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Introduction: Team reasoning and bounded best-response models have been

used to explain coordination success and failure in games with focal points. Most

attempts at discriminating between them have used games framed as matching

problems in which players choose between alternative payo� distributions. But

evidence suggests that coordination failures are less dramatic in games framed as

bargaining problems in which players separately claim parts of a valuable surplus.

We contrast team reasoning and bounded best-response models using a variant

of an established experimental paradigm in which tacit bargaining games are

given a spatial frame.

Methods: Participants (N = 100) took part in 24 one-shot spatially-framed

bargaining games in which the total surplus was divided into two, four or eight

valuable discs scattered on a grid where each player was located in a specific

position. Twelve games had spatial cues suggesting a Least Unequal E�cient

(LUE) surplus allocation in which each player claimed the discs closest to them,

and 12 games had no such cues. Each player’s payo� was the total value of the

discs claimed by them but not by the other player. In this setup, bounded best-

response models predict players would follow the dominant strategy of claiming

all discs, while team reasoning predicts each player should claim one of the

LUE shares.

Results: Across all games, the proportion of players claiming all discs ranged

from 35 to 63%, exceeding 50% in just 4 games. In line with team reasoning,

most non-dominant claims were LUE shares and players were significantly more

likely to claim near than far discs.

Discussion: Exploiting spatial framing and leveraging payo� dominance, our

experiment provides novel evidence for team reasoning in tacit bargaining. We

also find some evidence that players favored by spatial cues sometimes do not

accept that advantage. We discuss possible explanations for these patterns.
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1 Introduction

It has been known for more than 60 years that ordinary people can often solve

coordination problems more successfully than would be possible for the ideally rational

agents of standard game theory, and that achieving this success involves using cues

contained in the way games are framed—cues that the supposedly rational agents

of the theory would treat as irrelevant (Schelling, 1960). However, many questions
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about when and how these cues are recognized and used remain

unresolved. Two fundamentally different modes of non-standard

game-theoretic reasoning have been proposed as explanations—

bounded best-response reasoning, which grounds players’ beliefs on

propositions about the behavior of strategically naïve agents, and

team reasoning, in which each player tries to play their part in the

strategy profile that would be best for the players collectively.1 Most

attempts at discriminating between these modes of reasoning have

used paradigms that are not intuitive representations of bargaining

problems. To extend such attempts to games explicitly framed as

bargaining problems, we present an experiment based on a variant

of the bargaining table design that we used in a parallel experiment,

reported in Isoni et al. (2013). Although the design change is very

minor, it has radical implications, allowing us to make distinctions

between team reasoning and bounded best-response reasoning that

would not be possible in Isoni et al.’s design.2

1.1 Labeling e�ects in matching games

In non-cooperative game theory, the formal description of a

game is a structure comprising a set of players, a set of strategies

for each player, (in some games) a set of probabilistic “moves of

nature”, and a payoff distribution (i.e., a utility or material payoff

for each player for each combination of strategy profiles and moves

of nature). The players are assumed to have common knowledge

of the whole structure, incomplete information being represented

by moves of nature. Game theory provides “solution concepts” that

derive propositions about players’ strategy choices and beliefs solely

from the data contained in the formal description. A gamemay also

have labels for individual players and/or strategies, and the players

may have common knowledge of this labeling. Crucially, however,

labels provide no information about the components of the formal

description and are therefore not used by solution concepts. Thus,

standard game theory implies that, if the formal structure of a game

is held constant, there are no labeling effects: players’ behavior and

beliefs are independent of how that game is labeled.

From Schelling (1960) onwards, this hypothesis has been tested

in many different matching games. In a two-player matching game,

each player has the same number of strategies, each identified by

the same arbitrary set of labels (e.g., “Heads” and “Tails”) for both

players. If both players choose the same label, each gets a positive

payoff; otherwise, both get zero. In a 2× 2 Pure Coordination game,

both pure-strategy equilibrium payoff distributions are (x, x) for

some x > 0. In a Battle of the Sexes game, these distributions are (x,

y) and (y, x) for some x > y > 0.

In contrast to standard game theory, Schelling (1960) presents

intuitive arguments and informal experimental evidence in support

of the hypothesis that players use “prominent” labels as cues for

concerting their strategies in matching games, thus identifying one

of the equilibria of the game as a focal point. A label is prominent

(or, synonymously, salient) by virtue of properties that are

1 A strategy profile is a list of strategies, one for each player. Payo� profiles

are defined similarly.

2 For this reason, direct comparisons between the two designs are not

particularly informative in relation to our research questions.

commonly recognized as differentiating it from the other labels. For

example, in a Pure Coordination game in which the strategy labels

were “Heads” and “Tails”, 36 of Schelling’s 42 participants chose

“Heads”. Incentivized experiments have confirmed Schelling’s

hypothesis as applied to one-shot Pure Coordination games.

Ordinary human players have shown a remarkable ability to find

salient labeling cues even in the most unlikely settings (Mehta et al.,

1994; Bardsley et al., 2010; Hargreaves Heap et al., 2017).

Schelling argues that his hypothesis extends to tacit bargaining

games (such as Battle of the Sexes) in which players have conflicting

preferences between two or more Nash equilibria, provided the

conflict of interest is small relative to the potential efficiency gains.

In such a game, the salient equilibrium “quite arbitrarily condemns

one of the players to a smaller gain than the other for reasons that

may seem purely accidental or incidental”. Nevertheless, “we have

to suppose that a rational player can discipline himself to accept

the lesser share if the clue points that way” (Schelling, 1960, p. 286).

Schelling presents tacit bargaining not only as amodel of real-world

coordination problems in which communication is not possible or

not permissible (e.g., between enemies in war or colluding firms in

a cartel), but also of the final stage of explicit bargaining processes,

after opportunities for communication have been exhausted (e.g.,

Isoni et al., 2014).

However, an experiment reported by Crawford et al. (2008)

raised doubt about the applicability of Schelling’s hypothesis to

games with conflicts of interest. Crawford et al. studied matching

games with a Battle of the Sexes structure in which each player

(labeled “P1” or “P2”) selected one of two payoff distributions,

presented in the form “P1 receives $a and P2 receives $b” and “P1

receives $b and P2 receives $a”. These payoffs were implemented if

and only if both players chose the same distribution. Some games

were unlabeled (i.e., that presentation was the only labeling). In

other games, the payoff distributions were labeled “X” and “Y”. As

a control, some labeled games were Pure Coordination games (i.e.,

with a = b). In the control games, the labels induced coordination

on “X”, demonstrating the salience of that label. But when there

was a conflict of interest, even if very small, this labeling had almost

no tendency to increase efficiency relative to the corresponding

unlabeled game. Crawford et al. also found that the players’ failure

to coordinate was not always the result of each player choosing

the strategy associated with their preferred equilibrium: when the

conflict of interest was relatively small, the opposite tendency was

observed. This “after you” effect has often been interpreted as

suggesting that the main obstacle to coordination in Battle of the

Sexes is strategic uncertainty (i.e., uncertainty about the strategic

choice of the coplayer) rather than naïve self-interest. However, in

the absence of labeling cues that make one surplus division salient,

such a tendency could also be a sign that the individual is willing to

sacrifice their own self-interest for the good of the team.

1.2 The bargaining table paradigm

Isoni et al.’s (2013) experiment investigated whether Crawford

et al.’s results extended to games that were set up as bargaining

problems. Crawford et al.’s experiment, like previous investigations

of Pure Coordination games, used thematching game paradigm. In
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FIGURE 1

Examples of neutral and spatial-cue equality-incompatible scenarios. (A) A neutral scenario. (B) A spatial-cue scenario.

this paradigm, each player is shown the same set of options and is

given the objective of choosing the same option as their coplayer.

An option is presented as a payoff distribution (to be implemented

if both players chose that option), with a label (e.g., “X” or “Y”

in Crawford et al.’s experiment) or without one. This paradigm

represents a tacit bargaining problem as modeled in game theory

(i.e., as a problem of equilibrium selection), but without any cues

suggestive of real-world bargaining.

Drawing on Mehta et al.’s (1994) “squares and circles” Pure

Coordination games, in which players aimed at coordinating by

choosing the same assignment of circles to squares based on their

respective positions on a rectangular grid, Isoni et al.’s experiment

introduced a new way of presenting coordination problems—the

bargaining table paradigm. Two players face a bargaining scenario

represented on a “table”, seen by both players, consisting of a grid

of squares. Each player has a “base” in one of the squares (to the

left side of the table for one player, to the right for the other).

“Discs” are located in some of the other squares. Each disc has

a stated (positive) money value (in UK pounds), known to both

players. Two of the scenarios used by Isoni et al. are reproduced

in Figure 1.3

Simultaneously, each player chooses which discs to “claim”.

The scenario is turned into a bargaining game by means of a payoff

rule linking claims to payoffs. Isoni et al. used a single-agreement

payoff rule according to which, if any disc is claimed by both

3 In Figure 1, discs are labeled d1 and d2, and rows and columns are

numbered −4 to 4. These labels were not shown to participants, but will be

useful later on. Similarly, each scenario is given a label (like G3= |6, 5| and G1

= 6| |5 in Figure 1), not seen by participants, that wewill use in the description

of our design and the presentation of our results.

players, both players’ payoffs are zero; otherwise, the payoff for

each player is the sum of the values of their claims. The game is

described as an “opportunity to agree on a division of the discs”;

non-overlapping claims (i.e., no disc claimed by both players) are

referred to as “agreement”, overlapping claims (i.e., at least one disc

claimed by both players) as “no agreement”. In some scenarios,

like the spatial-cue scenario on the right in Figure 1, the spatial

layout of the discs is such that the closeness rule—the rule that

requires each player to claims those discs (or, as a tiebreaker, the

“blocks” of contiguous discs) that are closer to their own base—

induces an efficient outcome in which both players have positive

(but not necessarily equal) payoffs.4 In such cases, the closeness

rule is a potentially salient but theoretically payoff-irrelevant cue

for coordination. As a control, this cue can be switched off by using

layouts in which all discs are equidistant from the two bases, like

the neutral scenario on the left in Figure 1. Thus, the bargaining

table paradigm allows for a manipulation of the spatial framing of

theoretically identical games.

If, like in the examples in Figure 1, there are exactly two discs,

the formal description of the bargaining table game reduces to

that of a Pure Coordination game (if the discs have equal value)

or Battle of the Sexes game (otherwise) after iterated elimination

of the weakly dominated strategies “Claim no discs” and “Claim

both discs”. However, the bargaining table representation has very

different connotations from the matching game representation of

those games. It uses words (“claims” and “agreement”) that are

likely to prime mental associations with real-world bargaining.

4 No scenario had blocks of contiguous discs that spanned the two halves

of the bargaining table.
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Unlike arbitrary labels like “X” and “Y” appended to already well-

defined options, the spatial cues are integrated into the activity

of making claims. To achieve coordination, players have to claim

different discs, rather than matching on the same label. Thus,

each player’s attention is directed to their own potential payoffs,

rather than to the alternative payoff distributions. Notice that the

only labeling properties that can aid coordination are relationships

between specific players and specific discs. Such relationships may

prime mental associations with concepts of ownership.

By using more than two discs, the bargaining table paradigm

can also represent significant possibilities of real-life bargaining

that have no equivalents in Pure Coordination or Battle of the Sexes

games. For example, consider a table with three discs (d1, d2, and

d3) of equal value. The outcome in which one player claims only

d1 and the other claims only d2 is not a Nash equilibrium, but it is

rationalizable [as defined by Bernheim (1984) and Pearce (1984)].

Intuitively, reasonable actions by cautious players in a one-shot

game can result in outcomes that leave some discs unclaimed.

In Isoni et al.’s (2013) experiment, each participant played 24

different bargaining table scenarios presented without feedback on

players’ claims. Full descriptions of these scenarios are reported in

Section 2.3.

Twenty of these scenarios fitted into a 2 × 2 factorial design,

which we now describe. The first factor was the applicability

or inapplicability of the closeness rule. Ten of these factorial

scenarios were spatial-cue scenarios in which there were at least

two strategy profiles that induced a least unequal efficient (LUE)

payoff distribution (i.e., a distribution in which payoff inequality

is minimized subject to the constraint that each disc is claimed

by exactly one player). In each such scenario, the closeness rule

selected a unique LUE solution. Each spatial-cue scenario had

a corresponding neutral scenario with exactly the same discs,

relocated to be equidistant from the two bases. This factor allowed

controlled tests of the effect of spatial cues.5

The second factor was the compatibility of efficiency and

equality. Equality has been found to be a salient cue irrespective of

its effects on payoffs (e.g., Mehta et al., 1994). In relation to payoffs,

both equality and efficiency may be the source of focal points [see

overview in Isoni et al., 2022]. The experiment was designed to

include pairs of spatial-cue and neutral scenarios with equal LUE

distributions (i.e., allowing the surplus to be shared equally between

the two players—henceforth, equality-compatible scenarios), and

pairs with unequal LUE distributions (i.e., not allowing the surplus

to be divided equally—henceforth equality-incompatible scenarios).

In each of 10 equality-compatible scenarios (analogous with Pure

Coordination games), the LUE distribution gave £5 to each player.

Each of these scenarios had a corresponding equality-incompatible

scenario (analogous with a Battle of the Sexes game) which differed

only by the addition of £1 to the value of one of the discs; in these

scenarios, the LUE distribution gave £5 to one player and £6 to

the other. This factor allowed controlled tests of whether payoff

5 The other four scenarios explored the e�ects of increasing the inequality

of the LUE distribution (defined below) in 2-disc games. Two of these

scenarios were spatial-cue scenarios and two were the corresponding

neutral scenarios.

asymmetries and/or conflicts of interest reduce the effectiveness of

spatial cues.6

Viewed in relation to Crawford et al.’s experiment, the main

findings were as follows. In all spatial-cue scenarios, there was

a strong tendency for players’ claims to favor discs on their

own side of the table. It was particularly common for players to

claim all the discs on their side, as implied by the closeness rule.

These tendencies consistently produced more efficient outcomes in

spatial-cue scenarios than in the corresponding neutral scenarios.

However, these tendencies were markedly less strong in equality-

incompatible scenarios than in corresponding equality-compatible

ones. These findings have been replicated in a more recent

experiment (Isoni et al., 2020). Overall, the evidence supports

Schelling’s hypothesis that bargaining behavior is influenced by

labeling cues, but the effect is weaker than would be suggested by

simple extrapolation from Pure Coordination games.

1.3 Discriminating between modes of
reasoning

The effects of labeling and other payoff-irrelevant cues in

coordination and bargaining problems have been explained using

two alternative approaches. Some theories, which following Faillo

et al. (2017) we will refer to as theories of bounded best-response

reasoning (Stahl and Wilson, 1994; Nagel, 1995; Costa-Gomes

et al., 2001; Camerer et al., 2004; Crawford et al., 2008) cut off

the infinite regress of best-response reasoning (i.e., looking for a

player’s best response to a coplayer who makes a best response to

a coplayer of theirs who makes a best response. . . ) by postulating

either the actual existence of naïve “level 0” players or beliefs

about their existence. If level 0 players are assumed to use salient

labels as tie breakers when naïve thoughts about payoffs provide no

guidance, higher-level players’ choices of saliently labeled strategies

can sometimes be explained as boundedly rational. Interestingly,

however, Schelling (1960, p. 94) explicitly rejected this kind of

explanation, preferring an approach that has since been formalized

as team reasoning (Sugden, 1993, 2015; Bacharach, 2006).7 The

essential idea is that players look for a strategy profile that stands

out for them collectively as a means of coordination, using their

common knowledge of the connotations of different labels.

Discriminating between these two modes of reasoning

experimentally is difficult, because an immediate and unreflective

perception that a label stands out is often evidence that it will also

stand out for other people, and hence that it will be effective as

a means of coordination. One way of separating the two modes

is to use unlabeled matching games in which each player has

6 In comparison with Pure Coordination, Battle of the Sexes introduces

both conflict of interest (i.e., the players have opposite preferences between

the pure-strategy equilibrium) and payo� inequality (i.e., the players have

unequal payo�s in both equilibria). By using a third game, Isoni et al. (2020)

find that the coordination-inhibiting e�ects of Battle of the Sexes are mainly

driven by conflict of interest.

7 Misyak andChater’s (2014) concept of “virtual bargaining” broadly fitswith

team reasoning but has not been used to explain behavior in coordination

games.
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three strategies (s1, s2, and s3) and in which both players’ payoffs

are positive if they choose the same strategy and zero otherwise.

For example, suppose the payoff distributions induced by these

strategies are (10, 10), (10, 10), and (9, 9), respectively. If players

use bounded best-response reasoning and if level 0 players naïvely

choose s1 or s2, players at all higher levels will do the same but will

often fail to coordinate. In contrast, sophisticated team-reasoning

players may recognize the difficulty of coordinating on either s1
or s2 and see that s3, despite its Pareto inefficiency, stands out as

a means of coordination. Variants of this design have been used by

Crawford et al. (2008), Bardsley et al. (2010), and Faillo et al. (2017).

The evidence generated suggests that most individuals are capable

of using both modes of reasoning in matching games, and that

which is more likely to be used is sensitive to details of the games.

As noted earlier, in some versions of the matching game

paradigm, conflicts of interest have been found to nullify the

beneficial effects of labeling on coordination. However, in the

bargaining table paradigm, the effects of spatial cues, although

attenuated by conflicts of interest, have been found to persist. It is

therefore important to identify the separate effects of the twomodes

of reasoning in bargaining problems. Because the three-strategy

method described in the previous paragraph has no analog in the

bargaining table paradigm (for example, it is not possible to specify

the number and values of the discs on a bargaining table such that

(10, 10) and (9, 9) are the only rationalizable outcomes), an entirely

different method is needed.

1.4 The bargaining table paradigm with the
multi-agreement payo� rule

To sharpen the contrast between bounded best-response

reasoning and team reasoning in a bargaining table setup, the

experiment we report in this paper introduced a variant of the

payoff rule used by Isoni et al. (2013), and applied it to exactly

the same bargaining table scenarios as in that experiment. The

procedure by which players made claims on discs was unchanged.

However, there was a small but highly consequential modification

to the payoff rule used to determine players’ payoffs based on their

claims. In calculating payoffs, each disc was considered separately,

effectively being the subject of a separate agreement. The payoff

rule was: if a disc had been claimed by only one player, that player

received the value of that disc, even if other discs had been claimed

by both players. If neither player had claimed it, or if both had done

so, the value of that disc was lost to both of them. Thus, according

to thismulti-agreement payoff rule, each player’s payoff is the value

of their own claims minus the value of discs that are claimed by

both players.

As we explain below, this small modification results in sharply

divergent predictions for different modes of reasoning. It also

expands the usefulness of the bargaining table paradigm as a model

of real-world bargaining. The single-agreement payoff rule is a

useful representation of cases in which bargaining requires a single

take-it-or-leave-it agreement. The multi-agreement payoff rule can

model more complex situations in which agreement may happen

on some of the issues at stake, but not on others (e.g., tariff

negotiators may agree on tariff changes on particular goods while

failing to agree on others; nations may agree on some borders but

leave others disputed).

Viewed in the perspective of conventional game theory, this

multi-agreement game is trivial. For each player, it is a weakly

dominant strategy to claim all the discs. If a player views the game in

the perspective of best-response reasoning, they will ask themself:

“What is it best for me to do, given what I expect the other player to

do?” The answer is immediate and intuitive: whatever your beliefs

about your coplayer’s claims, claiming all the discs is always a best

response; and if you believe your coplayer will claim any given

disc with probability strictly <1, your best response must include

claiming that disc.

In a model of bounded best-response reasoning, level 0

players might naturally be assumed to claim all the discs (naïvely

ignoring the strategic nature of their situation). Given that

assumption, if higher-level players choose weakly dominating

strategies conditional on their beliefs, players at all levels will claim

all the discs. But whatever level 0 players are assumed to do, and

whether or not their behavior is affected by spatial cues, players at

all higher levels will still claim all the discs.8 If a player claims all

the discs, it is reasonable to interpret their decision as evidence of

bounded or fully rational best-response reasoning.

However, a player who views the game in the perspective of

team reasoning will ask themself “What is it best for us to do?”

The answer to this question is clearly not that “each of us should

claim all the discs, with the result that we will both be sure to get

nothing”. A more plausible answer is that “we should try to find a

way of ensuring that each disc is claimed by one and only one of us,

and that the total value of the discs is shared as equally as possible

between us”.

In some models of team reasoning, “What is it best for us

to do?” is interpreted as a question about how to maximize the

collective welfare of the players (e.g., Bacharach, 2006). In other

models, it is interpreted as a question about what the members of

the group would agree to do, if they were able to communicate

and make binding agreements (e.g., Misyak and Chater, 2014;

Sugden, 2015). On either interpretation, a strategy profile that has a

uniquely salient label and produces an LUE payoff distribution has

an obvious appeal as “best for us”. In Isoni et al.’s (2013) experiment,

and thereby also in our multi-agreement variant, the closeness rule

identified such a profile in every spatial-cue game.

We now consider the implications of team reasoning for

neutral multi-agreement games. We assume that the players of

neutral games do not recognize any cues, spatial or otherwise,

that distinguish between the players. (For example, there may be

common recognition of the distinction between higher and lower

rows of the table or between discs with different values, but not

that a specific player has a special relationship with particular rows

or disc values.) Since the players’ positions are identical, any (pure

or mixed) strategy recommended by team reasoning to one player

must also be recommended to the other. We therefore restrict

attention to team strategies that are chosen by both players.

8 Many theories of bounded best-response reasoning assume that level 0

players exist only in the minds of higher-level players (e.g., Crawford et al.,

2008, p. 1447).
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First, consider any equality-compatible scenario. The rule that

each player claims some set of discs whose value sums to half the

total on the table has obvious intuitive appeal as a team strategy.

It also has a theoretical justification, which extends to equality-

incompatible scenarios.

We define an LUE partition of the set of discs on the table as

any partition {S1, S2} such that, if one player claims set S1 and the

other claims set S2, the payoff distribution is LUE. Let v denote the

absolute difference between the players’ payoffs in this distribution.

Consider the following team strategy. Independently, each player

picks some LUE partition. (It doesn’t matter which partition this

is, or whether the players pick the same or different partitions.)

Each player then picks one of the sets in their partition at random

and claims the discs in that set. This strategy has two significant

“best for us” features. First, each disc is claimed by each player with

independent probability 1/2, maximizing the probability that that

disc will be claimed by exactly one player.9 In other words, ex ante

efficiency is maximized, given the neutral framing of the scenario.

Second, the difference between the players’ ex post payoffs is certain

to be equal to the difference between the values of their claims. (As

noted earlier, each player’s payoff is the value of their own claims

minus the value of discs that are claimed by both players.) Thus,

in an equality-compatible scenario, there is certain to be ex post

payoff equality. In an equality-incompatible scenario, the absolute

difference between the players’ payoffs is no greater than v, the

LUE inequality.

This design allows us to discriminate between modes of

reasoning by looking at the total value of each player’s claims,

with maximal claims (£10 in equality-compatible games and

£11 in equality-incompatible games) indicating bounded best-

response strategies and LUE claims (£5 in the 10 equality-

compatible games, £5 or £6 in the 10 factorial equality-incompatible

games10) indicating team reasoning strategies. The spatial framing

manipulation that promotes the closeness rule in spatial-cue

scenarios allows us to examine whether, in those scenarios, claims

concentrate on discs located on each player’s own side of the table,

and whether that results inmore efficient bargaining outcomes than

in neutral scenarios and in expected payoff differences between the

two players.

2 Materials and methods

This experiment was conducted contemporaneously with, and

using the same subject pool as, the experiment reported in Isoni

et al. (2013). No participant took part in both experiments. The

procedures of the two experiments are very similar, the main

difference being in the payoff rule, as explained earlier. The research

was approved by the ethics committee of the School of Economics

of the University of East Anglia.

9 If each player claims a disc with probability p, the probability that there is

an agreement on that disc is p(1 – p), which is maximized at p = 1/2.

10 In the remaining four equality-incompatible scenarios, LUE was either

£8–£3 or £10–£1.

2.1 Participants

We recruited 100 participants from the general population of

the University of East Anglia in six experimental sessions (two with

18 participants and 4 with 16 participants). Each session lasted

between 60 and 80min. The average payment was £7.21 (min £5,

max £15), including a £5 show-up fee.

2.2 Procedures

Upon arrival at the lab, each participant sat at a computer in a

separate cubicle. The experimental instructions appeared on screen

and were read aloud by an experimenter, with participants able

to ask questions at any time. The full text of the instructions is

reproduced in the Supplementary material.

Each participant was told they had been matched with

another anonymous participant for the duration of the experiment.

They took part in 24 spatially-framed, two-player, one-shot tacit

bargaining games based on the scenarios described in detail in

Section 2.3. The order in which the scenarios were presented was

randomized independently for each participant. No feedback of any

kind was provided between scenarios. At the end of the experiment,

each pair of participants was paid according to their decisions in

one of the 24 games, selected at random. The corresponding “real

scenario” was brought back on their screens with an indication of

both players’ claims and the corresponding payoffs. Earnings were

paid in cash at the end of the experimental session.

2.3 The scenarios

The scenarios used in the experiment were presented as the

examples in Figure 1.

The bargaining problem is given a spatial representation via a 9

× 9 grid—the bargaining table. The two players are represented by

the red and blue bases located in the two sides of the table, in cells

(−2, 0) and (2, 0), respectively (where the first entry is the column

coordinate and the second the row coordinate). The positions and

the colors of the two bases were the same in all scenarios faced by

each pair of participants. However, whether the left base was red

or blue was varied between sessions. Each participant was allocated

to the same base for all the scenarios, so half of the participants

played as Left players and half as Right players. This allocation was

disclosed at the end of the instructions, before the first scenario.

TABLE 1 The payo� matrix of G1 = 6| |5 and G3 = |6, 5|.

Right

No disc d1 d2 d1 and d2

Left No disc 0, 0 0, 6 0, 5 0, 11

d1 6, 0 0, 0 6, 5 0, 5

d2 5, 0 5, 6 0, 0 0, 6

d1 and d2 11, 0 5, 0 6, 0 0, 0

Each player’s best responses are underlined.
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The objective of the game was to agree on a division of

an available surplus, represented by the valuable discs scattered

over the bargaining table. The rules of the game were described

as follows:

“You and the other person have the opportunity to agree

on who gets each disc.

You and the other person separately record which discs

you propose to take. We will say that you are claiming those

discs. You can claim as many (or as few) discs as you want. For

each disc, these claims determine whether there is an agreement

or not.

There is an agreement about a disc if it has not been

claimed by both you and the other person. In this case, if that

disc is yours according to the agreement, you get the disc and

earn its money value.

But if any disc has been claimed by both you and the other

person, there is no agreement about that disc. In this case, no

one gets it and so no one earns its money value.”

Given these multi-agreement payoff rules, the game resulting

from both scenarios shown in Figure 1 can be described by the

4 × 4 payoff matrix shown in Table 1, where the first number

in each cell represents the Left player’s payoff and the second

number represents the Right player’s. Each player’s best responses

are underlined.

The game has nine pure-strategy Nash equilibria. For each

player, claiming both discs is a weakly dominant strategy. As

explained, according to bounded best-response reasoning, each

player would choose to claim both discs, and the outcome of

the game would be that both players would get a payoff of zero.

According to team reasoning, each player would claim just one of

the discs, aiming for one of the 6:5 LUE allocations.

The two scenarios in Figure 1 differ with respect to the spatial

framing. The scenario in panel A is a neutral scenario: both discs

are in the middle column of the bargaining table, and hence are

equidistant from the two players’ bases. The scenario in panel B,

on the other hand, is a spatial-cue scenario: one disc is on the left

side of the table, closer to the left base, the other is on the right

side, closer to the right base. We will use the compact notation

G1 = 6| |5 and G3 = |6, 5|, where the two vertical lines denote

the middle column of the table, to represent the spatial framing of

these scenarios.

The premise of our experiment, supported by evidence based

on a variant of this design (Isoni et al., 2013, 2020), is that

team reasoners would use the closeness rule and identify the LUE

division of the discs in which each player claims the disc(s) on

their side of the table as the “obvious” solution of the coordination

problem posed by the scenario. By including matched pairs of

scenarios like G1 and G3, we can test whether this spatial framing

has systematic effects on the outcome of tacit bargaining.

The 24 scenarios used in the experiment comprised eight

scenarios with just two discs (G1–G4, G13–G16), eight with four

discs (G5–G12), and eight with eight discs (G17–G24).

Table 2 shows all the scenarios using a compact notation similar

to Isoni et al.’s (2013), in which vertical bars delimit the middle

column of the bargaining table, round brackets enclose blocks of

contiguous discs and discs are listed from left to right and from

top to bottom. The table adopts the 2 (equality-compatible vs.

equality-incompatible) × 2 (spatial-cue vs. neutral) classification

introduced earlier and includes the four equality-incompatible

scenarios with LUE 8:3 and 10:1. So, for each spatial-cue scenario,

there is a corresponding neutral scenario with the same number

of discs, disc values and disc block structure. For example, G21

= (2,2,1|1)(1|1,1,2) is an eight-disc spatial-cue scenario with two

blocks of four discs each. The first block has three discs on the

left-hand side and one in the middle column, the second has

one in the middle column and three on the right-hand side.

The corresponding neutral scenario is G23 = |(2,2,1,1)(1,1,1,2)|,

in which the two blocks of four discs are stacked vertically in

the nine cells of the middle column with just one gap in the

middle. Supplementary Figure S1 shows sample displays for all 24

scenarios.

In addition to the counterbalancing of the base colors, each

scenario was presented in two further variations, obtained by

TABLE 2 The scenarios used in the experiment.

LUE Number of discs Spatial-cue Neutral

Equality-compatible 5:5 2 G2= 5| |5 G4= |5,5|

5:5 4 G6= 3,2| |2,3 G12= |3,2,2,3|

5:5 4 G8= (3|2)(2|3) G10= |(3,2) (2,3)|

5:5 8 G18= 1,2,1,1| |1,1,2,1 G20= |2,1,1,1,1,1,1,2|

5:5 8 G22= (2,1,1|1)(1|1,1,2) G24= |(2,1,1,1)(1,1,1,2)|

Equality-incompatible 6:5 2 G1= 6| |5 G3= |6,5|

6:5 4 G5= 3,3| |2,3 G11= |3,3,2,3|

6:5 4 G7= (3|3)(2|3) G9= |(3,3) (2,3)|

6:5 8 G17= 2,2,1,1| |1,1,2,1 G19= |2,2,1,1,1,1,1,2|

6:5 8 G21= (2,2,1|1)(1|1,1,2) G23= |(2,2,1,1)(1,1,1,2)|

8:3 2 G13= 8| |3 G15= |8,3|

10:1 2 G14= 10| |1 G16= |10,1|
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changing the sign of both coordinates. This transposition amounts

to flipping each disc’s position relative to the (bottom-left/top-

right) diagonal of the table and has the effect of changing each disc

position from left to right and from top to bottom. For equality-

incompatible scenarios, this also changes which side of the table

(left or right, top or bottom) contains a larger share of the surplus.

For example, in relation to G1 = 6| |5, this means that some

participants saw the £6 disc in cell (−3, −2) as in Figure 1, and

other participants saw that disc in cell (3, 2). For that scenario,

the transposition resulted in a straight swap of the two discs’

positions.11

3 Results

We will start by looking at the distribution of claims by value

(Section 3.1). We will then turn to the spatial distribution of claims

(Section 3.2). The effect of claims on the efficiency of bargaining

outcomes will be examined in Section 3.3. Section 3.4 will look

at differences in expected payoffs between players induced by the

spatial framing. Section 3.5 will conclude by examining individual-

level heterogeneity.

3.1 The distribution of claims by value

Tables 3–5 present summaries of the total values claimed by

participants in scenarios with 2, 4, and 8 discs respectively. For each

scenario, the table reports the LUE split (in the x:y format, where x

is the higher LUE share if x 6= y), the frequency of participants

who claim each possible total allowed by the values of the discs in

the scenario, the number of participants who claimed each of (i) at

least one disc but less than the lower LUE share, (ii) one of the LUE

shares, (iii) more than the higher LUE share but less than the whole

surplus, and (iv) all discs (whole claims). For equality-incompatible

spatial-cue scenarios, in which the closeness rule implies that one

player (the favored player) should claim the higher of the two LUE

shares and the other (the unfavored player) should claim the lower

LUE share, the claims distributions are presented separately for the

two players.

The three tables reveal the following regularities.

First, participants understand dominance. Across all scenarios,

there are only 5 instances (4 in 2-disc scenarios and 1 in a 4-disc

scenario) in which participants do not claim any disc. There is no

scenario in which this happens more than once.

Second, while claiming all discs is a weakly dominant strategy,

in all scenarios there is a sizeable proportion of participants who

leave discs unclaimed. The percentage of whole claims ranges from

a minimum of 35% (in G18 = 1,2,1,1| |1,1,2,1) to a maximum of

63% (in G16= |10,1|). The percentage is higher in 2-disc scenarios

(between 43 and 63%), where it increases with the difference

between the two LUE shares, and lower in 4- (between 40 and 44%)

and 8-disc scenarios (between 35 and 42%).

Third, LUE claims are extremely common. In 2-disc scenarios,

where positive claim values can only result from LUE claims or

11 The diagonal transposition was applied between sessions, resulting in

52 and 48 participants respectively facing each of the two variations.

whole claims, the total number of LUE claims is often greater than

the number of whole claims. This happens for the least unequal

LUEs (5:5 and 6:5). For larger payoff differences (LUE 8:3 or 10:1),

whole claims are more common. Overall, LUE claims prevail in 9

scenarios, whole claims in 15.

Fourth, in 2-disc equality-incompatible scenarios, there is a

mild tendency in the direction of the “after you” effect: in neutral

scenarios with LUE 6:5 and 8:3, the majority of LUE claims are on

the lower LUE share; in spatial-cue scenarios with LUE 6:5 and 8:3,

there are more favored players claiming the lower LUE share than

unfavored players claiming the higher LUE share; both patterns are

reversed in scenarios with LUE 10:1. Because each LUE share can

be obtained via multiple disc combinations, similar tendencies are

much harder to detect in 4- and 8-disc scenarios, where they are

only visible in G5= 3,3| |2,3.

Fifth, in 4- and 8-disc scenarios, significant proportions of

participants (between 12 and 32%) make claims that are neither

LUE claims nor whole claims. The great majority of such claims

(76% across all relevant scenarios) are greater than the higher

LUE share.

3.2 The spatial distribution of claims

Figure 2 provides a summary of the spatial distribution of

claims pooling across the 24 scenarios. For each of the cells of

the bargaining table in which there was a disc, the figure reports

the percentage of Left players (in red) and the percentage of

Right players (in blue) who claimed a disc located in that cell.

This aggregation is legitimate because the transposition of disc

positions along the diagonal neutralizes any effects on claims

driven by differences in disc values. Supplementary Tables S1, S2

report detailed information for individual spatial-cue and neutral

scenarios.

Because of the high incidence of whole claims highlighted

earlier, in all occupied cells both percentages are above 50%.

Ignoring the middle column, a clear pattern emerges. In all the left-

hand side cells of the table, the percentage of claims made by Left

players exceeds the percentage of claims made by the Right player.

The opposite is true for the right-hand side cells, where discs were

claimed more frequently by Right than Left players. This pattern,

necessarily driven by the 12 spatial-cue scenarios, is consistent with

the application of the closeness rule.12

We conduct a statistical test of this spatial pattern as follows.

For each player, we compute two variables: the proportion of claims

they made on discs located on their side of the table averaged across

all 12 spatial-cue scenarios, and the proportion of claims they made

on discs located on the other side of the table, also averaged across

all 12 spatial-cue scenarios. Across all scenarios, discs located on

players’ own side of the table represented 55.5% of their claims,

while discs located on the other side of the table represented just

32.4%.13 We use the Wilcoxon singed-rank test to test the null

12 Figure 2 also reveals a slight tendency for Left players to make more

claims than Right players, especially on discs located in the middle column.

13 The reason why these two percentages do not add up to 100% is

that the definition of the two variables excludes the two discs located in
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TABLE 3 Distribution of claims by value in 2-disc games.

Game
description

LUE Fav/
Unfav

Claim value Less
than
LUE

LUE More
than
LUE

Whole

0 1 2 3 4 5 6 7 8 9 10 11

G2= 5| |5 5:5 0 51 49 51 49

G4= |5,5| 5:5 0 51 49 51 49

G1= 6| |5 6:5 Fav 0 11 16 23 57 43

Unfav 0 23 7 20

G3= |6,5| 6:5 1 31 19 49 50 49

G13= 8| |3 8:3 Fav 1 10 12 27 44 55

Unfav 0 15 7 28

G15= |8,3| 8:3 1 22 20 57 42 57

G14= 10| |1 10:1 Fav 0 2 18 30 45 55

Unfav 0 13 12 25

G16= |10,1| 10:1 1 12 24 63 36 63

TABLE 4 Distribution of claims by value in 4-disc games.

Game
description

LUE Fav/
Unfav

Claim value Less
than
LUE

LUE More
than
LUE

Whole

0 1 2 3 4 5 6 7 8 9 10 11

G6= 3,2| |2,3 5:5 0 0 1 2 39 5 4 5 44 3 39 14 44

G12= |3,2,2,3| 5:5 0 2 1 2 29 6 6 11 43 5 29 23 43

G8= (3|2)(2|3) 5:5 0 1 0 2 40 4 4 9 40 3 40 17 40

G10= |(3,2) (2,3)| 5:5 0 0 3 7 28 5 7 10 40 10 28 22 40

G5= 3,3| |2,3 6:5 Fav 0 0 0 13 15 2 1 19 2 46 10 42

Unfav 0 1 1 14 4 4 3 23

G11= |3,3,2,3| 6:5 0 2 2 20 20 10 2 44 4 40 12 44

G7= (3|3)(2|3) 6:5 Fav 0 0 0 11 11 5 2 21 2 41 15 42

Unfav 0 1 1 9 10 3 5 21

G9= |(3,3) (2,3)| 6:5 1 1 1 25 21 8 3 40 2 46 11 40

TABLE 5 Distribution of claims by value in 8-disc games.

Game description LUE Fav/
Unfav

Claim value Less
than
LUE

LUE More
than
LUE

Whole

0 1 2 3 4 5 6 7 8 9 10 11

G18= 1,2,1,1| |1,1,2,1 5:5 0 0 1 1 6 34 13 2 3 5 35 8 34 23 35

G20= |2,1,1,1,1,1,1,2| 5:5 0 0 1 1 6 28 12 6 5 1 40 8 28 24 40

G22= (2,1,1|1)(1|1,1,2) 5:5 0 0 2 1 5 35 11 7 0 1 38 8 35 19 38

G24= |(2,1,1,1)(1,1,1,2)| 5:5 0 0 2 2 5 32 12 5 3 1 38 9 32 21 38

G17= 2,2,1,1| |1,1,2,1 6:5 Fav 0 0 0 0 1 6 19 4 0 0 0 20 2 45 14 39

Unfav 0 0 0 0 1 17 3 4 4 1 1 19

G19= |2,2,1,1,1,1,1,2| 6:5 0 0 0 1 5 14 23 8 5 1 3 40 6 37 17 40

G21= (2,2,1|1)(1|1,1,2) 6:5 Fav 0 0 0 0 1 5 13 6 4 0 0 21 5 41 14 40

Unfav 0 0 0 2 2 16 7 2 0 2 0 19

G23= |(2,2,1,1)(1,1,1,2)| 6:5 0 0 1 1 5 12 27 6 5 0 1 42 7 39 12 42
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FIGURE 2

The spatial distribution of claims.

hypothesis that the distribution of these two variables is the same.

The null hypothesis is decisively rejected (p < 0.001).

3.3 The e�ciency of bargaining outcomes

We will use the term efficiency to refer to the fraction of the

available surplus obtained by the two players in the form of payoffs

resulting from their claims. Because the multi-agreement payoff

rule makes it a weakly dominant strategy for both players to claim

all discs and this will result in both players obtaining a payoff of

zero, bargaining outcomes can be expected to be highly inefficient

if players adopt bounded best-response reasoning. To the contrary,

team reasoning is expected to increase efficiency, especially in

spatial-cue scenarios, in which the closeness rule picks out a specific

LUE partition.

To study bargaining outcomes, we derive an empirical measure

of efficiency comparable between scenarios. For this purpose, it

the middle column in scenarios with blocks of contiguous discs G7 =

(3|3)(2|3), G8= (3|2)(2|3), G21= (2,2,1|1)(1|1,1,2) and G22= (2,1,1|1)(1|1,1,2).

Supplementary Table S3 reports a breakdown of these statistics by scenario,

and by Left/Right player.

is not very meaningful to use the participants’ actual payoffs. In

our experiment, like in many incentive-compatible coordination

game experiments without communication, participants played

many games without feedback, and were paid according to their

decisions in just one. So, bargaining outcomes are technically

defined only for the games used to determine players’ payoffs.

Computing payoffs in other games using the same player pairings,

or other random pairings, is feasible but rather arbitrary and noisy.

To circumvent these issues, we follow standard practice by basing

our calculation of efficiency on a measure of expected payoffs.

In each scenario, each participant could potentially be matched

with all other participants who took the role of the other player

(Left or Right) in that scenario and faced that scenario with an

identical display in terms of disc values, disc positions and base

colors. A player’s expected payoff is the average of the payoffs they

would have obtained from their claims when matched, in turn,

with all these other potential coplayers. For each game, efficiency

is computed as the sum of the average expected payoffs of Left

and Right players divided by the total value of the discs on the

table. So, it ranges from 0 (when in each possible pairing of

participants, no disc is claimed by just one player) to 1 (when in

each possible pairing of participants, all discs are claimed by just

one player).
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TABLE 6 E�ciency in matched pairs of spatial-cue and neutral scenarios.

Spatial-cue scenario Neutral scenario LUE E�ciency

Spatial-cue Neutral Di�erence

G2= 5| |5 G4= |5,5| 5:5 0.445 0.381 0.064

G6= 3,2| |2,3 G12= |3,2,2,3| 5:5 0.413 0.386 0.026

G8= (3|2)(2|3) G10= |(3,2) (2,3)| 5:5 0.427 0.378 0.049

G18= 1,2,1,1| |1,1,2,1 G20= |2,1,1,1,1,1,1,2| 5:5 0.467 0.408 0.059

G22= (2,1,1|1)(1|1,1,2) G24= |(2,1,1,1)(1,1,1,2)| 5:5 0.472 0.425 0.047

G1= 6| |5 G3= |6,5| 6:5 0.430 0.394 0.036

G5= 3,3| |2,3 G11= |3,3,2,3| 6:5 0.432 0.393 0.039

G7= (3|3)(2|3) G9= |(3,3) (2,3)| 6:5 0.407 0.426 −0.019

G17= 2,2,1,1| |1,1,2,1 G19= |2,2,1,1,1,1,1,2| 6:5 0.457 0.402 0.055

G21= (2,2,1|1)(1|1,1,2) G23= |(2,2,1,1)(1,1,1,2)| 6:5 0.453 0.403 0.050

G13= 8| |3 G15= |8,3| 8:3 0.374 0.365 0.010

G14= 10| |1 G16= |10,1| 10:1 0.295 0.241 0.054

All spatial-cue scenarios All neutral scenarios 0.434 0.396 0.038

TABLE 7 Expected payo�s in equality-incompatible spatial-cue scenarios.

Scenario LUE Mean expected payo� Fav/Unfav sig.

All Favored Unfavored

G1= 6| |5 6:5 2.37 2.64 2.10 ∗

G5= 3,3| |2,3 6:5 2.37 2.15 2.59 #

G7= (3|3)(2|3) 6:5 2.24 2.24 2.24

G17= 2,2,1,1| |1,1,2,1 6:5 2.52 2.53 2.51

G21= (2,2,1|1)(1|1,1,2) 6:5 2.49 2.84 2.14 ∗∗∗

G13= 8| |3 8:3 2.06 2.20 1.92

G14= 10| |1 10:1 1.62 2.66 0.58 ∗∗∗

All scenarios 2.24 2.47 2.01 ∗∗

∗p < 0.05.
∗∗p < 0.01.
∗∗∗p < 0.001 in two-tail Mann-Whitney test.
#Significant in the wrong direction.

Table 6 reports efficiency statistics for matched pairs of spatial-

cue and neutral scenarios. The last column shows the difference in

efficiency arising from the spatial framing.

Not surprisingly given the large proportion of participants

making whole claims, efficiency levels are generally low,

ranging from 0.241 in G16 = |10,1| (an equality-incompatible

neutral scenario with very unequal LUE) to 0.472 in G22 =

(2,1,1|1)(1|1,1,2) (an equality-compatible spatial-cue scenario).

Averaging by LUE value, efficiency is 0.420 in 5:5 and 6:5 scenarios,

0.370 in 8:3 and 0.268 in 10:1 scenarios, replicating the negative

relationship between efficiency and LUE inequality reported by

Isoni et al. (2013) for single-agreement bargaining table games.

The efficiency statistics in Table 6 allow us to examine the effects

of spatial framing on coordination success. For 11 out of the 12

scenario pairs, the efficiency difference between the spatial-cue and

the corresponding neutral scenario is positive, indicating that the

application of the closeness rule visible in the spatial distribution

of claims resulted in a general increase in efficiency.14 Averaging

across all scenario pairs, efficiency is 0.434 in spatial-cue scenarios

and 0.396 in neutral scenarios, with an average difference of 0.038,

corresponding to an expected payoff difference of about £0.20.

We conduct statistical tests of these differences in efficiency

using an adaptation of the bootstrap method employed by Isoni

et al. (2019; 2020). We derive distributions of efficiency values for

14 For example, in each of G2 = 5| |5 and G4 = |5,5|, 51 participants made

claims worth £5 and 49 participants made claims worth £10. E�ciency is

0.445 in G2 and 0.381 in G4. Because e�ciency di�erences can only arise

when both players claim £5 (if both claim £10, total payo� is £0; if one

claims £10 and the other £5, total payo� is £5), these figures imply that in

G2 those claiming £5 had a 0.75 probability of coordinating (equivalent to

85% claiming the close disc), while those doing so in G4 had a 0.5 probability

of coordinating (equivalent to them choosing a disc at random).
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all scenarios by repeatedly resampling with replacement from the

original data and creating 1,000 replicas of the original experiment.

This produces distributions of efficiency levels for all scenarios,

which can be used to compare efficiency in individual spatial-cue

scenarios with their neutral counterparts by computing differences

in efficiency and checking whether a null difference is included

in the resulting two-sided 99 (respectively, 95) percent confidence

intervals. To conduct an aggregate test, we look at the distribution

of the difference between the mean efficiency in all 12 spatial-

cue scenarios and the mean efficiency in all 12 neutral scenarios.

The resulting boostrapped differences in efficiency and the relevant

percentiles are reported in Supplementary Table S4.

Although the efficiency differences are not significant for

individual scenarios, the clear general trend evident in Table 6

is reflected in the aggregate test. Averaging over all spatial-cue

scenarios and over all neutral scenarios, 99% of the simulated

experiments result in an efficiency difference of at least 0.010. The

seemingly small differences in efficiency are the result of the effect

that whole claims have in reducing expected payoffs and therefore

efficiency levels.

3.4 Expected payo� di�erences in
equality-incompatible spatial-cue
scenarios

In all our spatial-cue scenarios, the closeness rule identifies

one of the LUE partitions as the salient solution to the bargaining

problem. In equality-incompatible scenarios, this means that one

of the players (the favored player) should claim a larger share

of the surplus. General adherence to this principle would entail

that expected payoffs (as defined in the previous section) should

be higher for favored than unfavored players. We now look at

these differences.

Table 7 reports summaries of mean expected payoffs for favored

and unfavored players in the seven equality-incompatible spatial-

cue scenarios.

In five out of seven scenarios, the favored players’ expected

payoff is higher than the unfavored players’. In one scenario (G7

= (3|3)(2|3)) they are identical, and in one (G5 = 3,3| |2,3) the

difference goes in the opposite direction. In three SCENARIOS, the

effect is statistically significant (p< 0.05 in G1= 6| |5, and p< 0.001

in G21= (2,2,1|1)(1|1,1,2) and G14= 10| |1). In G5= 3,3| |2,3, the

effect is significant in the opposite direction (p < 0.05). Averaging

over the seven scenarios, favored players have an expected payoffs

of £2.47, unfavored players of £2.01. This difference is statistically

significant in a Mann-Whitney test (p < 0.01).

3.5 Individual-level heterogeneity

As discussed in Section 3.1, Tables 3–5 show that the vast

majority of all claims in most scenarios were either whole claims,

as implied by (bounded) best-response reasoning, or LUE claims,

as implied by team reasoning. In 4- and 8-disc scenarios, a sizeable

minority of participants made claims that totaled between the

higher LUE share and the whole surplus.

Previous work suggests that individual players of coordination

and tacit bargaining games are capable of both best-response and

team reasoning and often use a different mode of reasoning in

different games in the same experiment (e.g., Crawford et al.,

2008; Faillo et al., 2017; Isoni et al., 2019). We now present

some individual-level analysis to investigate such heterogeneity in

our experiment.

We compute the proportion of whole claims and the proportion

of LUE claims each participant made over the 24 scenarios.

Excluding the possibility of making no claims, whole claims and

LUE claims were the only possibility in 2-disc games. So, the sum

of these proportions could range between 1/3 and 1.

The bubble plot reported in Figure 3 summarizes the

heterogeneity in participants’ claims by plotting, for each

combination of proportion of whole claims (horizontal axis) and

proportion of LUE claims (vertical axis), the frequency of that

combination in the sample. The shaded area represents the range

of possible combinations. The size of the bubbles reflects the

corresponding frequency, also shown in the graph.

The bubbles are color-coded to reflect each participant’s most

frequent strategy. Khaki bubbles show the 41 participants who

behaved mostly as rational players by making whole claims in

more than half of the scenarios. Twenty-eight of these participants

(68%), found on the horizontal axis, never made LUE claims. Blue

bubbles show the 45 participants who behaved mostly as team

reasoners by making LUE claims in more than half of the scenarios.

Eighteen of these participants (40%), found on the vertical axis,

never made whole claims. White bubbles indicate participants who

made neither whole nor LUE claims in more than half of the games.

Only 1 participant never made whole or LUE claims.15

Only 27 participants (22 plus 5) out of 100 used the same

strategy in all scenarios. This is in line with evidence suggesting

participants are capable of more than one form of reasoning.

However, the frequencies on the hypothenuse (including the two

vertices) add up to just 33 participants (one third of the sample).

These are participants who exclusively made claims consistent

with (bounded) best-response or team reasoning. The remaining

67 participants used some other strategy in at least one of the

scenarios. From Tables 3–5 we know that most of these participants

claimed more than the higher LUE share but less than the

whole surplus.

4 Discussion

The individual-level analysis in Section 3.5 suggests that

most participants can be classified as members of one of two

approximately equal-sized groups. One group had a strong

tendency to make whole claims. Since making whole claims is

a weakly dominant strategy, explaining this pattern of behavior

is unproblematic. It is consistent both with standard theories of

fully rational choice and with theories of bounded best-response

reasoning, such as cognitive hierarchy theory (Camerer et al., 2004)

and level-k theory (Stahl andWilson, 1994; Nagel, 1995). Viewed in

15 Supplementary Figure S2 reports the same analysis for the 12 spatial-

cue scenarios. The distributions are very similar.
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FIGURE 3

Whole and LUE claims at the individual level.

the perspective of conventional game theory, the only puzzle is why

whole claims were notmore common.

The defining characteristic of the second group is a strong

tendency to make LUE claims. This tendency appears in all types of

scenarios—whether equality-compatible or equality-incompatible,

with or without spatial cues, or with two, four or eight discs.Making

an LUE claim is clearly contrary to a player’s self-interest (unless

the player is completely certain that every disc not included in

that claim will be claimed by their coplayer). However, the idea

that the “best for us” solution to a bargaining problem is some

LUE partition of the available surplus is very intuitive. Having

recognized this, players who use team reasoning may still face the

problem of coordinating on the same LUE partition, but if each

player’s claim is LUE, ex post inequality is certain to be equal to

the difference between the values of the two LUE shares. If the two

shares have equal value (as in equality-compatible games) or are

only slightly different (as in all the equality-incompatible games

except G13, G14, G15, and G16), this gives a “best for us” reason

for each player to make an LUE claim. Thus, a general tendency to

make LUE claims is an indicator of team reasoning.

A second property of the LUE-claiming group is a tendency

for players to claim discs on their side of the table more frequently

than discs on the other side in spatial-cue scenarios. In all spatial-

cue scenarios, a player who follows the closeness rule (i.e., claims

exactly the set of discs on their side) makes a specific LUE claim

when at least one other LUE claim (i.e., the set of discs on the other

side) is possible. In equality-compatible spatial-cue scenarios, this

rule, if followed by both players, induces an efficient and equal

distribution of the surplus. In equality-incompatible spatial-cue

scenarios, the same rule induces an LUE partition of the surplus

in which unfavored players experience disadvantageous inequality.

The spatial layout of discs in a scenario is a payoff-irrelevant

feature, analogous with strategy labels in matching games. If players

perceive closeness as a particularly salient property, there is a

“best for us” reason for each player to follow the closeness rule,

even if that requires them to claim the smaller share in an LUE

partition (“disciplining themselves” in Schelling’s phrase). Using

payoff-irrelevant cues to achieve coordination is another indicator

of team reasoning. In the experiment, 64% of LUE claims by favored

players were for the larger share of the surplus and 68% of LUE

claims by unfavored players were for the smaller share. In 4- and 8-

disc scenarios, favored players whomade LUE claims rarely claimed

an LUE share by claiming the discs that the closeness rule assigned

to the unfavored player, and vice versa for unfavored players (see

Supplementary Table S5).

It would be wrong to treat the remaining 36% of LUE

claims by favored players or the remaining 32% of LUE claims

by unfavored players as evidence against team reasoning. In

an equality-incompatible spatial-cue scenario, a team-reasoning

player can be expected to focus on the importance for us (i.e.,
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the two players considered together) of reaching agreement on

some LUE partition of the surplus. Each can see that such

an agreement is possible only if one of us accepts the smaller

share. The spatial cue of closeness, like a salient label in a Pure

Coordination matching game, can be perceived as pointing to

a particular solution for the players as a team. But, just as in

such games, players may have different perceptions of salience

or believe that their coplayers’ perceptions are different from

their own. LUE claims that do not follow the closeness rule may

be evidence of differences in salience perception among team-

reasoning players.

Another case where LUE claims do not follow the closeness rule

is represented by the mild “after you” effect in 2-disc scenarios we

alluded to in Section 3.1. The effect is barely visible in G1 = 6| |5,

where 11 favored players go against the spatial cue and claim £5

and 7 unfavored player do so by claiming £6, and in G13 = 8| |3,

where the corresponding numbers claiming £3 and £8 are 10 and

7, respectively. It is much more marked in G3 = |6,5|, where 31

players claim £5 and 19 claim £6. This could be part of a general

predisposition by team reasoners to put their personal interest after

that of the team, which in the presence of uncertainty about what

the other team member would do (which is likely to be greater in

neutral scenarios than in spatial-cue scenarios) manifests itself in a

tendency to claim the lower LUE share.

But before inferring that the LUE-claiming group of players

were acting on team reasoning, we should consider other possible

explanations of the frequency of LUE claims in general and of

the particular frequency of the claims implied by the closeness

rule. Up to now, our definition of “best response” has implicitly

assumed that each player’s objective is to maximize the expected

value of their material (i.e., monetary) payoff. But what if players

have preferences for equality?

Inequality aversion may provide an explanation for claims that

are higher than LUE but not whole. Suppose a player had dispersed

beliefs about the value of their co-player’s claims represented by

some probability distribution. If they made claims equal to the

median of that distribution, they would experience some disutility

from disadvantageous inequality (“envy”) with respect to higher

co-player’s claims and some disutility of advantageous inequality

(“guilt”) with respect to lower co-player’s claims. If envy and

guilt were equally impactful, claiming the median of the co-

player’s claims would minimize the expected disutility of inequality

(claiming less than the median would increase envy more than it

would decrease guilt, and vice versa for claiming more than the

median). However, because envy is typically more impactful than

guilt, the claim value that would minimize the expected disutility

of inequality would be higher than the median of the co-player’s

claims. Additionally, making higher claims would result in a higher

expected material payoff. So, claiming less than the whole surplus

but more than the LUE share in equality-compatible scenarios, or

more than the higher LUE share in equality-incompatible scenarios,

may be seen as a form of bounded best-response reasoning by

inequality averse players.

However, inequality aversion is not a satisfactory explanation of

the prevalence of LUE claims, especially with respect to the lower

LUE share. In the Supplementary material, we apply the inequality

aversion model first proposed by Fehr and Schmidt (1999) to the

multi-agreement bargaining table games used in our experiment.16

We show that, for an inequality averse player who believes their co-

player will claim a specific set of disc with a total value equal to the

lower LUE share, it is a best response to claim the remaining discs

making up the higher LUE share. However, if an inequality averse

player believes the set of discs claimed by their co-player to be equal

to the higher LUE share, claiming the remaining discs making up

the lower LUE share is not always a best response. This is because

the multi-agreement payoff rule allows a player to reduce inequality

at no material cost to themselves, and because disadvantageous

inequality causesmore disutility than advantageous inequality. This

is most obvious when LUE is 8:3 or 10:1, because by claiming the

more valuable disc in addition to the less valuable disc, a player can

turn a large disadvantageous inequality into a smaller advantageous

inequality, with no change in their material payoff.

This conclusion highlights an important difference between

individual best-response reasoning and team reasoning. Inequality

aversion is an “I”-attitude—the attitude of an individual (P1)

to their position relative to that of another person (P2). P2

features in P1’s reasoning only as a means to, or as a constraint

on, the satisfaction of P1’s preferences. The multi-agreement

payoff rule allows bargaining-like situations in which, given

reasonable beliefs about P2, P1 can choose whether to accept

disadvantageous inequality or eliminate it by reducing P2’s payoff

at no material cost to themself. Inequality aversion can make the

latter option preferable.

In contrast, team reasoning expresses a “we”-attitude—an

attitude that a person holds as a member of a two-person group. In

a two-person interaction in which mutual benefit can be achieved

only if one person takes a smaller share of the surplus than

the other, a team-reasoning individual may knowingly accept the

smaller share if a payoff-irrelevant cue makes that division salient.

In explaining why people accept the discipline of focal points,

Schelling (1960, p. 65–66, 70, 112, 300) repeatedly uses rhetorical

questions of the form “If not this, what?” In the bargaining

problems we have studied, the equivalent question is: “If not

me, who?”
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