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Abstract

We conduct a series of experiments in which two subjects bargain over five options.
Following an experimental design closely related to De Clippel et al. (Am Econ Rev
104:3434-3458, 2014), we evaluate the performance of three bargaining mecha-
nisms: (@) one subject shortlists a block of three options before the other chooses
one among them, (/) both subjects veto options simultaneously and in a block, and
(y) both subjects veto options simultaneously and gradually one after the other. We
document that the non-symmetric shortlisting mechanism («) is highly efficient, but
our data also suggest the existence of a first-mover advantage as subjects become
more experienced. The simultaneous mechanism (f) is less efficient than (@) and
generates a high level of ex-post inequality. The gradual veto mechanism (y) is no
less efficient than (a), but has the important advantage of shutting down the possibil-
ity of any first-mover advantage.
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JEL Classification C78 - D7

1 Introduction

Situations in which two parties negotiate over a set of options abound. Project evalu-
ations, committee decisions, and the selection of arbitrators are a few instances of
the large variety of situations of bargaining between two parties. In legal settings,
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the standard bargaining situation involves two parties with (partially) opposing
preferences.

The early literature on two-person bargaining has taken an axiomatic perspective.
In most of these contributions, the “disagreement point” plays the important role
of an exogenous threat (Zeuthen 1930; Nash 1950, 1953; Harsanyi 1956), and even
determines the distribution of a surplus. The same is true for the game-theoretical
approach later initiated by Rubinstein (1982). Further, the importance of the exog-
enous threat culminates in the prominent experimental approach of two-person bar-
gaining, i.e., the ultimatum game (Harsanyi 1961; Giith et al. 1982).

The recent literature let aside the question of participation and concentrates on
the comparative properties of conflict resolution mechanisms used in practice.!
One of the objectives is to design bargaining rules or mechanisms that maximize
some welfare criteria. The theoretical results of Hurwicz and Schmeidler (1978) and
Maskin (1999) on two-person bargaining indicate that an ideal mechanism certainly
does not exist, making comparative and empirical investigations essential. Note that,
in reality, institutions often impose structure on negotiations. For instance, in the
US legal system, attorneys can reject some of the potential jurors of the jury trial
through a variety of mechanisms. A debate emerged in the legal doctrine on the
impact of these procedures on the jury composition (Bermant and Shapard 1981;
Flanagan 2015; Van der Linden 2018). The methods used for the selection of arbi-
trators and their consequences at the individual and aggregate level have also been
considered in the economics’ literature (see Bloom and Cavanagh 1986). In such a
setting, De Clippel et al. (2014) design a mechanism that works in two steps,” and
that we call the non-symmetric shortlisting mechanism.

- Non-symmetric shortlisting mechanism: In the first step, a subject vetoes n of
the 2n + 1 options. In the second step, her opponent vetoes n out of the n + 1 remain-
ing options. The outcome is the only option that remains.

By definition, this mechanism, denoted a henceforth, is non-symmetric between
the two subjects. The symmetry requirement, violated here, is an important concern
in the bargaining literature. Symmetry (or “anonymity’’) seems natural for defining
a legally binding protocol, and one can also argue that the absence of symmetry
makes the model incomplete: if symmetry is broken it must have been broken in
one way or the other (for instance randomly) and the way it is broken should be part
of the model. However, De Clippel et al. (2014) convincingly argue that the Non-
symmetric shortlisting mechanism is well-understood in the lab (this finding was
later confirmed by Camerer et al. (2016)), and an empirical evaluation of it should
concentrate on what results are produced by this mechanism.

! Note that we are implicitly referring to the literature on structured bargaining, where bargaining occurs
following some predetermined steps (see Camerer et al. 2019 for the distinction between structured and
unstructured bargaining). Yet, there is also an experimental literature on unstructured free-form bargain-
ing. For instance, Galeotti et al. (2019) focuses on efficiency and equity. They observe that many bargain-
ing outcomes are Pareto efficient and document the existence of a compromise effect, i.e., that subjects
tend to select equal-earnings outcomes.

2 De Clippel et al. (2014) designed their mechanism to minimize the number of rounds.
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We contribute to this empirical evaluation of two-player bargaining mechanisms
by adopting an experimental design very close to the one in De Clippel et al. (2014),
where players are matched by pairs and know each other’s preferences. They need to
select an option following the rules of a mechanism. We consider three mechanisms:
the previously mentioned non-symmetric shortlisting mechanism and two symmet-
ric variants: the simultaneous veto mechanism of Laslier et al. (2021) (denoted f)
and an original gradual vetoes mechanism (denoted y).

- (p). Simultaneous veto mechanism: simultaneously, each subject vetoes n
options out of the 2n+ 1 available ones and the outcome is a uniform lottery over
non-vetoed options.

- (y). Gradual vetoes mechanism: at each step and simultaneously, each subject
vetoes one option. This procedure goes on until either one or no option is left.
If one option is left, this option is the outcome. If no option is left, precisely two
options were removed at the previous step, and the outcome, in this case, is a lot-
tery over these two.

We compare these mechanisms in a series of profiles that exhibit different degrees
of disagreement over five options. The profiles are labeled A0, A2, A3, and AS. AO
exhibits full disagreement, i.e., subjects’ preferences over options are fully opposed,
whereas A5 depicts full agreement, i.e., subjects’ preferences over the options are
identical. Profiles A2 and A3 are intermediate, i.e., subjects agree on their worst
options but have opposed preferences over their most preferred ones. In A2 the sub-
jects agree on their worst two options and in A3 they agree on their worst three
options.

We experimentally evaluate whether the three mechanisms induce high levels
of ex-post satisfaction, measured over four dimensions. We first consider standard
measures of aggregate welfare: (i) the (utilitarian) efficiency of the outcome and (ii)
the inequality that it generates. We also explore the propensity of each mechanism to
select (iii) Pareto efficient options and (iv) consensual ones.

Our results show that the non-symmetric shortlisting and gradual vetoes mecha-
nisms outperform the simultaneous one regarding measures (i) and (ii). Moreover,
the level of inequality generated by the gradual vetoes mechanism is lower than or
equal to the one generated by the non-symmetric shortlisting mechanism depend-
ing on the profile. We also document the existence of a first-mover advantage in
the non-symmetric mechanism as subjects become more experienced, both in De
Clippel et al. (2014)’s data and in our own. Indeed, the order of play matters in this
mechanism. To understand this, one can think of the non-symmetric shortlisting
mechanism as a generalized version of the ultimatum game where the first mover
makes an offer, and the second subject chooses the offer (without an exogenous out-
side option in our setting). It is well documented that the first mover obtains a larger
payoff than the second mover. The same occurs in our setting.

In our two-person setting with no indifferences, an option is Pareto-efficient
when there is no other option preferred by both subjects. As our data show, the three
mechanisms under consideration achieve high levels of Pareto-efficiency, with some
differences depending on the preference profile.
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As to measuring the level of consensus (iv), we define a Fallback bargaining
option (or simply FB) as one that gives the highest possible level of utility to the
worse-off subject. For instance, if some option a is unanimously preferred, a is the
only FB option. If, by contrast, a and b are the top two options of each subject but
neither is unanimously preferred, both a and b qualify as FB. Note that, in our set-
ting where there are no indifferences, a F'B option is necessarily Pareto-efficient, but
the contrary need not be the case. Regarding the frequency of selecting FB options,
both the non-symmetric shortlisting and gradual vetoes mechanisms outperform the
simultaneous veto one.

As a final remark, one should note that by definition the simultaneous veto mech-
anism works in one step only and the non-symmetric shortlisting one in two steps.
In our five alternative profiles, the gradual veto mechanism required between 2 and
3 steps on average.” With more options, the distinction between the gradual mecha-
nism and the others would probably be stronger.

The rest of the paper is organized as follows. After briefly reviewing the litera-
ture, we lay down the model and the mechanisms. We then analyze the aggregate
experimental results under the different mechanisms, and we end by considering
individual behavior in the lab.

2 Review of the Literature

The literature on mechanism design is concerned with the design of procedures that
achieve efficient outcomes while giving guarantees players are treated fairly, i.e., the
functioning of the bargaining does not harm some players more than others. Yet, the
literature on implementation theory underlines that such design is far from trivial.
As shown by both Hurwicz and Schmeidler (1978) and Maskin (1999), one cannot
design simultaneous deterministic mechanisms that deliver exclusively Pareto opti-
mal options at any Nash equilibrium when preferences are unrestricted.* To circum-
vent such difficulty, the literature proposes to focus on dynamic games that involve
several stages or steps or on mechanisms involving lotteries, i.e., those allowing
randomization. In both instances, the implementation becomes more permissive,
which means that there are mechanisms that only admit Pareto-efficient outcomes
in equilibrium. The key that brings together the previously mentioned mechanisms
is the idea of vetoes. Anbarci (2006) considers the “VAOV" mechanism where play-
ers offer an option to the opponent that needs to validate the veto. Yet, this proto-
col involves many stages and subgame perfection becomes a bad predictor of actual

3 It takes at least two rounds to reach an option. In our data, 63% of all games finish after two rounds,
96% finish after a third round, and 100% finish after a fourth round.

4 The impossibility result can also be stated as “No Pareto efficient social choice rule is Nash imple-
mentable when the domain of preferences is unrestricted”. Dutta and Sen (1991) and Moore and Repullo
(1990) independently characterize the set of social choice rules that can be Nash implemented with two
players and show that suitable domain restrictions (especially in the Euclidean space) can overcome this
powerful negative result. In this sense, our contribution also speaks to the literature on partial honesty
(see Dutta and Sen 2012) and the one on King Solomon’s dilemma (see Perry and Reny 1999).
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experimental behavior. De Clippel et al. (2014) propose a two-stage game where the
first subject vetoes half of the options and the second one vetoes all but one of the
remaining ones. Barbera and Coelho (2022) design sequential games that selects one
of the FB options. Finally, Laslier et al. (2021) design simultaneous mechanisms
where each player vetoes a list of options, and the outcome is randomly picked
among the non-vetoed options.

3 Setting

Two players, denoted by i=1, 2, bargain over A, the finite set of options. For each
player i, we let >; denote her ordinal preferences over the options and >= (>1, >2)
be the ordinal preference profile. Since we focus on legal settings, where both
parties are given detailed information over the potential options, it makes sense
to assume that > is common knowledge. For each option x and each player i,
I(x,>;) = #{a € A|x >, a } denotes the number of options less preferred than x for
player i. Observe that / (x, > ,») measures in an ordinal manner how satisfied player i is
when option x is implemented: the larger / (x, >,»), the higher is x in the preferences
of player i.

We focus on the notion of fair compromise between two players. A natural first
step in this direction is Pareto optimality. If an option is not Pareto optimal (that is
less preferred than some other option by both players), it is usual to disregard it as
unappealing.

The set PO(>) = {x € A|i-'|ys.t.y > xfori=1, 2} consists of the Pareto optimal
options.

Remark that Pareto optimality does not suffice in this setting to single out a fair
compromise since, for instance, with fully opposed preferences (that is when they
disagree on how to rank every pair of options), all options are Pareto optimal. We
follow the literature in this regard and consider Fallback bargaining® as an appeal-
ing notion of compromise. To describe this notion, assume that for every preference
profile, each player (sincerely) assigns each option x a score equal to l(x, >i) the
number of elements less preferred than x. Fallback selects the options whose mini-
mal total score is the highest. The set of Fallback bargaining options is defined by
FB(>)=arg max ¢, min,_ , [(x,>;).

Any Fallback bargaining option is Pareto optimal under the assumption that no
player is indifferent between two options. Moreover, any profile admits one Fallback
bargaining option while there might two of them for some preference profiles.

In our experiments, we reward subjects with monetary payoffs (hence interper-
sonal comparability might be an issue). Although being formally defined for profiles
of (ordinal, non-comparable) preferences, Fallback bargaining, like the Borda rule,

5 The idea of Fallback bargaining (Brams and Kilgour 2001; De Clippel and Eliaz 2012) is also present
in the literature under different names: for instance, the Rawlsian arbitration rule in Sprumont (1993), the
Kant-Rawls social compromise in Hurwicz and Sertel (1999), the Unanimity Compromise in Kibris and
Sertel (2007) and the Maximin rule (Congar and Merlin 2012).
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Table 1 Preference profiles and A0 A2 A3 A5

Monetary payoff
monetary payoffs Y pay

*
*
*
%
B

a e a c a* b" a” a” €20
p* 4" b b b 4 b b €15
¢’ ¢’ ¢ a” c c c c €10
d b d d d d d d €5
e a* e e e e €0

introduces a kind of interpersonal comparability through the use of ranks. To get rid
of this potential problem, we design the monetary payoffs to be linear in the ranking
(see Table 1) so that a subject always receives € 20 for her best alternative, € 15 for
her second best, etc. We assume that if player i gets a monetary payoff u;(a) associ-
ated to option a € A, her utility equals u,(a); that is her utility equals the monetary
payoft she obtains. We consider that u;(a)>u;(b) <= a >; b and let u = (ul,uz)
denote the utility profile.

Moreover, the difference between the ordinal preferences and the monetary pay-
offs should not be a strong issue since, as explained in the sequel, our mechanisms
are ordinal in nature so that the equilibrium outcome simply depends on the ordinal
preferences over the options.®

4 Mechanisms

As discussed in the introduction, we study three different mechanisms using vetoes:
the non-symmetric shortlisting (), simultaneous (), and gradual vetoes (y) mecha-
nisms. For the sake of simplicity, we assume that there is an odd number of options,
i.e., #A = 2k + 1, but the different mechanisms can be adapted when there is an even
number.

4.1 Non-Symmetric Shortlisting Mechanism

We let A¥ denote the set of subsets of A consisting of exactly k options. The non-
symmetric shortlisting mechanism a: A*¥xAX¥—A requires that the first-mover,
denoted player i, announces a list Z; of k vetoed options and then the second mover,
player j with j # i, announces a list ; of k vetoed options among the non-vetoed
ones. The outcome a (7, ¢,)=A\,U?,) is the unique option that remains non-
vetoed after the players’ vetoes. As shown by De Clippel et al. (2014), for each
preference profile >, this mechanism admits a unique subgame perfect equilibrium
outcome.

6 This applies to the mechanism a (which is deterministic) but also to mechanisms f and y where lotter-
ies are involved as long as players’ preferences over lotteries satisfy stochastic dominance.
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The following strategies always constitute an equilibrium:

1. Z,: Player 1 vetoes her worst k options in the top k+ 1 options of player 2,
2. 7, Player 2 vetoes her worst k options in A\Z|.

The equilibrium outcome (unique for all equilibria), which we denote 0; ,(>), is
the option selected at equilibrium when 1 moves first and 2 moves second:

Best option for Player 1

A
r Y

01,(>) = max {a € All(a,>,) > k} (1)

~
Not among the worst k for Player 2

In other words, 0, ,(>) represents the most preferred option of Player 1 over the
k + 1 most preferred ones of Player 2. To see the logic behind (1), observe that the
outcome is never among the worst k options of either Player since both have k veto
rights. Still, Player 1 has an advantage: she vetoes first so that she can induce her
best option among the best k + 1 options of Player 2 (i.e., not the worst k options
of Player 2). Similarly, when Player 2 moves first, the outcome equals o, ; (>), the
most preferred option of Player 2 over the k + 1 most preferred ones of Player 1.” For
some preference profile >, neither o, , (>), nor 0, | (>) are F'B options.

The following examples (later used in the experiment in the profiles A2 and A3)
illustrate the advantage that Player 1 enjoys in this mechanism assuming that both
players play strategically.®

Preferences are such thata >, b >, ¢ >, d >, eand ¢ >, b >, a >, d >, e. This
means that both players agree over their worst two options (d and e) but disagree
over their top three (a, b and c). If Player 1 vetoes b and c, the only rational choice
for Player 2 is to veto d and e, which leads to a as a final choice so that Player 1 is
more satisfied than Player 2 (i.e. [(a, >,)=4>{(a,>,)=2) whereas we the contrary
will arise if Player 2 moves first.

If one considers preferences a >, b >, ¢ >, d > eandb>,a>,c>,d >, e, a
similar phenomenon arises. Being rational leads Player 1 to veto b and c, then Player
2 to veto d and e so that a is the final outcome. Player 1 is again more satisfied than
Player 2 (i.e., l(a,>,)=4>1(a,>))=3).

4.2 Simultaneous Mechanism
The simultaneous mechanism f: A¥x A¥— A requires that, simultaneously, each

player i announces a list £; of k vetoed options. It follows that any option in the union
of £, and 7, is vetoed. The outcome f (£, £,) =uni(A\(Z,U%,)) is a uniform lottery

7 If one randomizes the identity of the first mover, the set of subgame-perfect equilibria outcomes for
each preference profile equals 0, , (>) Uo; , (>). This guarantees ex-ante fairness but no ex-post fairness.
In this paper, we focus on ex-post fairness.

8 We would like to thank an anonymous referee for suggesting this example.
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over the non-vetoed options.” When the two players veto disjoint sets of options (i.e.
£,U¢,=), the mechanism selects the option x which is the unique non-vetoed one
(i.e. x=A\(ZUL))).

Under mild assumptions concerning the extension of preferences to lotteries,
this game admits a pure-strategy equilibrium for each preference profile >.!° The
game in general admits several equilibria, but at each equilibrium, a unique option
is selected, and this option is Pareto efficient. The set of pure-strategy equilibrium
outcomes coincides with the set PV(>), the Pareto-and-veto rule whose definition is
as follows:

Not among the worst k for Player I ~ Not among the worst k for Player 2
N\ 7\

PV(>) = r{a € All(a.>) zk; n EaeAIl(a,>2) zkf n  POC>)
——

Pareto optimal options
@)
In other words, the simultaneous mechanism selects the Pareto efficient options
that are not among the k least preferred options of any of the players. For each
xEPV(>), any pair (¢, ¢,) with £,n¢,=¢ that satisfies the following properties
constitutes an equilibrium selecting x:

1. ¢, vetoes k options less preferred than x for 1,
2. ¢, vetoes k options less preferred than x for 2.

It can be shown that any PV option is an equilibrium outcome, so that for each
>, FB(>) C PV(>). The reason for this is that any FB option is Pareto efficient. To
see why it is never among the worst k options for each player, it suffices to note that
for each preference profile, there is some option that is ranked among the top k+1
options or better by both players (see Brams and Kilgour 2001) for a precise analysis
of the "depth" of the FB options, that is the minimal ranking that players associate
FB options with).

4.3 Gradual Vetoes Mechanism

In the gradual vetoes mechanism, players simultaneously veto options until one
or none is left. This takes several steps. More precisely, at each step, both players
(simultaneously) veto an option. If exactly one option remains, this option is the
outcome. If all options have been vetoed, this means that exactly two options were
non-vetoed at the previous stage and that both were vetoed, the outcome is a random
draw over these two options. This process is repeated until an outcome emerges.

For the sake of precision, we introduce its formal definition. For each player i and
each step ¢, we denote by V' the option vetoed by player i at step ¢ and by v'= {v{, v}, }

° For any set X C Auni(X) is the uniform lottery over elements in X. A uniform lottery is defined as fol-
lows: for any X C A, uni(X) is the lottery such that uni(X), = ﬁ if i € X and uni(X); = 0 otherwise.
10 See Laslier et al. (2021) for a precise analysis; stochastic dominance suffices to prove this claim.
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the set of vetoed options at stage ¢. The set A’ contains the non-vetoed options at
the beginning of step . It is defined in a recursive manner: letting A' = A, we have
A' = A=I\v"~! for each ¢ > 2. The rules of the mechanism are as follows. At any step
t

1. If#A’ > 2, then each playeri = 1,2 announces vlf in A’
2. If A’={x}, x is the outcome.
3. If A'=¢, then A'=v'"!={x,y} for some x,y € A with x # y.

The outcome is uni(x,y), a uniform lottery over the two vetoed options in stage
r—1

Observe that the number of steps is endogenous; in our experimental setting with
5 options, it can vary from 3 (when the players veto disjoint options in steps 1 and
2) to 5 steps (where both players veto the same option in steps 1 to 4). While the
set of subgame-perfect equilibria outcomes is large, it can be shown that it never
contains an element among the worst two elements of a player. Moreover, the next
remark and proposition underline two properties of the subgame perfect equilibrium
outcomes.

Remark The gradual vetoes mechanism may lead to Pareto-dominated options in a
subgame perfect equilibrium.

To see why, consider the following preference profile witha >, b >, ¢ >, d >, e
anda >, b >, ¢ >, d >, e. The unique FB option is a. Consider the following strat-
egy profile:

1. Step 1: Player i vetoes a.
2. Foranyt > 1step t: Player i vetoes her least preferred option in A”.

This strategy profile leads to b. Given that the opponent vetoes « in the first step,
the best possible outcome that a player can reach is b. It is hence a subgame perfect
equilibrium. Yet, this equilibrium requires that both players veto their most preferred
option, a highly unlikely situation in an experimental setting.

Imposing this behavioral restriction leads us to prove our formal result on the
gradual vetoes mechanism (see “Appendix A” for a proof).

Proposition 1 Assume that (i) players only use weakly undominated strategies and
(ii) their preferences over lotteries satisfy stochastic dominance. In the profiles used
in the experiment, any subgame perfect equilibrium of the gradual vetoes mecha-
nism selects a FB option and, for any FB option, there is an equilibrium that imple-
ments it.
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5 Experimental Design

We conducted experiments between June 2019 and October 2020 in the PSE and
CREST experimental labs.!! In each session, 20 subjects play 40 games. In each
game, each subject is paired with another one. Their monetary payoffs are common
knowledge and no communication (via chat, in person, or cellphones) was allowed.
They play together, then see the result of their game on their screen, i.e. the option
selected, and start again in the next game. At the end of the 40 games, the computer
selects 10 games randomly, and the subjects receive the sum of their gains in these
games. The experiment was computerized using zTree (Fischbacher 2007).12

In our experimental sessions, we tested the mechanisms described above: the
non-symmetric shortlisting mechanism, the simultaneous mechanism, and the grad-
ual vetoes mechanism. For the sake of simplicity, each session was based on a single
mechanism. It is thus a between-subject design. We feared that confronting subjects
with multiple mechanisms would confuse them.

For each mechanism, we ran three sessions. Given that there are 20 subjects (and
so 10 pairs of subjects) and 40 games, there are 400 games per session. A priori, we
should thus have 1200 observations for each mechanism. Yet, for one session in the
simultaneous mechanism and another one in the non-symmetric shortlisting mecha-
nism, there were only 16 subjects and thus eight pairs. The data points for these
mechanisms are then 1120 each. Likewise, there were only 18 subjects and 9 pairs in
the three sessions with the gradual vetoes mechanism, so there are 1080 data points
for this last mechanism.

In each game, the subjects need to select an option among five available options.
In the non-symmetric shortlisting mechanism, one subject in each pair is the first
mover. This first mover selects three out of five options. The second mover then
selects one option in this shortlist. In the simultaneous mechanism, both subjects
select at the same time three out of five options. If there is only one option in com-
mon, this option is selected. If there are several options in common, the computer
breaks the tie by randomly selecting one option among the tied ones. In the grad-
ual vetoes mechanism, the subjects simultaneously remove one option. Then, after
observing the remaining options, each of them removes again one option simultane-
ously. These "rounds of elimination" are organized until only one option remains. In
case the two last options are removed at the same time, the computer breaks the tie
randomly in selecting one of the two tied options.

To give the possibility to subjects to coordinate and learn, we let them play sev-
eral games together before reshuffling the pairs. In particular, we organized five rep-
etitions of the same game with the same two subjects. Then, the pairs were randomly

' To avoid any lab effect, we reproduce the entire analysis in restricting the sample to data coming from
the lab in which we covered all: CREST. The results are remarkably similar, see "Appendix D".

12 The full instructions as presented to subjects at the beginning of the experiment are in the supplemen-
tary material. After reading instructions and before starting the experiment, we let subjects answer a quiz
about the rules to facilitate their understanding. The quiz questions are also available in the supplemen-
tary material.
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Table 2 FB options and

equilibrium predictions A0 A2 A3 AS
0,(>) c a a a
051(>) c c b a
PV(>) c a,b,c a,b a
FB(>) c b a,b a
Maximal sum of €20 €30 €35 €40

payoffs

reshuffled and there are five more repetitions of the same game. After this, the pref-
erence profile changed, and it started again with 235 repetitions. The experiment
was run over four different preference profiles, chosen in order to exhibit an increas-
ing degree of agreement among the subjects. For the sake of clarity, we denote them
as follows:

AO: The preferences of subjects are exactly opposed, the level of agreement is 0.
A2: Subjects agree on the two worst options (d, ) and have opposed preferences
on the others.

A3: Subjects agree on the three worst options (¢, d, ¢) and have opposed prefer-
ences on the others.

AS5: Subjects fully agree about all five options.

Table 1 presents the four preference profiles which we consider in the experi-
ment. We indicate with a "*" the options that are Pareto-efficient (for instance, all
the options are Pareto- efficient in AQ). Moreover, we write in bold the FB options in
Table 1. For instance, c is the unique FB option in AO whereas a and b are both FB
in A3.

The monetary payoff associated with an option depends on its rank in the sub-
ject’s preference. As shown in Table 1, the option ranked first gives the subject a
payoft of € 20 whereas the option ranked fourth is associated with € 5. The order in
which the subjects play with these preference profiles varies by session but is identi-
cal for all three mechanisms. In all of them, we start with profile AQ (full disagree-
ment). Since this profile is straightforward in terms of theoretical predictions, we
see it as a way for subjects to familiarize themselves with the experimental design.
Then, the order is A2, A3, AS in a session, A3, A5, A2 in another one, and finally
A5, A2, A3.

For the sake of clarity, Table 2 shows, for each profile, the different theoretical
predictions for the non-symmetric shortlisting mechanism (denoted o, , and o, ,), for
the simultaneous mechanism (the prediction is PV, see Sect. 4.2) and for the grad-
ual vetoes one (the prediction is FB see Sect. 4.3). The last row of Table 2 shows
the utility associated with the option that maximizes efficiency (that is the sum of
payofts).
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Table 3 Non-symmetric shortlisting mechanism: efficiency and inequality

Benchmark (random selection)  De Clippel et al. (2014) Our Data
Effi- Inequal-  First- Effi- Inequal-  First- Effi- Inequal-  First-
ciency ity mover ciency ity mover ciency ity mover
A0 20.00 12.00 0.00 20.00 2.50 -1.18 20.00 2.50 -0.43
@) (0.00) (0.00) ) (0.00) (0.25)
A2 20.00 2.00 0.00 27.78 6.11 3.43 27.39 2.79 -0.14
@) (0.00) (0.00) @) (0.00) (0.65)
A3 20.00 4.00 0.00 34.42 4.85 2.76 30.45 3.80 0.95
@) (0.00) (0.00) @) (0.00) 0.25)
A5 20.00 0.00 0.00 38.04 0.00 0.00
© © ©
Pf5  20.00 10.00 0.00 26.03 7.83 3.14
) (0.00) (0.00)

Entries are means. The benchmark is calculated from an average of random selections

In parentheses are p-values of r-tests testing equality between means of benchmark versus means
of De Clippel et al. (2014)/our data (two-tailed). Profile 5 is a>, b>, ¢ >, d >, e versus
e >, c>,a>,b>,d. N percell=440 (De Clippel et al. 2014), 280 (our data)).

6 Aggregate Results with the Non-Symmetric Shortlisting
Mechanism

We first present the experimental results regarding the non-symmetric shortlisting
mechanism. We report results from our experiment, as well as a re-analysis of those
from de Clippel et al. (2014) who use a similar experimental design with the excep-
tion of a single preference profile.'

As argued in the introduction, we focus on several measures to understand
the outcome of each game. For each outcome x, we define its efficiency by
u_1(x) + u_2(x), that is the sum of monetary payoffs of subjects 1 and 2, and its
inequality by lu_1(x) — u_2(x)l, the absolute value of the payoff difference between
subjects. We also define the first-mover advantage, measured for each outcome x as
u_1(x) — u_2(x), the payoff difference between the first and the second mover. The
inequality measures how different the payoffs are between the two subjects whereas
the first-mover advantage measures the difference in favor of the subject playing
first.

Table 3 presents data from a benchmark (i.e., random selection), from De Clip-
pel et al. (2014), and from our data. The benchmark is simply a simulation of the
measures if an option was selected randomly. We observe that the non-symmetric
shortlisting mechanism is close to selecting the most efficient outcome (see Table 2

13 This additional profile, Pf5 is equal is a >, b>, ¢>, d>, evs e>, ¢>, a>, b>, d. Note
that we also standardized the payoff from O to 20 in their data to make their results comparable to ours.
In their experiment, stage payoffs range from O to 1 with a scale of 0.25 whereas our stage payoffs range
from 0 to 20 with a scale of 5. In both experiments, the monetary payoff that a subject associates to an
option is simply linear with its rank.
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for the maximal sum of payoffs at each profile). The main shortcoming of this mech-
anism seems to be related to the difference between the subjects’ payoffs. First, we
see that inequalities are positive and statistically significant compared to the bench-
mark. They range from 2.5 to 7.83, except in A5 where the subjects’ preferences are
identical and hence inequality is necessarily O.

The data from De Clippel et al. (2014) also show that the first-mover gains on
average around 3 full points more than the second mover in most profiles (statis-
tically significant at p<0.01 compared to the benchmark). This is a substantial
advantage given that the average payoff in their experiment is 13.52 (with a standard
deviation of 4.77). A first-mover advantage also appears in our experimental data
in profile A3 where the difference in payoffs between the first and second mover is
around 0.95, for an average payoff of 14, and a standard deviation of 5. Although
small, this difference is still statistically significant (p <0.01).

Note however that the first-mover advantage is absent in some profiles, espe-
cially in our experimental data. In profiles A0 and A2, we even observe a nega-
tive first-mover advantage ( a negative first-mover advantage means that the second
player obtains, on average, a larger payoff than the first player). We interpret this
as an effect of subjects having other-regarding preferences like equity or altruism.'*
Note, however, that the very possibility of the existence of a first-mover advantage
(or disadvantage) justifies the search for a symmetric mechanism. Furthermore, we
report in “Appendix B” the evolution of the first-mover advantage as the experiment
advances. We find that the difference in payoffs between the first and second sub-
jects increases when subjects get used to the experiment. In A2 for example (con-
flicting preferences over the three first options), it goes from —1.62 during the first
20 rounds of the experiment to 0.45 during the last 20 rounds.

We now focus on Pareto efficiency and the rate at which FB options are selected.
Recall, as argued in the theoretical analysis, that the outcome reached by subgame
perfection in any profile corresponds to the most preferred option of the first-mover
over the three most preferred ones of the second-mover. This option is Pareto effi-
cient but need not be FB. Both hypotheses seem to be validated in the data: selected
options tend to be Pareto-efficient but might fail to be FB.

More precisely, regarding Pareto efficiency, Table 4 indicates that in the vast
majority of observations, the selected option is Pareto efficient. This is rather clear
in the data collected by De Clippel et al. (2014), in which such options are selected
about 90% of the time. We also find this pattern in our replication data, although the
rate of selection of Pareto efficient options is smaller, especially in A3. Yet, even in
this profile, the pairs of subjects manage to reach a Pareto-efficient option, 76% of
the time.

4 See De Clippel et al. (2014) section D for a discussion on the role of other-regarding preferences in
their data. Note that we also attribute the differences between the results in the data of De Clippel et al.
(2014) and our data to the nature of the sample. De Clippel et al. (2014) conducted their experiment with
a sample of undergraduate students in economics and social sciences, whereas we conducted ours with
a more diverse sample in which students do not represent a majority of subjects. Evidence shows that
students tend to be less generous than non-students, while not particularly better at coordinating (see
Carpenter et al. 2008; Falk et al. 2013; Belot et al. 2015 and Bol et al. 2016 among others).

@ Springer



1158 D.Bol et al.

Table 4 Non-symmetric

A Benchmark (random De Clippel et al.  Our data
shortlisting: Rates of Pareto-

. . selection) (2014)
efficient and FB options
Pareto FB Pareto FB Pareto FB
A0 100% 20% 100% 82% 100% 82%
© 0.00)0 () (0.00)
A2 60% 20% 89% 28% 88% 60%
() (0.00)  (0.00)  (0.00)
A3 40% 40% 97% 97% 76% 76%
() (0.00)  (0.00)  (0.00)
A5 20% 20% 91% 91%
(0.00)  (0.00)
Pt5 40% 40% 90% 90%

(0.00)  (0.00)

Entries are proportions. The benchmark is calculated from an aver-
age of random selections. In parentheses are p-values of r-tests
testing equality between proportions of benchmark versus propor-
tions of De Clippel et al. (2014)/our data (two-tailed). Profile 5 is
a> b> c>d> eande>,c>, a>, b>,d. N per cell=440
(De Clippel et al. 2014), 280 (our data)).

Moreover, Table 4 reveals that the non-symmetric shortlisting mechanism often
fails to select a FB option and that the frequency with which this failure occurs
depends on the profile. In A0, for instance, in which subjects have conflicting prefer-
ences over all five options, subjects coordinate over ¢ “only" 82% of the time. Most
worrying, in A2, in which subjects agree on their worst two options, subjects coor-
dinate over b only 28% of the time (De Clippel et al. 2014 data) or 60% of the time
(our data).

7 Aggregate Results with Alternative Mechanisms

We now evaluate the performance of the alternative mechanisms in our data.'> By
design, these mechanisms give the possibility to have ties between several win-
ning options. Mimicking the design of the experiment as experienced by subjects
in the case of ties, we calculate the results below by selecting a single winning
option among tied options. However, in Table 7 below, we also consider the full
implications of ties for our indicators of performance.

We start our evaluation of the performance of the alternative mechanisms with
efficiency and inequality. All profiles merged, the efficiency variable has a mean
of 28.65 (with a standard deviation of 9.20) and the inequality one has a mean of
2.24 (with a standard deviation of 4.04). Table 5 shows the poor performance of

15 Full results can be found in “Appendix B.3”. We also report some regression analysis of the data in
"Appendix F", in which we account for the non-independence of the observations at the experimental-
session level.
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Table 5 Comparison of

. 4 Simultaneous Gradual
mechanisms: efficiency and
inequality Efficiency Inequality Efficiency Inequality
A0 20.00 3.07 20.00 3.04
© 0.25) © 0.27)
@) (0.95)
A2 28.18 3.57 27.00 1.30
0.17) (0.05) (0.55) (0.00)
(0.06) (0.00)
A3 28.37 3.23 29.74 3.59
0.01) (0.00) (0.35) (0.26)
(0.09) 0.07)
A5 35.18 0.00 39.52 0.00
(0.00) © (0.00) ©
(0.00) ©

Entries are means. In parentheses are p-values of r-tests testing the
equality of means between shortlisting versus simultaneous/gradual
(first row of parentheses) and between simultaneous versus gradual
(second row of parentheses) (two- tailed). N per cell =280 (shortlist-
ing and simultaneous), 270 (gradual)

the simultaneous mechanism compared to the non-symmetric shortlisting one. In
some profiles, both achieve similar efficiency levels, but in others, the non-sym-
metric shortlisting mechanism is substantially and significantly (p <0.01) more
efficient (by 2 or 3 points, i.e., 30% of the standard deviation). By contrast, the
gradual vetoes mechanism is as efficient as the non-symmetric shortlisting one.
The differences in means are not statistically different under most profiles, and
when they are (in AS5), it is because the gradual vetoes mechanism is more effi-
cient than the non-symmetric shortlisting one, by around 1.50 (i.e., 16% of the
standard deviation).

Inequality follows the same trend: it is generally higher with the simultaneous
mechanism (by 0.5 or 1 point, i.e., 20% of the standard deviation), and this differ-
ence is statistically significant (p <0.05) in many instances. By contrast, the gradual
vetoes mechanism is not more unequal than the non-symmetric shortlisting one.
The only profile for which inequality is statistically significantly different (p <0.01)
between the two is A3, but the difference is in favor of the gradual vetoes mech-
anism: — 1.50 (i.e. 35% of the standard deviation). Furthermore, it is important to
remember that, although the non-symmetric shortlisting mechanism is not more
unequal than the gradual vetoes under most profiles, it still gives an advantage to the
first mover in several profiles (see Table 3 above), which indicates that a difference
between the two is the asymmetry between subjects induced by the order in which
subjects play in the non-symmetric shortlisting mechanism.'®

16 We also present the (absence of) first-mover advantage under the alternative mechanisms in “Appen-
dix C”. This is not surprising given that which subject "plays first" is purely artificial in these symmetric
mechanisms in which all subjects play at the same time.
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Table 6 Comparison of

. Simultaneous Gradual
mechanisms: Rates of Pareto-
efficient and FB options Pareto Consensus Pareto Consensus
A0 100% 76% 100% 76%
© 0.12) © (0.09)
) (0.89)
A2 92% 56% 87% 74%
0.12) (0.35) (0.87) (0.00)
(0.09) (0.00)
A3 65% 65% 72% 72%
(0.00) (0.00) (0.26) (0.26)
(0.07) (0.07)
A5 1% 1% 96% 96%
(0.00) (0.00) (0.01) (0.01)
(0.00) (0.00)

Entries are proportions. In parentheses are p-values of t-tests testing
the equality of proportions between shortlisting versus simultaneous/
gradual (first row of parentheses) and between simultaneous versus
gradual (second row of parentheses) (two-tailed). N per cell=280
(shortlisting and simultaneous), 270 (gradual)

Our data is consistent with several possible explanations for these differences in
inequality between the mechanisms. One possible explanation is that subjects find
easier to coordinate under the non-symmetric shortlisting and the gradual vetoes
mechanisms than under the simultaneous mechanism. When this coordination can
lead to more equal outcomes than prescribed by the equilibrium, the subjects seem
to adhere to these outcomes, as is the case in the profile A2, where options (a) and
(c) should be reached but where () is ultimately more often the final outcome (see
“Appendix B”). Another plausible explanation is that if the first mover is generous
enough to include the less unequal option in her list, the second mover reciprocates
by selecting this option and ignoring other options that benefit her even further. Yet,
one can wonder whether similar behaviour should also arise with the simultaneous
mechanism, along the repeated interactions that we implement in our protocol. A
third explanation could simply be that subjects fail to identify good strategies in
the simultaneous mechanism because it requires exact beliefs about the opponent’s
behavior. Wrong beliefs might induce mistakes which, in turn, generates that both
players put vetoes on the same alternatives (this seems to be in line with the results
of Table 8). Under the gradual vetoes, these beliefs play a secondary role in all non-
final stages: indeed, whenever a subject puts a veto on the same alternative as her
opponent, this veto is not wasted, as she can still veto another alternative in the next
round. This can generate more cautious behavior with the simultaneous mechanism
as shown in “Appendix H”."”

7 We find a small negative correlation between the number of cautious vetoes and the gains in the
simultaneous mechanism (— 0.06) whereas this correlation is positive for the other mechanisms (between
0.02 and 0.08).
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Table7 Comparison of mechanisms: Rates of Pareto-efficient and FB options considering ties

Simultaneous Gradual
Pareto-only FB-only Ties Pareto-only FB-only Ties
A0 100% 63% 32% 100% 71% 11%
© (0.00) © (0.00)
) (0.05)
A2 87% 35% 58% 86% 65% 16%
(0.70) (0.00) 0.59) 0.21)
(0.87) (0.00)
A3 36% 36% 72% 70% 70% 21%
(0.00) (0.00) (0.13) 0.13)
(0.00) (0.00)
AS 47% 47% 52% 96% 96% 1%
(0.00) (0.00) (0.03) (0.03)
(0.00) (0.00)

Entries are proportions. In parentheses are p-values of #-tests testing the equality of proportions between
shortlisting (Table 6) versus simultaneous/gradual (first row of parentheses) and between simultaneous
versus gradual (second row of parentheses) (two-tailed). N per cell =280 (simultaneous), 270 (gradual)

Table 6 also shows that the simultaneous mechanism does not perform as well
as the non-symmetric shortlisting one when it comes to the rate of Pareto efficient
and FB outcomes. In A3 and A5, the rate at which a Pareto-efficient or FB option is
selected drops by 10 or even 20% points compared to the non-symmetric shortlisting
mechanism (statistically significant at p <0.01). In these profiles, it is difficult for
subjects playing simultaneously to coordinate on who is going to remove the Pareto-
dominated options and select the Pareto-efficient and FB options, that is a or b (see
below for a detailed analysis of the strategies adopted by subjects).

The gradual vetoes mechanism performs better. The rates at which Pareto-effi-
cient and FB options are selected approach those of the non-symmetric shortlisting
mechanism. The difference in rates is never larger than 6% points and not statisti-
cally significant at a level of p<0.01, except in A2 and A5 in which the gradual
vetoes mechanism performs even better than the non-symmetric shortlisting one.
This is for example the case in A2, in which the subjects have conflicting prefer-
ences over the three first options. The rate at which the FB option (b) is selected
increases by 14% points (statistically significant at p <0.01).

An important issue with these alternative mechanisms is that they can lead to
ties, i.e., the selection by subjects of several options. In our experiment, these ties
are broken by a lottery in which the computer selects an option randomly among the
tied options. Ties need not be a bad outcome; their adequacy depends on the profile.
For instance, in A3, one may argue that the ideal outcome rejects the three Pareto-
dominated options c, d, e but uses a fair lottery on the a and b. However, in the unan-
imous profile (A5) a tie is obviously a bad result. Overall, 33% of all the games in
our data end up with a lottery, but there are some differences between mechanisms:
54% of lotteries with the simultaneous mechanism, and only 12% with the gradual
vetoes. To evaluate the performance of each of these mechanisms, we re-calculate
Table 6 by giving the rate at which all Pareto-inefficient options have been excluded
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by the subjects (i.e., if there is a tie, it only includes Pareto-efficient options), and
the rate at which all non-FB options have been excluded (i.e., if there is a tie, it is
between FB options only).

Table 7 reveals that the performance of the alternative mechanisms drops when
we take ties into account. The most affected one is the simultaneous mechanism.
This is not surprising given that it has a much higher rate of tied games than the
gradual vetoes one. Under the simultaneous mechanism, the rate at which subjects
manage to remove all Pareto-inefficient and non-FB options drops well below those
of the non-symmetric shortlisting mechanism, by up to 40% points. The differences
are almost always statistically significant at a level of p<0.01. In A3, these rates
even fall below the random benchmark (36% vs 40%).

Yet, Table 7 shows that the gradual vetoes mechanism still performs well even
with this measure of performance that takes ties into account. In most profiles, the
rates at which subjects manage to remove all Pareto-inefficient or non-fB options
are very similar to those of the non-symmetric shortlisting mechanism. The largest
difference, and the only one that is statistically significant at a level of p<0.01, is a
difference of 7% points for the selection rate of FB options in AQ. The other differ-
ences are smaller and not statistically significantly different from 0. Furthermore,
the gradual vetoes mechanism performs better than the non-symmetric shortlisting
mechanism one in A5 (96% vs 91%, statistically significant at p <0.05). This is thus
clear evidence of the performance of the gradual vetoes mechanism is a strong alter-
native to the non-symmetric shortlisting mechanism that leads to similar rates of
performance without introducing any asymmetry between subjects.

8 Results of Individual Decisions

As a final step in our analysis, we analyze the individual decisions made by the sub-
jects in the simultaneous and gradual vetoes mechanisms.

We focus on the rate of vetoes that are put on the same options by both sub-
jects.!® This indicates whether subjects manage to coordinate to remove the unde-
sirable options. By definition, there cannot be common vetoes under the non-sym-
metric shortlisting mechanism. We thus focus on the simultaneous and gradual
vetoes mechanism. To make the results comparable across mechanisms, we focus
on the two first vetoes put by each subject under both mechanisms. In the case of
the simultaneous mechanism, this means analyzing the universe of decisions made
by subjects. For the gradual vetoes mechanism, this means focusing on the two first
rounds of elimination. In 63% of cases, the game stops there because there is only
one option left. In “Appendix F”, we report the results for all rounds of eliminations.

13 In “Appendix G”, we explore other forms of strategies and find some interesting patterns, in particu-
lar, that subjects are more aggressive under the mechanism with gradual vetoes. However, we focus in
the main text on the rate of same vetoes as it is the most striking difference between mechanisms and the
one that really explains the aggregate results.
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Table 8 Comparison of

. T Simultaneous Gradual
mechanisms: individual
strategies Same vetoes Same vetoes
A0 19% 8%
(0.00)
A2 36% 25%
(0.00)
A3 47% 30%
(0.00)
A5 39% 26%
(0.00)

Entries are proportions of vetoes that are put on the same options
by both subjects (out of two vetoes). In parentheses are p-values of
t-tests testing the equality of proportions be- tween simultaneous
versus gradual (two- tailed). N per cell=1120 (simultaneous), 1080
(gradual)

Table 8 reveals that with every single profile, coordination works better under
the gradual vetoes mechanism than under the simultaneous one.'” The rate of vetoes
put on the same options is between 8 and 17% points lower under the gradual vetoes
mechanism (p <0.01). This in turn explains why this mechanism produces better
aggregate results: subjects can more easily coordinate to remove the undesirable
options compared to the simultaneous mechanism. This also explains why there are
fewer ties.

9 Conclusion

This work focuses on the design of bargaining mechanisms that help reach efficient
and fair agreements in settings in which two players have possibly conflicting pref-
erences, as is the case in most legal bargaining situations. We take as a point of
comparison the non-symmetric shortlisting proposed and tested by De Clippel et al.
(2014). We confirm that this mechanism achieves high levels of efficiency but, due
to its non-symmetric nature, generates asymmetries between the first and the second
mover.

We then consider two alternative mechanisms: the simultaneous and the grad-
ual vetoes mechanisms. While the simultaneous mechanism performs poorly both
in terms of efficiency and inequality, the gradual vetoes mechanism achieves high

19 Note that this can be seen as a hard test for this difference in coordination between the two mecha-
nisms. Our experimental design allows subjects to partially coordinate even in the simultaneous mecha-
nism because the pairs play together for five rounds before being reshuffled. This for example explains
why there are, in the simultaneous mechanism, "only" 39% of common vetoes in profile A5 where sub-
jects have the exact same preferences over the options available. In the first round played between each
pair, this rate is 65%. Meanwhile, this rate is 36% of common vetoes in the first round in the gradual
vetoes mechanism.
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levels of efficiency, and even reduces inequality when compared to the non-sym-
metric shortlisting mechanism. It appears that the gradual revelation of vetoes by
subjects acts as a coordination device, reducing the difference in payoffs between
both subjects and helping them to remove the dominated options. While this finding
is novel in the context of consensus-reaching mechanisms, it speaks to the literature
on auction games where it is acknowledged that sequential auctions are easier to
understand for subjects than simultaneous ones (see e.g., Li 2017).

Further work devoted to the development of simple mechanisms that generate
better and fairer agreements for two or more parties seems to be a natural research
venue. For instance, one could consider the experimental investigation of mecha-
nisms that break ties in some optimal way, focusing on efficiency, fairness, or some
normative solution concept such as the Nash bargaining solution.?’

Appendix

A. Equilibria of the Gradual Vetoes Mechanism

This section shows that the subgame-perfect equilibrium outcomes of the gradual
vetoes mechanism coincide with the FB options in the profiles used in the experi-
ment. The game we are considering is an extensive form game with complete infor-
mation and simultaneous moves, and the definition of subgame-perfect equilib-
rium is standard: it is a strategy profile that generates a Nash equilibrium in each
subgame.

The main result of this section holds under two assumptions: (i) players only use
weakly undominated strategies and (ii) their preferences over lotteries satisfy sto-
chastic dominance. Ruling out weakly undominated strategies implies that, at each
stage, no player casts a veto against her best available option on the stage. Stochas-
tic dominance is satisfied by most preference extensions in the literature. It simply
requires that, when comparing two lotteries, a shift in probability to strictly pre-
ferred options yields strictly preferred lotteries. As in the case of subgame perfect
equilibrium, we do not include its formal definition since it is standard.

Before laying out the analysis of the four profiles, we fully describe the outcomes
with only two and three options since this will be useful in the sequel.

1. Two options
With two options, only four preference profiles are possible: (i) a >; b fori=1,

2,(G1i) b>;afori=1, 2, (iii) a >, band b >, a and (iv) b >, a and a >, b. Since
every player vetoes her worst option since this the only weakly non-dominated

20 We would like to thank an anonymous referee for this suggestion.
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strategy, it follows that in profiles (i) and (ii), the only equilibrium outcome is the
unanimously preferred option whereas in profiles (iii) and (iv) the only outcome
is the lottery uni(a, b).

2. Three options

Each equilibrium selects a unique FB option and the set of equilibrium out-
comes corresponds to the set of FB options. W.l.o.g we fix a >, b >, ¢ and con-
sider the different preferences of player 2. This is possible since the game is sym-
metric so permuting the name of the options would give the corresponding payoff
matrix and equilibrium outcome.

When a >, b >, ¢ and when a >, ¢ >, b, a is the unique equilibrium outcome
since the payoff matrix equals:

b c
b a a
c a a

When b >, a >, ¢, both a and b are equilibrium outcomes whereas b is the only
equilibrium outcome when b >, ¢ >, a as one deduces from the payoff matrix:

a c
b c a
c b uni(a,b)

Finally, when ¢ >, a >, b, the unique equilibrium outcome is a whereas when
¢ >, b >, a, only b is selected in equilibrium as one can see in the next payoff
matrix:

a b
b c uni(a,c)
c b a

3. Profile AO

In this profilea >, b >, c>,d >, eand e >,d >, ¢ >, b >, a. The matrix of the
game is as follows:

a b c d
b d I'(a,c,d,e) d c
c d d T'(a,b,d,e) b
d c c b I'(a,b,c,e)
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a b c d

e c* c b b

It follows that ¢ is the unique equilibrium outcome with the strategy (e, a) being
an equilibrium. This outcome is independent of the outcomes of the subgames that
involve 4 options, analyzed in the sequel.

I'(a,c,d, e): This game admits a unique equilibrium (e, a) with outcome uni(c, d)
with preferences a >, ¢ >, d >, eand e >, d >, ¢ >, a. Its matrix is as follows.

a d e
c dore d uni(a,e)
d uni(c,e) uni(a,e) c
e uni(c,d) uni(a,d) uni(a,c)

I'(a,b,d, e): This game admits a unique equilibrium (e, @) with outcome uni(b, d)
since restricted preferences are given by a >, b >,d >, eand e >, d >, b >, a as the
following matrix shows:

a b d
b uni(d,e) d uni(a,e)
d uni(b,e) uni(a,e) b
e uni(b,d) uni(a,d) uni(a,b)

I'(a, b, c, e): This game admits a unique equilibrium (e, a) with outcome uni(b, c)
as preferences over (a, b, c,e) are givenbya > b >, c>,eande >, c >, b >, a.

a b c
b uni(c,e) c uni(a,e)
c uni(b,e) uni(a,e) b
e uni(b,c) uni(a,c) uni(a,b)

4. Profile A2

In this profilea >, b >, ¢ >,d >, eand ¢ >, b >, a >, d >, e. The matrix of the
game is as follows:

b a d e
b T'(a,c,d,e) c aorc aorc
c a b aorb aorb
d aorc borc I'(a,b,c,e) b
e aorc borc b I'(a,b,c,d)
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The equilibria for the subgames that with 4 non-vetoed options are determined in
the sequel; their outcome is irrelevant to prove that b is the unique equilibrium out-
come. For instance, the strategy (c, a) is an equilibrium.

I'(a,c,d, e): This game admits two equilibrium outcomes, a or ¢, since restricted
preferences are a >, ¢ >, d >, e and ¢ >, a >, d >, e_as one can deduce from the
following matrix.

a d e
c d a a

c aorc uni(a,c)
e c uni(a,c) aorc

I'(a, b, c, e): This game admits (c, a) which leads to b as the unique equilibrium as
implied by the preferences a >, b >, ¢ >, eand ¢ >, b >, a >, e, as the matrix shows.

a b e
b c aorc uni(a,c)
c b a uni(a,b)
e uni(b,c) uni(a,c) b

I'(a, b, c,d): This game admits (c, a) with outcome b as the unique equilibrium as
implied by preferencesa >, b >,c>;dandc >, b>,a >, d.

a b d
b c aorc uni(a,c)
c b a uni(a,b)
d uni(b,c) uni(a,c) b

5. Profile A3

In this profilea >, b >, ¢ >,d >, eand b >, a >, ¢ >, d >, e. The matrix of the
game is as follows:

a c d e
b I'(c,d,e) I'(a,d,e) I'(a,c,e) I'(a,c,d)
c T'(b,d,e) T'(a,b,d,e) T'(a,b,e) T'(a,b,d)
d I'(b,c,e) I'(a,b,e) I'(a,b,c,e) I'(a,b,c)
e T'(b,c,d) T'(a,b,d) T'(a,b,c) T'(a,b,c,d)

where I'(X) stands for the subgame where players bargain over X. Whenever X
has three options, the outcome is determined directly by the analysis in Section
A.2. This directly implies that the payoff matrix can be simplified as follows:
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a c d e
b c a* a a
c b* I'(a,b,d,e) aorb aorb
b aorb T'(a,b,c,e) aorb
e b aorb aorb I'(a,b,c,d)

The subgames that involve 4 options are determined in the sequel. Each of
these subgames admits an equilibrium; moreover, their equilibrium outcome is
irrelevant to determine the set of equilibrium outcomes over the whole game. It
follows that the equilibrium outcomes are a (sustained by the profile (b, c)) and b
(sustained by the profile (c, a)), as wanted.

I'(a,b,d,e): This game admits two equilibrium outcomes, a and b, with the
restricted preferences a >, b >, d >, e and b >, a >, d >, e. The payoff matrix is
as follows.

a d e
b d a a
d b aorb uni(a,b)
e b uni(a,b) aorb

I'(a,b,c,e): This game admits two equilibrium outcomes, a or b, with the
restricted preferencesa >, b >, c >, eandb>,a>,c >, e.

a c e
b c a a

c b aorb uni(a,b)
e b uni(a,b) aorb

I'(a,b,c,d): This game admits two equilibrium outcomes, a or b, with the
restricted preferencesa >, b >, c>;dand b >,a >, c >, d.

a c d

b c a a

c b aorb uni(a,b)
b uni(a,b) aorb

6. Profile A5

In this profile a >, b >; ¢ >, d >, e for i =1, 2. The restriction that players rule
out weakly dominated strategies implies that neither of the players vetoes a at any
stage. Thus, the only outcome of the game is a since in any subgame a is always
unanimously preferred and hence never vetoed.
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B. Coordination Patterns in Experimental Sessions

In each of the experiments analyzed in this paper, the subjects play together for a certain
number of rounds. It is thus possible that they learn how to play a strategy that increases
their payoff during the experiment. Consequently, the results of games played in the first
rounds of the experiment may differ from the ones in the last rounds. The tables below
report the results of the experimental session by distinguishing the games happening at
the beginning of the sessions and those at the end. In doing so, we aim to identify possible
coordination and learning patterns between subjects.

B.1. Coordination Patterns with the Non-Symmetric Shortlisting Mechanism

In the data of De Clippel et al. (2014), there are 40 rounds in each session. To iden-
tify coordination patterns between subjects, we reproduce Tables 3 and 4 of the main
text by splitting the sample in two: the games played in the 20 first rounds of the ses-
sion on the one hand and those played in the 20 last rounds on the other. In our data,
there are also 40 rounds per session, so we use the same split-sample strategy. Note
however that the preference profile AO was always played first. so there is an empty
cell for this profile in the rows for the 20 last rounds.

We find some coordination patterns between subjects, but only a few are system-
atic across preference profiles. The patterns are indeed quite different depending on
the profile: in some, efficiency increases and inequality decreases as the experiment
advances (e.g. Pf5), in others, this pattern is reversed (e.g., A2). The most system-
atic pattern deals with the first-mover advantage: the first-mover advantage tends to
increase as the experiment progresses in both De Clippel et al. (2014) and our data.
This pattern is observed in virtually all profiles. It suggests that subjects learn how
to take advantage of their position during the experiment.

Efficiency Inequality
20 first rounds 20 last rounds 20 first rounds 20 last rounds
A0 20.00 20.00 3.00 1.90
A2 27.96 27.55 5.92 6.35
A3 34.62 34.25 4.87 4.83
Pf5 25.40 26.56 8.15 7.56

Coordination efficiency and inequality in De Clippel et al. (2014).

First-mover advantage

20 first rounds 20 last rounds
A0 —-1.17 -1.20
A2 2.92 4.05
A3 1.72 3.62
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First-mover advantage

20 first rounds

20 last rounds

Pf5 0.60

5.27

First-mover advantage in De Clippel et al. (2014).

Efficiency Inequality
20 first rounds 20 last rounds 20 first rounds 20 last rounds
A0 20.00 2.50
A2 29.00 26.75 2.87 2.75
A3 30.25 30.55 3.65 3.89
A5 38.00 38.05 0.00 0.00

Efficiency and inequality in our data (20 first vs. 20 last rounds).

First-mover advantage

20 first rounds

20 last rounds

A0 -0.43
A2 —1.62
A3 0.15
A5 0.00

0.45
1.39
0.00

First-mover advantage in our data (20 first vs. 20 last rounds).

B.2. Coordination Patterns with Alternative Mechanisms

We reproduce the results of Table 5 of the text using the same sample split-
sample strategy as above. Again, we do not find much pattern of coordination
between subjects as the experimental session advance. The only (mild) pattern
that we find is for the simultaneous mechanism: efficiency and but also inequal-
ity increase as the experiment progresses. This suggests that subjects managed
to coordinate and learn how to play the most profitable strategy for them as the
experiment advanced. Note however that these increases are small, and cannot be

found for the gradual vetoes mechanism.

Efficiency Inequality

20 first rounds 20 last rounds 20 first rounds 20 last rounds
A0 20.00 3.07
A2 27.40 28.61 3.70 3.50
A3 27.37 28.77 3.00 3.32
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n7

Efficiency

Inequality

20 first rounds

20 last rounds

20 first rounds

20 last rounds

A5

35.50

35.00

0.00

0.00

Efficiency and inequality with the simultaneous mechanism (20 first vs. 20 last rounds).

Efficiency Inequality
20 first rounds 20 last rounds 20 first rounds 20 last rounds
A0 20.00 3.04
A2 26.78 27.11 0.78 1.55
A3 31.72 28.75 4.17 3.30
A5 38.89 39.83 0.00 0.00

Efficiency and inequality with the gradual vetoes mechanism (20 first vs. 20 last rounds).

B.3. Full Results

The table below presents the full results of our experimental sessions. It gives the selec-
tion rate of each option, a, b, c,d, and e, under each profile of preferences and mechanism.

Shorlisting (%) Simultaneous (%) Gradual
Vetoes
(%)

A0

a 2.50 5.36 4.44
b 5.36 9.29 10.74
¢ 81.79 76.43 75.93
d 6.07 7.14 7.04
e 4.29 1.79 1.85
A2

a 13.21 17.86 5.56
b 60.00 56.07 74.44
c 14.64 17.86 7.41
d 10.36 6.43 7.78
e 1.79 1.79 4.81
A3

a 47.50 30.71 32.96
b 28.57 3393 38.89
c 15.71 25.00 20.00
d 6.79 7.50 5.93
e 1.43 2.86 222
AS

a 90.71 70.71 96.30

@ Springer



1172 D.Bol et al.

Shorlisting (%) Simultaneous (%) Gradual
Vetoes
(%)
b 2.14 15.71 2.59
c 5.00 9.64 1.11
d 1.07 2.50 0.00
e 1.07 1.43 0.00

Rates at which each option is selected in each profile and each mechanism in our data.

C. First-Mover Advantage in Alternative Mechanisms

The table below presents the first-mover advantage for the alternative mecha-
nisms. Unsurprisingly, we do not find any effect given that, in these mechanisms,
which subject play “first" or “second" is purely artificial. They indeed both play
at the same time. Yet, for coding purposes, there is a first and a second-mover in
our Z-tree program. This is what we use in the analysis below.

Simultaneous Gradual Vetoes
A0 0.93 0.89
A2 0.00 -0.19
A3 -0.16 -0.30
A5 0.00 0.00

First-mover advantage in alternative mechanisms. Entries are average differences between the payoff of
the first-mover and the payoff of the second-mover in our data.

D. Analysis of Data from the CREST Lab

For our data, we conducted 6 experimental sessions: 3 in the PSE lab and 6 in the
CREST lab. To discard any possibility to our results are driven by a lab effect,
we reproduce Table 5 by focusing on data coming from sessions organized in the
CREST lab. All three mechanisms were covered in the sessions of the CREST
lab whereas only the non-symmetric shortlisting mechanism was covered in the
PSE lab. Focusing on data from the CREST lab, we still have 400 games for the
simultaneous mechanism (1 session), 800 games for the simultaneous mechanism
(2 sessions), and 1080 games for the gradual vetoes mechanism (3 sessions).
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Shorlisting Simultaneous Gradual
Efficiency Inequality Efficiency Inequality Efficiency Inequality
A0 20.00 2.60 20.00 2.95 20.00 3.04
© (0.62) © 0.52)
© 0.87)
A2 26.10 1.30 27.75 3.15 27.00 1.30
(0.08) (0.00) (0.36) (0.99)
(0.29) (0.00)
A3 28.80 3.40 28.77 3.32 29.74 3.59
(0.98) (0.8) (0.38) 0.47)
(0.26) 0.21)
AS 38.00 0.00 35.25 0.00 39.52 0.00
(0.00) () (0.00) @)
(0.00) @)

Entries are means using CREST experimental data only. In parentheses are p-values of -tests testing
the equality of means between shortlisting versus simultaneous/gradual (first row of parentheses) and
between simultaneous versus gradual (second row of parentheses) (two-tailed). N per cell =100 (short-
listing), 200 (simultaneous), 270 (gradual).

The results are going in the same direction as those that include data from both
labs: the results of the gradual vetoes mechanism are not statistically significantly
different from those of the non-symmetric shortlisting mechanism, and when they
are it is the gradual vetoes mechanism that performs better (i.e. profile A5). By
contrast, the performance of the simultaneous mechanism is generally poorer than
the non-symmetric shortlisting and gradual vetoes mechanisms (e.g., profile AS)
although differences are not always statistically significant due to the relatively low
number of observations.

E. Regression Analysis

In our experiment, subjects are grouped by sessions. To account for the non-inde-
pendence among the sessions and their effects on p-values, we reproduce Table 5
using an OLS regression framework, in which we cluster standard errors by session.
The regression model is the following:

Kj=A+Bﬁij+Cyij+eij (3)

where Y is efficiency (first table) or inequality (second table) of each pair of subjects
i at session j, f§ is a dummy variable capturing the simultaneous mechanism and
y a dummy variable capturing the gradual vetoes mechanism. The non-symmetric
shortlisting mechanism is thus the reference category. To calculate the p-value of the
difference between the simultaneous mechanism and the one with gradual vetoes,
we estimate an extra OLS regression:

Kj=A+Baij+Cyij+sij @)
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where a is a dummy variable capturing the non-symmetric shortlisting mechanism. The
reference category is thus the simultaneous mechanism. We find that results hold: dif-
ferences in efficiency are statistically significant in particular for preference profiles A3
and AS, and differences in inequalities are statistically significant in profiles A2 and A3.

Profile AO Profile A2 Profile A3 Profile A5
(€Y @ o (@) )] 2) Y] 2
Shorlisting (ref) ) (ref) -0.79 (ref) 2.07* (ref) 2.86%**
(0.82) (1.01) (0.85)
Simultaneous ) ) -0.79 (ref) —-2.07* (ref) —2.86%** (ref)
(0.82) (1.02) (0.85)
Gradual ) ) -0.40 -1.18 -0.71 1.48 145 4,345k
(1.05) (0.90) (0.94) (0.98) (0.88) (0.32)

Entries are coefficients from OLS regressions predicting efficiency. In regression (1), the non-symmetric
shortlisting mechanism is the reference category, in regression (2) the simultaneous mechanism is

the reference category. In parentheses are standard errors clustered by session. *p <0.1, **p <0.05,
**%p <0.01.

Profile AO Profile A2 Profile A3 Profile A5
1 2) 1 2 1 (2) 1 (2)

Shortlisting (ref) -0.57 (ref) -0.79 (ref) 0.57* (ref) )

(0.58) (0.92) (0.30)

Simultaneous 0.57 (ref) 0.79 (ref) —0.57* (ref) () (ref)
(0.58) (0.92) 0.3)

Gradual 0.53 -0.03 —1.49 —2.28%k* -0.21 0.36 () ()
(0.64) (0.65) (0.82) (0.56) (0.38) (0.3)

Entries are coefficients from OLS regressions predicting inequality. In regression (1), the non-symmetric
shortlisting mechanism is the reference category, in regression (2) the simultaneous mechanism is
the reference category. In parentheses are standard errors clustered by session. *p <0.1, **p <0.05,
KRk
‘p<0.01.

F. Analysis of Individual Decisions (Same Vetoes)

The table below presents the detail of individual decisions of subjects under the
gradual vetoes mechanism. It shows the rate of common vetoes, i.e., vetoes that are
put on the same option by both subjects at the same time, at each round of elimi-
nation: first, second, and third. Mechanically, it takes at least two rounds to reach
a final selected option. 63% of all games finish there, and 96% finish after a third
round. Since the numbers are too small, we do not include the fourth round in the
table (depending on the profile, the N is as small as 8). We observe that the rate of
common vetoes increases with the number of rounds. This is not particularly sur-
prising given that there are fewer and fewer options available and that subjects are
likely to pick the same veto, even by chance.
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Same Vetoes

Round 1 (%) Round 2 (%) Round 3 (%)
A0 10 7 20
A2 17 33 46
A3 21 39 58
A5 23 30 90

Entries are the rate of common vetoes at each round of elimination in the gradual vetoes mechanism.

G. Analysis of Individual Decisions (Other Strategies)

To further study the individual decisions made by subjects during the experi-
ment, we define two intuitive veto strategies: a cautious veto and an aggressive
veto. The cautious strategy consists in putting a veto on the option associated
with the smallest personal payoff for the subject among the remaining options.
The aggressive strategy consists in putting a veto on the option associated with
the largest payoff for the opponent. The first table below reproduces Table 8 of
the main text and presents the share of cautious and aggressive vetoes adopted
by subjects. To make the results comparable across mechanisms, we focus on the
two first vetoes put by each subject under both mechanisms. In the case of the
simultaneous mechanism, this means analyzing the universe of decisions made
by subjects. For the gradual vetoes mechanism, this means focusing on the two
first rounds of elimination. From the first table below, we observe both strategies
capture a substantial share of individual decisions. We also observe that while
the share of cautious vetoes tends to be larger under the simultaneous mechanism
compared to the one with gradual vetoes, the share of aggressive vetoes tends
to be lower, regardless of the preference profiles. Note however that overall the
individual strategies seem to follow similar patterns under both mechanisms in
the sense that the share of cautious and aggressive vetoes is mostly a function of
the preference profile. For example, nobody has adopted an aggressive strategy in
profile A5, which is not a surprise given that both paired subjects share the same
preference for the options available.

To further explore individual decisions, we construct a second table in which
we report the share aggressive and cautious vetoes under the gradual vetoes
mechanism at each round of elimination: first, second, and third. The most strik-
ing pattern is that, with the exception of Profile A0, the rate of cautious vetoes
increases with the round of elimination, whereas the rate of aggressive vetoes
decreases (at least from the first to the second elimination round). This suggests
that subjects adopt a strategy of first acting aggressively, probably as they antici-
pate that their opponent will seek the options associated with their highest payoff,
and then, as the final decision is getting closer, they secure their payoff by remov-
ing the option associated with their smallest personal payoff.
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Simultaneous Gradual
Cautious Aggressive Cautious Aggressive
A0 86% 93% 82% 94%
(0.01) 0.15)
A2 52% 34% 43% 42%
(0.00) (0.00)
A3 58% 18% 50% 20%
(0.00) (0.26)
A5 60% 0% 58% 0%
0.31) O

Entries are proportions of vetoes put on the option associated with the smallest personal payoff of the
subject (cautious) and on the option associated with the largest payoff of the opponent (aggressive)
among the remaining options (out of two vetoes). In parentheses are p-values of #-tests testing the
equality of proportions between simultaneous versus gradual. N per cell = 1120 (simultaneous), 1080
(gradual).

Cautious Aggressive

Round 1 (%) Round2 (%) Round3(%) Round1(%) Round2 (%) Round 3 (%)

A0 72 94 85 93 96 88
A2 31 67 95 53 32 53
A3 38 72 88 24 16 31
A5 54 69 92 0 0 0

Entries are the rate of cautious and gradual vetoes at each round of elimination in the gradual vetoes
mechanism.
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