that
distribution of power shifts in favor of S in state k′. Assume that the state
transitions from k to k′ in period t+1 so that S becomes more powerful
in t + 1. The most S can offer to D in period t is 1. She can credibly
commit to offering a lifetime payoff of 1 − MS(t + 1, k′) in period
t + 1, since S would not settle down for anything less than her minmax
payoff. Then the maximum possible payoff that D can expect in period



306 B. Leventoğlu

t , whether in or out of equilibrium, is (1 − δ) + δ(1 − MS(t + 1, k′)).
If this is less than D ’s minmax payoff of MD(t, k) in period t ,

MD(t, k) > (1 − δ) + δ(1 − MS(t + 1, k′)),

then there exists no credible sequence of negotiated resolutions that will
avoid costly fighting. Let us employ this in Powell (2012). Suppose that
fighting ends decisively with probability α. In that case, probability of
S ’s victory is p if the state is not consolidated and p + � if the state
is consolidated. Players’ minmax payoffs are obtained when they fight
until one faction is eliminated. For simplicity, assume that the pie is
destroyed when the players fight and each pays a cost of c. Let FS be S ’s
minmax payoff when the state is not consolidated. This can be computed
recursively as

FS = −(1 − δ)c + α(p · 1 + (1 − p) · 0) + (1 − α)δFS

which yields

FS = αp − (1 − δ)c

1 − δ(1 − α)

Let F ′
S be S ’s minmax payoff when the state is consolidated, similarly let

FD and F ′
D be D ’s minmax payoffs in the corresponding states of the

world. These can be computed in the same way as

F ′
S = α(p + �) − (1 − δ)c

1 − δ(1 − α)
, FD = α(1 − p) − (1 − δ)c

1 − δ(1 − α)

and F ′
D = α(1 − p − �) − (1 − δ)c

1 − δ(1 − α)

The inefficiency inequality can be written as

FD > (1 − δ) + δ(1 − F ′
S)

Again, for simplicity, take δ to 1, this inequality becomes � > 0. In
other words, when players are patient enough, even a small shift in
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distribution of power causes persistent fighting. Powell’s condition FD −
δF ′

D > 0 also becomes � > 0. That is the same inefficiency inequality.

14.4.4 Resolution of Commitment Problems

When war ends in a negotiated settlement, the termination of war must
be a consequence of the resolution of its causes (Blainey 1988), so a ratio-
nalist theory must explain how war breaks out and how fighting resolves
its causes so that it terminates. When informational problems cause war,
fighting may resolve the very reason of the war by revealing informa-
tion credibly (Slantchev 2003a). In the absence of a similar account with
commitment problems, any war that terminates with a negotiated settle-
ment can only be explained by incomplete information (Gartzke 1999).
Leventoğlu and Slantchev (2007) provide a theoretical explanation to
this question in a complete information model.

In their model, actors can fight repeatedly and keep negotiating.
Resources are fixed, they are destroyed by war and an agreement on
the division of benefits does not necessarily end the war automati-
cally. Parties may renege on the agreement and attempt to use newly
acquired resources to extract further concessions. These assumptions
allow for peace to happen endogenously only after fighting resolves the
commitment problem by destroying enough resources.

By appealing to Powell’s (2004b) inefficiency condition, they derive
a sufficient condition for most deterrent threats in the future, which
creates incentives for peace today. Their theoretical argument illustrates
how “implementing an agreement cannot be expected to enable one
of the parties to overturn it and enforce a still more favorable agree-
ment” (Wagner 2000). The first-strike advantage in military victory
remains constant in their model, but the continuation benefits from
first-strike change as the resources shrink with the duration of fighting.
Hence, the solution to the commitment problem involves eliminating
incentives for first strikes and renegotiations by fighting certain number
of battles, which opens a window of opportunity for a peaceful settle-
ment that can be supported by fully credible threats in the future.
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In Leventoğlu and Slantchev’s model, redistribution of resources
impacts how long states survive in continued war. Fearon (1996) analyzes
a complete information model in which redistribution of resources leads
to redistribution of power. In Fearon’s model, p is an increasing func-
tion of x. Agreement on x does not end the game, it changes the status
quo and shifts the distribution of power. Although actors cannot commit
themselves to not increase their demand after power shift, no war breaks
out in the unique subgame perfect equilibrium of the game. One of the
states may keep acquiring additional chunks of the pie sufficiently small
for the other to agree to it rather than fighting. Such salami tactics may
eventually lead the other state to lose sovereignty. Fearon predicts that
periods of offense dominance in military technology will see a long-term
trend of increasing concentration and elimination of smaller states and
consolidation of larger federations while periods of defense dominance
in military technology will see a counter-trend toward deconcentration
via successful secessionist movements.

Efficient bargaining in Fearon’s model depends crucially on p being
a continuous function of x. Contrast this to Acemoğlu and Robinson’s
(2001) costly political transitions predictions from this perspective. In
their model, shift of power is also endogenous but it is discontinuous
and may lead to inefficient political transitions.

If shifts in distribution of power lead to inefficient war, then why does
the rising state not offer today concessions of capabilities that will reduce
his expected power tomorrow? Chadefaux (2011) develops a model with
endogenous power sharing. Unlike in Fearon, p is a continuous mono-
tone function of military resources. He shows that all subgame perfect
equilibria are peaceful when states can negotiate over military resources
in addition to the issue in dispute.

Slantchev (2003b) asks a different but equally interesting question:
Can war break out under complete information and without commit-
ment problems even when peace can be supported in equilibrium? Since
war is costly and risky, it is not obvious why and how states would ever
play such an inefficient equilibrium while it is possible to avoid costs
of war in another equilibrium? Slantchev provides an affirmative answer
to this question by constructing an equilibrium with fighting. Given
that both rationalist explanations of war are ruled out, what explains



14 Bargaining and War 309

war in Slantchev’s model? The Folk Theorem states that, as long as
players are patient enough, any feasible outcome can be obtained in a
subgame equilibrium of a repeated game (Friedman 1971; Fudenberg
and Maskin 1986). Since inefficient fighting is a feasible outcome, the
theorem implies that it can be supported in equilibrium if parties are
sufficiently patient, which Slantchev also assumes.

14.5 Discussion and Future Directions

Bargaining models have become an integral part of rationalist school of
war. Much has been argued with the help of such models, and much
remains to be said. This survey aims to give a short but coherent picture
of how bargaining models have shaped major rationalist explanations
of war and offer some future research directions. The survey begs for
more. For example, on the technical front, I could have spent more
space on models that allow the bargaining process to continue after
fighting (in addition to the ones discussed above, e.g., Filson and Werner
2002; Smith and Stam 2004; Wagner 2000; Wittman 1979). Models
discussed above embed commitment to some degree, such as commit-
ting to agreements, committing to fighting after ending negotiations.
Relaxing these assumptions may affect predictions to some degree (Fey
et al. 2013; Fearon 2013). Having both informational and commit-
ment problems may impact the resolution of the conflict (Wolford et al.
2011). Endogenizing the distribution of power through pre-bargaining
military investment influences not only the level of deterrence but also
how the dispute is resolved and may lead to bluffing (Leventoğlu and
Tarar 2005; Fearon 2018). Domestic politics such as leadership turnover
(Wolford 2012) or audience costs (Leventoğlu and Tarar 2005; Tarar and
Leventoğlu 2009, 2012) may change the nature of bargaining signifi-
cantly. Mediation by a third party changes information and beliefs in
equilibrium and its impact may depend on mediator’s information, pref-
erences and bias (Kydd 2003, 2006; Beardsley 2008; Favretto 2009; Fey
and Ramsay 2010). There is also a growing interest in explanations of
war through mutual optimism (Fey and Ramsay 2007) and how to rein-
terpret them in the rationalist framework (Slantchev and Tarar 2011).
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Also, there is a large body of work that builds on game theoretic models
without embedding a bargaining process.
The models I covered in this survey and majority of other work build

on the assumption of dyads. However, rarely a conflict involves only two
actors. Multilateral nature of conflict manifests itself even in two-state
conflicts as audience cost (Fearon 1994). This theory assumes that leaders
suffer audience costs when they back down from an ongoing conflict
or from their promises. Lack of micro foundations for audience costs is
a significant drawback in a rationalist explanation. Also, recent exper-
imental work shows that audiences can punish leaders both for being
inconsistent as in the traditional audience cost literature and for threat-
ening to use force in the first place (Kertzer and Brutger 2016). Explicitly
modeling audiences as rational actors, how alternative forms of audiences
costs emerge, and how and to what extent audience incentives to punish
leaders aggravate or mitigate informational and commitment problems
offer a promising avenue for future research.
Treating multilateral conflict as dyadic is problematic both empir-

ically and theoretically. Poast (2010) shows that dividing actors in a
multilateral event into a series of dyadic relations leads to model misspec-
ification statistical bias in empirical work. Similarly, one may be tempted
to interpret theoretical models with two actors as modeling dyadic
alliances in multilateral conflict. This approach would assume existence
of a representative actor for each alliance, which requires further restric-
tive assumptions on actors’ preferences. Embedding alliance formation
(Smith 1995) as a coalition formation game in crisis bargaining remains
mostly unexplored.
Third party intervention in the form of threatening with punishment

to promote cooperation and intervention in the form of mediation and
monitoring to mitigate informational problems remain an active area
of debate. Although this area is relatively more developed, there is still
more to be done to model all three players as rational actors in a crisis
bargaining framework. I refer the reader to Kydd (2010) for an extensive
discussion of the literature and avenues for future research.



14 Bargaining and War 311

The literature on bargaining and war has culminated in a coherent set
of theoretical predictions on mechanisms that cause bargaining break-
downs and war. Testing these predictions in data and experiments
remains to be one of the urgent and promising areas.
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Leventoğlu, Bahar and Ahmer Tarar. 2005. “Prenegotiation Public Commit-
ment in Domestic and International Bargaining.” American Political Science
Review 99(3): 419–433.
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Leventoğlu, Bahar and Nils Metternich. 2018. “Born Weak, Growing Strong:
Anti-Government Protests as a Signal of Rebel Strength in the Context of
Civil Wars.” American Journal of Political Science 62(3): 581–596.

Mearsheimer, John J. 1990. “Back to the Future: Instability in Europe after the
Cold War.” International Security 15(1): 5–56.

Morgenthau, Hans J. 1966. Politics Among Nations, 4th Edition. New York:
Alfred Knopf.

Morrow, James D. 1985. “A Continuous-Outcome Expected Utility Theory of
War." Journal of Conflict Resolution 29: 473–502.

Myerson, Roger B. 1979. “Incentive Compatibility and the Bargaining
Problem.” Econometrica 47(1): 61–73.

Myerson, R.B., and M.A. Satterthwaite. 1983. "Efficient Mechanisms for
Bilateral Trading." Journal of Economic Theory 29(2).

Organski, A. F. K. 1958.World Politics. New York: Alfred Knopf.
Organski, A. F. K. and Jacek Kugler. 1980. The War Ledger. Chicago, IL:

University of Chicago Press.
Poast, Paul. 2010. “(Mis)Using Dyadic Data to Analyze Multilateral Events.”

Political Analysis 18: 403–425
Powell, Robert. 1987. “Crisis Bargaining, Escalation, and MAD.” American

Political Science Review 81(3): 717–735.
Powell, Robert. 1996a. “Bargaining in the Shadow of Power.” Games and

Economic Behavior 15(August): 255–289.



314 B. Leventoğlu
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Bargaining in Operations Management

Research

Andrew M. Davis

15.1 Introduction

Operations management investigates how companies can take inputs,
convert them into end products and services, and deliver them to
customers in a way that maximizes profits. As globalization increases it
is becoming increasingly difficult for a company to accomplish such a
task by itself. Instead, companies must rely on working with others in
complex supply chains to take raw materials and generate a final product
for customers. As one might imagine, an innumerable number of these
business-to-business interactions occur every day and involve bargaining,
which is where operations management research has recently turned its
attention.

Some of the research areas that fall within operations management
(OM) include, but are not limited to: forecasting, production, queuing,
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inventory management, quality, project management, and supply chain
management. Many of these areas entail direct interactions among
companies. For example, companies may bargain over forecasts, payment
terms, inventory levels, quality requirements, and deadlines. When estab-
lishing such terms, it is not uncommon for two companies to come to an
agreement that generates an efficiency loss. In particular, an alternative
set of contract terms may exist that leads to higher combined profits. A
significant portion of bargaining research in OM focuses on investigating
ways for companies to more readily identify and agree on such first-best
terms. These often include the incentive structure of the contract, the
type of relationship between the parties, the information available, and
the bargaining institution utilized while negotiating.

In this chapter I summarize the OM research related to bargaining. I
focus almost exclusively on behavioral research, which typically includes
controlled human-subjects experiments. This is for two reasons. First,
bargaining in practice almost always involves human managers. Second,
the theoretical bargaining models used in OM stem from the economics
literature, such as Stackelberg games, Nash bargaining [18], and Rubin-
stein bargaining [21]. Admittedly, there are some exceptions to this,
which I highlight in Sect. 15.4, but otherwise, theoretical bargaining
papers are relatively rare in the OM literature.

In the next section I highlight some of the features that distinguish
OM bargaining research from other domains. These features generally
aim to add a certain level of realism while maintaining the structure of
the problem. In Sect. 15.3 I summarize some of the behavioral papers
that examine bargaining through ultimatum offers. While bargaining
is not necessarily the focal point of these papers, it is an important
aspect that cannot be overlooked. In Sect. 15.4 I highlight the behavioral
work that investigates unstructured bargaining processes, which includes
settings where one or both parties can make unlimited offers, send feed-
back, or communicate through chat boxes. I then conclude in Sect. 15.5
by detailing some of the well-established bargaining results in the OM
literature and some opportunities for future work. Lastly, I provide a list
of behavioral OM papers related to bargaining at the end of the chapter
in Table 15.1.
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15.2 Features of Bargaining Research in OM

The methods of behavioral OM research are firmly rooted in exper-
imental economics. For instance, most behavioral bargaining papers
investigate settings where each party aims to maximize profit. Like
economics, when examining such settings it is common practice to
use cash incentives that are directly tied to the participants’ earnings.
Another example of the correspondence between behavioral OM and
experimental economics is that both fields prohibit the use of decep-
tion. However, aside from these methodological similarities, behavioral
OM research typically incorporates a set of features that distinguishes it
from the economics literature. These features collectively attempt to add
a layer of realism to the bargaining setting without overly detracting from
the main structure of the problem.

Before turning to some of these features, it is useful to briefly outline
the baseline bargaining setting in OM, depicted in Fig. 15.1. Consider
a two-stage supply chain consisting of a single buyer and single supplier.
The buyer wishes to procure a quantity of a single product from the
supplier and sell it to end demand. The buyer receives a price for each
unit sold and the supplier incurs a cost for each unit produced, where
the buyer’s selling price and supplier’s production cost are common
knowledge. The buyer and seller engage in a bargaining process over the
wholesale price, in which the buyer will pay the supplier for each unit

Supplier
Produces units at a fixed 
produc�on cost per unit

(common knowledge)

Buyer
Sells units at a fixed 
selling price per unit

(common knowledge)

Demand
Linear/random

(func�on/distribu�on 
common knowledge)

Decision 
Sequence

1)     The supplier and buyer bargain over a fixed wholesale price per unit.
2)     The buyer pays the supplier the wholesale price for each unit of a purchased quan�ty.
3)     The buyer sa�sfies end demand with its stocking quan�ty and profits are realized.

Notable 
Features

�
�
�

Players nego�ate a contract term(s), e.g. a wholesale price, not profits.
Demand is a linear func�on or, more commonly, a random variable.
There is a moderate level of context, e.g. “Supplier.”

Fig. 15.1 Baseline bargaining experiment setting in OM
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purchased. After this the buyer orders a stocking quantity at the fixed
wholesale price, faces end demand, and profits are realized.

One might recognize, in Fig. 15.1, that in the baseline setting the
two parties do not bargain over the split of a fixed pie or joint surplus.
Rather, they bargain over contract parameters, such as a wholesale price,
which is then tied to profits. This feature provides two benefits. First, it
allows for a relatively accurate representation of a negotiation in practice
between two companies. Second, given the existing work in experi-
mental economics, this aspect allows researchers to determine if it leads
to different outcomes compared to bargaining over direct payoffs. For
example, past economics research has shown considerable evidence of
fairness concerns when negotiating a split of a pie. To complement this,
recent OM research has found that when buyers and suppliers negotiate
over contract terms, rather than profits, they agree on a “superficially fair”
set of contract terms that are roughly in the middle of the contracting
space, even though they do not necessarily equalize expected profits [7].

Another feature of OM bargaining experiments pertains to the struc-
ture of end customer demand. There are typically two approaches
employed in the literature: a linear downward sloping demand function
or a random variable (usually uniform or normal). Early OM research,
which was closely tied to experimental economics, explored a linear
demand function. However, a majority of the recent bargaining papers
consider the latter option, which is motivated by the fact that demand
is usually random in practice. Aside from realism, random demand
also allows researchers to investigate other unique aspects of bargaining.
For instance, in such a setting there is inherent inventory risk in that,
if demand is lower than the stocking quantity (which is set prior to
observing demand), there may be unsold units leftover with minimal
or no value. Recent behavioral OM research has shown that the party
incurring the inventory risk earns a significantly lower share of the overall
supply chain profit, despite the theory predicting a 50/50 split [3].
While bargaining experiments within OM tend to avoid background

stories and hypothetical vignettes, they often incorporate a certain
amount of context. This is admittedly a challenge: researchers wish to
make their work more applied, but, at the same time, do not want any
context to drive results. Therefore, while the degree of context may vary
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in OM, it almost always involves two aspects. The first is referring to
the two parties as a buyer/retailer or supplier/wholesaler/manufacturer,
as opposed to generic labels such as Player A and B. The second involves
describing the problem as if two companies in a supply chain are inter-
acting and trying to maximize their profits, as opposed to a more abstract
environment. This minimal amount of context provides a certain level
of practicality for business environments while also maintaining the
primary structure of the problem.
These three features lend themselves to a variety of interesting prob-

lems within bargaining. For example, by negotiating over contract terms
as opposed to payoffs, different contract structures (e.g., wholesale price,
buyback, revenue share, etc), which are equivalent in theory, may lead
to different outcomes with human decision-makers. Further, different
demand functions, demand distributions, and bargaining institutions
may impact behavior in unexpected ways as well. Much of the recent
bargaining research in OM is exploring these types of topics and more.

15.3 Ultimatum Offers

Initial bargaining research in behavioral OM employed a highly struc-
tured form of bargaining: take-it-or-leave-it ultimatum offers. In this
section I summarize some of the behavioral papers using ultimatum
offers in human-to-human experiments, separated between full and
asymmetric information (note that I drop the “OM” qualifier hereafter,
as all referenced papers are from the OM literature, unless otherwise
noted).

Before proceeding it is worthwhile to note that the primary focus
of the following papers is not necessarily the bargaining dynamics.
Rather, these papers investigate broader problems where bargaining is
an integral component. One example of this is the problem of double
marginalization in supply chains, where there is an efficiency loss due
to two companies making independent decisions and seeking to maxi-
mize their own profits, as opposed to working cooperatively [22]. As
mentioned previously, because the two companies interact directly with
one another, bargaining cannot be overlooked. While more recent studies
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investigate how alternative bargaining institutions can alleviate this
problem, traditional behavioral research attempts to identify solutions
that include contracts, relationships, and/or incentives. Hence, while
bargaining details are included in each of the following papers, it is not
always the main objective of interest.

15.3.1 Full Information

One of the earliest papers to study the double marginalization problem
within the literature, between two human participants, is Ho and Zhang
[10]. They consider a full information setting where a manufacturer,
with a fixed production cost, makes an ultimatum wholesale price offer
to a retailer. The retailer then has the ability to reject the wholesale
price, which leads to an outside option profit of zero, or, to accept it
and set a selling price. Because demand is linear in price, the retailer’s
selling price determines the final quantity and demand. Following both
decisions profits are earned, where double marginalization leads to an
efficiency loss. Given that it is one of the first papers on contracting and
bargaining in the field, Ho and Zhang [10] neglect to incorporate some
of the features mentioned previously in this chapter, and instead opt for
a more abstract context, such as referring to each role as Player A and
Player B.

Ho and Zhang [10] compare three alternative contracts to one another
in their setting, with the goal of alleviating the double marginalization
problem: a regular wholesale price contract, a two-part tariff (TPT), and
a quantity discount (QD) contract. While the latter two contracts are
theoretically equivalent in their ability to generate full efficiency, (i.e., the
fixed fee in the TPT can be divided by the quantity to obtain an average
wholesale price under QD), Ho and Zhang observe that in a human-
subjects experiment, the QD contract achieves the highest efficiency.
However, neither the TPT nor QD contract achieves 100% efficiency.
Instead, the observed channel efficiency is 69.51% in the TPT and
76.37% in the QD contract. Pertaining to bargaining, this difference
is largely driven by rejection rates. When conditioning on acceptances,
channel efficiencies become 93.62% and 92.87%. Ho and Zhang then
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demonstrate that a model of reference dependence, where the fixed fee
is perceived as a loss and the retailer’s selling price is perceived as a gain,
can largely account for the decisions in their data.

Loch and Wu [16] examine a setting similar to the one in Ho and
Zhang [10] where one party proposes its own margin of a product
(similar to a wholesale price) and the responder sets its own margin for
selling the product (similar to a retail selling price). Demand is linear in
the sum of the margins. Whereas Ho and Zhang [10] evaluate how the
TPT and QD contract fare at increasing efficiency in a single anony-
mous interaction between parties, Loch and Wu [16] experimentally
manipulate how existing positive relationships and profit status influence
efficiency in a repeated environment. In particular, they conduct three
experimental treatments. The first is a baseline control where the two
parties are initially matched without any communication. The second
treatment represents a scenario where the two parties have an existing
positive relationship. For instance, before beginning the game, the two
parties meet each other, exchange names, and shake hands. The third
treatment again includes initial matching without pre-play interaction,
but after each round of decisions, the results screen includes an addi-
tional column depicting which of the two parties earned the higher profit
and is declared the “winner.”

Loch and Wu [16] observe that the second treatment, which is meant
to reflect a positive relationship, leads to higher cooperation and reci-
procity. As a consequence, both players set lower margins and achieve a
higher overall efficiency (although still less than 100%). On the other
hand, the third treatment, which makes profit comparisons salient by
declaring a winner each round, leads to more competition and reduces
overall efficiency.1

Davis et al. [6] extend the previous works by incorporating random
demand and by focusing on how the location of the inventory risk (i.e.,
who incurs the cost of unsold inventory) impacts outcomes. Specifically,
they evaluate a wholesale price contract where a supplier with a fixed

1 A recent study by Lee et al. [14] attempted to replicate the results of three behavioral papers.
While two of the studies were successfully replicated, the authors were unable to replicate the
results of the third, which was Loch and Wu [16]. Therefore, the results of Loch and Wu [16]
may not be robust to different subject pools.
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production cost proposes an ultimatum wholesale price to a retailer. The
retailer either rejects the offer or accepts it and sets a stocking quantity.
After both decisions are made random demand occurs. The retailer earns
its fixed selling price for each unit sold minus the wholesale price for
each unit of the stocking quantity, and the supplier earns the wholesale
price (less its production cost) for each unit of the stocking quantity.
Davis et al. [6] consider two scenarios. The first is identical to the one
just described, where the retailer incurs the inventory risk, referred to as a
“push” setting. The second flips decisions such that the retailer proposes
a wholesale price per unit it is willing to pay to the supplier, and the
supplier then responds by either rejecting it or setting a stocking quan-
tity. Thus, the supplier incurs the inventory risk. As demand is realized,
the retailer fulfills it by pulling the product from the supplier’s quantity,
referred to as a “pull” setting.

Davis et al. [6] find wholesale prices are set too generously by
proposers in both the push and pull settings, compared to the normative
theory, and that the pull setting leads to higher efficiency. They find that
a behavioral model which combines loss aversion with random errors (for
the accept/reject decision), captures the data well. They then test this
model in an out-of-sample advance-purchase discount (APD) contract
experiment, which differs in allowing both parties to share the inventory
risk. Davis et al. [6] observe that their behavioral model predicts deci-
sions better than the normative theory in the APD contract and that the
APD contract weakly Pareto dominates the push contract.

15.3.2 Asymmetric information

The papers in the previous subsection assume full information of
cost, price, and demand information. In practice, however, companies
bargaining with one another may have private information. This might
include a retailer having more accurate information about demand or a
supplier having better information about its production cost. Ozer et al.
[19] consider the former setting with ultimatum offers, where a buyer
(which they refer to as a manufacturer) has private forecast information
about demand. Their problem includes the following five steps: (1) the
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buyer observes a private demand signal and sends forecast information
to the supplier, (2) the supplier invests in capacity, (3) random demand
occurs and the buyer places an order to the supplier, (4) the supplier
fulfills as much of the buyer’s order as possible, (5) the buyer sells to
end demand. Ozer et al. explore this game in a variety of experimental
conditions, such as single versus repeated interactions, low versus high
capacity costs for the supplier, and low versus high demand uncertainty.

In all of the cases described above, the normative theory predicts
that a buyer should inflate its forecast when sending information to
the supplier and that the supplier should never trust the information
sent from the buyer. However, experimentally, Ozer et al. [19] find that
the two parties exhibit trust and trustworthiness, increasing efficiency
relative to the normative predictions in all treatments. They develop a
behavioral model where buyers exhibit trustworthiness (i.e., buyers incur
disutility from sending erroneous information), and suppliers trust this
information more than the normative theory predicts, and show that it
captures the data well.2

Beer et al. [1] examine whether trustworthiness can be signaled in
supply chains in a slightly different environment than Ozer et al. [19].
In particular, they study a setting where a supplier chooses between a
general investment or a buyer-specific investment. The general invest-
ment provides the supplier with a higher outside option, in the case
where no subsequent deal is agreed upon, and the buyer-specific invest-
ment provides a higher profit for the buyer for a given supplier effort
level. Therefore, the buyer-specific investment can jointly benefit both
parties (but only if the buyer chooses to offer a higher price).

After the supplier makes its investment choice, the buyer then makes
an ultimatum price offer to the supplier. Finally, the supplier then
chooses to reject the buyer’s price, or, to accept it and choose a costly
effort level. Beer et al. [1] study this problem in multiple experimental
conditions, such as when the investment decision is endogenous versus
exogenous and the two parties engage in a single versus repeated inter-
action. Overall, they find that buyer-specific investments can signal

2 Ozer et al. [20] extend this work by investigating how levels of trust and trustworthiness
differ between the United States and China.
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trustworthiness of suppliers and increase overall efficiency. They also
show that these benefits are stronger under repeated interactions.

Kalkanci et al. [11] consider a setting where a buyer has better demand
information than a supplier. As opposed to focusing on issues of trust,
they examine how the level of contract complexity affects outcomes
under ultimatum offers. In each round of the game, a supplier first
proposes a wholesale price to the buyer. The buyer then rejects the offer
or sets a stocking quantity. After this, random demand is realized and
profits are earned.

Kalkanci et al. [11] evaluate three different contracts in this setting.
The first is the standard wholesale price contract. The second and third
increase in complexity by offering quantity discounts through multiple
wholesale prices. In the second contract, the supplier proposes two
wholesale prices and a quantity breakpoint, where the lower wholesale
price applies if the buyer orders more than the quantity breakpoint. The
last contract is similar but increases complexity further by allowing the
supplier to propose three wholesale prices and two quantity breakpoints.
Given this experimental setup, the normative theory predicts that going
from one to two to three wholesale prices should increasingly benefit the
supplier. However, Kalkanci et al.’s [11] experimental results suggest that
the one-price contract performs just as well as, or better than, the more
complex variants when including rejections.

Davis and Hyndman [2] study a principal-agent type setting where a
retailer attempts to induce a high-quality product from a supplier. The
supplier can exert high effort, which is costly but assures a high-quality
product, or low effort, where there is a 50/50 chance the product is high
quality. The retailer can make an ultimatum offer to the supplier through
a monetary incentive, such as a bonus for high quality, a relational incen-
tive, such as a long-term relationship where there is the prospect of
punishment, or a combination of both.

Davis and Hyndman [2] observe that relational incentives (i.e., long-
term relationships) increase both efficiency and the likelihood of a
high-quality product, compared to a short-term relationship. They also
find that the interaction between monetary and relational incentives
is non-monotonic. Specifically, less efficient monetary incentives (i.e.,
highly discounted bonuses) crowd out the benefits of relational incentives
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and yield a lower efficiency compared to when there is no mone-
tary incentive, but highly efficient monetary incentives complement
relational incentives and lead to significant efficiency gains.

15.4 Unstructured Bargaining

More recent behavioral work extends the ultimatum offers setting and
allows for more natural bargaining processes. Because these bargaining
processes take a variety of forms (e.g., one-sided repeated offers, unlim-
ited back-and-forth offers, chat box communication, etc) I will collec-
tively refer to these papers as using “unstructured” bargaining protocols.
Unlike those papers employing ultimatum offers, these works provide
more details relating to bargaining dynamics, as opposed to accept/reject
decisions and efficiency results. As in Sect. 15.3, I will separate these
papers between full information and asymmetric information environ-
ments.

Before turning to the behavioral papers with unstructured bargaining
under full information, a brief comment on the theoretical bargaining
literature is in order. In particular, the ultimatum papers summarized
in Sect. 15.3 rely almost exclusively on a Stackelberg leadership model.
Therefore, there is not much room for a new theoretical contribu-
tion. This is not necessarily true for unstructured bargaining settings.
One notable example is Lovejoy [17], who introduces the “balanced-
principal” bargaining model. In it, he considers a multi-tier supply chain
which includes a buyer bargaining with several tier 1 suppliers, who
bargain with several tier 2 suppliers, etc. Another example is Feng et al.
[8], who theoretically investigate an alternating offer bargaining process
with asymmetric demand information. I refer the interested reader to
their works for more details.

15.4.1 Full Information

In the behavioral unstructured bargaining literature, Haruvy et al. [9]
consider a classic game where a manufacturer, with a fixed production
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cost, proposes contract terms to a retailer under full information. If
the retailer accepts the offer it then sets a selling price, where demand
is linear in price. They conduct an experiment which manipulates the
contract type, wholesale price versus TPT, and the bargaining process,
ultimatum versus sequential offers with concessions. Haruvy et al. [9]
design this alternative sequential bargaining protocol in a way that only
slightly deviates from the ultimatum setting. Specifically, the manufac-
turer first makes an offer to the retailer. If the retailer chooses to reject
it, then the manufacturer can make another offer which must be an
improvement for the retailer (i.e., a concession by the manufacturer).
This process continues for up to five minutes. If time ends without an
acceptance, then the manufacturer makes a final ultimatum offer.

Aside from observing that the TPT generates higher efficiency than
the wholesale price contract, Haruvy et al. [9] find that their sequen-
tial bargaining process achieves higher efficiency across both contract
types. Turning to bargaining dynamics, initial offers by manufacturers
in the sequential process are nearly the same as offers under the ulti-
matum protocol. When one combines this with concessions in the
sequential bargaining protocol and similar rejection rates between the
two bargaining institutions, then the sequential bargaining protocol
achieves higher efficiency and benefits the retailer. They develop a behav-
ioral model based on reciprocal concessions and loss aversion, and
demonstrate that it fits the data well.

Davis and Leider [7] investigate a slightly different supply chain
setting. In their study each round begins with a supplier and retailer
dynamically bargaining over contract terms under full information.
Unlike past behavioral bargaining research, both parties can make unlim-
ited offers and provide limited feedback over a fixed timeframe. If the
two parties come to an agreement, then the supplier, which already has a
minimal level of capacity, chooses to incur a cost and invest in additional
capacity or not. Following this, random demand and profits are realized:
the retailer sells products at a fixed selling price per unit and the supplier
manufacturers products instantly at zero cost to satisfy retailer demand.

Davis and Leider [7] show that, theoretically, there are a number of
contracts which can induce the supplier to invest in first-best capacity
levels. The contracts they explore include the quantity premium (QP)
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contract, quantity commitment (QC) contract, option (OP) contract,
and service-level agreement (SLA). While all are theoretically equivalent
at achieving first-best outcomes, Davis and Leider observe that, experi-
mentally, the OP contract and SLA perform considerably better than the
other alternatives. After analyzing their bargaining data, Davis and Leider
find that this result is driven by “superficial fairness.” In particular, in all
of the contracts retailers and suppliers place more emphasis on negoti-
ating the wholesale price component of the contract, while overlooking
any additional coordinating parameters. As a consequence, wholesale
prices end up roughly halfway between the retailer’s selling price and
the supplier’s production cost, even though this does not necessarily lead
to equitable payoffs.

Davis and Hyndman [3] investigate multidimensional bargaining
under wholesale price contracts with full information. Each round of
their game begins with a retailer, who has a fixed selling price, and
a supplier, who has a fixed production cost, dynamically bargaining
over contract terms. The bargaining protocol they employ is similar to
Davis and Leider [7] in that both parties can make unlimited offers and
provide limited feedback over a fixed timeframe.3 Davis and Hyndman
[3] develop a set of normative theoretical benchmarks for this setting
and then administer a human-subjects experiment that manipulates two
factors. The first factor is which party incurs the inventory risk: the
retailer, the supplier, or the location is endogenously determined in the
bargaining process. The second factor varies in which contract terms are
included in the bargaining process. In the first variant, both parties only
negotiate the wholesale price. After coming to an agreement, the party
incurring the inventory risk unilaterally sets the stocking quantity. In
the second variant, both the wholesale price and stocking quantity are
bargained over simultaneously. Overall, this experimental design means
that one (wholesale price), two (wholesale price and quantity), or three
(wholesale price, quantity, and risk location), contract terms may be
included in the bargaining process.
The main result from Davis and Hyndman [3] is that both parties

earn higher expected profits when the two parties negotiate the wholesale

3 They also consider an ultimatum setting.
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price and stocking quantity simultaneously, compared to just the whole-
sale price. They also find that the inventory risk holder is always the
disadvantaged party, which contradicts the standard theoretical predic-
tion. They then show that an anchoring bias, especially on mean demand
and the superficially fair wholesale price, can account for decisions in
their data.

Leider and Lovejoy [15] examine a three-tier supply chain with hori-
zontal competition and sequential bargaining between tiers. Specifically,
each game begins with two suppliers (tier 2) who simultaneously nego-
tiate transfer prices with two manufacturers (tier 1). The suppliers and
manufacturers may have different costs, which are full information. In
this bargaining stage, each manufacturer negotiates separately with each
supplier for a fixed time frame, and attempts to come to an agreement
with only one of the suppliers. This means that each manufacturer only
comes to an agreement with one supplier, but a supplier can have agree-
ments with both manufacturers (and indeed supply both). After this, the
transfer prices and updated costs are revealed to all five participants in
the chain, and the single retailer then bargains with the manufacturers.
Once an agreement is made between a manufacturer and the retailer, the
round ends and profits are earned.

Aside from the three-tier setting with horizonal competition, another
unique aspect of Leider and Lovejoy [15] is the bargaining protocol they
utilize. In each negotiation, between both the suppliers/manufacturers
and the manufacturers/retailers, they allow for unlimited offers over a
fixed timeframe with chat box messages. Among other results, Leider and
Lovejoy [15] observe that differences in costs can lead to significantly
different profit distributions. For instance, they find that profits increase
within a tier as competition decreases within a tier, but that profits
decrease with less competition in other tiers. They then demonstrate
that the balanced-principal model [17] does well at capturing the data,
as opposed to more classic bargaining models. In terms of bargaining
dynamics, they observe an anchoring bias on initial offers where agreed
upon terms are roughly in the middle of these opening offers.
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15.4.2 Asymmetric information

One of the newer topics in bargaining involves unstructured bargaining
with asymmetric information . Davis and Hyndman [4] consider such
a setting where a retailer, with a fixed selling price per unit, and a
supplier, with a fixed production cost per unit, dynamically negotiate a
wholesale price and stocking quantity simultaneously over a fixed time-
frame. During this time, both parties can make unlimited offers and send
limited feedback. If they come to an agreement, random demand and
profits are realized. Importantly, they assume that the retailer’s selling
price is common knowledge, but the supplier’s production cost informa-
tion may be full or private information. Specifically, in one treatment,
the supplier’s cost is known by the retailer, but in the other treatment,
the retailer only knows that the supplier’s cost is one of three values.

Davis and Hyndman [4] develop a set of normative benchmarks and
behavioral hypotheses and then test them in a controlled laboratory
environment. Whereas the theory predicts that suppliers should benefit
from private cost information, they observe that high-cost suppliers (i.e.,
less favorable suppliers) are disproportionately disadvantaged. In partic-
ular, their bargaining data show that retailers, when negotiating with a
supplier who has private cost information, make opening offers that are
equivalent to the lowest cost supplier under full information. In other
words retailers, under private information, act as if they are always nego-
tiating with the lowest cost supplier and make low opening wholesale
price offers. Because final agreements are anchored on these low opening
offers, high-cost suppliers earn significantly low splits of overall supply
chain expected profits under private information. Davis and Hyndman
[4] then proceed to administer an experiment where suppliers have
the ability to disclose their private cost information, and find that this
action significantly increases the profits of high-cost suppliers, which
contradicts the standard theory.

Davis et al. [5] also consider an unstructured bargaining protocol
with asymmetric information. However, they extend the previous work
by considering a game where a single assembling original equipment
manufacturer (OEM) must procure two components from two different
suppliers, both of whom have private cost information. Davis et al.
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explore a TPT where the OEM has the ability to bargain with the two
suppliers either simultaneously or sequentially. They also consider two
bargaining institutions, ultimatum offers versus unstructured bargaining.
Under simultaneous ultimatum bargaining, the OEM makes an ulti-
matum offer to supplier 1 and to supplier 2 at the same time (the
offers may be different). Profits are earned only if there is an agreement
with both suppliers. Under sequential ultimatum bargaining, the OEM
first makes an ultimatum offer to supplier 1 and then the OEM makes
an ultimatum offer to supplier 2. Again, there must be an agreement
with both suppliers to earn positive profits. The unstructured bargaining
setting is similar except that the OEM simultaneously makes back-and-
forth offers with both suppliers under the simultaneous setting, versus
bargaining with supplier 1 and then supplier 2 under the sequential
environment.

Davis et al. [5] derive a number of theoretical predictions for their
setting. After testing these predictions in a human-subjects experiment
they find that when the OEM can make ultimatum offers they earn
significantly more profits by contracting sequentially with suppliers,
which runs counter to theory. They also administer a set of experiments
between an OEM and a single supplier, which effectively serve as a base-
line and are designed in a way such that the potential outcomes are
equivalent to their assembly setting with two suppliers. Comparing the
two to each other, they find that their assembly treatments achieve lower
overall supply chain profits versus the dyadic environment between an
OEM and a single supplier.

15.5 Established Results and Future
Directions

Despite being somewhat young, the bargaining literature has identified
a number of interesting results. At the same time, there are also consid-
erable opportunities for future research. Below I attempt to summarize
some of the more well-established results along with opportunities for
future work.
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15.5.1 Established Results

Within ultimatum offers, one robust result pertains to the effective-
ness of coordinating contracts at improving overall supply chain profits.
In particular, theory predicts that a number of alternative coordinating
contracts (e.g., buyback, revenue sharing, service-level agreement) should
be able to increase total supply chain profits over traditional whole-
sale price contracts and achieve first-best outcomes. However, multiple
human-subject bargaining studies have reported that (a) while coordi-
nating contracts do indeed provide a modest benefit over wholesale price
contracts, they almost never achieve first-best outcomes, and (b) whole-
sale price contracts perform relatively well compared to the normative
predictions (e.g., Kalkanci et al. [11]).

A second common result that has appeared in ultimatum offer
bargaining experiments is that models which incorporate certain behav-
ioral biases are better at explaining decisions than the normative theory.
Specifically, while there is a myriad of behavioral biases that may exist
in practice, three notable ones have emerged in the behavioral literature:
(a) social preferences, (b) loss aversion and reference dependence, and
(c) trust and trustworthiness, particularly in settings with asymmetric
information.4

While the number of papers on unstructured bargaining is limited,
one preliminary result suggests that relaxing the rigid structure of a nego-
tiation can be beneficial for the supply chain. For instance, Haruvy et al.
[9] show that simply allowing one side to make repeated offers, versus
a one-shot ultimatum offer, can increase supply chain profits. Further,
Davis and Hyndman [3] find that allowing both parties to bargain over
two contract terms simultaneously (a wholesale price and quantity, versus
only a wholesale price) leads to a Pareto improvement. Overall, these
insights indicate that simply altering the bargaining institution can lead
to supply chain gains and even win–win outcomes.

4 Random errors and bounded rationality are often used in bargaining studies as well, usually
in conjunction with one of the biases mentioned above, to provide a further improvement of
the behavioral model’s fit.
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A second established result in unstructured bargaining research
suggests that there are two common bargaining biases: (a) “superfi-
cial fairness,” where pairs tend to agree on contract terms that are
in the middle of the contracting space, even though they may not
translate into equal expected profits, and (b) anchoring, where initial
offers significantly influence agreed upon terms (which is consistent with
the bargaining literature in economics and psychology). In addition,
while more work needs to be done on unstructured bargaining with
asymmetric information, early work indicates that uninformed parties
may take advantage of “strategic ignorance” and achieve more favorable
outcomes than theory predicts.

15.5.2 Future Directions

Turning to opportunities for future work, early research on bargaining
focused on the simplest setting, such as one-shot interactions and ulti-
matum offers. Yet, in practice, companies often interact with the same
supply chain partners over long-time horizons and through unstructured
bargaining environments. With the exception of Leider and Lovejoy
[15], the field has yet to investigate an unstructured bargaining environ-
ment with repeated interactions between parties. This will undoubtedly
yield insights into how factors such as reputation and reciprocity, among
others, influence bargaining dynamics and outcomes.

Another opportunity for future work on bargaining relates to renego-
tiation. As mentioned previously, OM research aims to be slightly more
applied by incorporating features such as random demand. When there is
randomness, either from demand or elsewhere (e.g., a supply disruption),
initial contracts may need to be renegotiated. However, this topic has not
been closely examined in the literature. Now that there is a reasonable
body of work on bargaining over initial contract terms it would be inter-
esting to see how renegotiation in alternative bargaining environments
affects outcomes.

Most bargaining studies consider a simple supply chain structure: one
buyer and one supplier. They also tend to exogenously match individual
buyer/supplier pairs prior to negotiating. In reality however, supply
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chains might (a) be multi-tiered, (b) have multiple firms at each tier,
and (c) endogenously form such that companies choose who to contract
with. Therefore, future bargaining research that investigates multi-tier
supply chains, chains with multiple firms, and/or endogenous supply
chain formation could be interesting.

Another opportunity for future work relates to more relaxed
bargaining protocols. As the field evolves from ultimatum offers , to one-
sided repeated offers, to unlimited back-and-forth offers by both parties,
it is natural to extend this further and attempt to mimic an even more
realistic bargaining environment. This might include chat box communi-
cation or even face-to-face negotiations. Although the downside of this
is that, as negotiations become more realistic, they also become more
difficult to control. Therefore, researchers must continue to be careful to
balance realism with the ability to obtain clear cause-and-effect results.

Lastly, one might note that almost all of the papers discussed in this
chapter focus on bargaining over contract terms. Yet, bargaining is an
integral aspect of other environments as well. For instance, managing
supply chain disruptions, forecasting, and project management, are but a
few examples where bargaining is important but has not been thoroughly
studied in the literature. In sum, there is no doubt that it is an exciting
time to be conducting research on bargaining. With the past ten plus
years of research to build off of, I look forward to seeing how future
research extends this work and generates further insights for practice.
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Advances in Bargaining Research: New
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16
Field Experiments in Bargaining

Burak Dindaroğlu and Seda Ertac

16.1 Introduction

Bargaining remains ubiquitous despite the prevalence of anonymous,
decentralized markets for most goods and services. Understanding price
formation and surplus division in bargaining contexts has therefore been
of significant interest to economists.
There is a large literature that studies bargaining behavior in the

laboratory. Laboratory experiments provide numerous advantages in the
context of bargaining. Bargaining behavior is contingent on valuations
and costs, which are not directly observable. Laboratory experiments that
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induce valuations (Smith 1982) create settings in which all key param-
eters can be controlled by the experimenter. This allows direct tests of
economic theory. While the laboratory provides strict control, the ques-
tion of whether behavior in the lab is externally valid in natural contexts
is a major empirical question. Field experiments offer a middle ground
between naturally occurring data (which is often plagued by issues such
as selection) and context-free laboratory experiments, and have proven
useful for studying numerous topics in economics (DellaVigna 2009;
Banerjee and Duflo 2017). In this chapter, we provide an overview of
field experiments that study bargaining behavior and the determinants
of bargaining outcomes.

Comparisons of laboratory and field experiments in economics have
been the topic of a methodological discussion, with different studies
highlighting the relative merits of field experiments (Harrison and List
2004) and lab experiments (Falk and Heckman 2009). This discussion
points to the complementarity of lab and field methods and highlights
that there are specific questions that will be better suited for each. The
key advantage of field experiments lies in their realism. In many of the
studies we consider, the field context offers an opportunity to use a
setting that is very difficult, if not impossible, to create in the lab. On
the other hand, a key problem with field experiments is the difficulty
of inducing valuations, especially if researchers work within a naturally
existing context of transactions. Some solutions to this problem have
been attempted. For example, List (2004a, 2004b) studies negotiations
over a collectible sports card that is rendered useless outside of the exper-
iment by painting a moustache on it. This allows capturing the field
context and knowledge through the use of a familiar item, while inducing
valuations at the same time. Another approach is to obtain the distri-
bution of “homegrown” valuations by means of a truthful revelation
mechanism (e.g., second-price auctions or Becker-DeGroot-Marschak-
type mechanisms) within the natural field context.1

Field experimentation usually operates under a trade-off between
control and realism. However, the field can also help researchers exert

1 As an example, Dindaroğlu and Ertac (2020) elicit livestock sellers’ valuations through an
incentive compatible mechanism, by actually purchasing sheep from them during the Feast of
Sacrifice in Turkey.
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control through the natural properties of the setting, without sacrificing
realism. One example is Castillo et al. (2013), who use a unique feature
of the taxicab market: the ability to send a signal to the next seller
in line that the buyer has low valuation for the service. This feature
makes it possible for the researcher to manipulate the seller’s beliefs about
the buyer’s value naturally. Andersen et al. (2018) exploit differences
in existing forms of social organization by conducting experiments in
matrilineal and patriarchal societies. This gives the authors the ability to
identify the effects of social organization, which would not be possible to
create in the laboratory. Iyer and Schoar (2015) illustrate brilliant uses of
the field context by creating random variation in unobservable character-
istics of the bargaining setting and the contracting environment, namely
the relationship-specificity of the transaction and the presence of repu-
tation effects. In these respects, field experiments can provide ways of
collecting data that can better capture individuals’ behavior in natural
settings.

Methodologically, field experiments in our review either (i) use natu-
rally existing properties of the field to obtain treatment and control
groups, (ii) intervene within a naturally occurring market context
through explicit treatments and randomization, or (iii) use a field-specific
subject pool to bring some realism from the field context. To follow the
Harrison and List (2004) classification, we include natural, framed as
well as artefactual (“lab-in-the-field”) field experiments in our review.

Existing field experiments on bargaining exhibit great variety in the
topics and questions that have been addressed, as well as in the field
contexts in which these questions are investigated. Several themes emerge
that are taken up by multiple studies, and we organize our review
around these topics of interest. A relatively large number of studies use a
bargaining mechanism to detect the presence of discrimination in the
marketplace. Researchers have also focused on bargaining within the
household , both regarding fertility and resource allocation decisions.
Here, gender differences in the willingness to negotiate and bargaining
outcomes have also been a major focus. Another common theme is the
study of culture and ethnicity in relation to bargaining, for which the
field context and the use of non-student subject pools have provided
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ample opportunities to conduct informative experiments.2 We confine
our attention to field experiments that specifically use a bargaining mech-
anism, and hence provide insights into the way bargaining procedures
and outcomes relate to the treatments considered in each line of inquiry.

An important and sizeable set of field experiments use experimental
bargaining protocols to test key propositions of economic theory, both
in general and specialized contexts. Notably, bargaining experiments
have been used for testing whether markets based on sequential bilateral
bargaining interactions converge to Walrasian equilibrium, a funda-
mental question in economics. Researchers have also used specific field
contexts to design experiments to infer the causes of inefficiencies in
bargaining. These highlight important and significant interactions of
experiments with economic theory, an area where field experiments will
keep providing opportunities to enhance our understanding.

16.2 Discrimination in the Marketplace

Since the outcome of bargaining is an allocation of the total trading
surplus, settings in which bargaining transactions naturally occur provide
direct opportunities to detect and study discrimination. Discrimination
is a topic that benefits greatly from the realism offered by the field, as the
precise context in which discrimination occurs can be studied in detail,
and laboratory studies of discrimination may be plagued by potential
experimenter demand effects that manifest in subjects’ unwillingness to
look biased.

Field experiments on discrimination usually rely on an audit-based
or a correspondence method. The former involves the use of recruited
auditors acting either as buyers or sellers, and performing bargaining
transactions with actual trading partners. This method allows randomiza-
tion of buyer (seller) characteristics or behavior, at the cost of observing
natural bargaining responses from the seller (buyer) side alone. This

2 The use of non-student subject pools also provides clues as to whether negotiation behavior
of different groups (e.g., entrepreneurs vs. the general public in Artinger et al. 2015) differ,
due to self-selection into occupations or differences in life experiences.
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problem does not hinder studies of discrimination, for which experi-
mental observation of one side of the market at a time suffices. Auditors
usually perform a scripted bargaining routine and may be paid a fixed
fee per bargaining transaction and/or be the residual claimants of any
surplus obtained if exchange takes place. Correspondence studies rely on
communication (usually an inquiry or application) through mail. This
method has been particularly popular for studying discrimination in the
labor market (Bertrand and Duflo 2017).
Audit studies have been criticized on the grounds that the group

attribute is not truly randomized (Heckman and Siegelman 1992; Ayres
and Siegelman 1995). Indeed, identification may not be as sharp as
in true randomization since the success of the experiment rests on the
quality of the matching between auditors. Another criticism is that audi-
tors may not be acting naturally, especially if they are told the purpose of
the study before the experiment takes place. An obvious rule of thumb
is to keep this information hidden from them unless the experimental
design and the external environment dictate otherwise. Correspondence
studies do not suffer from these criticisms and are easier to conduct since
they do not require recruiting, training, and monitoring auditors. The
downside, however, is that the data collected tend to be coarse, as inter-
action with subjects is quite limited. This makes it difficult to obtain
multiple rounds of sequential offers, and studies usually observe a single
initial offer by the seller, akin to observations from an ultimatum game.

A common problem in the bargaining literature studying discrim-
ination is the identification of the source of observed differences in
bargaining outcomes among groups of interest. Animus or taste-based
discrimination refers to discrimination due to a distaste for a particular
group of market participants (Becker 1957). Statistical discrimination
refers to discrimination based on perceived statistical properties that may
vary across groups (Phelps 1972; Arrow 1973).

Ayres (1991) and Ayres and Siegelman (1995) perform the flagship
study of this literature, which involves audit-based field experiments at
new-car dealerships in the Chicago area. The experiment uses trained
pairs of buyers to bargain with dealers following a scripted protocol.
One individual in each pair is always a white male and matched in order
to isolate the effect of gender and race. The negotiations begin by the
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auditor soliciting a price for a particular car. The bargaining protocol
consists of an initial counteroffer that equals the authors’ estimate of the
marginal cost of the car to the seller. After this first round, testers either
respond with a “split-the-difference” strategy or one of “fixed conces-
sion”. Negotiations end when the salesperson accepts an offer or refuses
to bargain further.
The study finds evidence for discrimination against non-whites and

females. Specifically, initial and final offers by the seller are strongly asso-
ciated with both gender and race, with white males being quoted lower
prices than females or African-Americans. While the study does not
clearly distinguish between statistical or taste-based discrimination, the
authors use the field context to obtain clues to suggest a distinction, such
as information on the ethnicity of the salesperson, owner, employees, and
customers, as well as neighborhood characteristics. Minority ownership
or neighborhood effects are never significant, and no significant effects of
employee characteristics are found. These findings point to the presence
of statistical rather than taste-based discrimination.

An influential study by List (2004a) offers innovative uses of the field
context to identify the sources of discrimination in the marketplace. The
study involves field experiments conducted in the market for collectible
sports cards. Subjects are recruited among buyers or sellers in the market.
Buyers’ task is to enter the marketplace and purchase a particular card for
as little as possible, subject to a maximum reservation value. Earnings
are the difference between the reservation value and the purchase price.
Seller subjects are either dealers or nondealers who are naturally there to
sell the card in question.

List observes that women and non-whites are given inferior deals
in initial prices and final offers. This is true in both buyer and seller
positions, but consumer-side discrimination is stronger. Interestingly,
experience in the market helps avoid the discriminatory outcome in
prices, but at additional cost: final offers do not exhibit discrimina-
tion among experienced nondealer buyers, but these buyers need to
commit more time to obtain the final offer. Three more experiments are
conducted to identify the sources of discrimination, which collectively
point to the conclusion that the nature of discrimination is statistical.
A dictator game rules out animus, and a market experiment singles
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out deliberate statistical discrimination as the only explanation. With a
second-price auction and a survey of sellers, List confirms that sellers
have reasonable knowledge of reservation value distributions for the
different groups.

Castillo et al. (2013) conduct a field experiment in the taxi market
in Lima, Peru, to study how gender affects bargaining outcomes. Audi-
tors in the buyer role follow a scripted bargaining protocol whereby they
always respond by offering a fixed and pre-determined maximum will-
ingness to pay. The authors find that men face higher initial and final
prices as well as higher rejection rates, indicating potential discrimina-
tion against men. To analyze discrimination patterns further, they use a
unique feature of the field setting and introduce a treatment whereby
the driver receives a signal about the valuation of the buyer before
bargaining. In the taxi market in Lima, while a negotiation takes place,
it is common for a second taxi to pull up and wait for a potential failure.
Hence, it becomes possible for the buyer to visibly reject the offer of the
first taxi and come to negotiate with the second, sending a signal to the
second driver that the buyer has low valuation. They find that gender
differences in initial and final offers, as well as rejection rates, disappear
in this second negotiation. This again provides evidence for statistical,
rather than taste-based discrimination.

Another study conducted in the taxi market is by Michelitch (2015),
this time in Ghana. The study documents an interesting case of discrimi-
nation in bargaining, in which sellers discriminate based on partisanship
during election times. Field experiments are conducted during three
different time periods around Ghana’s 2008 national elections. The study
focuses on ethnic and partisan group identifications, which together
create four possible treatments in bargaining encounters. Subjects from
four ethnic groups are recruited as taxi passengers. Negotiations occur in
free form, and the parties learn one another’s ethnicity through language
and accent and infer partisanship based on the typical nesting of ethnic
groups in parties. Co-ethnic riders are always able to obtain a lower price
from drivers than non-coethnic riders. They also find discrimination
based on partisanship, in that prices for non-coethnic riders sharing the
driver’s political party are significantly lower, while they are significantly
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higher for non-coethnics affiliated with the opposing political party.
Interestingly, this latter difference only occurs during election times.

Zussmann (2013) performs a correspondence study on an online
advertising platform in Israel. He sends 8,000 pairs of emails from ficti-
tious buyers, paired in a way in which one states a distinctly Arab, and
the other a distinctly Jewish name. The responses reflect the presence
of discrimination against Arab buyers. Specifically, the response rate to
Jewish emails was found to be 22% higher than to those with Arab
names. Importantly, discrimination responds to monetary incentives:
when an Arab buyer offers the car’s posted price he obtains the same
response rate as a Jewish buyer who requests a 5–10% discount relative
to the posted price. In a supporting experiment, many fictitious adver-
tisements are posted on the same platform, again signaling ethnicity by
name. The results show that Arabs are discriminated against in seller roles
as well.
The study’s argument for statistical rather than taste-based discrim-

ination is based on two observations: First, Arab buyers discriminate
against sellers from their own ethnic group as well, albeit to a lesser extent
than Jewish buyers. Second, responses to an additional questionnaire
indicate that the discrimination exhibited by Jewish buyers is not associ-
ated with those questions capturing prejudicial tastes, but only associated
with the (payoff-relevant) belief that Arabs are more likely than Jews to
cheat. While the questionnaire reveals notable animus-based discrimi-
nation in attitudes and in daily lives on the part of a large share of
Jewish buyers, differences in market interaction remain consistent with
statistical discrimination.

Hanson and Hawley (2011) use a correspondence experiment to test
for discrimination in the market for rental housing. They send solicita-
tion emails to landlords using names that are easily associated with being
white or African-American. They also randomize a signal of social status.
They find discrimination against African-Americans, which is more
severe in neighborhoods that are near tipping points in racial compo-
sition. Interestingly, they find no evidence of discrimination when the
email content insinuates high social status, again signaling the presence
of statistical discrimination.
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A general takeaway from this literature on bargaining and discrimina-
tion is that discrimination is ubiquitous, but it tends to be statistical,
even in environments in which subjects exhibit clear animus against
a particular group. When group identification does play a role, as in
Michelitch (2015), it is observed to be short-lived and confined to
particular time periods. Based on this, one is tempted to conclude that
economic incentives tend to curb animus-based discrimination in the
marketplace. Taste-based discrimination in many economic settings is
costly to the discriminating party, and economic incentives do prevail in
the end. Statistical discrimination, on the other hand, is very common
and can help maximize profits—in fact, experienced sellers/buyers tend
to perform better statistical discrimination (List 2004a).

16.3 BargainingWithin the Household

Not all bargaining contexts involve negotiation over a sales price. Many
decisions made in a household are made by pairs that may have different
preferences, and this pair decision-making usually involves significant
negotiation. The household therefore offers a unique setup for studying
bargaining behavior, particularly in terms of how the distribution of
bargaining power affects outcomes. Indeed, a small number of field
experiments study negotiations within the household, focusing mainly
on resource allocation and bargaining power.

Ashraf et al. (2014) study household bargaining on fertility decisions
by controlling the way couples gain access to concealable contraceptives.
They conduct a field experiment in a large family clinic in Zambia, which
provides women with vouchers that guarantee free access to contracep-
tives. The experiment creates variation in bargaining power by randomly
assigning usage rights over the voucher. In one treatment, the woman can
access the voucher alone, while in the other access requires the signature
of both husband and wife, giving the husband veto power on the use of
contraceptives.
The results show that women who were entitled to contraceptive use

on their own were more likely to use them, and therefore less likely to
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give birth. Requiring the consent of the husband reduced contracep-
tive use by 19% (25% in the subsample of potential responders). A
significant proportion of women either hid or misrepresented the aim
of the voucher, thereby documenting the role of moral hazard in house-
hold fertility decisions. The results suggest inefficiencies in household
bargaining around fertility, as women use contraceptives at higher rates
in the individual treatment even if their preferences for children are
aligned with those of their husbands in the short term.

Beblo and Beninger (2014) study bargaining for resource allo-
cation within the household with an artefactual field experiment
in Germany. Each couple was given four units of an experimental
currency that allowed consumption from nearby department stores of
cosmetics, fashion/sports, or electronics. The couples first made choices
of consumption bundles individually, and then jointly. In each of the
joint decisions, the distribution of the vouchers among husband and wife
differed.
The results show that the allocation of consumption among the couple

is influenced by the distribution of the vouchers between them. Couple
choices are found to be always closer to the females’ preferences, indi-
cating higher female bargaining power in the household. The authors
also find that female bargaining power increases with the number of
children in the household and household income, and decreases in the
woman’s age and the man’s education level.

Another study that deals with female bargaining power within the
household is by Bulte et al. (2015). Here, the authors use exogenous
spatial variation in male to female ratios in China due to the one-child
policy, to study the effects of the sex ratio on the bargaining power of
spouses in a field experiment. Their first measure of bargaining power is
subjective, obtained by separately asking the wife and husband a standard
question about power and decision-making in the household. Second,
they record who oversees financial matters in the household. The third
measure is obtained from public good contribution experiments in the
vein of Carlsson et al. (2012).
Their main finding is that sex ratio and bargaining power are positively

correlated. Specifically, a one standard deviation increase in the male to
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female ratio increases the probability that the woman’s preferences domi-
nate collective decision-making by 15%. Also, female bargaining power
increases with the difference in women’s and men’s education levels, the
wealth of the woman’s parents, and is higher if the household moves
in with the parents of the bride. On the other hand, female bargaining
power falls with household income, and as the distance to the wife’s
parents increases.

16.4 Gender and Bargaining

While all of the household studies mentioned above allude to the role of
gender, gender difference in bargaining has been a major topic of research
(Babcock and Laschever 2003). In addition to laboratory experiments,
field experiments have also been conducted to address gender differ-
ences in the willingness to bargain and in bargaining outcomes. This
line of work is part of a large research agenda that aims to understand
the sources of gender differences in economic behavior and outcomes, as
well as the policy question of how to mitigate these differences, especially
when they lead to inefficiency (Croson and Gneezy 2009).

Leibbrant and List (2015) use a natural field experiment to look
for a particular factor that may contribute to the gender-wage gap, by
testing whether there exist gender differences in initiating wage negotia-
tions during the job application process. They place job advertisements
with potentially high stakes and observe the behavior of applicants
during application as well as in follow-up communication. They create
random variation in job characteristics by creating ads that explicitly state
whether the final salary is negotiable, or do not mention negotiability at
all, as well as posting general or only sports-related ads, within a 2x2
factorial design. They show that if there is no explicit statement in the
job offer that the wage is negotiable, men are more likely to negotiate for
a higher wage, whereas women are more likely to signal that they would
work for a lower wage. These differences disappear when the job post-
ings explicitly state that the wage offer is negotiable. Men also prefer job
environments with ambiguous rules for wage determination, leading to
a larger gender gap for such jobs.
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Most studies in western countries report women to be less successful
in bargaining (Babcock and Laschever 2003), but it is difficult to iden-
tify whether this is due to discrimination, bargaining power, inherent
gender-specific traits, or the cultural environment. Andersen et al. (2018)
bring interesting evidence to the table by studying how bargaining
behavior changes by gender in patriarchal and matrilineal societies. They
conduct field experiments in an open-air market in Northeast India,
using scripted bargaining by hired subjects who were residual claimants
of bargaining gains for tomatoes.

In the same study, Andersen et al. (2018) also conduct an alternating-
offer “lab-in-the-field” experiment with induced values, in order to
identify gender differences in buyer and seller roles, which cannot be reli-
ably identified in the field due to self-selection into market roles. Their
main finding is that females obtain a larger share of the surplus in the
matrilineal society than males. This is true in both field and lab experi-
ments. The result is reversed within the patriarchal society, where males
outperform females. This is in contrast to the evidence from the western
world and suggests that observed differences have a cultural basis. Inter-
estingly, being assigned to the buyer or seller role turns out to be an
important factor in bargaining outcomes. This points to the possibility
of subjects carrying over experiences from their daily transactions into
the experiment.

16.5 Role of Culture and Ethnicity

An interesting feature of Andersen et al. (2018) is its use of differ-
ences in social organization among two cultures as treatments. The study
exploits cultural differences in social organization between two Indian
tribal societies, the matrilineal Khasi and the patriarchal Kharbi. The
results indicate that gender differences in bargaining outcomes are likely
to be products of culture and the social organization in place, rather than
of inherent gender-specific traits.

Studies have also focused on aspects of culture or social organization
other than in relation to gender. Roth et al. (1991) conduct experi-
ments of two-person ultimatum bargaining and multi-person market
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environments in the US, Japan, Israel, and Yugoslavia in order to study
a potential role for cultural differences in bargaining outcomes. While
these experiments are direct implementations of the ultimatum game,
we consider them to be artefactual field experiments due to the diver-
sity of the (non-student) subject pool used. The results show that
bargaining outcomes differ from theoretical predictions (as usual in the
ultimatum game), as well as from one another across different countries.
The highest offers are made in the US and Yugoslavia, and the lowest
ones in Israel, with Japan in the middle. The probability of rejection is
inversely related to offers within countries, but not between countries.
This supports the hypothesis that the differences are cultural. Simi-
larly, Henrich et al. (2001) report results from ultimatum bargaining
experiments conducted in 15 small-scale societies with different cultures
and social organization. The results reveal significant differences across
cultures, as well as from previous results obtained in developed countries.
Importantly, group-level differences in outcomes are mostly explained by
differences in economic and social organization and the degree of market
integration. The Machiguenga of the Peruvian Amazon have a very
non-cooperative culture and end up making (and accepting) the lowest
offers. In contrast, the Lamalera of Indonesia and Aché of Paraguay have
cooperative cultures in which collaborative hunting and meat sharing
are common practices. These societies make the highest offers among
all cultures. Au and Gnau of Papua New Guinea are communities in
which circulation of goods takes place through gift exchange, and their
behavior reflects this: They are inclined toward hyper-fair offers that
leave more than 50% to the responder, which are frequently rejected.
In gift cultures, accepting a gift creates an obligation of debt, which
must be reciprocated (Mauss 2016). This is consistent with observa-
tions from these two cultures. Taken together, evidence from this set
of cross-country field experiments indicates that cultural organization
and practices affect bargaining behavior and outcomes significantly. This
contrasts with market environments in which bargaining serves as a
micro-foundation, as in Roth et al. (1991) and the related studies we
review in the next section.
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16.6 Efficiency andWelfare

Lab experiments of market mechanisms in the vein of Roth et al.
(1991) discussed above are important for economics, as they allow testing
fundamental propositions of economic theory, such as the efficiency
of markets. The first market experiment was conducted by Cham-
berlin (1948), who used student subjects and fictitious commodities.
The experiment and its variants have been repeated in various contexts
with monetary incentives and reservation value inducement. Bilateral
bargaining is a popular mechanism, even though competing mechanisms
have been used. In what follows, we review this line of field experiments
that use bargaining protocols (see Al-Ubaydli and List (2017) for a more
general review of the literature on market experiments).

List (2004b) uses data from field experiments in sports cards
and collector pin markets to test the classic theory of competitive
Walrasian equilibrium. List creates variation in the underlying multilat-
eral bargaining mechanism to see the convergence behavior of various
micro-foundations for market equilibria. Subjects are recruited so that
natural dealer and nondealer roles are mapped into seller and buyer
roles in the experiment. As in List (2004a), valuations are induced by
using a commodity that is familiar to all market participants but value-
less outside the experiment. The market experiment lasts for five rounds
with reassignment of valuations. After each agreement, the sale price is
announced to the whole group. There are three treatments: one in which
both supply and demand curves have finite slopes and are symmetric,
one that induces a perfectly elastic demand curve, and another a perfectly
elastic supply curve.
The results show that exchange prices converge to the Walrasian

equilibrium after a few market periods. This is also true for severely
asymmetric settings with infinitely elastic demand or supply curves,
provided that participants have sufficient experience. Market experience
has a lasting role, as more experienced participants extract higher surplus
and execute more trades. List claims that few of the usual assump-
tions of Walrasian equilibrium are really necessary for convergence to
occur in mature markets. Additional experiments are conducted with
men-only and women-only groups, as well as an only-children group to
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isolate the role of experience. These experiments reveal that men execute
more trades, but men and women obtain similar surplus conditional on
making one. Again, convergence to Walrasian equilibrium is obtained if
participants have enough experience.
Waichman and Ness (2012) study decentralized bargaining markets

similar to those of List (2004b) by using students and farmers as (sepa-
rate) subject pools. The latter group is chosen for their real market
experience, as well as to test potential subject-pool effects. They find
that markets with the two subject pools do not differ in terms of prices
and quantities, while both are statistically different from the Walrasian
equilibrium. Hence, market performance is not as efficient as predicted
by the theory of competitive markets, though it achieves more than
80% of potential welfare. While efficiency levels are not statistically
different between the two subject pools, farmers yield higher surplus
to buyers compared to the student pool. The authors attribute this to
the identification of farmers with sellers in their professional life. As in
Michelitch (2015), this study points to an effect of subjective identifica-
tion on bargaining outcomes, albeit without significant effects on market
efficiency.

List and Price (2005) test and explore the theory of collusion, with
multilateral bargaining experiments in the market for sports cards. In
one treatment, sellers are explicitly told that they are not allowed to
collude. In this case, multilateral bargaining converges to the Walrasian
market equilibrium. In the other treatment, sellers are informed that they
can engage in collusive practices. This leads to an outcome in which
prices (quantities) are considerably above (below) equilibrium levels. The
addition of imperfect price signals to the experiment reduces prices to
intermediate levels. Experienced buyers could thwart off attempts to
collude among sellers.

Innovative uses of the audit methodology have been employed by a
sequence of field experiments by Iyer and Schoar (2015). In a first study,
they perform an audit-based experiment with tailoring stores in India, to
examine if reputational concerns lead sellers to refrain from renegotiation
, causing a breakdown of efficient ex-post trade. The experimental design
creates a situation in which the renegotiation of an initially agreed-upon
contract may be called for and observes the seller’s behavior in response
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to three treatments. The first treatment creates variation in the cost and
bargaining power of the seller. The auditor declares that his situation is
urgent and asks to obtain the garment in one day. This increases the
tailor’s cost but increases their bargaining power. They find that tailors
did not initiate a renegotiation and instead either agreed to fill the urgent
order with no price increase or told the auditor that they could not
complete the order and returned the cloth. In the second treatment, the
auditor re-initiates renegotiation by offering twice the original price to
the seller. In this case, many sellers accept. This shows that sellers forgo
mutually beneficial trade for reputational concerns. In the third treat-
ment, auditors state that they were in town for a one-time event, or
that they just moved into the neighborhood. Tailors were more likely to
initiate a renegotiation and to renege on the delivery of the urgent order
for out-of-state auditors compared to local auditors with whom reputa-
tional concerns are stronger. A final treatment tests the effects of repeated
interactions to see whether sellers will initiate renegotiation under the
possibility of higher continuation value. As expected, tailors were signif-
icantly less likely to initiate renegotiation , and more likely to fill urgent
requests in this second visit. The study also recruited auditor tailors to
call a random group of customers with urgent requests and offer to do
the task immediately for a 10% increase in the agreed price. They find
that 36 out of 41 accepted the renewed offer.

Overall, the evidence indicates that reputational concerns can create
contract rigidity, preventing profitable trades and causing inefficiency in
bargaining, as well as potentially leading to price stickiness.

In a second study, the authors conduct a field experiment in the whole-
sale market for pens, in which auditors place orders that vary in their
relation-specificity, by buying generic or custom-made lots. This context
is suitable for studying incomplete contracts and hold-up. They find that
sellers require larger upfront payments for orders that necessitate relation-
specific investments and use upfront payments as a screening mechanism
to protect themselves against contract breach but remain vulnerable
against ex-post opportunistic renegotiation . In the latter case, sellers are
much more willing to renegotiate the order in case of custom pens, and
orders for printed pens can be renegotiated for price cuts up to 30%.
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However, sellers terminate bargaining in about 40% of the cases, essen-
tially opting out for the zero salvage value of the order and accepting the
resulting loss. This is similar to “irrational” rejections in the ultimatum
game. Most sellers return the upfront payment when renegotiation fails,
pointing to the role of reputational concerns.

It is of interest to economics to study the welfare and distribu-
tional implications of bargaining compared to a fixed-price equilibrium
outcome. Such an examination requires either obtaining or estimating
value distributions in the market. Keniston (2011) addresses this ques-
tion using field data collected in the context of bargaining for autorick-
shaw transportation in Jaipur, India. He observes free-form bargaining
transactions by hired surveyors, and those in which auditors make
randomized (but pre-determined) counteroffers to drivers. The focus of
the study is on developing a dynamic structural estimation procedure to
recover key unobservables, such as valuations and the costs of bargaining
in a game-theoretic setting. He finds that a switch to a fixed-price mech-
anism would raise overall welfare by 28%. In terms of the distributional
effect, this would benefit high-valuation buyers since they would avoid
bargaining costs. However, the bargaining mechanism carries substantial
value for low-valuation buyers; 63% of buyers would prefer bargaining
if a fixed-price market were available as a choice.
Welfare and distributional implications of bargaining are also studied

by Bengtsson (2015), who offers an interesting policy argument for
regulation. He argues that market regulations can be welfare-enhancing
even if they are side-stepped regularly. As a result, informal bargaining
can achieve the first-best outcome under simple regulation schemes. He
constructs a model with these characteristics, which requires that regu-
lations determine only the fallback outcome of market participants. He
tests the predictions of the model using a field experiment in the taxi
market in Cape Town, South Africa. Taxi drivers are required to use a
meter for pricing, but compliance is not complete as drivers and passen-
gers bargain to agree on a fixed fee instead of using the meter. A key
ingredient is moral hazard, whereby drivers tend to take detours when
the meter is running.

Bengtsson assigns half of the trips (undertaken by a research assistant
acting as a tourist) to a fixed, unregulated fare with counteroffers, and
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half to a choice to use the regulated fare. Results reveal significant welfare
gains from sidestepping the meter. Average distance travelled reduces by
10%, which also reduces carbon emissions by 8% compared to strict
obedience to the meter. On the other hand, the average price is found
to be the same across treatments. The findings suggest that regulations
frame the informal bargaining procedure efficiently. Interestingly, while
regulations—at the outset—seem to increase costs and emissions, it does
not follow that deregulation will raise welfare in the market.
These findings offer potential lessons for regulation. Regulation

usually exhibits a trade-off between ex-ante and ex-post efficiency. The
study suggests that there is a mix of simple regulation and informal trade
that is capable of implementing the first-best. If regulation provides an
option but is not strictly enforced, the market may attain both ex-post
and ex-ante efficiency.

16.7 Discussion and Possible Directions
for Future Research

In addition to directly testing key assertions of economic theory,
field experiments in bargaining have contributed to our understanding
in various domains of economics, including discrimination, decision-
making within the household, and the role of gender and culture. While
the strict control provided by induced valuations in the laboratory is an
asset, field experiments provide high external validity, particularly when
bargaining behavior draws on context-specific characteristics and expe-
riences that would be stripped in “sterile” bargaining settings created in
the lab, or involves biases that would not surface in the lab under observ-
ability. We believe that there are important research questions in the
context of bargaining where the field experimental literature can expand
into and provide unique insights.
The relationship between field experimentation and theory is growing

in various directions. However, a general lack of model-based testing
or experimental tests of theoretical predictions needs to be noted.
The contribution of field experiments in bargaining to the theory
of bargaining itself has remained relatively limited. The canonical
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Rubinstein-Stahl bargaining game produces a simple prediction under
complete information, an assumption that does not match empirical
reality. Naturally, there are various ways of incorporating incomplete
and asymmetric information into bargaining settings, which produce a
variety of theoretical models and predictions. The resulting difficulties
in matching theoretical models to data are highlighted by the efforts
of Kennan and Wilson (1989), who examine the ability of various
bargaining models to explain data on labor negotiations. Price forma-
tion and resource allocation thus emerge as empirical questions in many
bargaining settings, providing a challenge for empirical and experimental
work to produce “good data”. Using more detailed data on sequential
offers from the field may offer some further possibilities in studying the
role of different sources of uncertainty and information asymmetry, as
well as testing predictions of corresponding theoretical models.
The literature has had great success in studying bilateral or multi-

lateral bargaining environments as micro-foundations for generating a
variety of market structures. Important results from the literature include
convergence of the market to theWalrasian equilibrium prediction under
very general conditions (List 2004b; Waichman and Ness 2012). Studies
have already begun to move beyond competitive markets to study other
market structures (List and Price 2005). Pushing the envelope in this
line of inquiry to study various market structures in the field, perhaps
in deeper dialogue with industrial organization, is an area with great
potential and is likely to produce more field experiments in the future.

Studying inefficiencies and policies to mitigate these inefficiencies is
also an area that is likely to grow significantly. An important example is
studying various remedies or market interventions for externalities. We
note that no field experiment has yet provided direct tests of Coasean
predictions, just to name an important possible application.

Field experiments also offer opportunities to randomize on various
attributes of the bargaining environment, such as dyads and groups in
bargaining. As a result, field experiments can be used to manipulate
group formation and study its effects. Finally, we note that coupling
field experiments with naturally occurring data may provide important
insights. Studying natural bargaining transactions in the market may
help identify the role of duration and provide insights into the process of
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learning in asymmetric information settings. Insights from such observa-
tions can then be used to create randomized field experiments within the
market or be taken to the laboratory for more controlled tests of theory.
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The significance of bargaining and negotiations in economic life has
motivated a vast theoretical and experimental literature to the end
of understanding how those who bargain find profitable deals, divide
gains from trade, and avoid bargaining breakdown. The welfare and
policy implications of a better understanding of bargaining are vast—
from avoiding breakdown at the negotiating table as nations forge
compromises to addressing climate change, to the entrepreneur designing
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markets in which parties bargain to realize gains from trade.1 However,
but for a few pioneering exceptions focusing on wage bargaining in labor
negotiations Card [8], Card and Olson [9], Cramton and Tracy [11],
that vast literature has forged ahead in the absence of guidance from the
empirical analysis of bargaining in the field.

Much of the difficulty of studying bargaining in the field is inherent
to the settings in which market participants elect to bargain instead
of using other price-discovery mechanisms, e.g., fixed-price sales or
auctions. Bargaining typically happens when both parties have some
market power. If, alternatively, either side faces competition from a large
and liquid set of substitutes, then there is little room for posturing,
and so we would expect a fixed-price mechanism to dominate trade.
This means that when two parties bargain over a deal, it is likely that
the setting has some idiosyncrasies which are often difficult to quantify
and compare across deals. These were the challenges of an early empir-
ical literature that endeavored to study labor negotiations (see [7] for a
summary). Negotiations between management and labor are particularly
difficult to study because the terms are multidimensional, from wages to
benefits and workplace conditions.2

Another challenge of studying bargaining in the field is that many
negotiated contracts are set in the broader context of repeated interac-
tions. A supplier may negotiate a rate with a downstream customer not
merely with an eye to profits in that deal, but to the stream of profits
they obtain by cultivating a long-term relationship. This continuation
value is difficult to measure in the absence of a credible structural model
of bargaining.

1 Here we echo Crawford [12], who writes: “Bargaining, broadly construed, is a pervasive
phenomenon in modern economies, ranging from labor negotiations to trade agreements to
strategic arms limitation talks. One need only consider these examples in light of past experience
to realize that the potential welfare gains from improving the efficiency of bargaining outcomes
are enormous, perhaps even greater than those that would result from a better understanding
of macroeconomic policy.”
2 Strikes in labor negotiations provided a unique opportunity to study delay as signaling . This
idea found little empirical application outside of labor until Goetz [15], which introduced delay
in a model of bargaining adapted to negotiations between Comcast and internet ISPs for local
content provision.
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Even when negotiated contracts are one-off events, empirical work is
plagued by the lack of available data, particularly at the offer level. It
is perhaps not surprising that U.S. Attorney’s Offices do not want the
patterns of their settlement offers to be public knowledge, and that exec-
utives would not want it to be known that they frequently budge from
their opening offers when making acquisitions. Perhaps more perplexing
is the general unavailability of offer-level data in real-estate negotia-
tions. This hurdle, the fact that offer-level data is generally unavailable
to researchers, is in our opinion the most severe. For posted-price
markets, there are innumerable sources of data on market outcomes, e.g.,
Nielsen data in retail. Moreover, there is increasing availability of data
on negotiated prices in markets with bilateral bargaining, e.g., content
providers selling to cable companies, insurance reimbursement rates for
hospitals, and medical device pricing to hospitals. However, there are
still precious few sources of step-by-step offer-level data in bargaining
markets. Exceptions of which we are aware include a dataset of 780 real-
estate transactions in the UK from Merlo and Ortalo-Magné [19] and
the post-auction negotiations of Larsen [17].

In this chapter, we summarize our work in exploring a new data source
on bargaining and negotiations: the eBay Best Offer platform. We use
this platform as an example of the many distributed peer-to-peer market-
places that have proliferated in recent years. Agents in these marketplaces
negotiate over physical goods (e.g., eBay, Craigslist, Etsy, Alibaba), short-
term labor contracts (Upwork, Freelancer), vacation rentals (AirBnband
VRBO), and home services (e.g., Thumbtack) to name a few. The rise
of e-commerce in general has been a boon to researchers: transactions
that might previously have generated little more by way of record than a
paper receipt now generate a vast trove of data. These data include not
only information about the culminated transaction, such as what was
sold, when, and at which price, but also the pre-transaction behavioral
data concerning clicks, queries, and marketing that lead up to transac-
tions. Users exchange structured offers over common contract terms such
as price, service dates, and unit volumes. They exchange messages over
less common terms (e.g., a vacation rental’s use of air conditioning or a
coder’s choice of software language).



368 M. Backus et al.

We begin in Sect. 17.1 with a summary of the Best Offer bargaining
environment on the eBay platform.We also highlight some basic descrip-
tive facts: some of them evidence in favor of rational theoretical models
of bargaining, and some seemingly inconsistent. Next we turn to our own
findings from the setting, which focus on understanding bargaining as
negotiation, i.e., involving some kind of communication . In Sect. 17.2,
we consider the role of cheap-talk communication in negotiation on
the platform, taking as an example something that had been previ-
ously attributed to behavioral biases: the use of round numbers. Then
in Sect. 17.3 we consider the broader question of communication and
bargaining efficiency in Best Offer negotiations. While the applications
we discuss are the first to which we turned, they are by no means the
only questions that could be asked in this environment. To that end,
Backus et al. [2] made one year of Best Offer bargaining data publicly
available. The interested reader can find it available at https://www.nber.
org/data/bargaining/. We hope that these applications will inspire more
research in bargaining and that the data made available will prove fruitful
to future bargaining scholars.

17.1 eBay’s Best Offer Platform

The eBay online marketplace is best known for its auctions, which offers
a price-discovery mechanism for sellers who may not know the optimal
price of the object they wish to sell, and was complemented by a repu-
tation system, for buyers to make transactions with sellers they might
not otherwise trust. However, the use of auctions has long been on the
decline on eBay, as a fraction of sales volume, as documented by Einav
et al. [13]. The vast majority of sales volume on the platform are for
listings with a fixed “Buy-it-Now” (BIN) price. For a subset of these
fixed-price listings, sellers enable the “Best Offer ” (BO) feature, which
allows buyers to make an offer to the seller, and potentially negotiate a
price lower than the asking, or BIN price.3

3 As documented by Backus et al. [2], sales that are bargained through the BO mechanism
(that is, excluding BO listings that sold at the listed BIN price) have grown along with the

https://www.nber.org/data/bargaining/
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Fig. 17.1 Best offer on eBay (Notes This figure depicts a listing with the Best
Offer feature enabled, which is why the “Make Offer” button appears under-
neath the “Buy It Now” and “Add to Cart” buttons. When a user clicks the
Make Offer button, a panel appears, prompting an offer and, if desired, an
accompanying message)

This process is depicted in Fig. 17.1, which depicts a fixed-price listing
for a vintage box of cereal, on which the seller has enabled Best Offer as
seen by the presence of the “Make Offer” button.4 The buyer can click
the “Buy it Now” button and purchase the product for $275, or they can
click on the “Make Offer” button, which raises a pop-up screen with a
numerical field for their offer. The buyer may also elect to add a brief
text message to the seller, a feature to which we return in Sect. 17.3.
Offers are valid for forty-eight hours, after which they expire and the
buyer is no longer committed. The seller is notified of the offer and is
given the option to accept—in which case the listing is closed and the
buyer prompted for payment—reject, or counteroffer. If the seller makes

fixed-price portion of the marketplace , and by 2015 made up over 10% of sales volume on
the U.S. website.
4 Buyers can also observe that a listing is Best Offer enabled on the search results page, before
they get to the View Item page depicted in Fig. 17.1. There, underneath the price, the text “or
Best Offer ” may appear.
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a counteroffer, this is valid for forty-eight hours as well, and the process
is repeated in reverse.
To summarize, the process closely mirrors the sequential alternating-

offers bargaining protocol in Rubinstein [23]. There are two differences:
first, a buyer can make at most three offers.5 Second, all interactions
begin with a buyer offer; sellers cannot make unsolicited offers to buyers
and they cannot resurrect stalled or rejected threads, yet a buyer can (if
they have not exhausted their three offers).
This marketplace offers a unique opportunity to study structured

bargaining “in the wild,” with real buyers and sellers negotiating over
real products. The advantages of this dataset are fourfold: first, unlike
contract negotiations which are typically over many dimensions, the
outcome variable is one-dimensional: price. Indeed, buyers are discour-
aged by the platform from negotiating over shipping, preferring instead
that they load it into the agreed-upon price. Second, there are almost
no repeated interactions between buyers and sellers, and so we can
treat them as anonymous, one-off bargaining games. This is in contrast
with many business-to-business bargaining environments, which are
typically characterized by persistent relationships, e.g., licensing and
supplier contracts, or union contract negotiations. Third, bargainers who
bargain more than once can be linked over time by the econometrician,
allowing us to include buyer and seller fixed effects. Fourth, the dataset
is very large. The publicly released version includes over 100 million BO
listings.

Unsurprisingly, however, there is also a particular limitation of this
dataset—there is substantial unobserved heterogeneity coming from the
vast array of products that buyers and sellers negotiate over. There is little
need to bargain over homogeneous products for which there is a thick
market, in which case the market price would be known. Therefore the
product inventory in the dataset is particularly idiosyncratic and unlikely
to be well-described by observable characteristics. This makes it diffi-
cult to learn very much about a bargainer’s reservation values or outside
options.

5 This was true during the period when we collected our data. The cap has since been increased.
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Fig. 17.2 Bargaining sequence patterns (Notes This figure summarizes the
offer-level data in terms of the “game tree” of bargaining, and is borrowed
from Backus et al. [2])

We begin with a few results that are immediate from the basic descrip-
tives of the dataset. Figure 17.2, borrowed from Backus et al. [2], depicts
an “empirical game tree”—the fraction of bargaining interactions that
reach each node of the sequential bargaining game. Conceptually, we can
think of the seller’s BIN price as an initial offer to all potentially inter-
ested buyers, the first offer in a sequence is always made by a buyer, and
so the first node is “B,” after which buyers and sellers (“S”) alternate.
“A” means an offer is accepted; “C” means an offer is countered, and
“D” means it was declined. We report both the number and fraction
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of offers that reach each node. For instance, just over 6 million cases
(25%) fit the following path: an initial buyer offer is made, the seller
declines (as in 40% of cases), and the buyer elects not to make another
offer (as in 62% of such cases). From this figure we learn a few things.
First, sellers are substantially more likely to accept an offer than buyers
are. Second, we also see that frequently, if a seller declines a buyer offer
(potentially allowing the offer to expire, as the dataset does not discrim-
inate among methods of rejection), buyers re-approach the seller with a
new offer (e.g., 38% of the time after a first offer is declined).

Many of the features of the dataset are broadly consistent with existing
rational models of bargaining. For instance, buyers who select slower
shipping methods, i.e., who may be more patient, also succeed in
obtaining lower prices, consistent with the predictions of Rubinstein
[23]. Of course, this is purely descriptive, and the correlation may be
driven by other confounds such as a low reservation price.

Also, bargaining appears to be costly. In particular, for items that are
listed at fixed prices under 50 dollars, buyers are relatively more likely to
pay the seller’s asking price rather than making an offer. And when the
buyer does make an offer, the seller is much more likely to accept it than
haggle. In particular, this supports the notion of fixed costs of bargaining.
We observe that these fixed costs create qualitative differences above and
below 50 dollars, which raises potential external validity concerns for the
study of bargaining in laboratory settings, where stakes are low.6

Still other features of the data are more difficult to explain in standard
theoretical models, even those that allow incomplete information and
afford opportunities for bargaining breakdown. Two in particular stand
out: reciprocal gradualism and split-the-difference behavior.

Backus et al. [2] document reciprocal gradualism in their dataset,
which means that larger concessions by one party appear to be met with
larger concessions by the other. This feature of real-life bargaining is
notoriously difficult to explain in theoretical models. Compte and Jehiel
[10] obtain it in the setting of baseball negotiations, but this exploits

6 A similar observation, that bargaining entails fixed costs, motivates the study of negotiations
in appliance sales by Jindal and Newberry [16].
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the unique institutional environment of that setting, i.e., that disagree-
ment payoffs depend on the sequence of offers. It may be possible to
obtain a similar result if bargainers have reference-dependent preferences,
however, this conjecture is unproven.7

A second robust and puzzling feature of the data is the predominance
of so-called “splitting the difference.” The puzzle has two features. The
first, which is perhaps less surprising, is the fact of the behavior: that
bargaining parties are discontinuously more likely to make an offer that is
halfway between the two prior offers. The second, however, is that these
offers appear to work, and introduce a non-monotonicity in the empir-
ical relationship between the generosity of offers and the frequency with
which they are accepted. That is, offers slightly higher than 50% (e.g.,
55% of the other party’s most recent ask) are less likely to be accepted
even though they are more generous.8 What is particularly puzzling
about both of these phenomena is that the reference points according to
which one splits the difference are endogenous; they are simply the prior
two offers, one set by each bargainer. So, anticipating such behavior, it
seems one would do well to engineer extreme reference points in your
favor.
These descriptive results highlight both the strengths and weaknesses

of bargaining theory, and offer paths for future empirical, experimental,
and theoretical work. In particular, by highlighting features of real-world
bargaining, the hope is to point to research avenues that can produc-
tively engage with bargaining practitioners. This is, of course, just a first
step and there are myriad alternative settings in which we could learn
even more about bargaining. Even within our setting, however, we have
focused exclusively so far on the offers, counteroffers, and outcomes, and
neglected communication between buyers and sellers. It is to this that we
turn next.

7 This suggestion is thanks to Philippe Jehiel.
8 Substantially higher offers (e.g., 70%) are still more likely to be accepted as the non-
monotonicity is a local phenomenon.
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17.2 Cheap-Talk Signaling and Bargaining

Previously we documented a number of patterns in the data that are
seemingly at odds with rational models of bargaining. Another such
pattern is documented in Fig. 17.3. On the x-axis of that plot, we have
the BIN price of the BO listing. On the y-axis, we have a scale from
0 to 1, and the object of interest is the ratio of the initial buyer offer
in a bargaining interaction to the BIN price. To construct the scatter-
plot, every point in the graph represents a group listings that all have the
same BIN price within a unit interval according to the ceiling function.
Concretely, consider an integer z > 0, we then take all listings with a
BIN price of x ∈ (z − 1, z] and group them together, and these listings
correspond to the x-axis of the graph. Then, we calculate the ratio of
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Fig. 17.3 Best offer on eBay (Notes This scatterplot presents average first offers,
normalized by the BIN price to be between zero and one, grouped by unit
intervals of the BIN price, defined by (z − 1, z]. When the BIN price is on an
interval rounded to a number ending in “00” or “50,” it is represented by a red
circle. The figure is borrowed from Backus et al. [4])
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the initial buyer offer for each of these listings and calculate the average
of the ratios of all listings within such a group z, which corresponds to
the y-axis of the graph. On average across all the points in the scatter-
plot, it appears that first offers arrive at somewhere near 65% of the BIN
price. However, strikingly, if the BIN price is on a round “50” number,
which we mark with a filled circle, we observe first offers between five
and ten percentage points lower than other, precise number prices. A
similar pattern persists for finally negotiated sale prices.
Why do round numbers fare so poorly? We were not the first to make

this observation; indeed, a large literature in management and social
psychology has documented it in lab experiments, see e.g., Mason et al.
[18]. These papers attribute it to various perceptual biases around the
use of round numbers, and conclude that bargainers should avoid the
use of round numbers, favoring precise ones. However, this argument
sits uneasily with economists—if the use of round numbers is a strictly
dominated action then we should observe that rational bargainers avoid
them. Instead, bargainers are discontinuously more likely to use round-
number prices than precise number ones. Indeed, 5.3% of listings in the
sample are priced at an exact multiple of $100. Why are they doing it
wrong? In Backus et al. [4], we posit an alternative hypothesis, one that
rationalizes the use of round numbers by sellers: round numbers are a
cheap-talk signal of eagerness to transact, analogous to rug stores “going
out of business,” or forward compliments on a first date. In this light,
the behavior may be entirely rational: impatient sellers (or, equivalently,
sellers with worse outside options) will use round numbers to facilitate
a transaction, albeit at a lower price, while patient sellers will use precise
numbers and wait for higher-paying buyers.
To explore this idea in depth, we ask: what must be true in the equilib-

rium of a signaling game? If players are playing a separating equilibrium
in which impatient sellers use round numbers and those who can hold
out choose precise numbers, then (1) there must be incentive compati-
bility, a trade-off that makes some sellers prefer one outcome and others
another; (2) sellers with different preferences must sort , i.e., if we split
sellers by round- and precise-number usage, we should also see that these
are fundamentally different kinds of sellers, and (3) buyers must update
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their beliefs, that is, see the signal and form beliefs about the seller’s pref-
erences that are consistent with the sorting. The extensive data generated
by online transactions make the validation of this equilibrium uniquely
feasible.

Incentive compatibility becomes transparent once we construct the
analogue of Figure 17.3 for the likelihood of—and time to complete—
a sale. In fact, round-number sellers are 15–20% more likely to sell
and, conditional on sale, do so almost 30 days earlier. In other words,
we can think of the use of round-numbers as akin to moving along
a demand curve, trading lower prices for higher quantities. According
to basic pricing theory, we expect sellers to do this as their costs
change, and the intuition in a bargaining setting is no different. Patient
sellers—equivalently, those with a high marginal or opportunity cost
of transacting—will prefer a higher price and a lower quantity, and
impatient sellers the opposite.

Do we observe sorting of patient and impatient sellers into round- and
precise-number listing prices? We can test this by looking at cases where
similar offers (as a fraction of the BIN) were made to both types of sellers.
If precise-number sellers are the patient sellers of the marketplace , then
they should be less likely to accept an offer, other things equal. Similarly,
impatient sellers should jump to accept it. Indeed, this is borne out by
the data. Taking the same offer (as a fraction of the asking price) to set
“other things equal,” precise number sellers are uniformly less likely to
accept it, as depicted in Figure 17.4.9

The final diagnostic for a signaling equilibrium is that the signal is
received—i.e., we need to show that buyers observe the signal and update
their beliefs. This is particularly complicated because beliefs are unob-
servable. However, the behavioral data on buyers from the eBay platform
affords an unusual opportunity. Buyers receive the “signal,” i.e., see
whether there is a round or a precise asking price, when they view list-
ings on the search results page. As it turns out, round and precise listings
are equally likely to appear on the search page, yet the data show that
buyers are systematically more likely to click through to the next step, the

9 Note that seller acceptance rates do not converge to one as the buyer’s offer does—this may
simply reflect the fact that many sellers are missing notifications that they have received an
offer.
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Fig. 17.4 Seller acceptance rates (Notes This figure depicts the polynomial fit
of the probability of acceptance for a given offer (normalized by the BIN) on
items with listing prices between $85 and $115, plotted separately for $100
“Round” listings and the remaining “Precise” listings. This figure is borrowed
from Backus et al. [4])

detailed item page, for round-number listings than precise number ones.
And conditional on clicking through and purchasing, they are more likely
to negotiate (rather than take the BIN price) for round-number listings.
This is consistent with the hypothesis that they (correctly) anticipate
negotiating lower prices with round-number sellers.

At this point, the attentive reader may rightly object—are round-
number listings similar to precise-number listings on other dimensions
besides price? Maybe this constellation of results is all due to unobserved
heterogeneity, which was highlighted as a limitation of the dataset in
Sect. 17.1. To answer this concern, Backus et al. [4] identify a natural
experiment—a garbling of the signal that exposes it to some buyers and
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obfuscates it to others.10 In particular, sellers from the U.K. website of
eBay (ebay.co.uk) have an option to pay for their listings to be cross-
listed on the U.S. site. If they do so, these listings that are originally
listed in British Pounds will also appear in U.S. search results, but
prices will be converted automatically to U.S. Dollars using the current
exchange rate. As a result, a listing that has a round BIN price in the
U.K. will appear as a precise BIN price in the U.S., holding fixed all
of the other characteristics of the item (including, importantly, those
not observed to the econometrician). In this setting, we showed that
the price effects of round-number signaling persist after controlling for
unobserved heterogeneity.

Based on all of this evidence, we concluded that cheap-
talk signaling offers the simplest, most coherent explanation for the
behavior of buyers and sellers concerning round numbers. And yet, it
seems implausible that buyers and sellers are all knowingly engaging in
this behavior. The early papers documenting this phenomenon drew
on the work of psychologists who document known perceptual biases
around round numbers. How do we reconcile this with the heady
assumptions on rationality required to rationalize a perfect Bayesian
equilibrium? The work of Thomas et al. [25] offers a way out. They
document perceptual biases around round numbers, but critically, they
show that these biases are mediated by experience. In other words,
while the mechanical truth of decision-making may be that we have
heuristics that guide perception and influence behavior, these heuristics
are consistent with observed experience and are in that sense functionally
equivalent to rational expectations on the equilibrium path.

10 The idea of using a garbling device to identify signaling appears also in Ambrus et al. [1].
There, the church, which serves as an intermediary in hostage negotiations between wealthy
families and Tunisian pirates, must send couriers by foot to the town in which the family is
located. Because the time required is unobservable to the pirates, they take this as a garbling
device in the use of delay as a signaling device in negotiations and show that it predicts better
bargaining outcomes, consistent with theory.
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17.3 Protocol Design: Communication
and Bargaining Breakdown

An important question for the bargaining literature, but also for the e-
commerce platform regulating the bargaining itself, is: should buyers and
sellers be allowed to communicate? From the perspective of the litera-
ture, this is an old question that relates to bargaining efficiency , and it
does not help that theoretical models of communication in bargaining
are divided on the efficiency implications of communication . While
there may exist equilibria with credible communication in bargaining
games, as in Farrell and Gibbons [14], it does not in general improve the
efficiency of bargaining.
The experimental literature is rather more optimistic. In early work,

Radner and Schotter [22] and Valley et al. [26] offer evidence that
communication improves bargaining efficiency. Indeed, in the latter, it
appears that subjects outperform the Myerson and Satterthwaite [20]
upper bound on efficiency for incentive-compatible bargaining mecha-
nisms in games with two-sided asymmetric information. The mechanism
by which it does so, however, is unclear. It may be, e.g., that we over-
communicate in cheap-talk games [6], we are averse to lying, or that we
build amity and altruism through communication .

From the platform’s perspective, however, there is an important caveat
to the gains of bargaining efficiency. Platforms are particularly concerned
about the risk of disintermediation; that is, when the buyer and the
seller decide to cut out the middleman (and their fees) and instead
transact independently, using the communication mechanism to foster
off-platform contact. Indeed, the salience of this concern is highly
predictive of the different platforms’ choices regarding communication .
Taobao, which does not tax transactions, allows free-form communi-
cation between bargainers with an on-site instant messenger service.11

eBay, which charges fees between eight and twelve percent of the trans-
action price, allows brief text communication accompanying offers. And
finally Amazon Marketplace, which charges fees between 15 and 25%,

11 Taobao’s instant messenger service was one factor in their success over the Chinese version
of eBay, see Oberholzer-Gee and Wulf [21] for a discussion.
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does not allow text communication on its bargaining mechanism (which
is available only in a few narrow categories to begin with).

From a theoretical as well as a practical market design perspective then,
it is important to understand how communication affects bargaining
outcomes. To this end, Backus et al. [3] identify a natural experiment in
the availability of communication in bargaining. Recall from Fig. 17.1
that there is an option to “add message to seller” when a buyer makes
an offer. This requires an extra click, but it is available to both parties.
Importantly, messages on the bargaining platform can only accompany a
price offer.

Historically, this feature was unavailable on eBay.de, the German
incarnation of eBay, while all other features of the Best Offer platform
were equivalent to the U.S. (and other) sites. On May 23, 2016, the
messaging feature was enabled on the German site, but it was only imme-
diately available for buyers accessing the eBay.de marketplace from a
computer browser, rather than a mobile app. Mobile app users, who
made up approximately half of bargainers on the site, were not able to
send messages.
The rollout of messaging in Germany offers a simple difference-in-

differences design: before and after versus desktop and mobile. Backus
et al. [3] use this natural experiment to identify the effect of the
availability of communication on the likelihood that any particular
bargaining interaction—inclusive of all offers between a buyer and a
seller—ends in a transaction. They estimate the intent-to-treat effect to
be approximately half a percentage point. This seems small, but it is
important to remember that the magnitude is determined in part by
the number of bargainers who actually take the feature up, i.e., “com-
pliers,” which in this case was only 6%. Adjusting for the compliance
rate, the estimated effect of actually sending a message is 7 percentage
points, against a baseline success probability of 44%. This implies that
among compliers, the treatment effect of messaging was to increase the
odds of a successful interaction by a staggering 15%.
The estimated effects in Backus et al. [3] were not realized immedi-

ately, however. Instead, they observe that although the take-up rate is
almost instantaneous, the treatment effect takes a few weeks after intro-
duction to stabilize. The paper argues that this is evidence of learning
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by bargainers who participate in multiple bargaining sequences. In an
involved text analysis exercise, they document (1) that the text content of
messages evolves over time, (2) that it becomes more similar, on a week-
to-week basis, over time, and (3), that the changes are isolated among
users who are repeat bargainers on the platform. In contrast, the text
content of one-off buyers and sellers is stable over the ten weeks following
the introduction of messaging.
The golden question for both academics and practitioners is, of course,

what should we say when we bargain? The natural experiment in that
paper does not offer an answer because it generates pseudo-experimental
variation in the availability of communication , but not in the content
of what is actually said. But as a second best, we might substitute an
alternative question: what are more experienced sellers learning to say
when they bargain? If sellers are learning from experience to bargain
more effectively, then this offers some potential guidance for bargainers.
At the very least, it reflects on existing work and has the potential to
generate new hypotheses for what is to come.

Adopting the distributed multinomial regression framework of Taddy
[24], they identify word pairs that are predictive of experience using
the sample of observations in the ten weeks following the change. The
exercise offers several reflections on messaging strategies. They find that
inexperienced sellers are more likely to use effusive greetings, whereas
more experienced sellers use polite, but restrained greetings. They also
find that inexperienced sellers emphasize free shipping, which is salient in
the listing, whereas experienced sellers are more likely to remind buyers
of less-salient cost factors, e.g., the fact that PayPal and eBay charge them
fees.
These findings are purely descriptive and may be context-specific,

however, they offer a much-needed datapoint on communication in
bargaining. Using natural language processing tools, exercises like this
can describe what bargainers are actually doing in the field, and use that
to motivate theoretical and experimental inquiry. Especially in light of
the large positive effects of communication we found on eBay.de—a
fourteen percent decrease in the rate of bargaining breakdown for inter-
actions that involved a message after the change—we hope that this
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approach will foster a research agenda that helps us better understands
the mechanisms by which communication affects bargaining.

17.4 New Tools and Directions

The Best Offer research agenda has offered an empirical setting in which
to assess the performance of existing theoretical models and shows that
on many elements, economic theory holds up surprisingly well. At the
same time, however, it also raises new puzzles and opportunities for
future research.
We observe evidence consistent with cheap-talk signaling in the

strategic choices of bargainers, evidence that bargaining ability and
patience matter for outcomes, and that bargaining itself is costly in a
way that affects outcomes. Then again, we also observe puzzles. In the
patterns of offers, we see reciprocal gradualism and splitting the differ-
ence, neither of which yet has a satisfying theoretical motivation. And
in the messages that buyers and sellers send, we see what any practi-
tioner surely already knows: that what we say when we bargain, and
the opportunities we have to say it, matters greatly for determining
outcomes.

In making the data public we hope to encourage new research on this
question. Indeed, answers to these puzzles and others may lie in the Best
Offer data. We believe, however, that growing this research agenda will
also depend on finding new large-scale bargaining datasets. For example,
Bagwell et al. [5] have constructed a novel large-scale dataset on the
trade negotiations behind GATT. Moreover, we conjecture that with the
emergence of online real-estate agent platforms (e.g., Redfin), there may
one day be a large-scale dataset of offer-level bargaining for real-estate
transactions.
While we pin much of our hopes on new data sources, we should also

highlight the role of new tools. Especially insofar as we endeavor to think
of bargaining as a communicative act, natural language processing tools
for parsing text documents may prove critical to empirical attempts to
understand bargaining. Best Offer bargaining has the advantage of being
structured—every message is accompanied by a numerical offer in an
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alternating, sequential-offers setting. A similar advantage is shared by the
GATT negotiations. While convenient, this is not generic to bargaining
in the wild, and so we believe that new ML tools will have a central role
in modeling unstructured bargaining.
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Self-sufficient, Self-directed,

and Interdependent Negotiation Systems:
A Roadmap Toward Autonomous

Negotiation Agents

Tim Baarslag, Michael Kaisers, Enrico H. Gerding,
Catholijn M. Jonker, and Jonathan Gratch

18.1 Introduction

Negotiation, the process of joint decision-making, is pervasive in our
society [23]. Whenever actors meet and influence each other to forge a
mutually beneficial agreement, a form of negotiation is at work [44].
Negotiation arises in almost every social and organizational setting, yet

many avoid it out of fear or lack of skill and this contributes to income
inequality, political gridlock, and social injustice [18]. This has led to
an increasing focus on the design of autonomous negotiators capable of
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automatically and independently negotiating with others. This interest
has been spurred since the beginning of the 1980s with the work of early
flag bearers such as Smith [40] and Sycara [41].

Automated negotiation research is fueled by a number of benefits that
computerized negotiation can offer, including better (win-win) deals,
and reduction in time, costs, stress and cognitive effort on the part of
the user. Moreover, autonomous negotiation will soon become not just
desired but required in instances where the human scale is simply too
slow and expensive. For instance, with the worldwide deployment of the
smart electrical grid and the must for renewable energy sources, flex-
ible devices in our household will soon (re-)negotiate complex energy
contracts automatically. Another example is the rise of the Internet
of Things (IoT), which will introduce countless smart, interconnected
devices that autonomously negotiate the usage of sensitive data and make
trade-offs between privacy concerns, price, and convenience.
To properly fulfill its representational role in an ever-dynamic environ-

ment, a negotiation agent has to balance and adhere to different aspects
of autonomous behavior, including self-reliance and the capability and
freedom to perform its actions, while at the same time remaining inter-
dependent in its joint activity with the user. While many successes have
been achieved in advancing various degrees of autonomy in negotiating
agents, it is readily apparent that fully deployed and truly autonomous
negotiators are still a thing of the future. Continued development will
be required before agents will be able to forge even mundane agree-
ments such as the personalized renewal of our energy or mobile phone
contracts. This begs the obvious question: what is still lacking currently
and what is needed for autonomous negotiators to be able to fulfill their
promise?
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This paper discusses the challenges and upcoming application
domains for (almost) entirely autonomous negotiation on people’s
behalf. We describe the technological challenges associated with these
future domains and provide a roadmap toward full autonomy, together
with stops along the way, highlighting what we deem important solution
concepts for enabling future autonomous negotiation systems. As a basis
for our discussion, we provide a unifying view of autonomous negoti-
ation based on three orthogonal dimensions of autonomy that research
has focused on so far: being self-sufficient, self-directed, and interdepen-
dent. We argue that automated negotiation opportunities of tomorrow
are calling for a combined effort in addressing these three pillars of a
negotiator’s autonomy.
This paper does not aim to survey all research or challenges in the

field comprehensively, but rather presents pointers to what we consider
important focal points for autonomous negotiation, now and in the
future. We pinpoint and elaborate on the following major challenges for
autonomous negotiation:

1. Domain knowledge and preference elicitation;
2. Long-term perspective; and
3. User trust and adoption.

Lastly, this paper also pays homage to the 2001 landmark publica-
tion by Jennings et al. [27] and asks what has happened, 16 years later,
with the prospects and challenges of automated negotiation. We examine
which main challenges have been addressed, and which stay relevant in
a world that offers more opportunities for automated negotiation than
ever before.

18.2 The Autonomy Diagonal of Negotiation

Autonomous negotiation is more than just automated negotiation; it
is the freedom to negotiate independently. Rather than being uni-
dimensional, autonomy incorporates at least two components [11]:
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self-sufficiency (the capability of the actor to take care of itself ) and self-
directedness (the freedom to act within the environment and the means
to reach goals). Following [28] we distinguish a third dimension called
support for interdependence—being able to work with others and influ-
ence and be influenced by team members. Note that the notion of
autonomy is notoriously difficult to capture (see [28] for an overview).
We are concerned here with those aspects especially relevant for nego-
tiation and for their autonomy in relation to their environment; an
alternative, more self-contained definition, for example, is an agent’s
ability to generate its own goals [31].
We can distinguish three strands of research in automated negotia-

tion that each cluster around one of the three dimensions of autonomy
(Fig. 18.1):

Fig. 18.1 By and large, negotiation research can be clustered around one
of the three main orthogonal dimensions of autonomy: self-sufficiency, self-
directedness, and interdependence. The efforts of the three need to be
integrated to arrive at such truly autonomous negotiators that can progress
along the autonomy diagonal
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18.2.1 Negotiation Support Systems

These systems are designed to assist and train people in negotia-
tion. Some of these systems, such as the Inspire system [29], have
been widely employed in real-life. However, while negotiation support
systems enable interdependence by design, humans predominately super-
vise and make decisions on the appropriate outcome, which results in low
self-sufficiency and self-directedness.

18.2.2 Game Theoretical Approaches and Trading
Bots

Game theory’s dominant concern is with fully rational players and what
each should optimally do. This approach is therefore called symmetrically
prescriptive [37]. The focus is on either equilibrium strategies or protocols
that can guarantee a good outcome for both players through mechanism
design [44]. Agents have a reduced scope for self-directedness in such
settings, as they are relatively simple and need to conform to certain
strategies (e.g., to bid truthfully in an auction) [35]. Similarly, real-
world trading bots mostly employ simple rule-based functions which
have been hard-coded in advance. Examples of this type are among
the most advanced autonomous negotiators in terms of self-sufficiency,
such as high-frequency trading agents for financial exchanges, advertising
exchanges, or sniping agents used in eBay [25]. While these approaches
are able to function without human intervention and can be highly
self-sufficient, they are constrained in terms of freedom to direct the
process.

18.2.3 Negotiation Analytical Approaches

Negotiation analysis prescribes how players should act given a description
of how others will act. That is, this field is concerned with an asymmet-
rical prescriptive/descriptive view of autonomous negotiation [37]. Much
research on what are often dubbed simply ‘negotiation agents’ (or ‘heuris-
tics’ in game theory literature) falls into this category; e.g., all negotiation
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agents from the annual automated negotiation competition [4]. A key
feature of this approach is the agent’s ability to make judgment calls
without intervention (i.e., to construct beliefs based on partial informa-
tion and act in best response to this belief, typically over opponent types
or strategies), while the agent’s preferences are often considered exter-
nally given. This locates the negotiation analytical approach around the
self-directed axis.

As can be gleaned from the fields indicated above, autonomous nego-
tiation has garnered attention from different research directions and has
managed to advance in key aspects of autonomous behavior. As a result,
we now have negotiators that exist independently in the real world, dele-
gated with a gamut of available strategies to freely choose among, and
that can engage in supportive interdependence; just not all at the same
time.
This may explain why it has proven difficult to extend the progress

made in this field to truly representative negotiating agents. Of course,
we acknowledge that to a lesser degree, combined work on all dimensions
has been performed (as depicted by the three-colored cube in the bottom
right of Fig. 18.1); we simply argue that the main automated negotiation
research lines have developed in parallel to one of the three autonomy
directions. Research-wise, it is unquestionably a sound strategy to first
explore the autonomy axes in separation. As Fig. 18.1 suggests, we can
make substantive progress in autonomous negotiation by continuing
to advance along the autonomy diagonal , which has inspired the focal
points of the challenges we present in the next section.

18.3 Major Challenges

The various aspects of autonomy drive three major open challenges for
autonomous negotiation, of which the overall theme can be summa-
rized as trusted and sustained representation. We describe the challenges
and their building blocks below, together with a number of explicit
opportunities in each case (see Table 18.1 for an overview).

Just like autonomy itself, each challenge outlined here is multi-
dimensional ; i.e., each challenge pertains to at least two dimensions
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of autonomy, thereby providing the impetus to further advance along
the autonomy diagonal. Note that many of these challenges intersect
and cannot be entirely untangled; for example, adequate user preference
extraction will not only increase the user model accuracy, but may also
boost user trust .

18.3.1 Domain Knowledge and Preference
Elicitation

Co-dependence between user and agent requires that they synchronize
their world model. This requirement relates mainly to the agent’s self-
sufficiency and interdependence, which can be enhanced by imparting
the agent with accurate and timely user preferences about the negotiation
process and co-constructing the real-world intricacies of the domain.

18.3.1.1 Preference Elicitation on-the-Fly

In order to faithfully represent the user, an autonomous negotiator needs
to engage with the user to make sure it constructs an accurate prefer-
ence model. However, users are often unwilling or unable to engage with
a negotiation system, and hence prudence needs to be exercised when
interacting with the user to avoid elicitation fatigue. This is especially
important in domains where people are notably reluctant to engage with
the system at length, for instance in privacy negotiations.

As a consequence, automated negotiators of the future are required
to not only strike deals with limited available user information, but also
to assess which additional information should be elicited from the user,
while minimizing user bother. This challenge is still as relevant (and for
the most part still unaddressed) as when it was raised in [27]. However, as
a way forward, we believe future research should particularly emphasize
preference elicitation on-the-fly : that is, active preference extraction during
negotiation(s). Potential benefits include a significantly reduced initial
preference elicitation phase (as featured in many negotiation support
systems) and the ability to select the most informative query to pose to
the user at the most relevant time.
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To facilitate this, new performance-based metrics are required that can
assess how supplementary preference information influences negotiation
performance. Adaptive utility elicitation models provide a good starting
point for representing probabilistic utility-based preferences that allow
for incremental updating over time (e.g., using Bayesian reasoning) in
the vein of [12]. The viability of a negotiation query can for instance be
measured in terms of the expected value of information [9] in order to
assess the marginal utility of altering belief states.

Another challenge is for a negotiation strategy to determine its actions
effectively in light of its imprecise information state. Techniques for
decision-making under uncertainty could assist in this and could thereby
give rise to novel negotiation strategy concepts, for instance by incorpo-
rating the notion of expected expected utility [10] to express the expected
negotiation payoff over all possible instantiations of the user model.
The above discussion largely follows the standard assumptions of

rational choice theory: i.e., that people’s preferences can be accu-
rately elicited. Unfortunately, several idiosyncrasies of human psychology
complicate these assumptions. Not only do people often have difficulty
explicitly expressing their preferences, a person’s willingness to accept an
agreement is also only partially determined by how they feel about the
final agreement. For example, Curhan’s Subjective Value Inventory [14]
identifies four factors that predict which agreements people will accept.
Besides feelings about the material outcome (e.g., ‘the extent to which
the terms of the agreement benefit you’), agreements are shaped by feel-
ings about the self (e.g., ‘did you lose face’), feelings about the process
(e.g., ‘did the counterpart listen to your concerns’) and feelings about
the relationship (e.g., ‘did the negotiation build a good foundation for a
future relationship’).

Research also illustrates that elicited utility functions are highly sensi-
tive to subtle contextual factors. For example, framing effects emphasize
that preferences between outcomes can reverse depending on whether
they are seen as losses or gains with respect to some reference point.
In a negotiation, the reference point is often the perceived value that
the other party receives, even though this knowledge doesn’t change
the individual’s objective outcome. As a result, outcomes can be readily
manipulated simply by changing the form and nature of information
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conveyed [22]. More broadly, valuations in a negotiation are shaped by
emotion, including emotions that arise from the process, but also beliefs
about what other parties feel (see, e.g. [8]). Given the highly context-
sensitive nature of on-the-fly preference elicitation, such considerations
will have to be taken into account in its design and implementation.

18.3.1.2 Domain Modeling

The quality of the negotiation outcome depends not only on the faith-
fulness of the preference model of an autonomous negotiator, but also
on the accuracy of the domain model. The old ‘garbage in, garbage out’
truism applies here, as the quality of the offered solution depends so
heavily on a correct domain description.

However, domain modeling, and certainly formal modeling, is an
expertise that cannot be expected from an arbitrary user. Therefore, users
require either expert guidance or explicit domain modeling support.
Modeling in close cooperation with a domain expert runs the risk of
perpetuating people’s uncertainty about the model, thereby limiting
their ability to make necessary adjustments. When modeling support is
provided by the system, the knowledge representation language used will
be inherently simple as it has to be understood by arbitrary negotiators.
This is especially important in domains where users employ automated
negotiation without any expertise, such as in the smart grid, which can
result in the wrong evaluation of bids. Highly accurate models, on the
other hand, also have their disadvantages: they can display complex non-
linearities [26], in which case even assessing the utility of a proposal can
prove NP-hard [15].
This inspires the following open research question: what is the impact

of simplifying the domain and preference models to keep the layman
user on board? An answer might come from using two models, as
suggested in [24]: an accurate, but complex one that serves as a refer-
ence model for the agent, and a more comprehensive one for interaction
with the user. Proper clarification and explanation could then be elicited
from a process of co-creation [36] or participatory design [39] between
modeling experts and domain experts. Ideally, a reflecting phase should
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be included during and after negotiations, in which the human (and
perhaps eventually the agent) can provide feedback to allow for long-
term co-evolution.
The above points also apply to the appropriateness and understand-

ability of the protocol governing the negotiation. Typically, a pre-
negotiation phase provides an opportunity for the negotiation parties
to engage in a debate about what protocol to employ. A corresponding
challenge is to construct a best practice repository for negotiation tech-
niques, as mentioned in [27]. This has been tackled at least partially
through recent efforts in creating a negotiation handbook for negotiation
protocols [32].
Whatever approach is chosen, experts in formal modeling will be

needed to instantiate a domain model that sufficiently captures all salient
features. Those experts are pivotal to the negotiation agent business
model and will be responsible for mapping user-understandable inter-
ests to the negotiation issues within complex domains. These are likely
to become future jobs; i.e., real estate agents informing procurement
agents of the future. Relevant research areas, and courses for training
these experts, will be on collaborative and supportive modeling.

18.3.2 Long-Term Perspective

Given the effort involved in domain modeling and preference elicita-
tion, the opportunities for automated negotiation are even clearer in
domains where an agent frequently faces similar negotiation situations.
Most research on negotiation agents, however, has focused on single
encounters. The different challenges and opportunities for such long-
term negotiations hinge on the volatility of both the opponent pool and
the user’s preferences.

18.3.2.1 Repeated Encounters

There are many propitious opportunities for applying negotiation in
repeated encounters. For example, in community energy exchange [2],
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agents can trade energy from storage and local sources between neigh-
boring homes and businesses. Another example is the smart home, where
different occupants will have different needs and preferences and have to
reach mutual agreements, e.g., about the temperature of the house and
the use of devices. Other settings, in which the agent faces many different
opponents, include self-driving vehicles, where vehicle-to-vehicle and
vehicle-to-infrastructure negotiation can play an important role (e.g.,
negotiating priority at intersections).

Negotiation opportunities for isolated encounters can be very limited,
since often a resource (e.g., electricity or giving way) is needed
without necessarily offering anything immediately in return (except
possibly money or virtual currencies). However, explicitly considering
the temporal dimension allows agents to receive or concede something
now in return for conceding or receiving the same resource later. In other
words, single-issue, distributive negotiations can be turned into richer,
multi-issue, integrative negotiations, with more scope to achieve win-win
solutions [33].
A significant challenge for long-term reciprocal encounters is that

future needs are often uncertain, and so it is difficult to commit to giving
up or requesting specific future resources. Possible solutions involve
money or virtual currencies which can be redeemed at a later stage and
can undergo temporal discounting if necessary, but they do not address
the distributive nature of multi-issue negotiation. They also introduce
additional challenges: using actual money requires an exchange rate with
the resources involved, while it may not be desirable to introduce money
in certain settings; e.g., when they rely, to some degree, on unincen-
tivized cooperation and altruistic behavior. Virtual currencies (including
distributed ledger approaches) can be traded bilaterally in a ‘like for like’
manner, addressing the exchange problem, but then other issues arise,
e.g., how much does each agent receive to begin with, what happens if
an agent runs out, and to what extent do they provide a real incentive if
agents can go into debt without any consequences?

Another possible solution is to rely on altruism and using trust ratings
and reputation systems to provide the desired incentives (e.g., using
favors and ledgers [33]). In such cases, ‘altruism’ can be a self-interested
strategy if this is reciprocated at a later state, possibly involving a different



18 Self-sufficient, Self-directed, … 399

opponent. While reputation mechanisms are well known to incentivize
cooperation in the prisoner’s dilemma, more research on this is needed
in the context of (repeated) automated negotiation.

Unfortunately, negotiation methods that seek to identify efficient and
fair (envy-free) agreements face, in addition to the above, a number of
psychological challenges. People adopt a variety of interpretations as to
what is fair and negotiations often involve disputes over which prin-
ciple to apply [42]. For example, in the context of organ donation, the
equity principle would allocate resources on the basis of ability, effort,
or merit, the equality rule would treat individuals the same, whereas the
principle of need is usually achieved by allocating according to individ-
uals’ medical condition, socio-economical status, or other relevant needs.
Other complications involve moral constraints on certain exchanges.
For example, it is considered morally repugnant to exchange money for
bodily organs, so an agreement that combines material interests with
sacred values may be seen as substantially worse than an independent
evaluation of these elements would suggest [17].
Although these challenges might seem insurmountable, there are

several ways to incorporate these biases into conventional computa-
tional methods. One approach is to incorporate psychological factors
into the utility function. Indeed, Fehr and Schmidt have shown how
this can be done without violating the basic tenets of utility theory [19].
Some of the challenges with fairness can be addressed by making the
process more transparent (Sect. 18.3.3). Another approach is to incorpo-
rate modest psychological extensions to rational methods. For example,
framing effects can be handled through the use of prospect theory (e.g.
[43]).

18.3.2.2 Non-Stationary Preferences

While short-lived instantiations of representational agents may assume
that there are some true and stationary preferences to be elicited from
the user, in long-term negotiations, these very preferences may evolve
over the course of weeks or months according to certain preference
dynamics . If an autonomous negotiator acts on elicited information for
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an extended period of time without accounting for existing drift in pref-
erences, it will erroneously fulfill outdated design objectives. Even if the
drop in performance is noticed by the user, this leads to a plunge in user
trust and adoption, or a de-facto shortened time of deployment. This is
a typical example of opacity that can result from an excess of unchecked
autonomy [34]. As a result, long-term negotiation requires an increase
in co-dependence, at the cost of throttled-down self-directedness; e.g.,
by repeated assessment of the preference representation quality, with
intermittent elicitation actions whenever their anticipated benefits exceed
their costs.
This reframes the challenge posed in Sect. 18.3.1 of preference elici-

tation to cost-efficient tracking of non-stationary preferences in long-term
negotiation, with possible applications ranging from leisure bookings
to business-to-business (B2B) negotiations. Inspiration for tackling this
challenge may come from the area of news recommender systems,
which has embraced context-dependent models [1] and preference
dynamics [30] in response to the inherent need to capture fast-paced
preference evolution. Such models have promising merit for being trans-
ferred to negotiation strategies that balance the preciseness of preference
representation with relevant and timely but costly elicitation, extending
preliminary work in that area [5].

18.3.3 User Trust and Adoption

While the agent depends on the user for knowledge and guidance (as
described in Sect. 18.3.1), the user relies on a self-directed agent for a
good outcome. To alleviate unwillingness to relinquish control and to
guarantee user satisfaction with and adherence to the final outcome, the
user needs to trust the system through co-participation, transparency,
and proper representation.

18.3.3.1 User Participation

Lessons learned from collaborative human-robot teams indicate that it
is important to be able to escalate to the meta-level (i.e., have humans
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participate) when necessary [20]. The need for escalating to a higher
authority applies whenever a negotiator represents a group or a company
(e.g., a union, or stakeholder organizations in general). In such cases, the
negotiator can only make deals that fall within certain margins. Take, for
example, a helpdesk operator with a telecom provider, authorized to offer
new deals on a contract renewal. She has only limited freedom in terms
of the bounded range of possible deals she can sign off on; in fact, she
does not even really possess the freedom to decide whether to negotiate.
In case of doubt, the decision is escalated to a different authority level.
The idea of collaborative control, or mixed-initiative control (see

e.g. [20, 21]) might become essential to obtain the most out of complex
negotiations. In this envisioned line of research, each negotiation party
consists of at least one human and one negotiation agent. The agent
should do the brunt of the negotiation work to find possible agreements
with the other negotiation parties and which can be presented to their
human partners for feedback and new input. The research challenge is
to determine when, how, and how often to switch the initiative from
human to agent and vice versa.

18.3.3.2 Transparent Consequences

There is an inherent tension between increased self-directedness and
trust , which dampens the adoption of increasingly autonomous negotia-
tors: on the one hand, an autonomous negotiator’s relevance is directly
proportional to its ability to impact the user independently in mean-
ingful ways (e.g., fiscal, well-being, reputation, and so on); but, in turn,
the user’s trust and willingness to relinquish control is conditional on
understanding the agent’s reasoning and consequences of its actions. The
two can be reconciled by making the outcome space more transparent to
the user, and by enabling the user to specify the permissible means in the
form of principles. The challenge is that the negotiation agent’s reasoning
abilities may very well exceed the domain insights of a nonspecialist
user, thus requiring a translation from stochastic performance models of
self-directed expert reasoning into laymen terms that adequately convey
expectations and risks.
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Note that we suggest transparency as the key concept here, which
subsumes Jennings’ notion of predictability [27]. Predictability is essen-
tial toward the user to instill trust , but can be disastrous toward the
opponent because of the potential for exploitability. We argue unpre-
dictable behavior is in fact desirable as a negotiation tactic as a confusing
and randomization device, as long as the consequences are transparently
explained to the user.
The uncertainty inherent in negotiation can be captured in perfor-

mance models and risk metrics, where the complexity should be scaled
to the criticality of the consequences for the user. If the performance
intervals are sub-critical, then simple guarantees on the range of possible
outcomes may suffice (such as price bounds provided by Uber for indi-
vidual rides), leaving it up to the user to build and judge the average
performance model; otherwise, measures of risk are required, such as
Conditional Value at Risk (CVar) [38].

In the end, the potency of autonomous negotiators is as much contin-
gent on the acceptance by their users as by their counter-parties. Possible
sources of resistance to adoption include established business models
based on human inefficiencies (e.g., phone and media contracts) or anti-
competitive practices (e.g., proprietary lock-in), which could become
invalidated by autonomous (re-)negotiation. The most promising incu-
bators of autonomous negotiators are ecosystems in which autonomous
agents provide a unique source of societal value that is distributed over
all stakeholders, as in the application of demand response for smart grids.
Open platforms for value distribution have recently seen increased atten-
tion in flagship applications such as the cryptocurrency bitcoin and the
decentralized World Wide Web Blockstack [3]. The digital API of these
systems offers fertile grounds for a level playing field for competition and
may soon provide a common interface for automated negotiators.

18.4 Concluding Observations

Autonomous systems that are capable of negotiating on our behalf are
among society’s key technological challenges for the near future, and their
uptake is important for many critical economical application areas. In
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this paper, we present a roadmap to arrive at representative and trusted
negotiators that are endowed with a long-term perspective. By contin-
uing along this trajectory, negotiation research can address perhaps the
biggest challenge of all: a coactive approach that simultaneously advances
the autonomy of a negotiation agent in all its aspects.

Finally, looking even further forward, it is worth noting that people
negotiate differently through intermediaries than they would face-to-
face. The literature on representation effects suggests that people may show
less regard for fairness and ethical behavior when negotiating through a
third (human) party [13]. Indeed, human lawyers are ethically permitted
and, to some extent, expected to lie on behalf of their clients [22]. This
raises the question as to whether agents should similarly lie on behalf of
a user. Analogous to recent research on ethical dilemmas in self-driving
cars, people may claim that negotiation agents should be ethical, but
sacrifice these ideals if it maximizes their profits. The natural dichotomy
between recognizing the agent’s autonomy and taking responsibility for
its actions is best resolved by acknowledging user responsibility for
the agent’s design objectives (what should be achieved) and principles
(how it should be achieved). This also illustrates an additional impetus
for having humans understand the agent: feeling responsibility for the
agent’s actions implies an understanding what the agent is doing. Fortu-
nately, some recent research on agent negotiators suggests that people
may act more ethically when negotiating via computer agents [16], but
far more research is needed to understand how artificial representation
effects arise.
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Using Machine Learning to Understand

Bargaining Experiments

Colin F. Camerer, Hung-Ni Chen, Po-Hsuan Lin,
Gideon Nave, Alec Smith, and Joseph Tao-yi Wang

19.1 Introduction

As all the chapters in this book discuss, bargaining is a fundamental
economic activity. This chapter is about a general class of bargaining
games in which there is private information about the amount that is
being bargained over (often called the “pie size”). This class is most
common in everyday bargaining. It is also interesting in both theory and
practice.
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Theory is interesting because when there is private information and
people are self-interested, theories based on individual rationality typi-
cally predict an inevitable loss of efficiency. That is, even when a bargain
is mutually beneficial for both sides, they will not always come to
agreement.

Private information bargaining is interesting in practice because, while
inefficiencies are predicted by theory, it is also known that if there are
observable statistical proxies for the hidden private information, then
sets of rules (mechanisms) which use this information can improve effi-
ciency [11, 12, 33]. Therefore, it is possible that methods for measuring
private information can improve efficiency, even when bargainers volun-
tarily participate in systems using those measures.
There is a long history of using highly controlled laboratory experi-

ments to study bargaining. We follow [8] to provide a brief description
of this history to help explain why we are enthusiastic about modern
applications of machine learning.

19.1.1 A brief history of bargaining experiments

Prior to breakthroughs on theories of structured bargaining, most exper-
iments were conducted using unstructured communication. Research
mainly focused on process-free solution concepts lead by the Nash
bargaining solution [36], and their extensions (e.g., [28]). Numerous
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bargains [37, 40] led to an equal split of the amount of surplus avail-
able to share, which we refer to as “pie.” When there are informational
asymmetries, disagreements may occur because of coordination difficul-
ties. Hence, Roth and colleagues have subsequent papers where players
bargain over points which could be redeemed for different monetary
values [39, 41, 42]. Theory predicts 100% agreement in these games,
but experimental results show that a modest percentage of trials (10–
20%) end in disagreement, likely due to differences regarding which
“focal points” are acceptable.1 Roth et al. [43] also drew attention to
the “deadline effect,” in which a large majority of agreements are made
just before the (known) deadline.
Two pioneering papers, Ståhl [46] and Rubinstein [44] showed how

noncooperative game theory might be used to improve the apparent
precision of bargaining theories. Since then, almost all experimental
studies have tested what happens in highly structured settings using vari-
ants of those early game structures [2]. In these theories and experiments,
“structure” refers to theory clearly specifying the rules of how bargaining
proceeds, which predictions of bargaining outcomes are sensitive to. That
structural sensitivity proved to be enticing, because it created a cornu-
copia of interesting experiments testing whether bargaining was sensitive
to structured features as theory predicted. This led to a burst of progress
in experimental literature testing these theories [7].

Many other experiments have observed what happens in semi-
structured bargaining in which there is two-sided private informa-
tion [49]. The term “semi-structured” means that there is structure
about bargainers’ valuations and beliefs, but players may make offers
at any time, and offers can be accompanied by natural language. These
experiments typically find fewer disagreements than predicted by theory
in face-to-face and unstructured communication via message-passing,
comparable to findings in “cheap talk” games where senders willingly
reveal “too much” [6, 10, 51].

1 See the literature starting at Schelling [45] leading to Isoni et al. [25, 26], Hargreaves Heap
et al. [22].
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19.1.2 Returning to a Less Popular Route

Since the rise of structured bargaining theories, experimentation in
economics on unstructured bargaining has all but disappeared. However,
as shown by Karagözoğlu [29], there are many good reasons to investigate
the process of unstructured bargaining, such as the need to satisfy proce-
dural justice. Hence, Camerer et al. [8] return to this older venue, and
explore unstructured bargaining with one-sided private information in
laboratory experiment for the following reasons:

First, establishing more empirical regularities in naturally occurring
settings is a prerequisite for theorizing. Since most natural two-player
bargaining settings have little penalties for deviating from structured
conventions, studying unstructured bargaining is of particular impor-
tance. In particular, strategic behavior under continuous-time interaction
[16] should be documented, as well as deadline effects [18, 43] which are
not predicted by most theories (though see [17]).

Second, theory can still be applied to make clear, interesting predic-
tions even when bargaining is unstructured. For instance, clear predic-
tions about unstructured bargaining can emerge, thanks to the wonderful
“revelation principle” [34, 35]. This principle generates empirical predic-
tions for noncooperative equilibria based purely on the information
structure, regardless of the bargaining protocol.
Third, unstructured bargaining generates very rich data during the

bargaining process. Players are allowed to make offers at any time,
retract them, etc. Natural language can be analyzed, perhaps including
vocal properties in verbal communication [9]. Self-reported and biolog-
ical measures of emotion, cognitive effort, visual attention to display
elements, and even neural activity can also be gathered.

Our view is that theoretical and experimental economists regarded
these types of data as a nuisance—a “bug” in an experimental design
rather than a “feature,” especially if one does not have a theory to
say anything about them. Nevertheless, when outcomes are systemati-
cally influenced by process variables, these empirical regularities would
challenge existing equilibrium theories and invite new developments in
theory.
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To this end, we focus on predicting which bargaining trials will
result in deals and strikes, using a penalized regression approach from
machine learning to select predictive process features. Over-fitting is
controlled by making out of sample, cross-validated predictions. We find
that a machine learning predictive model based only on process features
predicts strikes roughly as accurately as the pie sizes can while combining
both process and pie size makes even better predictions.

Since practical negotiation advice often consists of simple heuristics,
process data could also be very useful to carefully test them experimen-
tally [38]. In particular, initial offers have long been postulated to serve
as bargaining anchors, and perspective taking, as well as various other
psychological manipulations could potentially bias bargaining outcomes
[1, 20, 30, 32, 50]. However, Jeong et al. [27] show that making first
offers in a “warm and friendly” communication style surprisingly leads
to less favorable outcomes in buyer-seller bargaining, while Weir et al.
[53] find a null result priming distributive and integrative language in
the context of dam maintenance and wildlife preservation.

In this paper, we replicate Camerer et al. [8] whose design has its
closest precursor in Forsythe, Kennan, and Sopher (henceforth FKS), as
both studied unstructured bargaining with one-sided private informa-
tion about the sizes of several possible pies [15]. With two possible pie
sizes, FKS apply the revelation principle [34, 35] to identify a “strike
condition” predicting when disagreements would be ex-ante efficient.
They then experimentally verify (qualitatively) their theory with free-
form communication. Camerer et al. [8] generalize the FKS model to
allow for any finite number of pie sizes, resulting in equilibria which
maximize efficiency or equality that create different predictions. There-
fore, unlike FKS, their experimental design has 6 different pie sizes and
record 10 seconds per trial of visible offers and counter-offers with little
restrictions. This dynamic strategic environment with information asym-
metry extends the recent literature on free form bargaining with full
information [19, 23].

Our main finding, using National Taiwan University subjects and
some small design changes, is a close replication of earlier results using
US subjects in California. Agreements are often equal splits, even though
the exact pie size is only known to one side. Deal rates do increase
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with pie size, but there is a lot of inefficiency—deal rates are too
low—compared to revelation principle predictions. However, theory also
predicts a break for uninformed offers for pies of $4–6 compared to
lower pie amounts, and this break is evident in the data. There are
some experience effects (deal rates go up across trials in an experi-
mental session). One session with twice-experienced subjects—repeating
the entire experimental session—did not produce results much closer to
equilibrium (to our surprise). There are also modest effects of gender.
When females are informed, the deal rate is a bit higher and uninformed
(males) get a little less, but the evidence is not statistically strong.
The reminder of this paper is organized as follows. In Sect. 19.2.1, we

summarize qualitative properties of bargaining in equilibrium derived
from mechanism design theory. The experimental design we replicate
is presented in Sect. 19.2.2, and its general results summarized in
Sect. 19.3.1. We replicate the machine learning results in Section 19.3.2.
Finally, Sect. 19.4 points to possible new directions of future research.

19.2 Theory and Experiments

In this paper, we adopt the theoretical framework from Camerer et al.
[8] to generate comparative statics predictions regarding the frequency
of disagreements in each state with only the game structure, incen-
tive compatibility (IC), and individual rationality (IR) constraints. Since
the mechanism design approach only characterizes the class of possible
equilibria rather than predicts specific outcomes, Camerer et al. [8]
further take advantage of the focal points in this game to obtain testable
predictions about both deal rates and payoffs in each state.

19.2.1 Theoretical Framework

In this unstructured bargaining game, two players bargain over an
economic surplus or “pie,” which is a random variable denoted by π .
The finite set of true states indexed by k ∈ {1, 2, . . . , K }, and the pie
amount in state k is πk . Without loss of generality, we assume πk > π j
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when k > j . The informed player knows the true pie amount. The unin-
formed player does not know the pie amount, but knows the informed
player knows it. The probability distribution over pie sizes Pr(πk) = pk
is common knowledge. The payoff of the uninformed player is w, and
is bargained over by the players continuously communicating their bids
within a certain amount of time T—which is also common knowledge.
If the players agree on w, then the informed player gets the rest of the pie
π − w. If they do not agree on an allocation before the deadline, both
players get nothing and we refer to this outcome as a disagreement, or
in keeping with the motivation of Forsythe et al. [15], as a strike, while
successful bargaining outcomes are deals.

From a mechanism design perspective, we can view this bargaining
game as a process of transmitting private information regarding pie
size from the informed player to the uninformed player. By the reve-
lation principle [34, 35], we know that every Nash equilibrium in this
bargaining game can be implemented in an incentive compatible direct
mechanism where the informed player truthfully reports the actual state
to a neutral mediator and the player’s payoffs are equal to their payoffs
in the original bargaining game.

Following Forsythe et al. [15] and Camerer et al. [8], in the direct
mechanism the informed player announces that the state is j ∈
{1, . . . , K }. Given the announcement, the neutral mediator determines
the deal probability (γ j ) and the payoff to the uninformed player (x j ).
The informed player gets the rest of the pie (γ jπk − x j ). Thus a
mechanism involves 2K parameters, {γk, xk}Kk=1.

A mechanism is incentive compatible (IC) if it is optimal for players
to reveal their private information. In our setting, this means that the
informed player’s expected payoff must be (weakly) maximized in the
direct mechanism when she announces the true size of the pie. This
requires

γkπk − xk ≥ γ jπk − x j , ∀k and ∀ j �= k. (IC)

An IC-mechanism is individually rational (IR) when both players prefer
to participate in it. Assuming the players’ payoffs from not participating
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are zero, this means that for every state k the expected payoff to each
player is positive, so that

γkπk − xk ≥ 0, (IR − 1)

xk ≥ 0. (IR − 2)

A direct mechanism is interim-efficient if the payoff profile is Pareto-
optimal for the informed player in each of the K possible states and the
uninformed player (in expectation) [24].

Based on the IC, IR-1, and IR-2 conditions, Camerer et al. [8] prove
the following two lemmas regarding bargaining outcomes and interim-
efficient strikes.

Lemma 1 If the bargaining mechanism satisfies the IC, IR-1, and IR-2
conditions, then:

1. Deal rates are monotonically increasing in the pie size xk .
2. The uninformed player’s payoffs are monotonically increasing in the

pie size.
3. The uninformed player’s payoff is identical for all states in which the

deal probability is 1.

Lemma 2 For any mechanism that satisfies the IR-1, IR-2, and IC
conditions, strikes in state k are interim-efficient if

πk

πk+1
<

(
1 − ∑k

j=1 p j

)
(
1 − ∑k−1

j=1 p j

) = Pr(π ≥ πk+1)

Pr(π ≥ πk)
.

Note that xk = γkwk , where wk is the uninformed player’s payoff
conditional on a deal being made in state k.
The IC, IR-1, IR-2, and strike conditions limit the scope of possible

bargaining outcomes and predict when strikes are likely to occur.
However, they are not sufficient to pin down the strike rates 1 − γk and
the equilibrium payoffs wk in each state. To make a more precise predic-
tion, Camerer et al. [8] use an equilibrium selection approach which
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assumes that equal payoff splits are natural focal points. In the experi-
ments, the possible states, π , take on values that are the integer dollar
amounts between $1 and $6 with equal probability. Therefore, we can
restrict the state space to {$1, . . . , 6}.

Absent other salient features of bargaining, the natural focal point
is an equal split (i.e., wk = πk

2 ). Indeed, equal splits often emerge in
bargaining experiments (e.g. [31]). Based on players’ tendency to coor-
dinate on the equal split allocation, Camerer et al. [8] propose that the
equilibrium payoff of the uninformed player, conditional on a deal, will
equal half of the pie size (wk = πk

2 ) as long as an equal split satisfies the
IR and IC conditions (Lemma 1), and is subject to the efficiency condi-
tions. By either prioritizing the former or the latter, Camerer et al. [8]
derive two competing equilibrium predictions, which are the efficient
equilibrium:

(w1, w2, w3, w4, w5, w6) = (1
2 , 1,

3
2 , 2, 2, 2

)
,

(γ1, γ2, γ3, γ4, γ5, γ6) = (2
5 ,

3
5 ,

4
5 , 1, 1, 1

)
.

and the equal split equilibrium:

(w1, w2, w3, w4, w5, w6) =
(
1
2 , 1,

3
2 , 2,

5
2 , 3

)
,

(γ1, γ2, γ3, γ4, γ5, γ6) =
(
2
7 ,

3
7 ,

4
7 ,

5
7 ,

6
7 , 1

)
.

See Online Appendix C for details of the derivation.2

19.2.2 Experiments

Camerer et al. [8] developed a novel experimental paradigm of dynamic
bargaining that allows both parties to communicate offers whenever
they please, while keeping their behavior tractable. This experiment was
first conducted by Camerer et al. [8] (Experiment 1), which is the

2 The experimental data and online appendix can be found on Open Science Framework https://
osf.io/9j4cm/.

https://osf.io/9j4cm/
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baseline treatment. We also report results from a follow-up experiment
with the same design but with different treatments (Experiment 2). In
this section, we first introduce the experimental design and then the
treatments.

19.2.2.1 Design

Our experiment is a continuous-time bargaining game with one-sided
private information. At the beginning of the experiment, subjects are
assigned to one of the two roles: the informed player or the uninformed
player. Players’ roles are fixed for the session’s 120 bargaining rounds.

In each round, each informed player is randomly matched with an
uninformed player to bargain over a pie with a size unknown to the
uninformed player. The pie size is an integer from 1 to 6, i.e., π ∈
{$1, 2, 3, 4, 5, 6} and drawn from a commonly known discrete uniform
distribution. The informed player would know the pie size for that round
after the draw is made.

Each pair bargained over the uninformed player’s payoff w. Both
players communicate their offers, in multiples of $0.1,3 using a mouse
click on a graphic interface which was programmed with z-Tree soft-
ware [13]. Both players start with two seconds to decide their initial
bargaining position without seeing the opponent’s position (Fig. 19.1A).
The initial cursor location is randomized.

After initial locations are set, the players enter a 10-second bargaining
round. They communicate the offers with mouse clicks (Fig. 19.1B).
As both players’ positions match, a green vertical stripe appears on the
screen (Fig. 19.1C), and this position becomes the final deal if there is
no change on the position in the following 1.5 seconds (or if the period
ends, which ever came first).4 If no deal is reached within 10 seconds,

3 Camerer et al. [8] (Experiment 1) set the resolution to be in multiples of $0.2, since they
thought $0.1 was too fine a resolution for coordinating in a short game. However, the result in
Experiment 1 shows that players are able to coordinate in such a short period, so we increase
the resolution to be in multiples of $0.1 in Experiment 2.
4 In Experiment 1, the offers have to match for 1.5 seconds in order to make a deal. In other
words, the latest time where the players’ bids can match is t = 8.5 seconds.
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Fig. 19.1 (A) Initial offer screen: in the first two seconds of bargaining, both
players can set their initial positions without revealing to the opponent. The pie
size is on the top left corner and it only appears on informed player’s screen. (B)
Players communicate their offers using mouse click on the interface. (C) When
two players’ positions match, the green vertical stripe appears and this would
be the deal if there is no change in the following 1.5 seconds. (D) After the
bargaining round, both players would be notified about their payoffs and the
pie size

both players earn nothing. After each round, the players are notified their
payoffs and the actual pie size (Fig. 19.1D).

19.2.2.2 Experiment 1

Camerer et al. [8] conduct a total of eight experimental sessions in the
Social Science Experimental Laboratory (SSEL) at Caltech and the Cali-
fornia Social Science Experimental Laboratory (CASSEL) at UCLA. At
the beginning of each session, subjects are randomly seated at isolated
computer workstations and given printed versions of the instructions,
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which are also read aloud by the experimenter. All participants complete
a short quiz to check their understanding. Subjects play 15 practice
rounds to become familiar with the game and interface, and then play
120 real rounds. They are paid a randomly chosen 15% of the rounds,
plus a show-up fee of $5. Each session lasts between 70 and 90 minutes,
which includes check-in, instructions, experimental task, and payment.

19.2.2.3 Experiment 2

The follow-up experiment is conducted in the Taiwan Social Sciences
Experimental Laboratory (TASSEL) at National Taiwan University. We
conduct eight experimental sessions. Three sessions are female-informed
sessions where female subjects take the role of informed players and
played against uninformed male subjects. Another three sessions are
male-informed sessions which have the opposite design to the female-
informed sessions. In the female-informed and male-informed sessions,
we require an equal number of male and female subjects. Subjects are
only notified of this requirement when entering the experiment. In addi-
tion, we conduct one experienced session and one high-stake session in
order to test whether our results are robust to experience and stakes. In
the experienced session, we recruit subjects who have participated in one
of the six previous sessions. In the high-stakes session, we multiply the
stakes by 5. Notice that there is no gender constraint in the experienced
and high-stake session.
The experimental procedures are the same in Experiment 1 and Exper-

iment 2. In Experiment 2, participants’ payoffs are based on their profits
in a randomly chosen 10% of the rounds, plus a show-up fee of NT$
100. Payoffs in the experiments are converted into NT$ according to a
pre-set exchange rate (1 ECU = NT$15) specified in the instructions.
In the high-stake session, the exchange rate is 1 ECU = NT$75 while
the exchange rate is 1 ECU = NT$30 in the experienced session.
After 120 rounds of the bargaining game, we measure subjects’ risk

preferences and loss aversion by Dynamically Optimized Sequential
Experimentation (DOSE) developed by Wang et al. [52]. In each round,
subjects are asked to choose from 2 lotteries. Lottery 1 is a risky asset,
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while lottery 2 yields a fixed amount. There are 3 practice rounds and
40 paid rounds. At the end of the experiment, 12 rounds from the
bargaining game and 1 round from DOSE would be drawn and realized.
Before undergoing DOSE, all subjects evaluated their subjective willing-
ness to take risk on a scale from 0 (not willing to take any risk at all) to
10 (willing to take any risk). The evaluation would not affect the payoff.
Each session lasts around 2.5 hours.

19.3 Experimental Results

19.3.1 Basics

In this section, we focus on analyzing the deal rates across different treat-
ments. See Camerer et al. [8] and Online Appendix A and B for further
analysis on the payoffs and the bargaining dynamics.
Table 19.1 provides the summary statistics of average bargaining

outcomes in different treatments. The average bargaining outcomes are
similar across treatments. Differences in the average payoffs across treat-
ments are less than $0.1 and differences of average deal rates are within
5%. We highlight some of our findings in the following: The average
surplus loss is the lowest in the experienced treatment and the highest in
the male-informed treatment. Turning to the information value, which
can be interpreted as the advantage of knowing the pie size, we observe
that it is the largest in the experienced treatment and lowest in the base-
line treatment. Bargaining outcomes are generally robust across different
treatments and stakes on the aggregated level.

Next, we break down deal rates according to different pie sizes for
different treatments. Figures 19.2 and 19.3 show that in all treatments,
deal rates increase with the pie size. This confirms our theoretical predic-
tion in Lemma 1. Moreover, deal rates in female-informed sessions and
the experienced session are higher than the baseline sessions in all pies
(except the largest pie). On the other hand, deal rates in male-informed
sessions and the high-stake session are higher than the baseline in small
pies (π ≤ 3), but lower in large pies (π ≥ 4).
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Table 19.1 Summary statistics for different treatments

Treatment Baseline Female Male Experienced High-Stake

Informed
Payoffa

2.01 2.08 2.09 2.10 2.04

(0.03) (0.02) (0.06) – –
Uninformed
Payoffa

1.49 1.42 1.41 1.40 1.46

(0.03) (0.02) (0.06) – –
Deal Rate 0.61 0.66 0.62 0.66 0.65

(0.03) (0.02) (0.02) – –
Surplus Lossb 1.13 1.02 1.18 0.96 1.11

(0.08) (0.09) (0.09) – –
Information
Valuec

0.40 0.51 0.49 0.54 0.42

(0.03) (0.05) (0.06) – –

Means and standard errors (which are shown in parentheses) are calculated by
treating each session’s mean as a single observation. Since there is only one
session for experienced and high-stake treatment, the standard errors for these
two treatments are not computable.
a Averages are calculated for deal games only.
b Surplus loss = the mean expected loss of pie due to strikes.
c Information value = the mean difference between the informed and unin-
formed payoffs.

We defer further results from Experiment 2 to the Online Appendix.
These results include analyses of the bargaining dynamics (see Online
Appendix A) and testing predictions in Lemma 1 (see Online Appendix
B). In general, the results in Camerer et al. [8] are replicated by Exper-
iment 2. Besides the monotone increase of deal rates and payoffs, we
also observe that the equal split allocation is the most salient focal
point. Regarding the dynamics, we observe that the informed players’
offers increase, and the uninformed players’ demands decrease with time
(within a trial). There is also a strong deadline effect—most of the deals
are reached close to the deadline. Lastly, we analyze the differences in
equilibrium selections using regression.
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Fig. 19.2 The deal rates under different pie sizes and treatments. The green
bars stand for the average deal rates of baseline sessions at different pie sizes.
The blue and red bars are for female-informed sessions and male-informed
sessions, respectively. The standard errors (overlaid on the bars) are calculated
at the session level

19.3.2 Outcome Prediction via Machine Learning

The unstructured paradigm established by Camerer et al. [8] records a
large amount of bargaining process data beyond initial demands and
offers to predict disagreements before the deadline. Hence, we search for
a small set of such features that is predictive, employing cross-validation
[47] to control for over-fitting.

In this paper, we treat Experiment 2 as the lockbox test for the predic-
tive model built in Camerer et al. [8]. Therefore, in this section we report
the results from directly feeding the data from Experiment 2 into the
model. First of all, we briefly introduce the algorithm here. We choose
from the 35 behavioral features introduced by Camerer et al. [8]. Among
them are the current difference between the offer and demand, the time
since the last position change, and which player had changed his or
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Fig. 19.3 The deal rates under different pie sizes and treatments. The green
bars stand for the average deal rates of baseline sessions at different pie sizes.
The blue and red bars are for the experienced sessions and high-stake sessions,
respectively. The standard errors (overlaid on the bars) are calculated at the
session level. Since there is only one session for experienced and high-stake
treatment, the standard errors are not computable for these two treatments

her position in the game first. We compared three outcome prediction
models at eight time points in the bargaining process (i.e., 1, 2, . . . , 8
seconds after bargaining starts). The first model relied only on the pie
size, the second used only process features, and the third combined
both. At each time point, we carried out the following nested cross-
validation procedure: For each of the eight sessions in Experiment 2,
we used the data of the remaining seven sessions to train our model.
The model classifies trials into disagreements or deals by estimating a
logistic regression with a least absolute shrinkage and selection oper-
ator (LASSO) penalty [48]. The tuning parameter, λ, is optimized via
ten-fold cross-validation, performed within each training set. We then
made out-of-sample outcome predictions (disagreement or deal) for the
hold-out session.
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To compare the three models, we use the “receiver operating charac-
teristic” (ROC) curves [5, 21], standard in signal detection theory to
quantify the performance of binary classifiers under various trade-offs
between type I and type II errors. The 45-degree line in Fig. 19.4 indi-
cates a random classifier whose true positive and false positive rates are
identical. A better classifier has higher true positive rates (moving up on
the y axis) and lower false positive rates (moving left on the x axis). The
“area under the curve” (AUC), or difference between the ROC and the
45-degree line in the upper-left direction, is an index of how well the
classifier does.

Figure 19.4 shows the ROC curve at t = 2, 5, 7 seconds for both
Experiment 1 and 2. The ROC analysis indicates that process data do
better than random at every time point in both experiments. Moreover,
the fitness of models with process data increase with time, but the same
is not true for the model with pie size only.
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Fig. 19.4 Receiver operating characteristic (ROC) for predicting disagreements,
two, five, and seven seconds into the bargaining game. The dashed lines repre-
sent the false and true positive rates of a random classifier. (A1-C1) show the
data from Camerer et al. [8] (Experiment 1) and (A2-C2) plot the result from
Experiment 2
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Fig. 19.5 Area under the curve (AUC) of disagreements classifiers using process
data, pie size, and the two combined. Note that the classifier’s input included
only trials that were still in progress (when a deal has not yet been achieved),
and excluded trials in which the offers and demand were equal at the rele-
vant time stamp. The left figure is the original result from Camerer et al. [8]
(Experiment 1) and the right one is the result from Experiment 2

While patterns of AUC are similar in Experiment 1 and 2, there
are still some subtle differences. In Experiment 1, the model with pie
and process features always has the best predictive power and the other
two models are not so distinguishable in later seconds. On the other
hand, even though the model with pie and process features is the best
performing among the three, its predictive power is not significantly
stronger than the model with process features only.
To further investigate which behavioral process features predict

strikes, we follow Camerer et al. [8] and use a “post-LASSO” proce-
dure proposed by Belloni et al. [3, 4]. Figure 19.6 summarizes the
marginal effects of all process features (z-scored for every time point)
in both experiments. The general feature patterns in Experiment 2 are
consistent with those in Experiment 1. The current informed player’s
offer (positively correlated with a deal) and the current difference
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Fig. 19.6 Bargaining Process Features Selected by the Classifier for Outcome
Prediction (Deal= 1) and Their Estimated Marginal Effects. The left panel is the
result from Camerer et al. [8] (Experiment 1) and the right panel is the result
from Experiment 2. The pie sizes are excluded

between the players’ bargaining positions (positively correlated with a
strike) are the most predictive process features. One surprising finding
in Camerer et al. [8] is that initial bargaining positions contain predic-
tive information regarding the possibility of reaching a deal, even as we
approach the deadline, and even after controlling for current offers. In
Experiment 2, such effect of initial positions is even stronger. We also
find a negative interaction between initial offer and initial demand and
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a negative interaction between initial and current offer, which again
confirms the arguments in Camerer et al. [8].5

19.4 Open Questions, Challenges, and Future
Directions

Unstructured bargaining seems to hand over the reins of endogenous
“treatments” to the experimental subjects. But if the goal is prediction
rather than theory-testing, however, having a large amount of data is
terrific. For machine learning applications, there is (almost) no such
thing as too much data. Instead, the challenge lies in interpreting the
results, which can be ad hoc and sometimes opaque. Besides, our replica-
tion results indicate that even a lot of process data in a highly controlled
setting results in only modest AUC values, so there is still much room to
improve.

Furthermore, theory-testing can still be done in a machine
learning framework. In our example, the revelation principle, along with
other restrictions, still delivers predictions about what will happen in
equilibrium which are highly independent of the unstructured behavior.
Everything depends on pie sizes. A lean predictive “machine” using
only pie sizes therefore predicts comparably with one using many
process features. One interesting question future studies should explore
is whether alternative process models could predict significantly better,
since our combined model improves only modestly beyond using only
pie size.
Thirdly, Experiment 2 shows a modest effects of gender. While gender

effects in bargaining are interesting, a lot more statistical power is prob-
ably needed. In fact, gender differences are likely to vary wildly across
the globe, so a serious attempt to understand such differences must look
at the influences of developmental life cycle, biological factors such as
hormones, and cultural variation.

5 However, not all effects are transparent; some even reverse across time (initial x current offer
in Experiment 2).
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We hope these data and methods inspire other experimenters from a
range of social sciences to measure a lot more about what goes in the
bargainers’ bodies and brains, and results from their typing or talking,
on during bargaining. For example, Forsythe et al. [14] allowed subjects
to transmit verbal messages during bargaining. At the time, methods
of analyzing natural language processing (NLP) were so primitive that
they did not do any sophisticated analysis of those rich data. While
they allowed messages and recorded them, they did not analyze them
at all because they deemed the resulting game—treating messages as
strategy choices—too complicated to solve. Using the messages as data
in machine learning does not test a theory either, but it provides prelim-
inary evidence of how features of messages influence agreement rates.
Such evidence could provide inspiration for theory. For example, Jeong
et al. [27] use NLP to analyze first offer messages to identify “warm and
friendly” communications.

It is also notable that recording messages is very easy technically.
NLP is one area of machine learning which is now hugely successful
and improving by leaps and bounds every year. In general, machine
learning methods are hungry for any such choice process data. And now
we know what to do with them.

Appendix

The online appendix is available at https://osf.io/9j4cm/.

References

1. Daniel R Ames and Malia F Mason. Tandem anchoring: Informational and
politeness effects of range offers in social exchange. Journal of Personality
and Social Psychology, 108(2):254, 2015.

2. Lawrence M Ausubel, Peter Cramton, and Raymond J Deneckere.
Bargaining with incomplete information. Handbook of Game Theory with
Economic Applications, 3:1897–1945, 2002.

https://osf.io/9j4cm/


428 C. F. Camerer

3. Alexandre Belloni, Daniel Chen, Victor Chernozhukov, and Christian
Hansen. Sparse models and methods for optimal instruments with an
application to eminent domain. Econometrica, 80(6):2369–2429, 2012.

4. Alexandre Belloni, Victor Chernozhukov, et al. Least squares after model
selection in high-dimensional sparse models. Bernoulli, 19(2):521–547,
2013.

5. Andrew P Bradley. The use of the area under the roc curve in the evaluation
of machine learning algorithms. Pattern Recognition, 30(7):1145–1159,
1997.

6. Hongbin Cai and Joseph Tao-Yi Wang. Overcommunication in strategic
information transmission games. Games and Economic Behavior, 56(1):7–
36, 2006.

7. Colin F Camerer. Behavioral Game Theory: Experiments in Strategic Interac-
tion. The Roundtable Series in Behavioral Economics. Princeton University
Press, 2003. ISBN 9780691090399.

8. Colin F Camerer, Gideon Nave, and Alec Smith. Dynamic unstructured
bargaining with private information: theory, experiment, and outcome
prediction via machine learning. Management Science, 65(4):1867–1890,
2019.

9. C Mónica Capra. Understanding decision processes in guessing games:
A protocol analysis approach. Journal of the Economic Science Association,
5(1):123–135, Aug 2019. ISSN 2199-6784.

10. Vincent P Crawford. Lying for strategic advantage: Rational and bound-
edly rational misrepresentation of intentions. American Economic Review,
93(1):133–149, 2003.

11. Jacques Crémer and Richard P McLean. Optimal selling strategies under
uncertainty for a discriminating monopolist when demands are interde-
pendent. Econometrica, 53:345–361, 1985.

12. Jacques Crémer and Richard P McLean. Full extraction of the surplus in
bayesian and dominant strategy auctions. Econometrica, 56(6):1247–1257,
1988.

13. Urs Fischbacher. z-tree: Zurich toolbox for ready-made economic experi-
ments. Experimental Economics, 10(2):171–178, 2007.

14. Robert Forsythe, John Kennan, and Barry Sopher. Dividing a shrinking
pie: an experimental study of strikes in bargaining games with complete
information. Research in Experimental Economics, 4:223–268, 1991a.

15. Robert Forsythe, John Kennan, and Barry Sopher. An experimental anal-
ysis of strikes in bargaining games with one-sided private information.
American Economic Review, 81(1):253–278, 1991b.



19 Using Machine Learning … 429

16. Daniel Friedman and Ryan Oprea. A continuous dilemma. American
Economic Review, 102(1):337–363, 2012.

17. William Fuchs and Andrzej Skrzypacz. Bargaining with deadlines
and private information. American Economic Journal: Microeconomics,
5(4):219–243, 2013.

18. Simon Gächter and Arno Riedl. Moral property rights in bargaining with
infeasible claims. Management Science, 51(2):249–263, 2005.

19. Fabio Galeotti, Maria Montero, and Anders Poulsen. Efficiency versus
equality in bargaining. Journal of the European Economic Association,
17(6):1941–1970, 2018.

20. Adam D Galinsky and Thomas Mussweiler. First offers as anchors: The
role of perspective-taking and negotiator focus. Journal of Personality and
Social Psychology, 81(4):657, 2001.

21. James A Hanley and Barbara J McNeil. The meaning and use of the area
under a receiver operating characteristic (roc) curve. Radiology, 143(1):29–
36, 1982.

22. Shaun Hargreaves Heap, David Rojo Arjona, and Robert Sugden. How
portable is level-0 behavior? a test of level-k theory in games with non-
neutral frames. Econometrica, 82(3):1133–1151, 2014.

23. Dorothea K Herreiner and Clemens Puppe. Equitable allocations in exper-
imental bargaining games: Inequality a version versus efficiency. Technical
report, Bonn econ discussion papers, 2004.

24. Bengt Holmström and Roger B Myerson. Efficient and durable decision
rules with incomplete information. Econometrica, 51(6):1799–1819, 1983.

25. Andrea Isoni, Anders Poulsen, Robert Sugden, and Kei Tsutsui. Focal
points in tacit bargaining problems: Experimental evidence. European
Economic Review, 59:167–188, 2013.

26. Andrea Isoni, Anders Poulsen, Robert Sugden, and Kei Tsutsui. Efficiency,
equality, and labeling: An experimental investigation of focal points in
explicit bargaining. American Economic Review, 104(10):3256–3587, 2014.

27. Martha Jeong, Julia Minson, Michael Yeomans, and Francesca Gino.
Communicating with warmth in distributive negotiations is surprisingly
counterproductive. Management Science, 65(12):5813–5837, 2019.

28. Ehud Kalai, Meir Smorodinsky, et al. Other solutions to nash’s bargaining
problem. Econometrica, 43(3):513–518, 1975.
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Emotions in Bargaining

Gert-Jan Lelieveld and Eric van Dijk

Negotiations are often heated and highly emotional. This may be
attributed to the fact that negotiations are mixed-motive situations, in
which negotiators can be in competition with each other for certain
resources, but at the same time need to cooperate to get to an agree-
ment (Komorita & Parks, 1995). The tension between competition and
cooperation elicits a wide variety of emotional experiences and emotional
expressions. For example, when negotiating a new contract, employees
may feel angry after being offered a poor deal, but also disappointed.
Or, when negotiations are going well, they may feel happy or relieved.
These emotions may affect their standing in the negotiation, but when
communicated, also affect their negotiation partner. How emotions
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affect negotiations becomes even more complicated if one realizes that
negotiators may try to regulate their emotions, or even misrepresent
their emotions. Emotions that negotiators experience or express may lead
negotiations to become more competitive or cooperative, depending on
the interests that lie at the heart of the negotiation (Van Kleef & Côté,
2018). Insight into the dynamics of emotions is therefore critical to
understand the trajectory of negotiations and to discover ways to make
negotiations more successful.

In this chapter, we provide an overview of research on how
emotions shape negotiations. Before doing so, however, it is important to
discuss what we mean by emotions. Most theorists agree that emotions
are the result of an evaluation of some event relevant to a particular
concern or goal. Emotions differ from moods in that they are always
about something, whereas moods “simply are” (Frijda, 1994). Emotions
are directed toward a specific person, object, or event—people can feel
happy after receiving a high offer, or angry at their opponent for with-
drawing from the negotiation. Moods are less specific and not necessarily
directed at anything. Furthermore, emotions are characterized by distinct
subjective experiences, physiological reactions, and action tendencies
(Ekman, 1993). Discrete emotions are therefore often more informative
than diffuse moods, both to the individual experiencing them and to
observers. Most of the empirical studies described in the current chapter
discuss the effects of discrete emotions like anger, happiness, disappoint-
ment, and sadness, but some involve more diffuse positive and negative
moods.

It is also useful to distinguish between integral emotions and inci-
dental emotions (Loewenstein & Lerner, 2003). Integral emotions arise
during the social interaction of interest and are relevant to the present
judgments and/or decisions. For example, bargainers may experience
increased levels of anger after receiving a low offer from their opponent.
Incidental emotions can be considered spillovers from other situations
which should be irrelevant to the present judgments and/or decisions.
Bargainers may for example feel happy because someone else treated
them nicely, which can make them act more cooperatively during the
negotiation. In this review, we will discuss both types of emotions.
We, for instance, describe studies on the effects of expressing (integral)
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anger over other’s negotiation offers, but also the effects of (inci-
dental) anxiety elicited by watching a movie prior.

Having defined the key concepts, we will now provide an overview
of theory and research on the effects of emotions in bargaining.
Section 20.1 focuses on how the experience of one’s own emotions influ-
ences the bargaining process (i.e., intrapersonal effects). Section 20.2
reviews how emotional expressions influence the other party in nego-
tiations (i.e., interpersonal effects). In Section 20.3 we focus on how
emotions influence deceptive strategies in negotiations and how negotia-
tors use their emotions to deceive their opponents. We conclude with
suggestions for future research and a brief discussion of the practical
implications.

20.1 The intrapersonal effects of emotions
in bargaining

Intrapersonal effects of emotions describe how the experience of
emotions affects one’s own feelings, cognitions, and/or behavior. In nego-
tiations, this involves how the experience of anger affects one’s own
concessions or how the experience of happiness influences one’s own
cooperativeness.

20.1.1 Relevant theories

One of the main theoretical models for intrapersonal effects of
emotions is the mood-as-information model (also referred to as affect-as-
information or feelings-as-information model; Schwarz & Clore, 1983).
This model posits that people attend to their moods as a source of infor-
mation, with different moods providing different types of information.
For instance, an individual’s liking for a person is partly based on the
positive feelings when this person is around. The impact of feelings as
a source of information increases when they are perceived to be rele-
vant to the task at hand. Relevance is a broad concept, however, as
misattribution may make even nonrelated information seem relevant. For
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example, applied to the negotiation context, the mood-as-information
model would posit that incidental moods can influence the negotiation
process, if people misattribute their mood to the negotiation process or
negotiation partner.
The mood-as-information model focuses on general feelings and

mood states and bases its predictions on the valence of affect (i.e.,
whether the mood or emotion is positive or negative). Such valence-
based approaches cannot explain why different emotions with the same
valence (e.g., anger and disappointment) may influence judgments
and decisions differently. The appraisal-tendency framework (Lerner &
Keltner, 2000) does allow for such effects. The framework distinguishes
between a set of different appraisal dimensions like certainty, pleasant-
ness, and control and posits that each emotion can be defined by a
combination of these dimensions. Under this framework, any emotion,
whether it is an incidental or integral emotion, can influence the nego-
tiation, and each specific emotion has its own unique effect on the
negotiation. The negative emotion anger may for instance affect the
negotiation process differently than other negative emotions, like disap-
pointment. This way, the framework can make more specific predictions
about how emotions influence negotiations.

20.1.2 Empirical work

General affect. In line with the mood-as-information model, the early
studies on intrapersonal emotion effects in negotiations focused mostly
on general affect. Carnevale and Isen (1986) studied the influence of
positive affect on negotiation strategies and outcomes. Prior to a nego-
tiation (incidental) positive affect was induced in some participants
by having them sort cartoons into a funny pile and a not as funny
pile, and by giving them a gift. Results showed that positive affect
increased the joint outcomes in the negotiation and reduced the use of
contentious tactics. Anderson and Thompson (2004) also studied the
intrapersonal effects of positive affect, by measuring negotiators’ trait
positive affect with the Positive And Negative Affect Schedule (PANAS;
Watson, Clark, & Tellegen, 1988). Positive affect increased trust and
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facilitated joint gains, but more so for powerful negotiators than for less
powerful negotiators. These studies thus demonstrate that positive affect
increases cooperation in negotiations.

Baron et al. (1990) focused on the intrapersonal effects of negative
affect. Participants first interacted with a confederate who expressed
disagreement in a calm and non-provocative way or in an arrogant and
provoking way. Subsequently, they engaged in a negotiation task with the
confederate. Participants who were provoked made lower initial offers in
the negotiation than those who had not been provoked. Interestingly,
when participants were exposed to one of several treatments designed to
induce positive affect (e.g., mild flattery or a small gift) this increased
participants’ preference for cooperation.
The findings above suggest that positive affect increases negotiators’

willingness to cooperate while negative affect decreases cooperation. A
later study that directly compared positive to negative affect supported
this conclusion. Forgas (1998) manipulated affect using false feed-
back on a test of verbal abilities. Participants either learned that they
performed well on the test or not. Participants in a positive mood (who
received positive feedback) used more cooperative and integrative nego-
tiation strategies than those in a neutral (who received no feedback) or
negative mood (who received negative feedback).

Discrete emotions. In line with the appraisal-tendency frame-
work, several studies have studied the effects of the experience of
discrete emotions. Pillutla and Murnighan (1996) studied the effects of
experienced anger in ultimatum bargaining. They showed that the recep-
tion of small and unfair offers evoked integral anger which, in turn, led
participants to reject these unfair offers. Anger thus reduced cooperation.
Follow-up research indicated that these detrimental effects are attenuated
if bargainers can regulate their anger via reappraisal or distraction (Fabi-
ansson & Denson, 2012), or by formulating an if-then plan about how
to negotiate (Jäger, Loschelder, & Friese, 2017).

Allred et al. (1997) compared the intrapersonal effects of anger to
the effects of compassion. In a job contract negotiation task, partici-
pants either learned that their opponent was responsible for behavior
that affected them negatively (which induced anger) or that their oppo-
nent had no choice (which induced compassion). Angry participants
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(compared to compassionate ones) had less desire to work with their
opponent in the future and achieved lower joint outcomes.

Other negative emotions have also been studied. Brooks and
Schweitzer (2011) showed that incidental anxiety—induced by music
and movie clips—harms negotiator behavior, such that it induces nego-
tiators to expect lower outcomes, make lower first offers, exit the
negotiation earlier, and as a result also obtain worse outcomes. They also
found that these negative effects were less pronounced for individuals
with high negotiator self-efficacy (i.e., those having the belief that they
could succeed in the negotiation).

Ketelaar and Au (2003) investigated the effects of experienced guilt.
They reasoned that the experience of guilt signals a blameworthy viola-
tion of a social norm, which may motivate people to increase their level
of cooperation. Guilt was induced by asking participants to write about
an experience where they felt guilty (i.e., inducing incidental guilt), or
letting them rate their feelings of (integral) guilt after making an initial
offer in an ultimatum bargaining context. The results showed that guilt
led to more generous offers. These effects were later replicated in the
context of divorce negotiations (Wietzker, Buysse, Loeys, & Brondeel,
2011).

In the domain of positive emotions, Shirako, Kilduff, and Kray (2015)
studied the effects of sympathy in negotiations. Across five studies, nego-
tiators responded to an opponent who was in a potentially vulnerable
position (e.g., he/she had been working 18 hours per day for 5 years).
The results showed that experiencing sympathy decreased value claiming
and increased integrative bargaining.

Finally, Butt, Choi, and Jaeger (2005) compared the effects of four
different types of emotion in a negotiation task that resembled the job
contract negotiation used by Allred et al. (1997). Participants engaged in
two negotiation sessions. After completing the first session, they received
feedback about their performance. This feedback was designed to manip-
ulate one of four emotions: pride (i.e., success due to self ), gratitude
(i.e., success due to counterpart), shame (i.e., failure due to self ), or
anger (i.e., failure due to counterpart). The results showed that whereas
gratitude increased yielding behavior and joint gain, pride decreased
yielding behavior and joint gain. Of the two negative emotions, anger,
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but not shame, led negotiators to take a more competitive and dominant
stance.

20.2 The interpersonal effects of emotions
in bargaining

Interpersonal effects of emotions refer to the influence of an individual’s
emotions on the feelings, cognitions, and/or behavior of others. In nego-
tiations, one’s anger may for instance inform observers how high one’s
subsequent offer will be or may elicit certain emotions in observers.

20.2.1 Relevant theory

Insights on the interpersonal effects of emotions highlight the social
functions of emotional expressions. According to social-functional
approaches of emotions (Keltner & Haidt, 1999; Van Kleef, De Dreu, &
Manstead, 2010), emotions contain valuable information about the feel-
ings and intentions of the sender. The Emotion as Social Information
(EASI) model by Van Kleef et al. (2010) specifies two processes through
which emotions may influence the behavior of others. Emotions affect
others by providing relevant information about the intentions and/or
feelings of the sender (the inferential path of the model), but also by
affecting the emotions of others (the affective path of the model).
The inferential path rests on the notion that expressed emotions have

informational value. Happiness, for instance, may signal that one is satis-
fied with the current situation, which may lead others to continue their
current course of action. Sadness on the other hand signals a loss, which
may lead others to offer help.

Emotional expressions may also elicit affective reactions in others,
which can influence subsequent behavior. One way emotions can
affect the emotions of others, is via emotional contagion (Hatfield,
Cacioppo, & Rapson, 1994), where emotions spread from expresser
to observer. A person’s happiness, for instance, can be “caught”, which
leads others to become happy themselves. Emotions can also influence
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others by eliciting complementary emotions in them, which may influ-
ence subsequent behavior. Displays of anger, for instance, can elicit
fear-related responses.
Whether inferential processes or affective reactions take precedence

has been shown to depend on two factors (Van Kleef et al., 2010). One
important factor is the observer’s motivation and ability to process the
information conveyed by the emotional expression. The more thorough
the information processing, the stronger the predictive value of inferen-
tial processes; the shallower the information processing, the stronger the
predictive value of affective processes.
The predictive strength of inferential versus affective reactions also

depends on social-contextual factors that influence the perceived appro-
priateness of the emotional expression. When an emotional expression is
perceived to be appropriate, the predictive value of inferential processes is
stronger; when emotional expressions are perceived to be inappropriate,
the predictive value of affective processes is stronger.

20.2.2 Empirical work

While the work on the interpersonal effects could be applied to general
affect as well, most studies have concentrated on discrete emotions,
which may be explained by the fact that others’ discrete emotions have
more informational value to negotiators.

Anger versus happiness. One of the first studies on the interpersonal
effects of emotions in negotiations was conducted by Van Kleef, De
Dreu, and Manstead (2004a), which focused on the emotional expres-
sions of anger and happiness. Participants engaged with (simulated)
opponents in a computer-mediated integrative negotiation task over a
consignment of mobile phones. Over the course of six rounds, partic-
ipants either received angry, happy, or neutral expressions. Negotiators
with a happy opponent inferred that their opponent was lenient and easy
to please. This led participants to make only minor concessions. Angry
emotional expressions, however, signaled high limits, leading negotia-
tors to conclude they were dealing with a tough opponent (see also
Sinaceur & Tiedens, 2006). This led opponents to give in themselves,
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to not let the negotiation end in impasse. This study thus showed that it
is better to express anger than to express happiness in a negotiation.

Research has, however, also documented detrimental effects of
communicating anger in negotiations. The aforementioned study by Van
Kleef et al. (2004a), showed that bargainers develop a more negative
impression of an opponent who expresses anger in the negotiation. Also,
negotiators dealing with angry opponents are less satisfied with the nego-
tiation and are less willing to engage in future interaction (Van Kleef,
De Dreu, & Manstead, 2004b). Moreover, negotiators with angry coun-
terparts are more likely to exit the negotiation and choose an impasse
because they consider their opponents to be selfish (Yip & Scheinsberg,
2017). In the context of coalition formation, negotiators form negative
impressions of those who communicate anger, and are more likely to
exclude them from coalitions and from obtaining a share of the payoff
(Van Beest, Van Kleef, & Van Dijk, 2008).
These results suggest that expressions of anger may be dependent on

specific moderators. In the following, we first discuss moderators that
are related to the ability and motivation to process the information
conveyed by the angry expression and then moderators related to the
appropriateness of the angry expression.

Information processing as moderator of angry expressions. In line
with the EASI model, Van Kleef et al. (2004b) identified the ability
and/or motivation to process the information as a moderator. In a nego-
tiation setting, they manipulated how much time participants had to
reach an agreement and showed that participants with an angry oppo-
nent made more concessions than did those with a happy opponent, but
only under low rather than high time pressure.

Several other personal and situational factors have been shown to
moderate the effects of anger by influencing negotiators’ information
processing. Two of those factors are the competitiveness of the negoti-
ation and relative power differences. Adam and Brett (2015) compared
the effects of angry expressions in negotiations that balance cooperative
and competitive elements to those in negotiations that are predomi-
nantly cooperative or predominantly competitive. They reasoned that
balanced negotiations provide a more uncertain and ambiguous situation
that induces negotiators to engage in systematic information processing
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and rely on diagnostic informational cues. In agreement with this,
expressing anger elicited larger concessions than expressing no emotion,
but only in balanced negotiations, and not in predominantly cooperative
or competitive situations.

Relative power differences also influence information processing. Low-
power negotiators may generally be more motivated to process the
information conveyed by emotional expressions than high-power nego-
tiators (Fiske, 1993). Using various operationalizations of power (e.g.,
the number of available alternatives), Van Kleef et al. (2006b) found
that low-power negotiators were strongly affected by their opponent’s
emotions (i.e., they made more concessions to angry than to happy
opponents), whereas those with high power were unaffected. Compat-
ible effects were shown by other studies focusing on the moderating
effects of power (Van Kleef et al., 2004b; Sinaceur & Tiedens, 2006; Van
Kleef & Côté, 2007). Van Dijk et al. (2008) manipulated relative power
in an ultimatum bargaining setting and showed that communicating
anger may backfire for low-power bargainers. They explained this by
showing that—similar to a process of emotion contagion—by commu-
nicating anger, low-power bargainers may fuel anger in their opponents
(resulting in low offers).

Perceived appropriateness of the angry expression. Van Kleef and
Côté (2007) directly manipulated the perceived appropriateness of
the emotion. In a computer-mediated negotiation, participants either
learned that an ethics committee had decided that it was not allowed
to use pressure tactics or express negative emotions during the nego-
tiation, or they did not receive this information. The results showed
that negotiators who were confronted with angry opponents made
fewer concessions when anger was considered inappropriate than when
anger was considered appropriate, but only among those negotiators who
were high in power.

Appropriateness of communicating anger is also dependent on the
intensity with which anger is expressed. Adam and Brett (2018) manip-
ulated high- versus moderate- versus low-intensity anger in one study
by giving instructions to use aggressive sentences and raise their voice,
and in another study by programming angry verbal reactions (high,
moderate, or low in intensity) to negotiation offers. Results showed that
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high-intensity anger was considered more inappropriate and decreased
concession making compared to moderate- and low-intensity anger.

How anger is communicated can also determine its perceived
appropriateness and interpersonal effects. Steinel, Harinck, and Van
Kleef (2008) distinguished between expressions of anger and happi-
ness directed toward the person (e.g., “this person makes me really
angry”) and directed toward the negotiation offer (e.g., “this offer
makes me really angry”). Their results showed that person-directed anger
was considered less appropriate and elicited smaller concessions than
offer-directed anger.
What is appropriate may also be culturally defined. Adam, Shirako,

and Maddux (2010) studied the effects of angry expressions in nego-
tiations across cultures. Focusing on the cultural background of the
observer of the emotion, they showed that expressing anger elicited
larger concessions from European American negotiators, but smaller
concessions from Asian and Asian American negotiators, due to different
cultural norms about the appropriateness of expressions of anger in
negotiations. In later work, Adam and Shirako (2013) investigated the
cultural background of the expresser of anger in negotiations. They
showed that angry expressions elicited greater cooperative efforts when
the expresser was East Asian than when the expresser was European
American, because East Asian negotiators were perceived as tougher and
more threatening. These findings indicate that emotional expressions of
negotiators who are, based on stereotypes, considered less expressive (as
is the case for East Asian negotiators), are more informative.

Moving beyond anger and happiness. While research on anger and
happiness has received most attention, the field has also begun to
explore the effects of other emotions. Van Kleef et al. (2006a) compared
the interpersonal effects of the supplication emotions disappointment
and worry (i.e., emotions communicating dependency and a need for
support) to the appeasement emotions guilt and regret (i.e., emotions
communicating that one has done something wrong). Their results
showed that supplication emotions increased, and appeasement emotions
decreased, concessions making in opponents, but only among those
opponents high in dispositional trust.
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Other studies compared the interpersonal effects of anger and disap-
pointment. Both emotions can be used in negotiations to communi-
cate dissatisfaction, but with markedly different effects on opponents.
Lelieveld et al. (2012) showed that anger and disappointment evoke
different affective reactions in others. In an ultimatum bargaining
setting, anger either evoked reciprocal anger or complementary fear,
depending on the relative power position of the expresser. Anger
expressed by a high-power bargainer evoked complementary fear in
opponents, which led opponents to make higher offers. In low-power
positions, anger evoked reciprocal anger in opponents, which led oppo-
nents to make lower offers. In contrast, disappointment evoked comple-
mentary guilt in opponents, which elicited higher offers in opponents
(see also Van Kleef & Van Lange, 2008), regardless of the expresser’s
power position. In later work, Lelieveld et al. (2013) demonstrated that
anger and disappointment differ in the extent to which they commu-
nicate power or weakness. In four studies, they showed that whereas
anger communicates power, toughness, and high limits in negotiations,
disappointment communicates weakness, lenience, and low limits. This
weakness can elicit cooperativeness and a social responsibility to help
others, but only when it evokes guilt (see also Lelieveld et al., 2011).
When participants negotiated as representatives or when they negoti-
ated with an out-group member, they felt less guilty and therefore made
lower offers to disappointed opponents, than in individual negotiations
and when they negotiated with an in-group. Anger elicited high offers in
opponents regardless of the type of negotiation or the group membership
of the expresser.

Other discrete emotional expressions that have been studied are
sadness and gratitude. Similar to the aforementioned effects of disap-
pointment, Sinaceur et al. (2015) showed that expressions of sadness
elicit concessions in opponents because it increases opponents’ concern
for the expresser. Participants made more concessions to sad opponents
but only when they had a reason to experience concern for the expresser
(e.g., when the expresser had low power). Similarly, expressions of grati-
tude in negotiations elicit cooperative behavior and increase benevolence
perceived by counterparts, but only when the expression of gratitude is
accompanied with cooperative behavior (Kong & Belkin, 2019).
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Emotional inconsistency and ambivalence. So far, we discussed the
interpersonal effects of single discrete emotions. It is, however, also
possible to express more than one emotion during negotiations. Pietroni
et al. (2008) studied the effects of anger and happy expressions in a
two-issue negotiation, where participants had one high-priority issue
and one low-priority issue. They received emotional expressions which
were either angry or happy on the high-priority issue and angry or
happy on the low-priority issue resulting in four different emotional
response patterns. Results showed that happiness on the high-priority
issue and anger on the low-priority issue reduced fixed-pie perceptions
and increased integrative behavior. Anger on participant’s high-priority
issue and happiness on participant’s low-priority issue, however, reduced
integrative behavior.

Emotions may also differ over time. Sinaceur et al. (2013) studied the
effects of emotional inconsistency, by manipulating emotions opponents
expressed across several rounds of a negotiation. Across experimental
conditions, opponents were either consistent in their expressions (e.g.,
always conveying anger) or inconsistent (e.g., sometimes communicating
anger and sometimes happiness). Results showed that emotional incon-
sistency reduced feelings of control in counterparts and elicited greater
concessions compared to a consistent communication of emotions.
Filipowicz, Barsade, and Melwani (2011) studied the effects of emotional
transitions, where bargainers either moved from anger to happiness or
from happiness to anger during the negotiation. Three studies showed
that expressing a transition from happiness to anger left a more posi-
tive impression on counterparts and, in turn, increased concessions in
counterparts more than did express only anger during the negotiation.

Finally, Rothman (2011) studied the effects of expressing emotional
ambivalence; the simultaneous experience of a positive and a negative
emotion. She demonstrated that counterparts showed more dominant
behavior toward ambivalent negotiators than toward happy, angry or
non-emotional negotiators, because they perceived the ambivalent nego-
tiator as more deliberative and submissive. In later work, Rothman and
Northcraft (2015) showed that in negotiations that were more coop-
erative, this submissiveness led counterparts to come up with more
integrative agreements, which increased value creation in the negotiation.



446 G.-J. Lelieveld and E. van Dijk

20.3 Emotion and deception in negotiation

20.3.1 Relevant theory

Negotiations offer many opportunities for deception. Emotions can play
an important role here. Gaspar and Schweitzer (2013) proposed the
Emotion Deception Model, which explains the willingness to deceive
others on the basis of the emotions deceivers experience before making
their decision as well as the emotions they anticipate to occur after having
deceived their opponent. For example, the experience of anger can
directly lead people to conceal information from their opponent (Yip &
Schweitzer, 2016), and anticipated guilt or regret can lead people to
refrain from using deception.

Methasani, Gaspar, and Barry (2017) extended the model by incor-
porating the influence of counterparts’ emotional expressions on the
decision to deceive in negotiations. In line with the EASI model, they
proposed that emotional expressions of others may influence decep-
tion decisions via affective reactions (by evoking specific emotions in
observers) or via inferential processes (by providing information that
observers may use to guide their deception decision). Expressions of
anger may for instance increase deceptive strategies in opponents,
whereas expressions of happiness may decrease such strategies.

20.3.2 Empirical work

Intrapersonal effects. The research on the intrapersonal effects of
emotions on deception has largely focused on three emotions: anger,
anxiety, and envy. Olekalns and Smith (2009) used a negotiation task
where participants negotiated about an employment contract. Using
software that scanned text and categorized it in affective categories,
they studied the relationship between anger and anxiety and the use of
deception. They found that negotiators who expressed anger used more
deception by misinforming their opponent (see also Yip & Schweitzer,
2016), whereas negotiators who expressed anxiety used more deception
by concealing information.
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Moran and Schweitzer (2008) found that the experience of envy also
influences the use of deception. They manipulated envy by providing
participants with upward social comparison information. Participants
who experienced high levels of envy were more likely to lie to their oppo-
nent in the negotiation than participants who experienced low levels of
envy.

Interpersonal effects. We are aware of only one study that inves-
tigated how bargainers’ willingness to deceive may depend on the
emotional expressions of their opponent. Van Dijk et al. (2008) studied
the effects of anger expressions in an ultimatum bargaining setting where
participants could misinform opponents about the value of the chips that
were allocated. Results showed that participants were more deceptive
toward angry bargainers than toward bargainers that expressed happi-
ness . They reasoned that by deceiving the angry opponent, bargainers
could make low offers without having to fear the consequences.

Emotion deception. The insights above all concentrate on the effects
of own or other’s emotions on the willingness to deceive others (e.g.,
by lying or concealing information). Note, however, that—given the
interpersonal effects of emotions—it may also make sense to mislead
others about one’s own emotions. For example, one might deliberately
exaggerate or downplay one’s emotions. Emotional expressions can thus
be used to deceive opponents in negotiations. This intriguing possi-
bility was first addressed by Andrade and Ho (2009), who showed that
bargainers may strategically modify the expression of anger to influence
their opponent. Participants in their studies received an unfair offer from
an opponent, after which participants were asked to indicate their level
of anger. Subsequently, they learned that they would negotiate with the
same person for another round. They were again asked to indicate their
level of anger, but now learned that their reaction would be sent to the
opponent. Results showed that participants then “gamed” their expres-
sion of anger by communicating higher levels of anger to their opponent
than they had experienced.

Later work showed that when bargainers have more emotions to their
disposal, this strategy changes. Van Dijk et al. (2018) demonstrated
that when bargainers could also communicate disappointment (besides
anger), participants chose to amplify their levels of disappointment, and
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were more diverse in their communications of anger. Some chose to exag-
gerate, whereas others chose to downplay their anger. They concluded
that having an alternative means to signal disapproval in negotiations
tempered the willingness to (strategically) communicate anger.

Negotiators should, however, make sure that when they choose to
“game” their emotions, these expressions come across as authentic. Côté,
Hideg, and Van Kleef (2013) studied the consequences of faking anger
in negotiations. Results showed that faking anger decreases conces-
sion making in counterparts, and this effect was explained by reduced
trust.

20.4 Conclusions and future directions

It is clear from this chapter that the experience and expression of
emotions have a pervasive impact on how people negotiate. These
effects are visible at the intrapersonal level and at the interpersonal
level. Emotions affect the offers negotiators make, their willingness to
give in, and the use of strategies like deception. The recent years have
shown tremendous progress in the understanding of the various ways
in which emotion shapes negotiations. Nevertheless, several important
issues remain to be addressed.

One of these issues is that most of the research on the role of emotions
in negotiations has used laboratory experiments. Although findings
obtained with computer-mediated interactions are often similar to find-
ings obtained with different paradigms, including surveys involving
full-time workers (e.g., Van Kleef et al., 2006b), and face-to-face negoti-
ations (e.g., Sinaceur & Tiedens, 2006), it may be important to study
actual negotiators to see how the effects of emotions influence their
decision-making and how they make use of emotional expressions. Such
research may not only answer questions about the generalizability of the
findings, but also can offer novel insights into the role of emotions in
negotiation.

Our review reveals that most studies have focused on the effects of
anger in negotiations. One positive aspect of this particular focus on
anger is that the findings on the intrapersonal and interpersonal effects
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have been replicated across different studies, using different manipula-
tions of anger (experience and expression). A downside of this focus
on anger is that other negative emotions, like disappointment and
anxiety, have received less attention. More research is needed to inves-
tigate whether findings on the effects of these emotions replicate across
different negotiation settings. Studies on some emotions even seem
absent (e.g., disgust and contempt). For a more complete picture, future
research may benefit from investigating a broader range of discrete
emotions. Moreover, it may be worthwhile to also include more positive
emotions. It would, for example, be interesting to see whether emotions
that increase perceived power, like pride, may have different effects
on bargaining behavior than positive emotions that decrease perceived
power, like gratitude.

In addition, it may be worthwhile to broaden the cultural perspec-
tive and study emotion effects in non-Western cultures. The few studies
that have examined culture show that there are important differences
between cultures in the intra- and interpersonal effects of emotions in
negotiations (Adam & Shirako, 2013; Adam et al., 2010). Cultural
norms may also determine which emotional expressions bargainers may
(strategically) communicate in negotiations, which relates to the issue
of appropriateness. For instance, bargainers in Eastern societies may
prefer the less confrontational communication of disappointment over
the expression (or exaggeration) of anger.
Taken together, this chapter clearly shows that emotional dynamics

play a crucial role in negotiations, by influencing the cognitions and
behavior of bargainers’ own behavior and the behavior of counterparts.
At the same time, the unanswered questions that remain stress the
need for more research. Such research promises to enhance the under-
standing of the negotiation process, the factors that facilitate or hinder
this process, and the (social) consequences of emotion in general.
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21
Gender Differences in Negotiation
and Policy for Equalizing Outcomes

María P. Recalde and Lise Vesterlund

21.1 Introduction

Gender differences in negotiation are frequently used to explain why
men and women advance at different rates (e.g., Bertrand, 2018), why
they select different occupations, and secure different compensation (e.g.,
Blau and Kahn, 2017). Indeed, field evidence is consistent with nego-
tiation differences contributing to the persistent gender wage gap and
to men and women holding different occupations and different ranks
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within occupation (e.g., Greig, 2008; Card, Cardoso, and Kline, 2016;
Säve-Söderbergh, 2019).

Considering the potential impact on labor-market outcomes, it is no
surprise that substantive work has examined when and why men and
women approach negotiation differently. The overarching conclusion
is that there are gender differences in both willingness and ability to
negotiate, and that these are sensitive to the characteristics of the nego-
tiation (for reviews see Bowles et al. 2005; Bowles and McGinn 2008;
Stuhlmacher and Walters 1999; Bertrand 2011; Azmat and Petrongolo
2014; Mazei et al. 2015; Kugler et al. 2018; and Hernandez-Arenaz and
Iriberri, 2019a).
The striking finding by Babcock and Laschever (2003), that out of

new MBA graduates 57% of men and only 7% of women negotiated the
compensation for their first job, is one of many that point to the robust
evidence that women less than men pursue negotiations. Although nego-
tiation in the labor market is of key concern, the limited information
on the value of the employee–employer match and the parties’ outside
options challenges inference on gender differences in negotiation.1 Many
studies instead rely on controlled experiments which similarly find that
men negotiate more often than women (e.g., Bowles et al. 2005; Small
et al 2007; Kray and Gelfand, 2009; Amanatullah and Morris, 2010;
Kugler et al., 2018; Gihleb et al., 2020). The evidence is more mixed
when examining the ability to negotiate. While some studies point to
female employees securing worse outcomes than male employees (e.g.,
Dittrich et al., 2014; Barron, 2003), there is substantial evidence that the
male advantage depends on the negotiation setting (Pradel et al. 2005).2

1 See Andersen et al (2018b) for a field study where the value of the negotiated item is better
assessed.
2 A substantial literature examines if men and women receive differential treatment when
bargaining. Ayres (1991, 1995) and Ayres and Siegelman (1995) report on an audit study
for car sales, finding that single women are quoted higher prices than single men. Castillo et al.
(2013) examine negotiations for taxi rides, finding that statistical discrimination drives gender
differences in outcomes. Consistent with statistical discrimination, Busse et al. (2017) find, for
buyers who appear uninformed, higher prices for women than men. However, audit studies
instruct buyers on how to negotiate and do not capture differences in negotiation. List (2004)
instead examines free-form negotiations over sports cards and finds that statistical discrimination
gives rise to a male advantage. With transactions only occurring 3% of the time, it is however
difficult to capture differences in negotiation.
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Research points to a number of factors that affect gender differences in
negotiation.3 Differences are less pronounced when it is clear that some-
thing is negotiable and what the bargaining range is (Bowles et al.,
2005; Rigdon, 2012; Kugler et al., 2018; Small et al., 2007; Leibbrandt
and List, 2015). That is, ambiguity amplifies the difference. Differ-
ences also depend on whether the negotiation activates stereotypes (Kray
et al., 2002), with differences increasing when female negotiation violates
gender norms. The response to such stereotypes may result from stereo-
type threat, or from the correct expectation that backlash is greater
toward women who violate gender norms (Bowles et al., 2007; Tinsley
et al, 2009).4 Gender differences are also found to be smaller when indi-
viduals negotiate on behalf of someone else rather than on behalf of
themselves (Bowles et al., 2005; Amanatullah & Morris, 2010; Amanat-
ullah & Tinsley, 2013) and when negotiation occurs in less competitive
environments (Bowles et al., 2005).5 Finally, the positional role matters
with gender differences arising for the party with less power (Dittrich
et al., 2014; Exley et al., 2020).6

Although gender differences in negotiation vary with the character-
istics of the negotiation, there is consensus that the characteristics of
labor-market negotiations are largely those that give rise to a gender gap
in willingness and ability to negotiate. For example, labor negotiations

3 While ultimatum games limit the negotiation interaction to a take-it-or-leave-it offer, the
setting nonetheless provides insights on why women fare worse in negotiations (Eckel and
Grossman 2001; Solnick 2001). Reviewing the literature, Eckel et al. (2008) conclude that
women are more egalitarian, expect and ask for less, and are less likely to fail in reaching an
agreement.
4 For gender differences in negotiation expectation see also Eckel et al. (2008) and Andersen
et al. (2018a).
5 As for negotiation, the literature on competition reveals robust differences on the extensive
margin (Niederle and Vesterlund 2007) and more context-dependent differences on the intensive
margin (Gneezy et al. 2003). See Niederle and Vesterlund (2011) for a review, and Niederle
and Vesterlund (2008) for the connection between negotiation and competition.
6 Other factors may affect gender differences in negotiation including the sex of negotiating
partners (Eckel and Grossman, 2001; Solnick, 2001; Bowles et al., 2007; Sutter et al., 2009;
Hernandez-Arenaz and Iriberri, 2018), the framing as a negotiation or an ask (Small et al.,
2007), communication mode (Bowles and Babcock 2013; Bowles 2013), and sharing norms
(Hernandez-Arenaz and Iriberri 2019b). Differences in preferences, such as risk aversion and
fairness concerns, may also play a role (see Croson and Gneezy 2009 and Niederle 2015 for a
review). Finally, Bursztyn et al. (2017) find that single women opt out of negotiation because
pursuing career enhancing actions may decrease their success in the marriage market.
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are generally on behalf of oneself; tend to be competitive; and it is often
ambiguous what may be negotiated.

Recognizing that men hold an advantage in labor-market negotia-
tions has led to initiatives that aim to reduce differences in negotiation
or in the effect such differences may have on outcomes. Some of these
may be characterized as “fixing-the-women” initiatives, whether it be for
women to negotiate more or improve their negotiation skills. Others
instead center on “fixing-the-institution” and include a direct ban on
negotiations, banning requests for salary history, and changing wage
transparency. We will review the literature on each of these initiatives
and the evidence on their effectiveness.

21.2 “Fixing the women”

The finding that men are more able and willing to negotiate in the
labor market tempt recommendations that women should mirror their
behavior by negotiating more and improving their negotiation skills.
While there is substantial public support for such programs, there has
until recently been little evidence on their effectiveness. This section
reports on research studying these “fix-the-women” initiatives and their
challenges.

21.2.1 Lean-In Recommendation

The finding that both men and women gain from negotiation and
that women are less likely to pursue such opportunities suggests that
women are leaving substantial lifetime earnings on the table (Babcock
and Laschever, 2003). This has led to a push for women to negotiate
more and to lean in (e.g., Sandberg 2013).
Exley, Niederle, and Vesterlund (2020, ENV henceforth) note that in

making the recommendation for women to lean in and negotiate more,
we are missing the counterfactual. Of course, the recommendation is
harmless if the “worst that can happen is that they say no.” However,
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there are many cases where instead negotiation is costly, and it is less
clear that negotiating more improves outcomes.7

ENV design an experiment to examine the effect of increased negoti-
ation. “Workers” and “firms” each perform a task, and then decide how
to split the surplus of their joint efforts. They run two versions of their
study: a “choice treatment,” where workers are offered an initial wage
and decide whether they want to accept it or instead negotiate; and
an “always treatment,” where workers still see an initial wage offer but
have to negotiate. Negotiations may last up to 3 minutes and are done
via anonymous chat messages. The joint firm-worker surplus is reduced
in the event of a bargaining impasse, as the worker and the firm then
each secure a payment that is lower than had the negotiation not been
initiated.
The ENV choice treatment confirms that women don’t enter all nego-

tiations: 34% of the time they take the initial wage offer and opt out
of the negotiation. This occurs although negotiations increase wages. In
fact, there is very little downside to women negotiating: 74% secure
final wages above the initially offered wage, and only 13% get a lower
final wage. Confirming field evidence, women often avoid negotiations,
although negotiations are beneficial.
To determine the counterfactual of increased negotiation, ENV

compare the outcomes women achieve when they avoid some negoti-
ations (choice treatment) to when they always negotiate (always treat-
ment). The treatment where participants always negotiate backfires—
there are no additional gains from negotiation and the share of nego-
tiations that decrease earnings increase to 33%. Rather than improving
women’s earnings, the additional negotiations decrease earnings and
make women worse off.

ENV show that selection is key to increased negotiations being costly.
Women know when it is beneficial to negotiate and they use that knowl-
edge to avoid costly negotiations in the choice treatment. Examination of
the counterfactual makes clear that the finding that “women who enter

7 Negotiations may be costly immediately (costs of time, disutility from asking); in the
future (backlash, reputation, future negotiation); or there may be costs from bargaining
impasse (affecting future collaboration, legal costs, or retraction of earlier offers).
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negotiations gain from doing so” does not imply that all women should
negotiate.
With the recommendation to lean in being directed at women, ENV

also ask if men are better at deciding when to negotiate. Results confirm
that men negotiate more often than women (74% vs 66% of the time)
and that they too gain from negotiation. However, comparing the distri-
butions of earnings between the “choice” and “always” treatments shows
no evidence that their decisions are superior to women’s. Nonetheless,
ENV confirm a greater push for women to negotiate. Respondents of
an online survey were more likely to recommend more frequent salary
negotiations for women than for men (75 vs 54%). In fact, participants
presented with information about the initial ENV experimental design
were willing to pay to remove the worker’s choice to opt out of the
negotiation. This willingness to restrict the choice arises despite an asym-
metry in information where the “paternalistic” participant only knows
the distribution of initially offered wages, while the worker knows the
initially offered wage and whether negotiation is likely to be beneficial.
Importantly, this willingness to pay to remove the worker’s negotiation
choice is more prevalent when faced with a female than a male worker.
The ENV study demonstrates that people are willing to pay to remove

women’s choice to negotiate, even though women know whether negoti-
ations benefit them, and increased negotiations decrease individual earn-
ings. The study serves as a caution against the blanket recommendation
that women should negotiate more.

21.2.2 Improving Negotiation Skills

Another approach to “fixing-women” is to improve their negotiation
skills. Evidence that experience improves negotiated outcomes has fueled
the expectation that negotiation training reduces the gender gap in
compensation. For example, the American Association of University
Women has initiated free nationwide negotiation workshops for 10
million women to “close the pay gap, one workshop at a time.” Although
substantial resources are used to improve negotiation skills, there is
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limited evidence of the impact such training has on salary negotiations,
let alone on gender differences in outcomes.8

An exception is Stevens et al. (1993) which has 60 MBA students
participate in two different negotiation programs. All participants first
receive a basic 4-hour negotiation training and are then assessed through
knowledge tests and salary negotiation simulations with confederates
who provide raises based on the successful use of negotiation tactics. This
first-stage assessment reveals a gender gap in negotiated salaries which is
found to result from men and women setting different goals for the nego-
tiation. Participants are then subjected to one of two negotiation training
programs: one emphasizing goal setting, and the other augmenting
training in goal setting with general self-management training.9 A
second-stage assessment reveals that although goal setting improves the
skills of both men and women, it has no differential effect and does not
eliminate gender differences in negotiation outcomes. The augmented
training does, however, improve skills more for women than men, closing
the gender gap. The authors find that augmented training works by
increasing the perceived control women have over negotiation outcomes.
Confidence is also shown to affect the effectiveness of training.
While Stevens et al. (1993) demonstrate that training can affect men

and women differently, training effectiveness is assessed in an environ-
ment where the response to negotiation is gender neutral. There is
ample evidence that the response to negotiation differs by gender, and
that women more than men may experience backlash. For example,
Bowles et al. (2007) report on experiments where participants evaluate
hypothetical job candidates after seeing interview transcripts and videos.
Treatments vary the candidate’s gender and whether the candidate asks
for higher compensation. Results show no gender difference in evalu-
ation in the absence of pay requests, and lower evaluation scores for
women who ask for higher compensation than men who do the same.

8 Evidence on the effectiveness of negotiation training on outcomes is mixed (Movius 2008).
For gender differences in negotiation performance, Mazei et al (2015) document that experience
reduces gender differences.
9 The augmented self-management training adds identifying performance obstacles, planning
to overcome obstacles, self-monitoring progress, and self-administering rewards. There is no
control group receiving no training in the study.
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Further, requests for higher compensation decrease willingness to work
with female candidates, while there is no effect for male candidates.

Importantly, Amanatullah and Morris (2010) show that backlash is
anticipated by women. In an experiment that varies whether participants
negotiate on behalf of themselves or on behalf of others, the authors
ask participants to report the salary threshold above which they think
they would be perceived as “pushy” and would cause the hiring manager
to “punish them for being too demanding.” Results show that women
anticipate backlash when negotiating for themselves, but not for others.
Further, the anticipated size of this backlash when negotiating for them-
selves is large with women asking for approximately 15% lower wages
and making larger salary concessions than men.
This literature suggests that training programs may backfire if they

encourage negotiations that subsequently result in backlash. Bowles and
Babcock (2013) and Bear and Babcock (2017) explore negotiation tactics
that account for gender norms and find that these can be effective in
reducing the gender gap in negotiation outcomes. Bowles and Babcock
(2013) show that relational accounts can improve negotiation outcomes
for women by reducing social backlash. Relational accounts include tech-
niques such as expressing concerns for organizational relationships and
using a “supervisor-excuse” script that validates a negotiation initiation
because someone else suggested it.

Bear and Babcock (2017) study priming techniques that reduce the
gender incongruency women experience when they negotiate for them-
selves. They vary whether prior to negotiating participants: (1) think of
situations where the use of assertive and forceful tactics helped them
succeed in a negotiation, and (2) imagine that they are negotiating on
behalf of a close friend. Participants were informed that these tactics
improve performance when negotiating on behalf of self. Subjects partic-
ipate in simulated face-to-face negotiations in a masculine buyer-seller
environment. Results show that in the absence of primes, men outper-
form women. Gender differences, however, disappear with primes. An
online study further investigates the effect of primes on negotiation
aspirations and shows in the absence of a prime, women have lower
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negotiation-performance aspirations than men, while no gender differ-
ences arise under primes. Interestingly, the aspirations of men do not
change across treatments while the aspirations of women do.

A recent study by Ashraf et al. (2020) explores the effect of negoti-
ation training on education rather than labor-market outcomes. A field
experiment with 2,366 grade 8 girls in Lusaka, Zambia randomizes girls
into three treatments (within schools): negotiation training, safe space,
and control. The negotiation treatment has participants attend six 2-
hour training sessions with material similar to that of a modified MBA
negotiation class. The safe space treatment consists of the same number
of 2-hour sessions but instead has girls play games, work on homework,
and spend time with each other.

Ashraf et al. (2020) find that negotiation training increases average
school enrollment in grades 10 and 11 by 10% relative to the control
treatment. The effect of the safe space treatment is smaller and not signif-
icantly different from the control or negotiation treatment when looking
at overall school enrollment. However, analysis of enrollment in high-
quality schools, which prepare girls for college entry exams, reveal no
impact of the safe space treatment and a positive impact of the nego-
tiation treatment. The impact on school enrollment grows over time,
indicating that benefits accumulate and may spill over to the labor and
marriage markets.
Together these studies suggest that negotiation training programs that

are comprehensive enough to increase women’s confidence and sense
of control over the negotiation may reduce the gender gap in negotia-
tion outcomes.10 However, the evidence on the impact of pure negation
training is more limited, and it is clear that such training needs to
account for the potential for backlash. Additional work is needed to
understand training effects on salary and promotion negotiations as well
as impacts on the gender gap in labor-market outcomes.

10 A recent study by McKelway (2019) examines self-efficacy/confidence training (rather than
negotiation skills training) and finds it increased women’s self-efficacy, employment, and income.
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21.3 Fixing Institutions

It has been argued that the first step should not be to “fix the women”,
but rather the institutions in which they work. Several such initiatives
seek to restrict negotiations by banning them, eliminating the possi-
bility of inquiring about past salary history, and by making wages within
organizations transparent. While the first two initiatives take as given
gender differences in negotiation and attempt to remove the effects of
such differences, the latter instead relies on the evidence that negotiation
differences are more prevalent when the negotiation is ambiguous.

21.3.1 Banning Salary Negotiations

Evidence that gender differences in negotiation skill contribute to the
gender wage gap along with concerns that negotiation skills rather than
productivity differences lead to variation in compensation, has led some
corporations to directly ban negotiations. For example, Reddit banned
negotiations in 2015 with the aim of eliminating the disadvantage
women have at the bargaining table. Other companies have followed,
and the policy has been noted as an effective way of eliminating wage
disparities (Kray, 2015). Negotiation bans, however, have their own chal-
lenges, as there is a risk associated with leaving it up to management to
secure equal pay for men and women.

Gihleb, Landsman, and Vesterlund (2020, henceforth GLV) explore
the effects of a negotiation ban. They argue that the extent to which a
negotiation ban is effective in reducing the gender wage gap depends on
the potential bias of the manager, and on why negotiation is effective
in raising compensation. For example, they show in a simple theoret-
ical model that if the decision to negotiate serves as a credible signal
on productivity, and the productivity distribution of men dominates
that of women, then men will negotiate more than women and secure
higher earnings. A negotiation ban could backfire in such a setting as
management will perceive men as more productive and pay them more
than women. A negotiation ban may similarly backfire if management is
biased against women and the negotiation serves to temper such biases.
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GLV use a lab experiment to study the effect of a negotiation ban.
They investigate manager-selected compensation in a between-subject
design. In one treatment workers may negotiate with management and
in another there is no negotiation option. Participants are matched in
triads, with each triad consisting of one manager and two workers. The
triad interacts for five rounds. Personal characteristics like age, gender,
and area of study are revealed to the manager. The two workers must
in each round perform a task, and their performance generates a profit
for the manager and a surplus that the manager must distribute between
the two workers. One worker is given a high-productivity task and the
other a low-productivity task. Uncertainty over the relative productivity
ensures variation in subjective assessment of worker effort and allows for
negotiations to signal productivity.

GLV’s negotiation treatment replicates the finding that men negotiate
more than women. Further, negotiating only improves compensation for
workers who are assigned the more productive task and it does so only for
men. Hence, negotiations increase inequality both between and within
the task and between men and women.
The negotiation ban is, however, shown to reduce inequality and the

relative pay advantage of men on the high-productivity task. In contrast
to the theoretical example and potentially biased management, GLV
show, consistent with the recent push to ban negotiation, that the ban
gives rise to equal compensation for men and women.

It may be questioned whether a negotiation ban is sustainable when
other firms engage in negotiation; whether it is advisable in the long
run, when high-quality employees may secure attractive outside offers
and require retention packages; or whether a ban will only be adhered
to by female workers. With these caveats in mind, the GLV evidence
suggests that corporations who wish to compensate for ability rather than
negotiation skill may benefit from eliminating negotiation with initial
recruits of unknown ability.
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21.3.2 Salary History Ban

A popular fix-the-institution initiative is to ban salary history requests,
and thereby allow employees to break the path dependency of wages.11

Such policies may, however, fail if employers statistically discriminate
against women in the same way that they discriminate against Black and
Hispanic men as a result of ban-the-box initiatives (see e.g., Agan and
Starr 2018; Doleac and Hansen, 2018, 2020). Further, it may become
a practice for workers to voluntarily disclose their salary histories, thus
eliminating the impact of the policy.

Agan et al. (2020a) provides a theoretical examination of Salary
History Ban (SHB) policies that incorporates workers’ decision to volun-
tarily disclose salary information and examines the implications this has
for different types of policy interventions. Using a survey they find that
workers can be classified into three types: always disclosers (25%), never
disclosers (17%), and policy compliers (58%); that men are more likely
to always disclose and less likely to comply than women; and consis-
tent with a contagion story, that willingness to disclose increases with
the proportion of others who do.

Despite SHB concerns, empirical estimates point to the policy
reducing the gender wage gap.12 Exploiting variation in US states that
have adopted SHB policies, McNichols (2019) and Sinha (2019) find
a 3–4% point reduction in the gender pay gap and no impact on
labor-force participation or turnover rates.

Experiments have also been used to study the impact of SHBs. Agan
et al. (2020b) conduct a field experiment where recruiters evaluate job
applications under randomly assigned salary-disclosure conditions. They
find that recruiters offer candidates lower salaries when disclosure is
banned. This is driven by lower beliefs about outside offers, lower candi-
date reservation wages, and lower candidate quality. Although the ban
increases equality across candidates, gender results are mixed. Disclosure

11 US estimates suggest that 25 to 50% of potential employees are asked to disclose past salary
(Hall and Krueger 2012, Barach and Horton 2020, Agan et al. 2020a).
12 By April 2019 some form of SHB was implemented in 12 states, 9 cities, and 3 counties in
the US (Sinha 2019).
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increases the salaries of men more than women, but it also improves the
callback rates of women without affecting those of men.13

21.3.3 Transparency

Another class of interventions instead aims to increase pay transparency
to reduce gender differences in negotiation. This includes permission to
discuss salary information, disclosing pay ranges, reporting pay statis-
tics by occupation and gender, and letting candidates know if and
when compensation is negotiable. Transparency allows individuals to set
similar negotiation expectations, and the hope that this reduces gender
differences in negotiation has in part motivated public transparency
policies.14

Indeed, Bowles et al. (2005) show that gender differences in nego-
tiated outcomes increase with the negotiation’s level of ambiguity. They
find, in a survey of MBAs, that the gender gap in starting salaries is larger
in industries with higher ambiguity in compensation. Similar results are
seen in an experiment they conduct where participants negotiate the
price of a good in a buyer-seller environment. Buyers are given the
bargaining range in both a high- and a low-ambiguity treatment, with
the latter adding a negotiation target. Results show gender differences in
negotiation in the high- but not in the low-ambiguity environment.

Leibbrandt and List (2015) study the effect of ambiguity on job appli-
cations and salary negotiation decisions. In a field experiment with 2,422
job seekers, they compare the response to low- and high-ambiguity job
postings. One treatment states that wages are negotiable and the other
has no such statement. Results show higher application rates for men

13 See also Barach and Horton (2020) which in an online labor market finds that removing
salary history causes employers to search more and evaluate more candidates. As a result,
candidates with lower past average wages are more frequently evaluated and hired.
14 Laws requiring firms to disclose salary statistics by gender and occupation are now in place
in numerous countries, including Australia, Austria, Denmark, Finland, Germany, and the
UK. The US has also seen a push for increased transparency, e.g., executive orders were
signed to prohibit federal contractors from retaliating against employees who discuss their
compensation (2014), and to require firms with government contracts to report average salaries
by gender (2016).
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than women in both treatments. However, the reduction of ambi-
guity decreases applications from men, while it increases applications
from women. Job applicants are classified into those that initiate negoti-
ations for higher pay, signal willingness to work for lower pay, and those
who do not initiate negotiations. When negation is ambiguous, men are
more likely to initiate negotiations for higher pay and less likely to signal
willingness to accept lower wages than women. However, these gender
differences disappear when it is clear that wages are negotiable.

Further evidence on the effect of transparency is seen in work exam-
ining the impact of information on the compensation obtained by
others. Major et al. (1984) conduct an experiment where participants
choose their compensation after completing survey work for 20 minutes.
Participants are given $4 and decide how much to keep as pay. Partic-
ipants record their pay and gender on a form which may or may not
contain information on compensation of others. A baseline treatment
keeps the form blank, while three social information treatments pre-
fill the form making it seem as though the information reflects the
compensation chosen by 8 previous participants. One treatment shows
that 4 men and 4 women paid themselves $2 on average, while the two
others show the average pay as $2.50 for one gender and $1.50 for the
other. Results reveal that men pay themselves nearly twice as much as
women when no information is provided; however, the social informa-
tion treatments cause men to decrease their pay, eliminating the gender
gap.15

While Major et al. (1984) find a differential response to “trans-
parency,” they do not examine the effect on negotiation outcomes.
Rigdon (2012) fills this gap in the literature by conducting an experi-
ment where participants play a modified ultimatum game where roles
as proposers and responders are earned at the beginning of the exper-
iment. The game is as follows: responders first make a cheap-talk pay
request, proposers then make a responder offer, and responders accept or
reject the offer. Treatments vary whether participants receive information
about the outcomes of previous sessions. A baseline treatment provides

15 A second experiment pays participants $4 and asks them to decide how much time they
want to work. Consistent with women asking for lower pay, they find that women work longer
than men and complete more and higher quality work.
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no social information, another treatment shows participants the distribu-
tion of pay requests made by male responders in the baseline treatment,
a third treatment additionally shows the average offer received per pay
request. Participants do not know that they only see male-responder
choices. The baseline treatment shows that women demand less, are
given lower offers, and ultimately earn less than men. As in Major et al.,
these differences disappear when social information is provided.
The studies above suggest that transparency may help eliminate gender

differences in negotiation initiation, salary requests, and negotiation
outcomes. However, transparency policies may also affect the morale
of workers, the productivity of firms, and the choices of employers.16

Recent work uses legislation on transparency to estimate the effect on
labor-market outcomes. Bennedsen et al. (2019) study the impact of a
Danish law passed in 2006 requiring firms with 35 or more employees
to report average salaries by occupation code and gender. They compare
firms with 10 to 34 employees, which did not have to report salaries,
to those with 35 to 50 employees who did. Results show that the trans-
parency law reduced the gender pay gap by decreasing the wage growth
for men relative to women. More women were hired and promoted
as a result of the policy. Productivity, however, decreased as did costs,
generating no overall impact on firm profits.

Baker et al. (2019) study the impact of public-sector salary-disclosure
laws in Canada. The authors exploit variation in when and where the
law took effect and find that the policy decreased the gender pay gap by
2% points (30%). Cullen and Pakzad-Hurson (2019) examine the effect
of pay transparency using data from an online labor-market platform for
low-skill work, TaskRabbit. Results show that employers are more likely
to equalize pay when workers complete tasks that allow them to learn of
the compensation of others, and this is further confirmed in an online
experiment. Although the study is not centered around gender differ-
ences in negotiation, the authors provide insights for policies seeking
to reduce the gender pay gap. They find that partial transparency poli-
cies which allow workers to endogenously choose whether to discuss

16 See also Card et al. (2012), Breza et al. (2018), and Mas (2017).
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salary information may backfire and cause the gender pay gap to increase
because men and women have differential communication patterns.

21.4 Conclusion

Men more than women succeed when negotiating over labor-market
outcomes, and gender differences in negotiation likely contribute to
the gender wage gap and to horizontal and vertical segregation in the
labor market. Numerous initiatives have been put in place to reduce
the effect of gender differences in negotiation, and our chapter reviews
recent advances in the literature to evaluate the potential impact of these
policies.

Our review makes clear that the literature is still at its infancy and
that many questions remain. The evidence points to serious challenges
of “fix-the-women” policies. Encouraging women to negotiate more
may backfire, because women correctly opt out of costly negotiations.
Caution is also warranted when training women to negotiate, as such
training, absent other interventions, may cause backlash or lower chances
of employment. Women do not appear to be “broken” and policies to fix
them may fail.
The evidence on the “fix-the-institution” initiatives suggests that these

are more effective in reducing gender disparities in the labor market.
Concerns of adverse effects of banning negotiations or salary history
requests have not materialized, and the empirical evidence points to
reductions in gender differences in negotiation outcomes. However, the
evidence is limited. A full assessment requires an understanding of how
these initiatives fare in the long run. The strongest and most consistent
evidence to date is seen for increased transparency. Numerous studies
confirm that gender differences in negotiation diminish when it is clear
what to expect from the negotiation. While wage transparency should
not be expected to eliminate all gender differences, the literature points
to it as an effective first step organizations and governments can take if
they wish to reduce gender differences in labor-market outcomes.
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