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Abstract

This experiment investigates coalition-formation and surplus division between three

players in a free-form bargaining environment. We find that players’ payoffs are increasing

in their bargaining power, but only when forming a smaller coalition and excluding one of

the non-monopolist players is a credible threat. This is qualitatively consistent with the

theoretical predictions of the nucleolus from cooperative game theory, but the observed

payoff inequality is significantly lower than the theoretical predictions. Our results highlight

that fairness considerations seem to play an important role even under free-form bargaining:

equal splits make up a large fraction of the outcomes, and fairness-related arguments are

used frequently during bargaining. We also find considerable heterogeneity between players

both in terms of bargaining behavior and stated preferences.

1 Introduction

Bargaining over how to share jointly produced surplus between parties of different bargaining

power is ubiquitous - examples include wage bargaining, coalition discussions over the allocation

of ministries between political parties, or bargaining over profits in a partnership. Consider for

example an inventor who is in discussion with multiple investors for developing a new product.

She can bring more than one investor on board and having multiple investors results in better

product quality. How many investors will she bring on board and how will they split the profits?

How much does this depend on the inventor’s bargaining power?

The questions of coalition formation and payoff allocation have been studied extensively in

the bargaining literature. However, only a small subset of papers studies bargaining behavior

empirically. Moreover, bargaining in empirical tests is typically restricted to proposing or

accepting coalitions and payoff allocations, even when unstructured. (“Unstructured bargaining”
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typically refers only to no structure being imposed on the order or number of proposals, and

does not allow for communication outside of numerical proposals.) In contrast to this, we study

free-form bargaining in our experiment where bargaining takes place via chat, without any

restrictions. We believe this approach is much more realistic and captures relevant aspects of

real-world bargaining, such as persuasion and explicitly expressed intention for example.

Furthermore, we are interested in how well solution concepts from cooperative game theory

describe the bargaining outcomes in this setting. In particular, we focus on two of the most used

and single-valued solution concepts: the Shapley value and the nucleolus. Both have suggestive

experimental evidence (Murnighan and A. Roth 1977; Michener and Potter 1981; De Clippel

and Rozen 2022; Komorita, Hamilton, and Kravitz 1984; Leopold-Wildburger 1992) as well as

theoretical backing in the sense that they can also be derived as solutions in extensive-form

bargaining games (Gul 1989; Hart and Mas-Colell 1996; Stole and Zwiebel 1996).

We focus on cooperative game theory for two main reasons. First, it is a natural choice for

this setting with free-form bargaining and coalition formation.1 Second, the solution concepts

we test are partly normative, and incorporate fairness notions.2 One of the main conclusions of

the extensive empirical literature on bargaining is that fairness considerations play a key role in

determining the outcomes. Therefore, we might expect that these concepts do a reasonably good

job of predicting the outcomes, even without explicitly relying on other-regarding preferences.

In our experiment, we study asymmetric bargaining between three players, where one player

(the “big player”) is a monopolist and without whom no value can be created. The other two

players (the “small players”) are symmetric to each other. No player can create any value on

their own and the grand coalition creates more value than a small coalition between the big and

a small player. We study this setting as we believe that this type of structure is representative

of many real-world settings and because the effects of bargaining power are presumably more

pronounced when the asymmetry is stronger. Players have five minutes to bargain over chat.

Player roles are reassigned randomly every round, where a better performance in a slider task at

the beginning of the experiment leads to a higher chance of becoming the big player. Subjects

also fill out a survey where they indicate how much they agree with the characterizing axioms

of the Shapley value and the stability property of the core. Our three main treatments vary

the big player’s bargaining power by varying how much value a small coalition between the big

player and a small player creates. In a fourth treatment we test the dummy player axiom of the

Shapley value which states that a dummy player that does not add any value to any coalition

should receive zero.

We are interested in the following questions: First, how does the big player’s bargaining

power (as measured by the value of the small coalition, and thus the necessity of having both

small players in the coalition) affect outcomes in multiplayer free-form bargaining. Second,

how well is this captured by the Shapley value and the nucleolus? Finally, given our rich data

(chat data, timing of proposals and acceptances, survey questions), how can we characterize the

outcomes and bargaining behavior in general in this setting?

1Note that standard concepts from non-cooperative game theory are not applicable here as the action and
strategy space are not well-defined in the free-form bargaining setting.

2The nucleolus reflects a mix of a Rawlsian notion of fairness and stability-based reasoning, while the Shapley
value captures fairness in the sense of everybody getting their average marginal contribution.

2



We find that bargaining power is indeed reflected in the bargaining outcomes: the big

player’s share is increasing in their bargaining power. While none of the two cooperative game

theory concepts are a good fit quantitatively, the nucleolus’ qualitative predictions are correct.

Interestingly, high payoffs for the big player are only realized by excluding one of the small

players. Our results also highlight that fairness considerations seem to play an important role,

even in this quite asymmetric setting, where bargaining positions are additionally “earned” to a

certain degree: As much of the literature, we observe a large fraction of equal splits and even

players who add nothing to the coalition’s value receive a fifth of the grand coalition’s worth on

average. This implies that despite their fairness-based intuition, the solution concepts we test

do not capture all aspects of players’ fairness considerations.

In terms of characterizing axioms, we find moderate support for the efficiency and symmetry

axioms, and moderate to strong support against the dummy player, linearity and stability axioms.

Additionally, subjects’ stated preferences in the survey are not always consistent with observed

outcomes. Especially in the case of the linearity and the stability axioms, stated preferences and

observed outcomes differ.

Regarding the bargaining process, we find that subjects often agree on an allocation very

early in the negotiation phase, especially in the lower-bargaining-power treatments. In the higher-

bargaining-power treatment, however, agreements are made later on average. This is in line with

the high-bargaining-power treatment being associated with more intense bargaining. Furthermore,

we find that within bargaining-related messages, the use of fairness-related arguments is relatively

frequent, especially in the treatments with higher bargaining power disparity.

The rest of the paper is organized as follows. Section 2 provides an overview of the relevant

literature. In Section 3, we describe the coalitional game we use in the bargaining and discuss the

theoretical predictions of the Shapley value and the nucleolus. Section 4 details the experimental

design. In Section 5, we present the main results as well as the exploratory analysis of the

bargaining process. Section 6 concludes.

2 Related literature

This paper contributes to the large literature on bargaining by studying free-form bargaining

via chat between more than two players. We analyze the bargaining outcomes and the process

leading up to them, and test the fit of common models and axioms from cooperative game theory.

Our paper is related to three different strands of the experimental bargaining literature: (1)

unstructured multi-player-bargaining,3 (2) free-form bargaining4 via chat and (3) fairness in

bargaining.

Unstructured multi-player bargaining. Unstructured bargaining games with more than

two players have been studied extensively in experimental economics (e.g. Kalisch et al. 1952;

Maschler 1965; Nydegger and Owen 1974; Rapoport and Kahan 1976; Murnighan and A. Roth

3With “unstructured bargaining”, we refer to any bargaining game where the number and order of proposals
and acceptances is unrestricted. This does not necessarily entail additional means of communication.

4By “free-form bargaining”, we mean that communication between players is unrestricted in terms of the
content of their messages.
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1978; Michener, Sakurai, et al. 1979; Alvin E Roth and Malouf 1979; Komorita, Hamilton, and

Kravitz 1984; Leopold-Wildburger 1992). The early literature5 focused mostly on testing the fit

of popular cooperative game theory concepts (such as the Shapley value, the Nash bargaining

solution, kernel or nucleolus), and varied greatly in terms of which concepts they found support

for. In recent years there has been a resurgence of unstructured bargaining experiments,6

moving away from testing theoretic models to studying specific empirical relationships such as

how uncertain information about performance affects subjective entitlement and subsequent

bargaining (Karagözoğlu and Riedl 2015), the effect of payoff-irrelevant framing (Isoni et al.

2014), or the dynamics of coalition formation (Tremewan and Vanberg 2016).

In this strand of literature, bargaining is typically still quite restricted. Communication is

typically limited to sending acceptances or numerical proposals and verbal communication is

not possible or very limited (for example, at most one verbal message per numerical proposal).7

We contribute to this literature by allowing for completely unrestricted written communication,

thus allowing for much more realistic bargaining.

Most closely related to our paper is Murnighan and A. Roth (1977), which features an

extreme version of our three-player game. One of the players is a monopolist that is needed to

create value, while the two other players are completely substitutable. They study the effect of

information and communication in unstructured bargaining by varying whether payoff divisions,

messages and offers are secret or announced. They find that the results closely approximate the

Shapley value, while we find much less support for the Shapley value in our experiment. This

is consistent with their finding that more communication leads to smaller monopolist payoffs,

as communication is much more unrestricted in our case. Additionally, in their case the grand

coalition created the same value as the small coalition. In our study, the grand coalition was

(often much) more attractive than the small coalition, which might explain why we observe much

more grand coalitions and outcomes closer to the equal split.

Free-form bargaining via chat. Several papers have gone beyond unstructured bargaining

and used free-form bargaining via chat (Luhan, O. Poulsen, and Roos 2019; Galeotti, Montero,

and A. Poulsen 2018; Hossain, Lyons, and Siow 2020; Navarro and Veszteg 2020; Shinoda

and Funaki 2022; Schwaninger 2022; Takeuchi et al. 2022). They typically find that fairness

considerations play an important role and can lead to inefficiencies. Furthermore, fairness

concerns seem to be heavily context dependent, e.g. they can vary significantly with slight

changes of the functional form of the production function (Takeuchi et al. 2022) or with the

framing as a partnership as opposed to an employment relationship (Hossain, Lyons, and Siow

2020).

Almost all of these free-form papers focus on bilateral bargaining. Our paper contributes to

this literature by studying three-player settings which allow us to study coalitional behavior and

5See Alvin E. Roth 1995 for a review.
6See Karagözoğlu 2019 for a review.
7While some free-form bargaining was studied in the early papers, it always took the form of face-to-face

bargaining. Leopold-Wildburger (1992), which utilizes three-player coalitional face-to-face bargaining, is closely
related to our paper. We study a similar setting but are interested in free-form bargaining via chat instead of
face-to-face. This allows us to abstract from factors such as loss of anonymity or appearance, while keeping the
free-form and more natural character of face-to-face bargaining.
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provides a richer environment for studying how varying the bargaining power between players

affects bargaining outcomes. Furthermore, it also allows for testing cooperative solution concepts,

which are less relevant in the two-player case.

Most closely related to our paper, Shinoda and Funaki (2022) study how the existence of the

core affects bargaining outcomes and also have treatments with a public chat in a three-player

coalitional bargaining setting. However, in their study “subjects sent very few messages through

the chat window. [...] One possible reason is that the subjects were too busy making offers

and reacting to others’ offers to send messages.” In our study, the chat plays a central role

and subjects actively used the chat to negotiate. Apart from a substantially different research

question, this paper also differs from Shinoda and Funaki (2022) by studying the bargaining

process in detail and the empirical support of common cooperative game theory axioms.

Fairness in bargaining. More broadly, we contribute to the vast literature on fairness in

bargaining, which was started by the seminal paper of Güth, Schmittberger, and Schwarze

(1982) and has focused on structured two-player games (primarily variations of the ultimatum

bargaining game). The main insight is that, contrary to standard game-theoretical predictions,

fairness matters also in a structured bargaining game and subjects care about other players’

payoffs: in the ultimatum game proposers offer about 40 percent on average, while responders

often reject offers under 20 percent. However, subjects are not necessarily primarily trying to

be fair (Alvin E. Roth 1995), and there is also considerable evidence that fairness concerns

are not stable, in the sense that they are easily influenced by small changes of the game, often

leading to results much closer to standard theoretical predictions (Binmore, Shaked, and Sutton

1985; Grimm and Mengel 2011, e.g.). We add to this literature by studying settings that add

more realism; i) by allowing free-form communication and ii) by using a coalitional setting

where players’ contributions to the value to be distributed are less clear-cut. Nevertheless, we

find support for the same stylized fact: outcomes are much closer to equal split than what

(cooperative or non-cooperative) game theoretical models would predict.

Another strand of this literature explicitly studies subjects’ distributive preferences as

impartial spectators, thus eliminating strategic concerns (for example Alexander W Cappelen

et al. 2007; Luhan, O. Poulsen, and Roos 2019; Alm̊as, Alexander W. Cappelen, and Tungodden

2020; De Clippel and Rozen 2022). De Clippel and Rozen (2022) study classic cooperative

game theory questions from a different perspective; they analyze how outside observers of a

three-player coalitional game distribute the coalitional worth between players. They find that a

convex combination of the Shapley value and the equal split offers a good description of the

outcomes. This is in contrast to our results, which are more consistent with a mix of the equal

split and the nucleolus.

3 Theory

A cooperative (or coalitional) game G is defined by the set of players N , and the characteristic

(or value) function v : 2N → R|N |:

G = (N, v).
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The main difference compared to non-cooperative game theory (NCGT) is that the structure of

the game is specified in less detail. Instead of describing the action space and the corresponding

strategy space, cooperative game theory (CGT) takes a more reduced-form approach: one only

needs to characterize the value each subset of players (S ⊂ N) can generate (v(S)), but how

they do so is not important. On one hand, it makes CGT blind to certain, perhaps important

attributes of a game.8 On the other hand, this means that CGT is suitable to describe situations

where the exact strategy space is not known. An example of the latter is the bargaining game

presented in this paper. Due to the free-form nature of the bargaining, the order of actions is

not well-defined.9

3.1 Solution concepts

Much of cooperative game theory has traditionally focused on the study of superadditive (also

known as proper) games. Superadditivity is a property that ensures that any two disjoint

coalitions are weakly better off by merging.10 As a consequence, it is rational for the grand

coalition (i.e., the coalition of every player) to form. Subsequently, solution concepts aim to

describe how the value generated by the grand coalition, v(N), should be divided across its

members.

One trivial, but nevertheless important way to divide the total value is the equal split. That

is, each player gets an equal share of the grand coalition’s value: v(N)
|N | . It’s predictions do not

depend on the value function (apart from the value of the grand coalition), and are thus blind

to how players differ in terms of their contributions and bargaining positions. Nevertheless,

one might expect it to be a somewhat frequent bargaining outcome for two reasons. First, it

embodies an extremely natural fairness concept which is easy to agree on. Second, it is a very

salient allocation, and might serve as a focal point during bargaining.

Amongst the more usual cooperative solution concepts, arguably the two most commonly

used ones are the core (Gillies 1959) and the Shapley value (Shapley 1953). The core is based on

stability notions, not unlike the Nash-equilibrium from non-cooperative game theory. Conversely,

the Shapley value is based on the contribution of each player to the value, making it more

fairness related. The next sections describe these two concepts in more detail, as well as the

nucleolus, which is related to the core but possesses better properties and incorporates certain

fairness considerations.

3.1.1 Core

The core is the set of payoff vectors for which no coalition S ⊂ N is better off by deviating and

distributing v(S) among themselves. In this respect, it is similar to the Nash equilibrium, but

instead of just unilateral deviations, it takes multi-player deviations into account.

In order to characterize the core formally, let us first define the concept of the excess.

Let x ∈ R|N | be a payoff vector that is efficient and individually rational (also known as an

8An example of this would be who the proposer is in an ultimatum game.
9In the realm of non-cooperative games, such situations are often modeled with some kind of alternating offer

games (e.g. Rubinstein 1982; Gul 1989). However, as Hart and Mas-Colell (1996) demonstrates, the equilibrium
in these games can be rather sensitive to small changes in assumptions.

10Formally, for any S1, S2 ⊂ N with S1 ∩ S2 = ∅, v(S1) + v(S2) ≤ v(S1 ∪ S2).
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imputation).11 The excess of x for a coalition S is the difference between the total payoff of its

members and the value they could get on their own:

e(x, S) =
∑
i∈S

xi − v(S).

The core is defined as the set of imputations for which the excess is non-negative:

c(v) = {x ∈ X | e(x, S) ≥ 0 ∀S ⊂ N}

This is equivalent to no coalition having an incentive to deviate, as the coalition members can

not achieve a higher payoff on their own.

While the core is appealing on account of its simple, stability-based definition, it has a

number of troublesome properties. For one, existence is not guaranteed: the core can be empty.

Furthermore, uniqueness is also not guaranteed, and the core is often multi-valued. These

attributes restrict its usefulness as a predictive tool.

3.1.2 Nucleolus

The nucleolus (Schmeidler 1969) is an attempt to guarantee existence and uniqueness, while at

the same time not deviating too far from the stability-based idea behind the core. It can be

defined as the allocation that maximizes the smallest excess across all coalitions:12

n(v) = argmax
x∈X

min
S⊂N

e(x, S).

Schmeidler (1969) motivates this definition with the argument that, for any given allocation,

the coalition that is expected to object most strongly to it is the one with the lowest excess.

In this sense, the nucleolus combines a Rawlsian fairness argument with the stability-based

definition of the core. Another justification for the nucleolus is its relation to the core: if the

latter is non-empty, then it contains the nucleolus.13 It thus shares the stability-based definition

with the core, while being unique, and thus more suitable for empirical analysis.

3.1.3 Shapley value

The Shapley value (Shapley 1953) takes a wholly different approach in comparison to the

previous two solution concepts. Instead of relying on stability-related notions, it allocates the

payoffs based on the marginal contributions of the players. Therefore, it can be considered as a

fairness-based solution concept.

11The set of imputations X is defined by x ∈ X iff x satisfies
∑

i∈N xi = v(N) and xi ≥ v({i}) for all i ∈ N .
12Technically, this is not the complete definition, as it does not always guarantee uniqueness. Schmeidler (1969)

also prescribes that if multiple imputations maximize this expression, then the second smallest excess is maximized,
and so on in a lexicographic manner. However, due to no such ties occurring in our game, we ignore this detail to
simplify exposition.

13This observation immediately follows from the excess-based definition of the two solution concepts. If there is
an imputation where all excesses are non-negative, then the one maximizing the minimum excess will also satisfy
this property.
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According to the Shapley value, each player should get their average marginal contribution

to the value of the grand coalition, where the average is taken over all orderings of players.

Formally, let R be a permutation of N . Let us denote the players preceding i in permutation R

as PR
i . Then, the Shapley value of player i, φi, is defined as follows:

φi(v) =
1

|N |!
∑
R

[
v(PR

i ∪ {i})− v(PR
i )

]
. (1)

Due to having a closed-form definition, it is immediate that the Shapley value always exists and

is unique.

In addition to this marginal-contribution-based definition, the Shapley value also has a

number of axiomatic characterizations. The most well-known one is due to Shapley (1953), and

states that the Shapley value is the unique allocation that satisfies the following four axioms.

Efficiency The full value of the grand coalition is distributed:
∑

i∈N φi(v) = v(N).

Symmetry Any two players who are equivalent in terms of the value function get the same

amount. I.e., if v(S ∪ {i}) = v(S ∪ {j}) ∀S ∈ N \ {i, j}, then φi(v) = φj(v).

Null player axiom A player whose marginal contribution to any coalition is zero gets nothing.

Formally, if for some i, v(S ∪ {i} = v(S) ∀S, then φi(v) = 0.

Linearity If two games with the same set of players are combined such that the new value

function is a linear combination of the original ones, then the outcome for each player

is a also linear combination of their previous outcomes, and with the same coefficients.

Formally, let G1 = (N, v) and G2 = (N,w). Then, φ(αv + βw) = αφ(v) + βφ(w), for any

α, β ∈ R.

The first two axioms are rather straightforward and make intuitive sense from a fairness

point of view. On the other hand, the null player axiom is more questionable. The latter can be

violated, for example, due to altruism or social norms. Famously, a number of experiments (for

a meta-analysis, see Engel 2011) demonstrate that proposers are generally willing to give some

money to the other player in dictator games, even though the latter does not have any effect on

the payoffs. Finally, the linearity axiom is arguably the main defining property of the Shapley

value. Its relation to fairness, while less evident, follows from the fact that any value that is a

weighted combination of the marginal contributions must satisfy this property (Weber 1988).14

3.2 The games in the experiment

Let us now formally define the played in this experiment in coalitional form. They can be

classified into two categories: the main treatments and the dummy player treatment.

14Besides the marginal-contribution-based interpretation and the axiomatic characterization, there is a series of
papers that provide non-cooperative microfoundations for the Shapley value, providing another justification for
using it in bargaining-related settings. Most models in this strand of literature (e.g. Hart and Mas-Colell 1996;
Gul 1989; Stole and Zwiebel 1996) rely on extensive form alternating offer games, of which the Shapley value is a
subgame perfect equilibrium. Such results also exist for other types of games, such as demand commitment games
(Winter 1994) or auctions (Van Essen and Wooders 2021).
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3.2.1 Main treatments

There are three players in the game:

N = {A,B1, B2}.

We call A the “big player”, and refer to the other two as “small players”. The value any subset

of them creates is described by the following characteristic function:

vY (S) =


100 if S = {A,B1, B2}

Y if S = {A,B1} or S = {A,B2}

0 otherwise

with Y ∈ (0, 100). Let us define the game GY = (N, vY ).

In this game, Player A must be included in the coalition to create any value, whereas Players

B1 and B2 are not indispensable. At least one of the small players is also required, and both are

needed to get the maximum of 100, but even one of them is sufficient to create some amount

of value Y ∈ [0, 100]. On an intuitive level, this implies that in a bargaining situation, the big

player has more bargaining power than the small ones (hence the names). Furthermore, one

could argue that this bargaining power advantage is increasing in Y : When Y is higher, having

both small players on board is less important, as a larger fraction of the total value can be

achieved with just one of them being in the coalition. This might give Player A more leeway to

negotiate against the small players, or even play them against each other.

Let us now verify if the solution concepts described in the previous section agree with this

intuition. We focus on the nucleolus and the Shapley value due to them being unique.15 The

following propositions establish their predictions for this particular game.

Proposition 1. Let φi(vY ) denote the Shapley value of player i ∈ {A,B1, B2} in the game GY .

Then,

φA(vY ) =
100

3
+

Y

3
,

φBi(vY ) =
100

3
− Y

6
.

Proof. Simply substitute vY into Equation (1) to obtain

φA(vY ) =
1

6
[0 + 0 + Y + Y + 100 + 100] =

100

3
+

Y

3
,

φBi(vY ) =
1

6
[0 + 0 + 0 + Y + (100− Y ) + (100− Y )] =

100

3
− Y

6
.

Proposition 2. Let ni(vY ) denote the element of the nucleolus corresponding to player i ∈
15It can also be shown that the core is also increasing in Y , in the sense that the allocation in the core in which

Player A gets the lowest amount increases as Y becomes larger.
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{A,B1, B2} in the game GY . Then,

nA(vY ) =

100
3 if Y ≤ 100

3

Y if Y > 100
3

,

nBi(vY ) =

100
3 if Y ≤ 100

3

50− Y
2 if Y > 100

3

Proof. Due to the symmetry of the nucleolus (Snijders 1995), any nucleolus-candidate can be

characterized by xA (the payoff of Player A). Furthermore, due to the fact that e({Bi}, x) ≤
e({B1, B2}, x) ∀x ∈ X, we only have to consider the following three excesses when maximizing

the smallest one:

e({A}, x) = xA, (2)

e({Bi}, x) =
100− xA

2
, (3)

e({A,Bi}, x) = xA +
100− xA

2
− Y. (4)

For Y ≤ 100
3 , Equations (2) and (3) are binding when xA is chosen to maximize the smallest

one, and consequently, xA = 100
3 . When Y > 100

3 , Equations (3) and (4) are the smallest, and

thus xA = Y .

Figure 1 summarizes the content of Propositions 1 and 2 for Player A. It demonstrates that

the studied solution concepts do agree with the intuitive expectations to some extent. The big

player is always predicted to get at least much as the small ones, with the inequality always

being strict for the Shapley value, and strict for high enough Y for the nucleolus. Furthermore,

the share of Player A is indeed increasing in Y . This increase is always strict in the case of

the Shapley value. For the nucleolus, this is not the case: it coincides with the equal split for

Y ≤ 100
3 , but then increases strictly (and much faster than the Shapley value) for the rest of the

interval.

These differences can be understood by looking at the defining characteristics of these

concepts. The Shapley value is based on marginal contributions. As the marginal contribution

of A to the coalitions {B1} and {B2} strictly increases in Y , its Shapley value will also strictly

increase. Furthermore, as the marginal contributions of the small players are never zero, their

Shapley values remain positive even as Y → 0.

On the other hand, the nucleolus is related to the core, which is a stability-based concept.

When Y ≤ 100
3 , the big player does not have an actual bargaining edge over the small players, as

no deviating player could gain more than what they get from the equal split. As a consequence,

the nucleolus coincides with the equal split on this interval. However, when Y > 100
3 , the

situation is different, and the difference in roles starts to play a role.16 In particular, for high

values of Y , Player A possesses practically all the bargaining power, as forming a coalition with

one of the small players and excluding the other becomes a credible threat.

16The equal split is still in the core for any Y ≤ 200
3
. The nucleolus is just one particular element of the core, so

this stability-based intuition only goes so far.
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Figure 1. The Shapley value, the nucleolus and the equal split value for Player A in the main
game as a function of the value of the small coalition. The small players share the rest of the
value equally. The dashed vertical lines denote the three main treatment arms in the experiment.

3.2.2 Dummy player treatment

The other game that is played in our experiment is somewhat different. There are still three

players, but now let us call them ND = {A1, A2, B}. A1 and A2 are referred to as the “non-

dummy-players”, while B is the “dummy player”. The characteristic function for the game

GD = (ND, vD) is defined as follows:

vY (S) =

100 if A1, A2 ∈ S

0 otherwise
.

In words, both of the non-dummy players are necessary to create any value, but the dummy

player does not have any contribution at all (cf. the dummy player axiom).

As the next proposition shows, the Shapley value and the nucleolus agree on the predicted

outcome in this game: the non-dummy players should share the total value equally, while the

dummy player gets nothing.17

Proposition 3. The φ(vD) and n(vD) denote the vector of Shapley values and the nucleolus in

17The core is also single-valued for this game, and coincides with the other two solution concepts.
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the game GD. Then,

nAi(vD) = φAi(vD) = 50,

nB(vD) = φB(vD) = 0.

Proof. For the Shapley value, φB(vD) immediately follows from the dummy player axiom, and

then φAi(vD) is given by the symmetry axiom. In the case of the nucleolus, the excess for the

coalition {A1, A2} would be negative if nB(vD) > 0, while the minimum excess is 0 if nB(vD) = 0.

Then nAi(vD) = 50 can be obtained from the fact that the nucleolus also satisfies the symmetry

axiom (Snijders 1995).

In the case of the Shapley value, the reason for this is that the marginal contribution of the

dummy player is zero to any coalition. For the nucleolus, the intuition is that if the dummy

player were to get anything, then the two other players could deviate, form a coalition of their

own, and share the total value.

4 Experimental Design

There were four experiment sessions in total. Each session corresponded to one of the four

treatments: The three main treatments consisted of the game described in Section 3.2.1 and

differed only in the value of the small coalition (Y ∈ {10, 30, 90}).18 The fourth treatment was

the dummy player treatment described in Section 3.2.2.

Each experiment session was structured as follows: First, subjects went through the in-

structions, which included mandatory exercises, both as a comprehension check and so that

participants could get used to the interface.19 Subjects then played a version of the slider task

(Gill and Prowse 2012), which determined their role assignment later on. After a trial round,

subjects played five bargaining rounds. At the end of the session, subjects filled out an exit

survey and received their payment.

Bargaining took place in a completely free-form manner via chat and an ancillary interface.20

Each bargaining group had five minutes to decide on a coalition and a payoff allocation among

coalition members. There was one public chat for each bargaining group.21 Players’ roles were

also public in the chat, though their identity was anonymous.22

To facilitate bargaining, subjects were given a bargaining interface.23 Subjects could make

an unlimited number of proposals. A proposal had to specify both the coalition and the payoff

18The values were chosen so as to allow for differentiation between the Shapley value and the nucleolus.
19We refer to Appendix A for screenshots of the exact instructions and interface used in the experiment.

Participants also received a printed-out version of the instructions as a reference during the experiment.
20Refer to Section 5.5 for evidence that the chat was actually used for bargaining.
21Note that we do not allow for private communication. While private communication between bargainers is a

feature of many real-world settings, we abstract from it here for simplicity. Our concern was that allowing for
private communication could potentially overwhelm subjects who might have to monitor multiple text chats all at
once.

22However, some subjects discussed previous rounds’ results in order to find out whether they had been
rematched with the same subjects or even tried to establish code words.

23See Figure A.8. Past proposals were listed and given IDs for simpler reference during the bargaining in the
chat.
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allocation. Only positive payoffs were allowed. Subjects could also indicate which proposal they

currently accepted. They could change their acceptance decision any time and as often as they

liked. The currently accepted decisions were then taken as the final decisions at the end of

the bargaining round. A proposal was only successful if all coalition members agreed on the

same proposal. The members of the successful coalition received their payoff according to the

proposal, while the remaining player (if any) received nothing. As singleton coalitions had a

value of 0, at most one proposal could be successful at a time. When no proposal was successful,

all players received nothing. After each round, subjects were shown which coalition had formed

and their resulting payoff.

At the end of the sessions and after learning their final payments, subjects filled out an exit

survey. The survey asked for their agreement with the Shapley axioms and the defining property

of the core (stability). We also collected basic demographic information (gender, age, study

field, degree and nationality), as well as subjects’ assessment of their own and others’ strategies

during the game.

We used stranger matching in order to minimize reciprocity concerns. No set of subjects

was matched twice (though individual players could be rematched). In order to account for

dependence between rounds, in each session, the subjects were split into six matching groups

(six subjects per matching group) and bargaining groups were only redrawn within a matching

group.

Players’ roles varied across rounds and were reassigned at the beginning of each round,

according to the slider task at the beginning: In each bargaining group, subjects were ranked in

descending order with respect to how many sliders they had correctly moved. The role of the big

player was assigned to the highest-ranking subject in the bargaining group with a probability of

0.5, to the second-ranking subject with a probability of 0.3 and to the lowest-ranking subject

with a probability of 0.2.24 (In the dummy player treatment this was reversed: the dummy

player role was assigned to the lowest-ranking subject with a probability of 0.5, and so on.)

Note that subjects did not know about the exact probabilities, they were only told that a better

(worse) performance led to a higher chance of becoming the big player (the dummy player). We

believe that this increases realism in the sense that in the real world people usually only know

that a given outcome is a result of effort and luck, but have no way of knowing the exact process

with which the outcome was generated. Subjects were informed of their role in a given round

right before the bargaining started.

The experiment was conducted in May 2024 at a computer lab at the University of Zurich

and was written using oTree (Chen, Schonger, and Wickens 2016).2526 A total of 144 subjects

participated in the experiment (36 subjects per treatment). There was no attrition during

24Note that the slider task was designed so that subjects would not be able to finish it and that objectively
evaluating their own performance would be very difficult for them. This was to ensure that subjects did not
have any additional information about their slider task performance apart from their respective roles during the
bargaining.

25See https://github.com/stanmart/unstructured-bargaining-experiment/releases/tag/main-
experiment for the full code (git commit hash: 64ae48773a3fcfff1d7af74e1c9b60d4082ddcd7), and
https://github.com/stanmart/unstructured-bargaining-experiment/releases/tag/main-experiment-fix-2 for
the version with a couple of minor fixes.

26The study was preregistered before data collection. The preregistration can be found at
https://www.socialscienceregistry.org/trials/13593. Our analysis was conducted as specified there.
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the sessions. Participants were recruited from the student bodies at the University of Zurich

(UZH) and the Federal Institute of Technology Zurich (ETH).27 Participants were only allowed

to participate in one of the sessions. Sessions lasted about an hour. Participants bargained

over experimental points (the grand coalition’s payoff was 100 points). Payments constituted

of a show-up payment of 10CHF and their average bargaining payoff in points across rounds,

converted to CHF (with the conversion 1 point= 0.6CHF).28 Subjects were paid in cash, and

they earned about 30CHF on average.

5 Analysis

5.1 Main results

Let us start by answering the main question of this paper: how does bargaining power, as

measured by the necessity of having both small players in the coalition, impact bargaining

outcomes? Remember that both the Shapley value and the nucleolus, as well as arguably most

people’s intuitions, predict that an increase in the bargaining power of the big player (i.e., a

decrease in the necessity of having both small players included in the coalition) should lead to a

decrease in the share of the small players. In terms of the experiment, it means that the share

of the big player should be increasing in Y .

Figure 2 shows that this is indeed the case, for the most part.29 The average share of the

big player in the Y = 90 treatment is higher than in the other two treatments. However, the

outcomes do not seem different between the Y = 10 and Y = 30 treatments. Table 1 reinforces

this observation. When included as a continuous variable, Y is indeed positive and significant in

the regression. For an increase in Y by 10 points, a 0.8 point increase is predicted in the big

player’s payoff. However, when included as a dummy variable, the coefficient is only significant

for the Y = 90 treatment (with Y = 10 being the baseline). Player A gets 6.5 points more on

average in the Y = 90 treatment than in the other two. Furthermore, as displayed in Table 2,

non-parametric Mann-Whitney tests yield the same conclusion. The hypotheses that the share

of the big player is larger in the Y = 90 case than in the other two can be rejected at the 1%

confidence level, while the hypothesis that the share of the big player is larger in the Y = 30

case than in the Y = 10 case cannot be rejected even at the 10% confidence level.

Regarding the second part of the main hypothesis, i.e. the predictive value of the Shapley

value and the nucleolus, the picture is less clear. As shown in Figure 2, while their predictions

are reasonably good for the Y = 10 and Y = 30 treatments, this is not the case for Y = 90. In

particular, both solution concepts, but especially the nucleolus, predict a much higher share of

the big player than what is observed in the experiment. This is also the case in the dummy

player treatment, for which both solution concepts predict that the dummy player should receive

zero, while in reality they get 20 on average. The disaggregated outcomes, displayed in Figure 3,

27For more information on characteristics of our sample, see Appendix F
28During the first session (Y = 10) we realized that the average payoffs were not displayed correctly after the

bargaining rounds and used a corrected version of the experiment for the remaining sessions. We believe that
this did not influence outcomes substantially because this was only a matter of several points and the monotone
relationship between bargaining payoffs in experimental points and the payment in CHF was untouched.

29The replication package for this paper can be obtained from
https://github.com/stanmart/unstructured-bargaining-analysis/releases/tag/submitted.
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Figure 2. Average payoffs for each player role by treatment. Vertical bars denote 95% confidence
intervals for the within-group means.

(1) (2)

const 32.90*** 34.16***
(0.72) (0.72)

Y 0.08***
(0.02)

Y = 30 0.72
(0.84)

Y = 90 6.49***
(1.70)

N 174 174

Table 1. Parametric test of the main hypotheses. Standard errors are clustered at the matching
group level.

U statistic p-value

[Y = 10] ¡ [Y = 30] 13.500 0.260
[Y = 10] ¡ [Y = 90] 0.000 0.002
[Y = 30] ¡ [Y = 90] 0.000 0.002

Table 2. Non-parametric Mann-Whitney test of the main hypothesis. Observations are aggregated
to the matching group level to ensure independence.

15



Dummy player Y = 10 Y = 30 Y = 90
Treatment

0

20

40

60

80
Pa

yo
ff

A1 / A
A2 / B1
B / B2
Nucleolus
Shapley value

Figure 3. Payoffs by treatment and player role. Each dot represents one observation.

show one important reason for this: regardless of the treatment, equal30 splits are the modal

outcome.31

In qualitative terms, however, the predictions of the nucleolus are correct, while the Shapley

value is not. The fact that the share of the big player is not increasing for small values of Y

seems to imply that the stability-based nature of the nucleolus is more appropriate than the

fairness-based nature of the Shapley value.32 In particular, the idea that without both small

players on board, no one can get even as much as the equal split has been observed in a couple

of the chat logs (e.g. Figure B.1a). In this sense, even though the big player has somewhat

higher average marginal contribution than the others, all players are equally important.

On the other hand, this stability-based reasoning does not seem to be perfectly valid for the

Y = 90 treatment. In that case, the nucleolus (and the core) would predict that the big player

should get at least 90 (80) points. Otherwise they could form a coalition with one of the small

players, exclude the other, and both of them would be better off. Even though small players

competing for the big player’s favor was observed in a number of rounds (e.g. Figure B.1b), such

30Or almost equal. The total of 100 is not divisible by three, and most groups were happy to allocate the extra
point to the big player. Nevertheless, a significant share of groups also “wasted” one point in order to have a
perfect equal split.

31For example, in the round summarized in Figure B.2a, players very quickly agree on it despite their highly
unequal bargaining power.

32Althoough, the difference that the Shapley value predicts between the Y = 10 and Y = 30 treatments is
rather small. Due to the high proportion of equal splits, it is possible that we would not detect a difference in
outcomes even if some groups agreed on allocations as predicted by the Shapley value.
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high shares were never achieved by the latter. This could imply that fairness considerations are

very relevant in this case.

It is also important to note that, as evidenced by the disaggregated outcomes, there is

considerable heterogeneity between the different subjects. As a result, no single solution concept

can be expected to describe the data very well. This is further complicated by the fact that

each outcome is a result of bargaining between three different subjects, who themselves may

also differ in preferences, and even fairness notions.33

These kinds of results are quite often observed when results for lab experiments are compared

to theoretical predictions, also in the case of non-cooperative game theory. For example, in the

ultimatum game, instead of the predicted outcome that the proposer takes (almost) everything

and the responder accepts (almost) everything, the results are often much closer to a 50-50

split.34 Multiple fairness-based explanations have been proposed for this, such as outcome-based

inequality aversion (e.g. Fehr and Schmidt 1999; Bolton and Ockenfels 2000), or intention-based

reciprocity (e.g. Rabin 1993). The main idea behind those is that money gained from the

experiment does not capture subjects’ utility, because they also care about the fairness of the

outcome. Subsequently, bargaining is not necessarily over the money in terms of currency, but

over the utilities of the players.35 This could be the case in our experiment as well.

5.2 Types of agreements

At the end of each round, three kinds of outcomes were possible: either (1) a full agreement was

made with all three players being included in the winning proposal, (2) a partial agreement was

made with two players being included in the winning proposal and one player being excluded, or

(3) negotiations broke down and no agreements were made. As shown in Figure 4, full agreement

was by far the most common outcome in all treatments. Breakdowns were very rare, and partial

agreements were somewhat common in the dummy player and the Y = 90 treatments. This is in

line with the observation that there is no point in forming a coalition that does not include all

three players in the other two treatments, as the outcome would be worse than the equal split

for everyone.

Figure 5 goes into more detail by also displaying the amount each player got, given the

type of agreement made. The most striking observation relates to the Y = 90 treatment: Each

occurrence of the big player getting a relatively high (higher than 50) payoff was achieved by

excluding one of the small players. This is contrary to what the cooperative solution concepts

would predict, as those would imply that even though the big player gets a relatively large

amount, the outcome is still efficient, and the both small players share the rest. One possible

reason for this outcome is that in many of these rounds, time pressure played a role, and

33There is also some heterogeneity between matching groups within a given treatment (see Figure C.1). Some
matching groups end up on the equal split as the average payoff for every player, whereas in other matching
groups the big player role gets a higher average payoff than the small player role.

34In a meta-analysis of ultimatum games, Oosterbeek, Sloof, and Van De Kuilen (2004) find that the responder
gets on average 40% of the pie.

35Such a game does not have the transferable utility property, and thus the two main solution concepts described
in this paper do not apply. For an overview of solution concepts for non-transferable (NTU) utility games, see
McLean (2002). Furthermore Hart and Mas-Colell (1996) demonstrates that certain NTU solution concepts can
also be given non-cooperative microfoundations.
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Figure 4. Distribution of outcomes by agreement types across treatments.

thus there might not have been enough time for three-way coordination (e.g. Figure B.1b).

Another explanation is that some players simply flat-out refuse small proposals, regardless of

their bargaining power (e.g. Figure B.2b).

Finally, Figure 6 shows how players’ payoffs are related: each final bargaining outcome

is placed in the simplex of possible shares, with colors denoting the total amount of points

allocated. This figure, while showcasing the dominance of equal splits, also demonstrates the lack

of outcomes where a total agreement is made but the big player gets a large share. Furthermore,

it showcases the symmetric nature of most outcomes which resulted from full agreement.

5.3 Proposals and acceptances

During the five minutes of the negotiation phase, subjects were able to make any number of

proposals and change their acceptance decision at any time. This resulted in a very rich dataset,

which contains a lot of information in addition to the final outcomes. Across the four treatments

and five rounds (excluding the training round) we recorded more than 700 proposals and more

than 1000 acceptance decisions. This section looks at these proposals and acceptances in more

detail.

Figure 7 provides a look at all the proposals that were made during the negotiation phase.

The picture is quite similar to the outcomes.36 As with the outcomes, the vast majority of these

were (almost) equal splits. Furthermore, in the dummy player, Y = 10 and Y = 30 treatments,

most of the proposals were symmetric in the sense that the same type of player was offered the

36We also looked at a restricted set of proposals, namely the first proposal made by players of type A in each
round. The results were very similar to the full set of proposals, with equal splits being dominant.
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Figure 5. Payoffs of players of type A by treatment and agreement type. Each dot represents
one observation.

same amount. In contrast to this, in the Y = 90 case, there is a large number of non-symmetric

proposals, with one of the small players excluded from the coalition. These mostly represent

the negotiations and counter-offers mentioned before. Finally, the figure also shows that in the

latter treatment, there were a number of proposals with the big players getting a relatively large

amounts, but with both small players included. This would be in line with what the cooperative

solution concepts predict. Interestingly, such proposals did not end up being accepted in the

end, and the big player’s share was high only in the cases when one of the small players was

excluded (see Figure 6).

Next, we examine the difference between proposals that the same player makes in different

roles. Figure 8 displays the average inequality (as measured by the Gini coefficient) of each

player’s proposals when in power (playing as type A) and not in power (playing as type B).

For the dummy player, Y = 10 and Y = 30 treatments, results are what one would expect: the

vast majority of participants proposes more unequal allocations when in a position of power.

Especially in the Y = 10 and Y = 30 cases, almost all players propose equal splits as B1 or B2,

while at the same time many of them try to get more for themselves when playing as Player

A. The results of the Y = 90 treatment are a bit more puzzling, as there are a significant

number of participants who propose more equal allocations when in positions of power. Based

on subjects’ statements about their own strategy from the end-of-game survey, this is mostly

explained by those people preferring a rather equal allocation in general, but when playing as

the small players, they recognize their bargaining disadvantage, and are willing to settle for less

or compete with the other small player.
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Figure 6. Final outcomes across treatments. Each point represents one group-round observation.
The location of the point within the simplex indicates the shares of each player from the total
amount distributed, while the color signifies the total amount.
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Figure 7. Proposals across treatments. Each point represents one proposal. The location of the
point within the simplex indicates the shares of each player from the total amount distributed,
while the color signifies the total amount.
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Figure 9. Time of reaching final agreement across observations and agreement outcomes. Each
dot represents one group-round observation.

Let us continue by exploring when the winning proposals were accepted. Due to full agreement

being necessary for a proposal to be implemented, we define this as the time when the final

member of the coalition agrees to the proposal. However, because subjects could change their

acceptance decisions even after an agreement is made, there might be multiple such occurrences

per round. Among those, we take the latest one as the time of acceptance, based on the idea

that only the acceptances at the end of the bargaining round count for the final outcome.

Figure 9 shows the distribution of the acceptance times of the winning proposals for each

treatment, grouped by the type of agreement that was made (i.e., whether the proposal includes

all players or just two of them37). A number of interesting observations can be made here. First,

subjects often agreed on an allocation very early in the negotiation phase, especially in the

case of the Y = 10 and Y = 30 treatments. Conversely, agreements in the Y = 90 times came

somewhat later on average. The latter is mostly driven by partial agreements, i.e. proposals

that excluded one of the players. Indeed, many partial agreements were made in the last seconds

of the negotiation phase. This is in line with the idea that more intense bargaining took place in

the Y = 90 treatment.

Figure 10 provides more insight into the process by also displaying the time when the

eventually winning proposal was made. It demonstrates that even proposals that took a long

time to be accepted were often made very early on in the negotiation phase. Again, the Y = 90

treatment is the exception, with the winning proposal being made later on average. Most

strikingly, there are a number of rounds when the winning proposal was made and accepted near

the very end of the round. These were mostly cases when one of the small players ended up

37The handful examples of negotiation breakdowns do not have well-defined times, and are omitted from the
timing figures.
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Figure 10. Time of submitting and agreeing on the eventually winning proposal. Each line
represents one group-round observation.

being excluded, which was preceded by the two small players competing to offer the big player a

better deal.

5.4 Axioms

In this subsection, we analyze the agreement of the bargaining outcomes with the Shapley axioms

(efficiency, symmetry, linearity and dummy player axiom, see Section 3.1.3) and the defining

property of the core (stability, that is, the property that no coalition can profitably deviate, see

Section 3.1.1). We also compare their support in the bargaining outcomes to their support in

the survey.

Survey questions. Subjects were asked to rate their support of the axioms at the end of

the experiment (“Strongly Disagree”, “Disagree”, “Neutral”, “Agree”, “Strongly Agree”, “No

opinion”). In order to avoid technical jargon, we did not state the axioms in their full general

form, and used only specific examples for linearity (refer to Figure E.1 for the exact phrasing of

the questions). Our survey data is complete in the sense that all participants filled out all of the

survey questions on axioms.

Limitations. Given that these axioms are non-trivial concepts, it is unclear whether subjects

understood them correctly. It would be interesting to see the results of a similar study that

includes a comprehension test of the axioms or places the axioms-related survey at the beginning

of the experiment. We leave this for future research. We also note that bargaining outcomes do
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not necessarily reflect the preferences of the whole bargaining group, but might primarily be a

reflection of the big player’s preferences as they have more bargaining power.

5.4.1 Results

The bargaining results in terms of satisfying the axioms are depicted in Figure 11, while the

survey results are shown in Figure E.2.

Efficiency. There is some evidence against the efficiency axiom in the Y = 90 treatment and

moderate evidence in favor of efficiency in the other three treatments. In our setting, efficiency

implies the grand coalition always being formed and the whole value being distributed. The

markedly higher share of efficiency violations in the Y = 90 treatment is due to the higher

share of partial agreements in this treatment which are inefficient.38 A third of the violations

(12 out of 36) is due to exact equal splits where subjects decide in favor of equality instead of

distributing the remaining 1 point. Slightly at odds with the bargaining outcomes, the survey

results in Figure E.2 show an overwhelming support of the efficiency axiom.

Symmetry. There is some evidence against the symmetry axiom in the Y = 90 treatment

and moderate to strong evidence in favor of symmetry in the other three treatments. According

to the axiom, symmetric players should receive the same payoffs (i.e. Players A1 and A2 in

the dummy player treatment, and Players B1 and B2 in the other three treatments). This is

satisfied in the large majority of the cases. The markedly higher share of symmetry violations in

the Y = 90 treatment is due to the higher share of partial agreements in this treatment which

are by nature asymmetric. Mostly consistent with this, the survey results in Figure E.2 show

strong support of the symmetry axiom.

Dummy player. We find strong evidence against the Dummy player axiom. According to the

axiom, the dummy player should receive zero points. However, we already saw in Figure 2 that

the dummy player receives about 20 points on average in the dummy player treatment. On a

more granular level, we see that the dummy player axiom is violated in 48 out of 60 bargaining

outcomes (see Figure 11d). The dummy player’s payoffs cluster around 0, 10, 20, 30 and the

equal split value (see Figure 3).39 Consistent with this, the survey results in Figure E.2 show

that while there is no consensus, a large share of the respondents disagrees with the Dummy

player axiom.40

Linearity. There is moderate evidence against the linearity axiom. As we do not observe

the same groups across treatments, we can only test the linearity axiom on an aggregate level.

38An interesting question is how this inefficiency arises at all, as the left-out player could make a counter-offer
that is a profitable deviation for all. Timing data and anecdotal evidence from the chat suggests that this might
be partly due to fairness concerns, partly due to the partial agreement being formed so late in the game that the
left-out player does not have enough time to react.

39One might conjecture that the dummy player’s high payoff might be solely due to the repeated nature of
the bargaining game and strategic reciprocity concerns. However, the behavior in the last round is practically
identical to the behavior in earlier rounds (Figure D.1).

40Note that the disagreement is the highest in the Dummy player treatment. This might be due to a change of
opinion after having been a dummy player themselves, a self-serving bias or a form of confirmation bias.
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Figure 11e depicts the three player roles’ average payoff by treatment. According to the linearity

axiom, they should lie on one line. We see that for Player B1 and B2, the payoffs in the Y = 10

and Y = 30 treatments imply an increasing relationship in Y , while the payoffs in Y = 30 and

Y = 90 indicate a decreasing relationship in Y . For Player A, the payoffs in the Y = 10 and

Y = 30 treatments imply an almost constant relationship in Y , while the payoffs in Y = 30 and

Y = 90 imply a strongly increasing relationship in Y . The survey results in Figure E.2 indicate

mixed responses, though predominantly in favor of the linearity axiom.

Stability. There is strong support against stability. Stability requires that no coalition can

profitably deviate. Note that a necessary condition for stability to hold is for efficiency to be

satisfied. This already makes stability less likely to hold as efficiency is not always satisfied.

We observe in Figure 11c that stability is almost always violated in the dummy player and the

Y = 90 treatments. Note also that stability is much more easily satisfied in the Y = 10 and

Y = 30 treatments as the sum of Player A’s payoff and one of the B player’s payoff only needs

to exceed 10 and 30, respectively. In contrast to this, the survey results in Figure E.2 show

strong support of the stability axiom. However, as discussed above, this discrepancy might also

be attributed to misunderstanding of the axiom.

Relation between individuals’ survey answers and proposals. Figures E.3 to E.8 show

the connection between subjects’ stated preferences and actual actions on an individual level, by

comparing their survey answers to the proposals they made. In general, the results show that

there is surprisingly little correlation between the two.

5.5 Chat logs

In most rounds, subjects heavily utilized their possibility to chat with each other. We logged

6000 messages in total, giving an average of 25 messages per round. In this section, we analyze

the chat logs in order to gain more insight into subjects’ thought process. Appendix B.2 provides

some example chat excerpts to illustrate the kinds of discussions that took place.

In general, the quality of the logs was rather messy for a number of reasons. First, natural

text is inherently noisy, and it is difficult to extract meaningful information from it. Furthermore,

due to the time pressure, and also the fact that many subjects were not familiar with the Swiss

German keyboards that are used in the lab, an unusually high number of typos were observed.

While this did not hinder the intelligibility of the messages, and thus communication between

the subjects, it makes simple text analysis techniques, such as word counting, difficult. Finally,

the fact that people used lots of colloquialisms, emojis and abbreviations, made the text difficult

to analyze with medium-sized transformer-based models, such as BERT.

Due to these reasons, the analysis of the chat logs was performed with a large language

model, specifically, GPT-4o from OpenAI. The model was instructed to classify each message

into one of a number of main and sub categories, while also taking context into account.41 The

categories were as follows:

Small talk: messages that are not directly related to the experiment

41The exact system prompt, together with an example round transcript can be found in Appendix B.1
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Figure 11. Bargaining outcomes: empirical support of the axioms
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greetings and farewells: e.g. saying hello, goodbye, etc.

other: e.g. talking about the weather, how to spend the remaining time, etc.

Bargaining: messages discussing the distribution of the money, making and reacting to pro-

posals, counter-proposals, etc.

fairness-based: using arguments based on fairness or justice ideas

non-fairness-based: using arguments based on other considerations

Meta-talk: talking about the experiment itself

purpose: discussing what the experimenters are trying to find out

rules: discussing and clarifying the rules of the experiment

identification: identifying each other, e.g. trying to figure out if players met each other

in previous rounds, or identifying information for later

Figure 12a presents the distribution of chat messages by main topic and sub-topic. A

significant portion of the messages can be classified as small talk in all treatments, but especially

in the dummy player treatment. Part of this is due to the equal split being a rather obvious

choice in a number of the treatments (and for some people, regardless of the treatment), and

players simply got bored towards the end of the five minutes. However, when only considering

messages that were sent before the final agreement was made, Figure 12b, the share of small

talk is lower, but still relatively high. This might indicate that small talk might also play an

important role in the bargaining process itself, for example by building a relationship or by

making it more salient that participants might have a lot in common with each other.

Among the bargaining related messages, the majority were not based on strictly fairness-based

arguments, despite so many of the outcomes being close to the equal split. The proportion of

fairness-related messages is somewhat higher in the treatments where the bargaining powers are

more unequal (i.e. the dummy player and the Y = 90 treatments). One possible explanation is

that the small players needed to rely on fairness arguments more heavily than in the treatments

where bargaining weights were more unequal. This is also consistent with the observation

that the the tested solution concepts do a worse job of describing the outcomes in those two

treatments.

Finally, the number and content of the messages about the experiment itself provides

important information about players’ thoughts and comprehension of the experiment (see

Figure B.3 for a couple of examples). For example, despite having to pass a number of

comprehension tests, some participants were still unclear about how coalition formation works

in the case of a disagreement. One incidental advantage of having a chat was that players with

a better understanding could correct others mistaken beliefs about the rules.
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29



6 Conclusion

We have studied free-form bargaining between three players in a lab experiment where players

bargain via chat. Players’ bargaining power is asymmetric and partially earned by effort. We

find that players’ payoffs are increasing in their bargaining power, but only when forming a

smaller coalition and excluding one of the small players is a credible threat. This is qualitatively

captured well by the nucleolus. We know from the literature that more communication during

bargaining is associated with more grand coalitions being formed and bargaining power being less

relevant. Our results highlight that bargaining power still plays an important role in a setting

with extensive and unrestricted communication, and that popular concepts from cooperative

game theory can be useful in describing bargaining outcomes in this setting.

On the other hand, both the Shapley value and (especially) the nucleolus overestimate the

big player’s payoff when the bargaining positions are very unequal. This might imply that

despite their normative nature, these solution concepts do not fully capture all relevant fairness

considerations, and that incorporating other-regarding preferences into cooperative game theory

concepts might be a fruitful direction for studying coalitional bargaining. It would also be of

interest to understand how much the pull towards the equal split is driven by fairness concerns as

opposed to strategic concerns (an equal split might be much easier to agree on than an unequal

allocation).

Examining the outcomes on a more individual level reveals considerable heterogeneity

between players’ choices. Whether this is due to differing fairness concepts (such as equality

versus rewarding high contributions), unequal negotiation skills, or something else entirely, is a

compelling question for further research – one that is crucial to understand for a good description

of coalitional bargaining. Our results about the heterogeneity in players’ agreement with the

various, fairness-related axioms seem to suggest that the former is among the underlying reasons

for the observed heterogeneity in choices. However, as there is surprisingly little correlation

between subjects’ survey answers and actual behavior, establishing such a result requires further

studies, with more focus on eliciting people’s fairness preferences.

Our results complements the existing literature about fairness preferences, as we find that

fairness concerns are an essential factor also in free-form bargaining. More research is needed to

disentangle the tension between fairness and profit-maximizing motives, however. Our study

further suggests that chat logs can be a valuable tool in understanding this tension, and the

underlying mechanisms and dynamics of the bargaining process.
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Welcome
This is a research study run by the Department of Economics at the University of Zurich.

This study will take about 60 to 75 minutes to complete. This consists of a base payment of 10 CHF that you will receive with
certainty, and a variable payment that depends on your decisions and on luck.

This experiment is anonymous. You will interact with other participants, but you will not be able to link other players' roles and
decisions to their identities. Other players and experimenters will also not be able to link your decisions to your identity.

You will receive payment in cash at the end of this study.

By clicking the "next" button below, you consent to participating in this decision making study.

Next

Figure A.1. Welcome screen

Instructions 1/4
Note: you have also received a printout with the summary of the instructions. It is for reference throughout the experiment,
and contains no extra information compared to what is shown on the next pages.

You play with two other players.

You can form a group with one or both of these players. The group will receive a budget which can be distributed freely among its
group members. The size of the budget depends on the size of the group and who is in the group (more details on this on the next
page).

You have five minutes to discuss and bargain in a chat with the other two players about which group you want to form and how you
want to distribute its budget among its group members. After the five minutes, at most one group will form (more details on the
group formation later).

In each round, you will play with different participants. You will play 6 rounds in total, where the first round is a trial-round that does
not affect your payment at the end of the experiment. (Who you play with will not depend on your decisions and payoffs in the
previous rounds.)

On the next pages we will explain the rules and the experiment interface in more detail.

Next

Figure A.2. Instructions 1/4: Introduction
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Instructions 2/4
On this page, we explain how the group budget is determined and how you can make a proposal.

Group budgets
The assignment of player roles works as follows: After these instructions, you will work on a task (moving sliders). In each round, you
and the respective two other players will each be randomly assigned a player role (A, B1, B2). The better you performed on the task,
the higher the probability that you will be assigned player role A. The player roles will be reassigned each round.

A group needs to include Player A to receive any budget. The more members a group has, the bigger the budget:

If Player A and one other player form a group together, they have a budget of 90 points.
If all three players form a group together, they have a budget of 100 points.

This information is also summarized in a table and a corresponding graph for reference during the discussion and bargaining phase
(see below: "Group budgets").

Make a proposal
When you want to make a new proposal for which group to form and how to split its budget, you submit it in the "Make a proposal"
interface (see below). For each proposal, simply select the players you want to include in the group and then enter the amount they
get below (you can only enter positive, whole numbers). On the right you see two totals: the budget that is available to this group
(top) and how much you have already distributed among the group members (bottom).

During the five minutes of the discussion phase, you can make as many proposals as you like. Furthermore, proposals are not
binding.

Past proposals
Once a new proposal is made, it is added to the table "Past proposals" (see below). This gives an overview of all proposals that have
been made so far. Each row corresponds to one proposal. In the first column, you see the "ID" of the proposal (this is just the number
of the proposal, e.g. the second proposal that was made has the ID 2), this is used for easier reference later on. In the second column
you see who made the proposal. In the remaining three columns you see which amount each player gets in this proposal. Players not
included in the proposed group are marked with "—".

Try it yourself
As an illustration, suppose you are Player A (the proposal options are the same no matter the role).

To become more familiar with the interface, we ask you to complete the following small exercise:

For each of the criteria below, make a proposal that satisfies it. Once a criterion is satisfied, it will turn green and a check mark will
appear. Note that a proposal can satisfy more than one criterion at the same time.

Every player is included in the group
Not every player is included in the group
The whole budget is divided 
Less than the whole budget is divided 

Group budgets
Group members B1+B2

A+B1
A+B2

A+B1+B2

Group budget 0 90 100

Past proposals
ID From A B1 B2

Make a proposal
Player A Player B1 Player B2 Total

In group 0

Player's amount 0 0 0 0

Submit

Please complete all exercises before moving to the next page.

Figure A.3. Instructions 2/4: Group budgets
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Instructions 3/4
We will now discuss how the group is formed at the end of the round.

Accepting proposals
During the five minutes of discussion and bargaining you can change which proposal you currently accept any number of times.
At the end of the five minutes, everyone's currently accepted proposal becomes final. The "Currently accepted proposal"
interface for this is shown below. You can see which proposal ID each player currently accepts (or whether they reject all, by choosing
"—"). In the row below you see which payoffs these choices would lead to.

Try it yourself
As an illustration, suppose you are Player A.

Please perform the following tasks:

Submit a preferred proposal 
Clear your preferred proposal 

(The proposal IDs in this exercise refer to the proposals under "All Proposals" below, though it does not matter for this exercise what
exactly the proposals are.)

Currently accepted proposal
Player A Player B1 Player B2

Accept proposal ID — 1 2

Implied payment 0 0 0

Choose accepted
proposal (ID):

Accept proposal Revoke acceptance

Group formation
After the five minutes of discussion and bargaining, the final outcome and the payoffs of this round are determined as follows:

Only if all players in a proposed group agree on the same proposal ID is that proposal successful.
Note that players who are not included in a proposal (marked as "—") do not have to agree to it for it to be successful.

The group is then successfully formed and its members' payoffs are determined by the agreed-upon proposal. All other players get 0.
If there is no such agreement, all three players get 0.

Note that because Player A has to be included for a group to receive a budget, there will be one group at most.

Try it yourself
Here is an example of a game where a number of proposals were made. To get a better idea about how group formation works, you
will now try out various combinations of acceptance decisions. This is just for illustration purposes: in the actual experiment, you
will not be able to modify the choices of other players.

For each of the criteria below, set the accepted proposal IDs such that it is satisfied. Once you satisfy a criterion, it turns green and a
checkmark appears.

All players form a group 
Not all players agree, but a smaller group is formed 
No group is formed 

All proposals
ID From A B1 B2
1 A 54 36 —
2 B1 30 40 30
3 A 80 10 10
4 B1 36 54 —
5 B2 72 — 18

Currently accepted proposal
Player A Player B1 Player B2

Accepted proposal ID — — —

Implied payoff 0 0 0

Calculate payoffs

Please complete all exercises before moving to the next page.

Figure A.4. Instructions 3/4: Proposals and group formation
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Instructions 4/4
Payment at the end of the experiment
Your payment at the end of the experiment consists of

the base payment of 10 CHF, plus
the average payoff across the non-trial rounds, converted to CHF (1 point = 0.6 CHF) and rounded up to the nearest integer.

If you have any questions, please raise your hand now and an experimenter will come to you.

Otherwise, please proceed to the task.

Next

Figure A.5. Instructions 4/4: Payment

Task

Move the slider into the position indicated by the red dot. Once the slider is in the correct position, it will turn green. Recall: The more
sliders you put in the correct position, the higher the probability that you will be assigned player role A. You have 4 minutes in total.

Time left to work on the task: 3:47

Results
Thank you for working on the task. Please now proceed to the trial round.

Next

Figure A.6. Slider task. (Note that this screenshot is cropped, there were 150 sliders in total.)
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You will now play round 1 of the actual game. The results of this round will be relevant for your payment at the end.

In this round, you are Player B2.

You will now have exactly five minutes to discuss and bargain with the other players. After the five minutes end, accepted
proposals become final.

Next

Figure A.7. Info page before the bargaining round
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Bargaining phase

Brief recap of the instructions:
Any subset of players can form a group. A group needs to include Player A
to receive any budget. The more members a group has, the bigger the
budget. Group budgets are depicted on the right.
Use the chat below for bargaining. You can make as many proposals as you
like and change your currently accepted proposal any time.
You have five minutes to bargain. After the five minutes end, the currently
accepted proposals will become final.
Only if all players in a proposed group agree on the same proposal is
that proposal successful.

This is round 1. You are Player B2.

Group members B1+B2 A+B1
A+B2

A+B1+B2

Group budget 0 90 100

Chat
A Lorem ipsum dolor sit amet
B2 (Me) consectetur adipiscing elit

Send

Past proposals
ID From A B1 B2
1 A 33 33 33
2 B2 1 — 89

Make a proposal
Player A Player B1 Player B2 Total

In group 90

Player's
amount

1 0 89 90

Submit

Currently accepted proposal
Player A Player B1 Player B2

Accepted proposal ID — — —

Implied payment 0 0 0

Choose accepted
proposal (ID):

Accept proposal Revoke acceptance

Time left for bargaining: 4:18 — decisions become final after time expires

Figure A.8. Bargaining interface
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B Chat analysis

B.1 Methodology

To ensure reproducibility as much as possible, the temperature of the GPT-4o model was set to

zero. The system prompt we supplied was the following:

You are going to receive a log containing messages between three players from an economics lab

experiment. Players bargained how to split an amount of money. They could additionally use

an interface for submitting and accepting proposals. Before the bargaining, players did a

slider task and their performance determined their bargaining position.

The log format is the following:

MSG #[MESSAGE_ID] @[PLAYER_NAME]: [MESSAGE]

PROP #[PROPOSAL_ID] @[PLAYER_NAME]: [distribution of the money]

ACC #[ACCEPTANCE_ID] @[PLAYER_NAME]: PROP #[PROPOSAL_ID]

separated by newlines.

Please classify which TOPIC each message (MSG) belongs to. You only have to classify messages,

not proposals or acceptances (those latter two are only included for context). The

classification should also take into account the context of the message (e.g. when a

message is a reply to another).

Each message should be classified into one main and one subtopic. The topics are given in the

following nested list:

- small talk: messages that are not directly related to the experiment

- greetings and farewells: e.g. saying hello, goodbye, etc.

- other: e.g. talking about the weather, how to spend the remaining time, etc.

- bargaining: messages discussing the distribution of the money, making and reacting to

proposals, counter-proposals, etc.

- fairness-based: using arguments based on fairness or justice ideas

- non-fairness-based: using arguments based on other considerations

- meta-talk: talking about the experiment itself

- purpose: discussing what the experimenters are trying to find out

- rules: discussing and clarifying the rules of the experiment

- identification: identifying each other, e.g. trying to figure out if players met each

other in previous rounds, or identifying information for later

Your response should be of the following format:

#[MESSAGE_ID]: [MAIN_TOPIC], [SUB_TOPIC]

for each message, separated by newlines.

It should look like the contents of a dictionary, but without the surrounding curly braces and

apostrophes.

Do not include any other lines, such as code block delimiters or comments.

If there are no rows of type MSG, please respond with NO_MESSAGES without any additional

content, such as IDs or comments.

Listing 1. System prompt for GPT-4o

Then, we supplied the chat, proposal and acceptance history for a given round as the user

prompt. An example is given below.

MSG #1 @A: what are you guys up to?

PROP #1 @B2: A: 34, B1: 33, B2: 33

MSG #2 @A: anyone one split 90 points with me?

40



MSG #3 @B2: fair play

MSG #4 @B2: propose A

PROP #2 @A: A: 45, B1: 0, B2: 45

ACC #1 @A: PROP #2

MSG #5 @B2: fair i’m down

ACC #2 @B2: PROP #2

MSG #6 @A: i mean if B1 has nothing to say

MSG #7 @A: feel free to offer a better deal :)

MSG #8 @B1: I will not accept it, but i do not think it matters at this point xd

ACC #3 @B1: PROP #0

MSG #9 @A: nope only thing you can do is propose a better deal for me hahah

MSG #10 @A: sorry m8

PROP #3 @B1: A: 46, B1: 44, B2: 0

MSG #11 @A: the power of A

MSG #12 @B1: xdxd no problem

ACC #4 @A: PROP #3

ACC #5 @B1: PROP #3

MSG #13 @A: xD

MSG #14 @A: lets get that game rolling

MSG #15 @A: im sure B2 cannot be happy with that

MSG #16 @B1: hahaha

MSG #17 @B2: :) just wait and see

MSG #18 @A: deal before 10 sek

PROP #4 @B2: A: 50, B1: 0, B2: 40

ACC #6 @B2: PROP #4

ACC #7 @A: PROP #4

Listing 2. User prompt for GPT-4o

Finally, the model’s answer was as follows.

#1: small talk, other

#2: bargaining, non-fairness-based

#3: bargaining, fairness-based

#4: bargaining, non-fairness-based

#5: bargaining, fairness-based

#6: bargaining, non-fairness-based

#7: bargaining, non-fairness-based

#8: bargaining, non-fairness-based

#9: bargaining, non-fairness-based

#10: small talk, other

#11: small talk, other

#12: small talk, other

#13: small talk, other

#14: small talk, other

#15: bargaining, non-fairness-based

#16: small talk, other

#17: small talk, other

#18: bargaining, non-fairness-based

Listing 3. Answer from GPT-4o

The results of the categorization of messages is included in the project’s git repository along

with the raw data.
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B.2 Chat excerpts

This section contains a number of chat excerpts (including proposals and acceptance decisions)

to illustrate some more common themes we observed when reviewing the chat logs. They are

presented mostly to give an idea about the kind of textual data we obtained from the experiment.

exactly. and if you try to
exclude one of the Bs the
income is much smaller.

B1

yep
A

if A wants more, just for
example, I guess one of the Bs

woudl not agree :)

B2

this is the only way to gooo
B2

in all my 4 rounds till now
B2

exactly the same proposal
B2

Proposal #1:
A: 34, B1: 33, B2: 33

B2

(a) Treatment Y = 30: discussing that par-
tial agreement makes no sense

Proposal #3:
A: 46, B1: 44, B2: 0

B1

nope only thing you can do is
propose a better deal for me
hahah

A

I will not accept it, but i do
not think it matters at this

point xd

B1

i mean if B1 has nothing to
say

A

fair i'm down
B2

Proposal #2:
A: 45, B1: 0, B2: 45

A

fair play
B2

anyone one split 90 points
with me?

A

(b) Treatment Y = 90: making the small
players compete

Figure B.1. Examples of stability-based reasoning from the chat logs. Note, that some messages
have been omitted.
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hahahhaha thank youuu <333
A

Proposal #2:
A: 34, B1: 33, B2: 33

B1

we have 1 of budget more, I
think player A deserves it for

the fair proposal

B1

hahahhaha ^^
A

love this equality <3
B1

heyy
B2

hii
A

helloo
B1

Proposal #1:
A: 33, B1: 33, B2: 33

A

(a) Treatment Y = 90:, agreeing on almost
equal split

Proposal #4:
A: 40, B1: 30, B2: 30

A

hmm not really fair tho :/
B1

sounds more reasonable?
A

Proposal #3:
A: 50, B1: 25, B2: 25

A

or we can do
A

sorry have to squeeze a bit, I
finally got A XD

A

hahahaa
B2

u sure about this proposal ?
hahahhahaha

B1

Proposal #2:
A: 60, B1: 20, B2: 20

A

(b) Treatment Y = 90: rejecting unequal
proposals

Figure B.2. Examples of fairness-based reasoning from the chat logs. Note that some messages
have been omitted for brevity.
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I already feel bad for
proposing to my advantage

A

yeah
A

yes... you could just be an
egoist without being called

out

B2

I'm thinking about how the
whole thing would be different
if there wasn't a chat

A

yeah fair for sure
A

I guess it would be fair to
have it distributed evenly

B2

Proposal #2:
A: 60, B1: 20, B2: 20

A

Proposal #1:
A: 34, B1: 33, B2: 33

B2

(a) Discussing the impact of having the abil-
ity to chat with each other

had a discussion about toilet
paper flavors in the round
before this

A

god i hope not
A

do u think they read the
chats? hah

B2

yeahh
B2

fr it usually only takes like
2mins to make a descision

A

same, these rounds are too
long

B2

nun much just sleepy af
A

so hows it goin
B2

(b) Small talk and feedback about the length
of the rounds

Figure B.3. Examples of discussing the experiment from the chat logs. Note that some messages
have been omitted for brevity.
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Figure C.1. Average payoff on the matching-group level by role and treatment. (There were six
matching groups à six subjects in each treatment.)

D Reciprocity concerns

A potential concern is that reciprocity is a driver of behavior and leads to more equal payoffs:

for example, people might give a non-zero payoff to the dummy player because they expect to

be the dummy player in later rounds, or they might agree on outcomes closer to the equal split

because they expect to be a small player in later rounds. This is corroborated by the fact that

some subjects try to identify each other (Figure 12a). While a large part of it is due to small

talk about topics such as countries of origin or degrees, some subjects tried to agree on code

words in order to identify each in later rounds, for example in order to find out if groups were

actually reshuffled. Reciprocity, however, would suggest that the behavior in the last round is

different from the previous rounds. While we can not exclude that reciprocity is a factor, the

comparison of the average payoffs of the last rounds versus all other non-trial rounds does not

indicate any substantial difference.
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(b) Round 5

Figure D.1. Average payoffs for each player role by treatment, for the given rounds. Vertical
bars denote 95% confidence intervals for the within-group means.

E Survey: axioms

Survey
To conclude the experiment, please answer the following questions.

Demographic questions
What is your age?

What is your gender?

Male  Female  Other

What is the degree you are currently pursuing?

Bachelor  Master  PhD  Other

What is your field of study?

--------

What is your nationality?

--------

Do you have a second nationality?

Yes  No

Preference questions
For each of the following statements, please indicate the extent to which you agree or disagree with it.

Strongly
disagree

Disagree Neutral Agree
Strongly
agree

No
opinion

If adding a certain player to a group never increases the
budget, this player should get nothing.

If adding a certain player to a group always has the same
impact on the budget as adding a certain other player, then
both players should get the same payoff.

At the end of a bargaining round the biggest possible budget
(100 points) should be paid out.

If one new round were to combine the group budgets of two
previous rounds, the player payoffs should be the sum of the
two previous rounds' payoffs.

Suppose in round 2 each group budget is twice as large as in in
round 1. Then the payoff of each player should be double the
amount that player got in round 1.

If two players would have a group budget of X points if they
formed a group on their own, then the payoff of both players
should sum up to at least X points in total in the final accepted
proposal.

Strategy
What was your bargaining strategy and why?

Figure E.1. Survey questions for the axioms
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Survey: Agreement with the Efficiency axiom
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Survey: Agreement with the Symmetry axiom
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Survey: Agreement with the Linearity (Additivity) axiom

St
ro

ng
ly

 D
isa

gr
ee

Di
sa

gr
ee

Ne
ut

ra
l

Ag
re

e

St
ro

ng
ly

 A
gr

ee

No
 o

pi
ni

on

0

5

10

15

20

Co
un

t

Dummy player treatment

St
ro

ng
ly

 D
isa

gr
ee

Di
sa

gr
ee

Ne
ut

ra
l

Ag
re

e

St
ro

ng
ly

 A
gr

ee

No
 o

pi
ni

on

Y = 10 treatment

St
ro

ng
ly

 D
isa

gr
ee

Di
sa

gr
ee

Ne
ut

ra
l

Ag
re

e

St
ro

ng
ly

 A
gr

ee

No
 o

pi
ni

on

Y = 30 treatment

St
ro

ng
ly

 D
isa

gr
ee

Di
sa

gr
ee

Ne
ut

ra
l

Ag
re

e

St
ro

ng
ly

 A
gr

ee

No
 o

pi
ni

on

Y = 90 treatment

Survey: Agreement with the Linearity (HD1) axiom

Figure E.2. Survey: empirical support of the axioms
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Survey: Agreement with the Dummy Player axiom
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Figure E.2. Survey: empirical support of the axioms
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Figure E.3. Proposals by agreement with the dummy player axiom.
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Figure E.4. Proposals by agreement with the symmetry axiom.
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Figure E.5. Proposals by agreement with the efficiency axiom.
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Figure E.6. Proposals by agreement with the linearity (homogeneity of degree 1) axiom.
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Figure E.7. Proposals by agreement with the linearity (additivity) axiom.
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Figure E.8. Proposals by agreement with the stability axiom.
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F Subject sample: Population characteristics

Dummy player Y = 10 Y = 30 Y = 90
Treatment

0

5

10

15

20

25

30

35

Co
un

t Gender
Male
Female
Other

(a) Gender composition, by treatment.
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(c) Average age, by treatment.

55



CL CN CH IN DE SK KZ KR TW HR ID IT HK SG CO GB TR RO NL PE LK GR US FR BG M
K RU CZ UA GH M
X EE LI PT IR ES
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Figure F.1. Population characteristics of the experiment sample, by treatment.
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