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Abstract
A two-stage game is designed to study voluntary contribution decisions when the distribution of the surplus is negotiated through a
bargaining game. At the same time, the experimental design allows to
investigate how the bargaining outcome is influenced by such relationspecific contributions. Findings show that when players are loss averse
the distribution of relation-specific contributions matter for the division of the bargaining pie, such that high contributors earn more.
When players experience a proportional split of the pie in the previous
bargaining game they are found to be more incline to contribute in the
future. Unfortunately these two positive effects are not sufficient to
overcome the hold-up problem. In fact, asymmetries in bargaining influence opening offers in a self-serving way, which create disagreement
and delay. Finally, contributing nothing is still what maximized the
net total profit while contributing everything can also lead to losses.
Keywords: Alternating-offer bargaining; Hold-up problem; Loss
Aversion; Relation-specific investments; Voluntary contribution mechanism; Laboratory experiment.
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Introduction

In many real life situations parties invest in a relation-specific project and
then bargain over the distribution of the returns. Given the specificity of
investments and incomplete contracts, underinvestment is likely to occur because investors risk to be "held-up" and cannot appropriate a sufficient share
of the returns. This is commonly described as the hold-up problem. One
of many possible examples concerns investments in green technologies and
international environmental agreements. It has been argued that countries
are overly cautious to invest in green technologies when they fear that such
investments will make them subject to higher emissions abatements in future climate negotiations (Buchholz and Konrad, 1994; Harstad, 2015, 2012).
When a country has a large stock of green technology it can cut emissions
more efficiently and cheaply. Hence, it would be required to abate more
in the negotiation of an efficient agreement. Anticipating these effects, a
country invests less and consequently emits more than it would be optimal.
This paper aim to experimentally assess the interconnected effects of cooperation and negotiations by specifying three hypotheses. First, I test whether
the relation-specific investments, in terms of individual contributions to the
bargaining pie, affect the outcome of a structured bargaining game and how
entitlements play a role in the laboratory.1 Second, I discuss the role of
different fairness ideals and relate to Babcock and Loewenstein (1997)’s discussion of self-serving bias through unfeasible demands and agreement delay.
Third, I approach the issue of underinvestment associated with the hold-up
problem. Investment decisions in this game are made through a voluntary
contribution mechanism as the one commonly used in linear public good
games. In this setting the returns are not certain, but they are negotiated
through an ex-post alternating-offer bargaining game. Hence, I calculate the
optimal level of investment given different expectations on the bargaining
outcome.
The proposed experimental design is composed of three treatments where
subjects play a two-stage game. The first stage is like a public good game.
Players decide how much of their endowment to contribute to a common
project. Each non-zero contribution is increased by 33% while the remain is
kept as individual profit. The second stage is a bargaining game over the created project value. Participants are randomly matched into couples and are
asked to divide a pie, which is the sum of their increased contributions. The
parties negotiate over the division of the pie through an alternating-offer
1
It is possible to find different definitions of entitlements in the literature. In this
setting entitlements can be defined by Schlicht (1998), p.24: "Entitlements are rights, as
perceived by the individual. They are not, however, abstract legal rights. Rather they
denote the subjectively perceived rights that go along with a motivational disposition to
defend them."
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bargaining protocol with indefinite horizon such as the Rubinstein (1982)
game. In the control treatment, or random contribution treatment (RC),
subjects only participate in the second stage of the game. Hence, they do
not choose their investment level in the first stage, but the individual contribution to the pie is randomly allocated to them. In the main treatments
– the voluntary contribution treatment (VC) and voluntary contribution and
heterogeneous endowment treatment (VCH) – subjects actively decide how
much to contribute to the common pie knowing that they will then participate in a negotiation for the division of such pie with a randomly allocated
opponent. In the VC treatment everyone has the same initial endowment,
while in the VCH treatment the endowments vary among the participants
who, then, have different contribution levels available. Such design enables
the analysis of investment decisions when the distribution of the surplus is
negotiated through an alternating-offer bargaining game. At the same time,
it allows to study how the bargaining outcome is influenced by voluntary
relation-specific investments.
In standard bargaining theory the distribution of relation-specific investments is irrelevant for the bargaining outcome both in non-cooperative and
cooperative models (Nash Jr, 1950; Rubinstein, 1982).2 This result follows
from the fact that such investments are considered as sunk costs. Hence,
by construction, parties negotiate only over the benefit net of investment
costs (Klein et al., 1978). The relevance of sunk costs in negotiations has
been investigated theoretically through an evolutionary approach (Ellingsen
and Robles, 2002; Tröger, 2002) or experimentally in terms of entitlements
(Gächter and Riedl, 2005; Karagozoglu and Riedl, 2010; Birkeland, 2011).
Unlike this literature, the present paper addresses the issue by employing a
modified version of the Rubinstein bargaining model where agents are assumed to be loss averse.
In this paper I build on some of the findings of Brekke et al. (2015), which
have shown the relevance of contributions and entitlements in bargaining.
First, when individuals have loss averse preferences, the distribution of contributions influence the outcome of a structured bargaining model by changing the players’ reference points. Second, they have shown that entitlement
plays a crucial role in the laboratory. In fact, the bargaining outcome approaches the equilibrium predicted by the loss aversion model when contributions are earned through an effort task rather than when they are randomly
allocated. This paper add to Brekke et al. (2015) in that subjects play a
two-stage game, which allows to study the connections between the prior
investment stage and the ex-post bargaining. Further, the contribution to
the bargaining pie is voluntary and the size of the pie over which parties
2

By "standard theory" we refer to models in which bargainers are rational and care
solely about their own material payoffs.
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bargain is thus endogenous.3 Hence, I test whether entitlement in the lab
can be created by giving subjects the freedom to choose their contributions
and whether it affects the bargaining equilibrium outcome in a comparable
way as when they are earned.
The fact that contributions matter for bargaining outcomes may contribute
to shed new light on hold-up type of problems. If ex-post bargaining outcomes are actually influenced by individual contributions, incentives to invest
ex-ante may be strengthened so to alleviate the hold-up problem. The results show that relation-specific contributions do matter for the division of
the pie and that the voluntary choice of contributions may create entitlement
in the lab. The estimated loss aversion parameter is higher in the treatments
when contributions are chosen voluntarily compared to the control treatment
where they are randomly allocated. The magnitude of the loss aversion is
comparable to the one estimated in Brekke et al. (2015) and it is in line with
the literature of non-strategic decision experiments. Hence, in the laboratory, earning the contributions through an effort task or freely deciding the
level of investment may create a similar level of entitlement.
The second main finding suggests that self-serving bias may play an important role in presence of asymmetries in the bargaining stage. In particular,
in line with previous literature on self serving bias, substantial delay is observed when contributions are unequal and this effect is stronger when the
contributions are chosen voluntarily. Moreover, I find that opening demand
follow the fairness principle that serves one-self.4 Nevertheless, it is possible that the lower contributors either suffer from self-serving bias or they
strategically exploit their bargaining power by offering close to the 50-50
split.
Finally, I find that individual contribution levels are higher after experiencing a proportional share of the pie in the previous game. In hypothesis 3,
I discuss how the optimal contribution changes based on the expectation
over the bargaining outcome. If players expect to divide the pie equally, so
that that the outcome of the bargaining is independent of contributions, the
optimal contribution in equilibrium is zero. Conversely, if they expect to divide the pie proportionally to contributions, they will contribute the highest
possible amount. Everything in between these two extreme cases can be assessed using the loss aversion model and it thus depend on the loss aversion
parameter. With the estimated level of loss aversion the Nash equilibrium
is to contribute nothing. However, the experimental data suggest that this
3

The random contribution (RC) treatment in the present paper is equivalent to treatment T3 in Brekke et al. (2015) except for the lack of outside options. Hence, I focus on
the comparison between randomly allocated versus voluntary contributions, while Brekke
et al. (2015) compare randomly allocated with earned contributions.
4
Where the demanded self-serving fair share is: half pie when contribution is less than
50%, or the contribution itself when contribution is more than 50%.
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is not the case because the level of contribution is quite high, as it is commonly observed in public good games. Nevertheless, contributing zero still
maximizes net profit, while those who invest everything incur in potential
losses. In conclusion, even with a low loss aversion there is some tendency to
share according to contribution, but this is not sufficient to make full contribution a Nash-equilibrium in theory. In addition, the presence of costly
conflicts further undermines the incentives to contribute. Thus, in spite of
the tendency to share according to contribution and to invest more when
experiencing a proportional share, the hold-up problem still persist.
The paper proceed as follow: Section 2 presents the experimental design and
the structure of the game in details. Section 3 lay out the three hypothesis
that are tested in section 4, where the empirical results are interpreted.

2

Experimental design

A total of 138 students from the BI Norwegian Business School in Oslo
(Norway) were recruited with the Online Recruitment System for Economic
Experiments (ORSEE). They were divided in three experimental treatments
performed over five sessions. The experiment was programmed in neutral
language with z-tree software (Fischbacher, 2007) and was run in Spring 2014
and in Spring 2015 at the research lab of BI Norwegian Business School.
At the beginning of each experimental session, a written set of instructions
was handed out to the participants and read aloud to ensure comprehension of the rules of the game (reported in the appendix). The instructions
stated clearly that the experiment would last a maximum of 90 minutes and
that all economic transactions within the experiment were expressed in the
Experimental Currency Unit (ECU) which had a fixed and known exchange
rate to Norwegian Kroner (NOK).5 All interactions were performed through
the PC network and anonymity was preserved throughout the experiment.
Subjects were asked to answer a short survey immediately after the experiment. Finally, the average take home earnings for all sessions was 375 NOK
for 90 min (about 48 USD) and the payment was hand out to the students
in cash as they left the lab.
The experimental design is organized in three treatments: 1) the random
contribution treatment (RC), where students bargain over the sum of their
randomly allocated contributions; 2) the voluntary contribution treatment
(VC), in which participants play a two-stage game where they first decide
5
The exchange rate varies in different sessions in order to always guarantee an average
earning of 250 NOK per hour following the BI research lab regulations. Hence, the average
exchange rate used is 1 ECU=1.87NOK.
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how much to contribute and then bargain over the sum of their voluntary contributions; and 3) the voluntary contribution and heterogeneous endowment
treatment (VCH), which is equivalent to the VC treatment, but subjects
have different endowments. Each treatment is composed of a fix number of
games and each game is made of an indefinite number of periods. Because of
time constraints the number of games played in each treatment varies, while
the number of periods played depend entirely on when the players agree.
The RC treatment is made of 8 games that were played by 30 subjects in
one session. The VC treatment was run in two session of 20 and 28 subjects
who played 4 games each. The VCH treatment was also run in two different
sessions where 30 and 30 subjects played 4 games.

2.1

The game

In all three treatments subjects play a bilateral structured bargaining game.
By structured bargaining I refer to the infinite horizon Rubinstein (1982)
alternating offer game. In such bargaining protocol, two players are asked to
bargain over the distribution of a given pie Z. The game starts with Player
1 (P1) proposing a division of the pie to Player 2 (P2). If P2 accepts this
proposal the pie is divided accordingly and the game ends. Contrarily, if P2
rejects the offer the pie shrinks with a factor δ. P2 makes a counterproposal
for the division of the remaining pie δZ to P1. Similarly, P1 can accept or
reject the proposal. The game proceeds in this way until an agreement is
reached with the pie being discounted at every period. Rubinstein derived
the unique sub-game perfect equilibrium (SPE) in his seminal paper Rubinstein (1982). With a constant and common discount factor and no fixed
bargaining cost, the SPE implies that the players will agree in the first period
1
δ
and that the shares will only depend on the discount factor ( 1+δ
, 1+δ
).
In this experiment the discount factor is common and constant δ = 0.9.
When the pie is normalized to 1, the predicted SPE outcome would be
(0.53, 0.47). The infinite horizon in the lab is implemented by not directly
specifying the total number of periods available in each game, but by stating
that the game will continued until an agreement was reached. In practice,
because of discounting the game was terminated if players did not agree
in period 25 since the smallest possible pie would then be worth less than
1.5 ECU (less than 3NOK ∼ 0.38USD). Only one couple reached the 25th
period and was terminated, hence this couple is eliminated from the data.
Finally, the actual average number of periods played is 2.1 (sd 2.5) in the
CR treatment, 2.9 (sd 3.9) in the VC treatment and 2.6 (sd 3.3) in the VCH
treatment.
In the random contribution treatment, participants are randomly endowed
with a fix amount of ECU, namely z = {0, 20, 40, 60}. When the first game
5

starts, they are matched into couples and they bargain over the division of
a pie that is equal to the sum of their individual contributions, such that
z1 + z2 = Z. Once everyone has reached an agreement the next game is
implemented and the participants are paired with a new opponent using a
perfect stranger matching. Specifically, if i is matched with j in one game
and with k in another game, then j 6= k. Moreover, j and k will never be
matched.6 Each player holds the same contribution to the pie throughout
every game, but it is matched with different opponents whom hold different
contributions. As a result the size of the pie varies among different couples
in different games Z = {0, 20, 40, 60, 80, 100, 120} ECU and relative contributions are denoted as s = Zz = 0, 14 , 13 , 25 , 21 , 35 , 23 , 34 , 1 .
In the VC and VCH treatments subjects engage in a two-stage game. As
in the RC treatment, everyone received a fix endowment W at the beginning of the experiment. However, in the first stage of each game players
decide how much of their endowment to contribute in a common project.
Contributions are discrete, so they can choose between x = {0, 15, 30, 45}
ECU. The second stage is the bargaining game described above and it is
exactly the game played by the subjects in the RC treatment. Participants are randomly matched into couples in the same way, but they bargain over the sum of their increased contributions from stage one. In fact,
any non-zero contribution x is increased such that z = 4/3x while the noninvested endowment is kept as payoff.7 Finally, the VCH treatment is equal
to the VC treatment, but subjects have different initial endowments. In
the VC treatment everyone have a fix endowment W = 45, while in the
VCH treatment W = {15, 30, 45}. Therefore, different contribution levels
xi = {(0, 15); (0, 15, 30); (0, 15, 30, 45)} are available to different people.

3

Hypothesis

This paper specifies three may hypotheses. First, I study how relationspecific investments affect the division of the surplus when this is negotiated
through an ex-post structured bargaining game. Then, I discuss the role
of different fairness ideal and how self-serving bias may affect negotiations.
Finally, I characterize individual investment behavior in expectation of the
bargaining outcome and I calculate the optimal investment based on different levels of loss aversion.
6
However, it can be argued that if i and j are matched in the first game, then in the
second game k may be influenced by j through i, e.g. that i is using a strategy that would
be a good response to j’s strategy. Thus that the later observations may be correlated.
7
If a matched pair had z1 = z2 = 0, bargaining was aborted and subjects received a
bargaining payoff of 0 ECU or their endowment in the VC and VCH treatments.
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Hypothesis 1
Standard economic theory of bargaining do not generally take into account
how the pie is generated. As a consequence, for both cooperative (Nash Jr,
1950) and non-cooperative models (Rubinstein, 1982) the distribution of
relation-specific investments does not affect the bargaining outcome. However, when individuals have loss averse preferences and such investment levels
are considered as reference points, the equilibrium of a Rubinstein-like bargaining game is affected by relative contributions. This happens because,
the loss aversion creates an asymmetry between gains and losses relative to
the reference point. Specifically, while the marginal utility is equal to one in
the gain domain, the slope of the utility function in the loss domain is 1 + µ.
Bargaining with loss aversion
Here, I summarize to the loss aversion model from Brekke et al. (2015).
Following Kahneman and Tversky (1979), it is assumed that the utility function is linear except for a kink at the reference point.8

si π
for si ≥ ri
ui (si π) =
,
(1)
si π − µ(ri π − si π) for si < ri
where ri is player i’s reference point measured as a share of the pie π and
si π is the player’s payoff. A player suffers a loss if her outcome is below the
reference point (when si < ri ) and µ > 0 reflects loss aversion.9
Then, we considered the case where players use their respective contributions
to the pie as reference points. When the reference points of the players are
r1 = s̄ and r2 = 1− s̄, the equilibrium solution can be written as the proposal
from the first mover as a function of s̄:

δµ
1
1
if

1+δ + (1+δ)(1+µ) s̄
1+δ 0 ≤ s̄ ≤ 1

0
(1−δ)(1+µ)
µ
δ
1
f (s̄; µ) =
(2)
if 1+δ
0 ≤ s̄ ≤ 1+δ 0
(1+µ−δ)(1+µ+δ) + (1+µ−δ) s̄

0

µ
1
δ
if
0 ≤ s̄ ≤ 1+δ0
(1+δ)(1+µ) + (1+δ)(1+µ) s̄
δ
where δ 0 ≡ 1+µ
denotes the loss adjusted discount rate. For a formal proof
I refer to Theorem 2 in Brekke et al. (2015). The intuition is that a player
that has contributed a large share is more patient than a player with a
smaller share and in equilibrium her payoff share is increasing in her relative
contribution.
8
Empirical investigation of the value function frequently return estimates close to linearity on each side of the reference point (see for instance Abdellaoui et al., 2007).
9
Note that the utility function is calibrated such that it is identical to the utility
function in Rubinstein’s paper when players are in the gain zone. As a result, utility
departs from Rubinstein’s formulation only if a players’ share is below its reference point.
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In Brekke et al. (2015), we have argued than individuals perceive their contributions to the bargaining pie as reference point when they feel more entitled to them. We tried to create entitlement in the lab through an effort
task and found that participants agree on a more proportional share of the
pie compared to a situation when the contributions are randomly allocated.
This result is in line with the predictions of the loss aversion model. The
relevance of entitlement in bargaining has been also explored by Gächter
and Riedl (2005); Karagozoglu and Riedl (2010); Birkeland (2011). In the
present study, I assess whether the feeling of entitlement to contributions can
be created in the lab by simply allowing subjects to voluntarily choose their
preferred amount of investment. Hence, I test the hypothesis that when
contributions are chosen voluntarily, the bargaining outcome is affected by the distribution of relative contributions.
Hypothesis 2
Recent experimental findings have shown that, among other, people follow
egalitarian, libertarian and meritocratic principles. For example, both egalitarians and meritocrats find inequalities arising from pure luck unfair. Hence,
when contributions to the pie are distributed randomly, as in the RC treatment, some people may think that the fair action is to redistribute payoffs
equally among the participants. In contrast, meritocrats and libertarians
may agree that inequalities arising from factors within a persons control, such
as choices and effort, is fair (Konow, 2000; Cappelen et al., 2007). Therefore,
it is plausible that when such contributions are voluntarily chosen, some people will believe that the fair division should follow a proportional criterion.10
Gächter and Riedl (2005) find that entitlements affect different stages of
the negotiation process and that they can be interpreted as "moral property
right".
When different fairness ideals are competing, Thompson and Loewenstein
(1992) find that subjects’ fairness interpretations are self-servingly biased.
Self-serving bias has been defined as "conflate what is fair with what benefits
oneself" and or in other words individuals chose fairness rules that are biased
toward increasing their own payoffs. Babcock and Loewenstein (1997) show
that self-serving bias can be generated by asymmetries in the negotiation
and this can lead to disagreement, delay, efficiency loss and bargaining impasse. Moreover, the authors argue that this effect is persistent in absence
of strategic motives and even when the fairness assessments are common
knowledge. Hence, bargaining impasse is not only caused by asymmetry of
information, but also by different interpretations of what is fair with what
benefits themselves. Hence, the second hypothesis aim at testing whether
10

Similarly, earning the contributions results in a more proportional split of the pie
(Brekke et al., 2015).
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opening offers follow the fairness principle that serves one-self and
conflicting fairness ideals cause delay in the agreement.
Hypothesis 3
In hypothesis 1, I discussed that higher contributors are found to earn more
in the bargaining phase (Brekke et al., 2015). Hence, if subjects share according to contributions, they will be inclined to contribute more. However,
as discussed in hypothesis 2, when contributions are very different it becomes
harder to agree, there could be more delay and more conflicts, which lead to
efficiency loss. If subject experience a lot of disagreement they will be less
inclined to contribute. Hence, it is important to study what is the impact
on ex-ante investments.
The two-stage game proposed in this study can be thought as a public good
game when contributing to the common good gives uncertain returns. The
total profit is:
4
π(x|y) = (x + y)F + W − x,
(3)
3
where x and y are own and opponent contributions, W is own endowment
and F is the share of the pie gained in the bargaining stage. Hence, it is
important to ask what is the Nash equilibrium in terms of contributions.
It is simple to think of two extreme cases. On the one hand, the SPE as
in the Rubinstein model predicts that the bargaining pie will be split close
to the 50-50 share. When players expect to end the bargaining stage with
half of the pie, the optimal choice in stage one is to contribute nothing to
the common pie. The game, in fact, translates into a classical public good
game with multiplication factor equal to 2/3. The Nash equilibrium in this
case is to contribute x = y = 0. On the other hand, one can think that the
distribution of contributions matters for the bargaining outcome. If players
expect to divide the pie proportionally to contributions, there is no dilemma
and they will contribute the highest possible amount in order to get the full
return out of their investments.
An intermediate case could be explained by the loss aversion model presented
in hypothesis 1. When players have loss averse preferences the bargaining
payoff depend to some extent on the relative contributions as it is predicted
by equation (2). Using this model, the profit function (3) can be rewritten
x
with F = f (s; µ) and s = x+y
. Then, for a given level of µ, f (s) is a
piece-wise linear function of s and the total profit can be written as:
π(x|y) =

4
x
(x + y)f (
)+W −x
3
x+y

The Nash equilibrium is not obvious and it depends on the loss aversion
parameter µ. Section A.1 in the appendix characterize such equilibrium
9

for µ = 0.4 and µ = 1.11 Given the lower level of loss aversion and the
proposed discrete strategy space x = {0, 15, 30, 45}, the optimal strategy
is to contribute nothing and the unique Nash equilibrium is x = y = 0.
However, with a stronger loss aversion the equilibrium changes. For instance
when µ = 1 the Nash equilibrium becomes x = y = 45. A fundamental
consequence is that the hold up problem could be alleviated when individuals
have strong enough loss averse preference.
It is very hard to empirically infer what are ex-ante individual expectations
over the future bargaining outcome. However, it is plausible to think that
previous experience shapes future expectations. If participants have experienced a proportional division of the bargaining pie they may be more incline
to expect similar behavior in the future games and consequently contribute
more to the pie. In this paper I test how the contribution decision is affected
by previous sharing rule. In particular, whether subjects who experience
a proportional split of the pie are more likely to contribute in the next
game. Hence, the last hypothesis is: the level of contribution depend
on expectation over the bargaining outcome which is influenced by
previous experience of a proportional split.

4

Results

This section discusses the experimental findings in three parts following the
hypotheses structure. First, I study how the relative contributions affect the
bargaining payoff in each treatment. Second, I examine the total profit of
the two-stage game and the relationship between bargaining outcome and
contributions level. Finally I discuss whether different fairness ideals and
self-serving bias may affect the time of agreement and demanded share.

4.1

Bargaining outcome

In this section Hypothesis 1 is tested by looking at the average bargaining
payoff given subjects’ relative contributions and by estimating the loss aversion parameter in the different treatments.
Result 1 The bargaining payoff is affected by relative contributions such that
higher contributors earn more in the bargaining.
Figure 1 plots the share of the pie that first players (P1s) receive in the
bargaining phase given their relative contributions. It also visually reveals
11

Such values have been chosen because of previous experimental results (Brekke et al.,
2015) and standard finding in the literature (Abdellaoui et al., 2007, and references).
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that the average bargaining payoff seems to depend on the distribution of
relative contributions such that those who contribute more earn more. The
relative contributions s are grouped in five categories: s = 0 and s = 1 are
the most extreme categories where the pie is derived from only P2’s or P1’s
contribution respectively. When s = 0.5 then both players have contributed
the same amount. Finally the intermediate categories pool together contributions inferior to 50% 0 < si < 0.5 and higher than 50% 0.5 < si < 1.
Table ?? shows means and standard deviations of the bargaining payoff for
the three treatments. All payoff averages increase with relative contributions
and the standard deviations are larger at the extremes, i.e. when the contributions are more unequal the payoffs are more spread. The payoffs for those
who contribute equally is close to 50%.

Figure 1: Mean of first players’ relative bargaining payoff by relative contributions and
treatments.

Table 1 reports OLS regression estimates where the dependent variable is
the bargaining payoff relative to pie size at the moment of agreement and
the main regressor is own contribution relative to the pie size. Such regressor
is included linearly in model (1) and as a categorical variable using the five
groups described above in model (2). The omitted group is the one with
contributions s = 0.5, hence the constant is the average for this category.
Learning and time effects are controlled for with the insertion of the variables game and period, while in the VCH treatment I also control for an
endowment effect. Both regressions models are estimated with robust and
clustered standard errors at the individual level. The two different specifications are useful to estimate the overall linear effect as well as particular
categories effects. Allowing for non linearity is important because of the loss

11

aversion model, even though such theoretical model makes a more sophisticated prediction about the shape of the relationship. The testing of the
theoretical loss aversion model is shown below in result 2.
Table 1: OLS Regression: Bargaining Payoff
model
s
s=0
0 < s < 0.5
0.5 < s < 1
s=1
Constant
Game
Period
Endowment
Observations
Adjusted R2

RC treatment
(1)
(2)
0.120∗∗∗
(0.0308)
-0.0572
(0.0296)
-0.0363∗
(0.0135)
0.0363∗∗
(0.0129)
0.0572∗∗
(0.0207)
0.440∗∗∗ 0.500∗∗∗
(0.0247) (0.0134)
X
X
X
X
224
0.118

224
0.119

VC treatment
(1)
(2)
0.320∗∗∗
(0.0560)
-0.154∗
(0.0628)
-0.0705∗
(0.0296)
0.0705∗∗
(0.0234)
0.154∗∗∗
(0.0425)
0.340∗∗∗ 0.500∗∗∗
(0.0470) (0.0496)
X
X
X
X
180
0.242

180
0.225

VCH treatment
(1)
(2)
0.274∗∗∗
(0.0590)
-0.124∗∗
(0.0454)
-0.0711∗
(0.0276)
0.0762∗
(0.0355)
0.126∗∗
(0.0460)
0.386∗∗∗ 0.528∗∗∗
(0.0570) (0.0510)
X
X
X
X
X
X
214
214
0.192
0.168

* p < 0.05, ** p < 0.01, *** p < 0.001
OLS regressions for the three treatments and standard error in parenthesis. Dependent var is relative bargaining payoff. All regressions have robust standard errors
clustered at the individual level.

In all treatment the coefficient for the linear regressor is significantly different from zero and it is higher in the VC and VCH treatments compared to
the random contribution treatment (model (1), Table 1). This imply that
the bargaining pie is split more proportionally when the contributions are
individually chosen instead of randomly allocated. Such effect is in line with
the hypothesis that entitlement matter for the negotiation. Similarly, model
(2) shows that the payoff for those who have contributed more (less) than
50% of the pie is significantly higher (lower) than 50%.
Result 2 When contributions are voluntarily chosen individuals are more
loss averse.
As discussed in Hypothesis 1, when individuals are loss averse the bargaining
payoff is closer to the proportional share. Figure 1 and Table 1 have shown
this is the case especially when the contributions are individually chosen.
However, these results do not say anything about the particular shape of
the relationship between bargaining payoff and contributions predicted by
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the loss aversion model in equation (2). To test this theoretical prediction,
I estimate the magnitude of the loss aversion parameter µ observed in the
experimental sample using Maximum Likelihood. The observed bargaining
payoff relative to the pie at the moment of agreement is a function of the relative contribution, the loss aversion parameter and an error term: f (si ; µ)+εi ,
where f (si ; µ) is the functional form described by equation (2) and the εi
are independently and identically normal distributed, i.e. εi ∼ N (0, σ).
The estimates presented in Table 2 are in line with the experimental findings
from Brekke et al. (2015). When the contributions to the pie are randomly
allocated the loss aversion parameter is very low.12 In contrast, when the
contributions to the pie are chosen voluntarily the loss aversion parameter is
between 0.31 and 0.38. This level of loss aversion is comparable with other
findings in the literature which are in the range (1.0, 2.5] (see e.g. Abdellaoui
et al., 2007, and references), but generally the loss aversion parameter is
specified as λ = 1 + µ.
Table 2: Maximum Likelihood Estimation
µ
ln(σ)
Observations

RC
0.128∗∗
(0.0455)
-2.205∗∗∗
(0.123)
112

VC
0.383∗∗
(0.127)
-1.689∗∗∗
(0.135)
90

VCH
0.306∗∗
(0.106)
-1.724∗∗∗
(0.0884)
107

* p < 0.05, ** p < 0.01, *** p < 0.001
First players’ loss aversion in each treatment. Standard errors
clustered at the individual level.

In conclusions, when the contribution is an active choice, the level of entitlement is comparable to the one created when these contributions are earned
through and effort task. Figure 2 show the experimental data with the prediction of the loss aversion model with the estimated level of µ.

4.2

Self-serving bias

In this section Hypothesis 2 is tested by considering the length of the bargaining process and individual opening offers.
Result 3 Unequal contributions lead to longer negotiations
12

In Brekke et al. (2015) such parameter was not statistically different from zero. Here
it is, but the two estimates are not different from each other.

13

Figure 2: Relative bargaining payoff by contributions with predictions from the Loss
Aversion model calibrated on the estimated µ.

Both Rubinstein’s models with and without loss aversion predict the bargaining to end with an agreement in the first period. However, from the
experimental data is possible to observe a large delay especially when subjects contribute different amounts. Figure 3 shows the period of agreement
for different relative contributions among the different treatments. In each
treatments, the distribution of the time of agreement is very different between
those with equal and unequal contributions. The percentage of players who
agree in the first period is on average 77% for those who contribute 50%
and 46% for those with unequal contributions. Also the negotiations last a
maximum of 7 rounds when the pie is contributed equally and a maximum
of 24 rounds when the contributions are very unequal.13 Therefore, the data
suggest that large asymmetries in bargaining are correlated with delay and
more disagreement. This finding is in line with (Babcock and Loewenstein,
1997)’s discussion of self-serving bias.
Next I proceed to a more formal estimation. If unequal contributions cause
bargaining to last longer and impede players to reach an agreement in the
first period, then the period of agreement will depend on contributions such
13
In one case the negotiation broke down when the participants reached the 26th period,
this observation is discarded from the sample.
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Figure 3: Time of agreement by treatment and by relative contributions of first player.
that:
AgreementP eriod = a + b|s − 0.5| + X + ε
where s is relative contributions, X are control variables such as game and
endowment and ε is the error term. In words, this model tests to what
extent the agreement period if affected by the absolute difference between
an individual relative asymmetric contribution and equal contributions.
To estimate this relationship I use standard OLS regression and the negative
binomial regression (NB), which is a well suited tool for modeling overdispersed count outcome variables. Table 3 shows the estimated coefficients
from the negative binomial regression. The reported estimates suggest that
such effect is present in all treatments, but its significance is stronger in the
voluntary contribution treatment. The estimated b coefficient from Table 3
is significantly different from zero in all specifications, except in the VCH
treatment. For example in the VC treatment, for each one-unit of deviation
from the 50-50 contribution the agreement is delayed by more than 6 periods
on average. For the negative binomial specification the intuition is the same:
for each one-unit of deviation from the 50-50 contribution the expected log
count of the periods of agreement increases by 2.2.14
14


Recall that relative contribution is discrete s = 0, 14 , 13 , 25 , 12 , 35 , 23 , 34 , 1 .
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Table 3: OLS and Negative Binomial: Period of agreement

b
a
Game

RC treatment
OLS
NB
2.228∗
1.070∗∗
(0.825)
(0.329)
2.073∗∗∗ 0.676∗∗∗
(0.427)
(0.174)
-0.134
-0.0603
(0.0978) (0.0378)

VC treatment
OLS
NB
6.185∗∗∗ 2.202∗∗∗
(1.692)
(0.387)
0.340
0.108
(0.509)
(0.174)
0.350∗
0.0963
(0.172) (0.0538)

Endowment
Observations
R2
lnalpha

224
0.049

224

180
0.122

-1.439∗∗∗

180
-0.825∗∗∗

VCH treatment
OLS
NB
2.348
0.911∗
(1.267)
(0.427)
0.636
0.177
(0.829)
(0.287)
0.432∗∗
0.174∗∗
(0.140)
(0.0540)
0.00906
0.00236
(0.0197) (0.00679)
214
214
0.047
-0.841∗∗∗

* p < 0.05, ** p < 0.01, *** p < 0.001
OLS and Negative binomial regression for the three treatments. Robust standard errors
clustered on individuals.

Hence, when contributing is a choice and bargainers have very unequal contributions the agreement is delayed significantly. Such differences in contributions may be more justified when the initial endowment is different,
such as in the VCH treatment so that is why we observe a lower coefficient. Nevertheless the significant coefficient for game seems to indicate that
the number of period needed to agree increases in the last games. A possible explanation for this is that initially subjects justified the difference in
contributions by differences in endowment, but the effect fades with learning.
Result 4 Opening demand follow the fairness principle that serves one-self.
Result 3 shows that when payers contribute equally to the creation of a value
it is easier to agree in the bargaining phase. A possible explanation is that,
in this case, different fairness ideals converge to the same outcome, i.e. the
50-50 split of the pie. ON the contrary, when contributions are very unequal
different fairness ideals may come into place. For simplicity we restrict the
possible fairness principles to the equal and the proportional split. In line
with (Babcock and Loewenstein, 1997)’s discussion of self-serving bias, I
hereby test whether the offers that participants make to each other during
the negotiations are biased toward the fairness principle that serves one-self.
For example, consider a situation where subjects are matched such that their
contributions are unequal. If the lower contributor is affected by self-serving
bias, she thinks that the fair thing to do is to split equally, while the higher
contributor thinks it is fair to share according to contributions. Hence, I test
the following model:
DemandedShare = α + β(s − 0.5)Is>0.5 + γ(s − 0.5)Is≤0.5 + X + ε
16

where I(.) is a dummy variable indicating when relative contributions are
lower or higher than 50% and X is a vector of control variables such as game
and endowment. The demanded self-serving fair share is: half pie when
contribution is less than 50%, or the contribution itself when contribution is
more than 50%. If subjects suffer from such bias, then β should be positive
and significantly different from zero, while γ should be zero.
Results from Table 4 confirm that in each treatment the opening demands are
around 50% when contributions are lower than 50%, i.e. γ is not significantly
different form zero and α is around 0.5. More importantly, estimates for β
show that the coefficient is significantly different from zero and positive.
This imply that the players who contribute more than 50% of the pie on
average demand a split close to their relative contributions, while this is
not the case when players contribute lass than 50% of the pie. Moreover,
the estimated β coefficient is larger in the VC treatment and in the VCH
treatment compared with the RC treatment. Hence, when the contributions
are chosen voluntarily, probably because of entitlement, there is more selfserving bias.
Table 4: Opening Demand

β
γ
Game

RC treatment
(1)
(2)
0.299∗∗∗ 0.298∗∗∗
(0.0759) (0.0764)
0.154
0.154
(0.0834) (0.0836)
-0.00178
(0.00549)

VC treatment
(1)
(2)
0.647∗∗∗ 0.647∗∗∗
(0.105)
(0.108)
0.0637
0.0639
(0.188)
(0.189)
0.000210
(0.0140)

0.537∗∗∗
(0.0132)
112
0.296

0.534∗∗∗
(0.0187)
90
0.349

Endowment
α
Observations
Adjusted R2

0.546∗∗∗
(0.0290)
112
0.290

0.534∗∗∗
(0.0388)
90
0.342

VCH treatment
(1)
(2)
0.516∗∗∗ 0.475∗∗∗
(0.0904)
(0.101)
0.0836
0.0880
(0.108)
(0.106)
0.0279
(0.0158)
0.000732
(0.00185)
0.548∗∗∗ 0.462∗∗∗
(0.0195) (0.0619)
107
107
0.300
0.322

* p < 0.05, ** p < 0.01, *** p < 0.001
OLS regression for the three treatments. Robust standard errors clustered on individuals.

4.3

Total profit and contribution choice

In this section Hypothesis 3 is tested by studying the relationship between
the bargaining outcome and contribution decisions, and by evaluating the
total profit for different contributors.
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Result 5 The level of investment is higher after experiencing a proportional
share of the bargaining pie.
I test whether the decision over different levels of contributions depend on
whether the division of the pie in the previous period was proportional to
contributions. If participants of VC and VCH treatments experience a proportional division of the pie they may be inclined to contribute more to the
next game because they expect a proportional return.
Table 5: Contributions Given Proportional Split in Previous Round
Shared prop. (t-1)

OLS 1
8.616∗∗∗
(1.846)

OLS 2
7.635∗∗∗
(1.967)
3.638∗
(1.833)

14.74∗∗∗
(1.480)

13.35∗∗∗
(1.635)

Immediate (t-1)
No pie (t-1)
Game
Endowment
Treatment
Constant

OLS 3
7.213∗∗∗
(1.912)
2.964
(1.860)
-3.741
(3.173)
-0.882
(0.668)
0.366∗∗
(0.114)
-0.290
(3.244)
3.466
(11.92)

Cut1: constant
Cut2: constant
Cut2: constant
Observations
Adjusted/Pseudo R2

322
0.069

322
0.078

322
0.133

Ologit 1
1.011∗∗∗
(0.212)

Ologit 2
0.881∗∗∗
(0.231)
0.426
(0.224)

Ologit 3
0.885∗∗∗
(0.233)
0.339
(0.235)
-0.531
(0.505)
-0.153
(0.0878)
0.0348∗
(0.0143)
-0.0417
(0.408)

-0.410∗
(0.201)
1.031∗∗∗
(0.201)
2.086∗∗∗
(0.253)
322
0.0280

-0.256
(0.220)
1.200∗∗∗
(0.225)
2.257∗∗∗
(0.275)
322
0.0325

0.365
(1.487)
1.874
(1.493)
2.988∗
(1.503)
322
0.0531

* p < 0.05, ** p < 0.01, *** p < 0.001
OLS regressions and Ordered Logit. Dependent variable is absolute contribution levels.
All models have robust standard errors clustered at the individual level.

Table 5 reports the OLS and Ordered Logit regression estimates where the
dependent variable is contribution levels x = {0, 15, 30, 45}. The main independent variable, "Shared proportional", is a binary variable that record
when a couple has split the pie accordingly to relative contributions s plus
minus 10% error margin.15 For example, if player one has contributed 50% of
the bargaining pie, she will be included in the category "share proportional"
if she receive between 40% and 60% of the pie at the moment of agreement.
The additional independent variable is "Immediate", a dummy variable that
record whether the agreement was reached in the first period. Further I
15

Results are robust with 5% error margin and significant at the 5% level, see Appendix
A.2.
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control for lagged pie equal to zero, game, endowment and treatment effect.
I include the control for pie equal to zero because when two subjects who
contribute zero are matched they do not play the bargaining game so they
do not experience a proportional or non-proportional share of the pie.
Table 5 shows that, everything else equal, participants who agreed on a proportional share of the pie contributed at least 7 ECU more of those who
did not experience a proportional share of the pie in the next game. This
estimate is highly significant and it is robust to different specification (Model
OLS1, OLS2, OLS3). Moreover, agreeing immediately in the previous period also affected positively the contribution level (OLS2). Finally, having
an higher endowment makes it easier to contribute more. Similar interpretation hold for the ordered logit regression in the last two columns of Table
5. These estimates are in line with the hypothesis that experiencing a proportional split of the pie may influence future expectation over the barging
game. Hence, the expectation to receive a payoff close to the contributed
share may induce players to contribute more.
Result 6 Net profit is higher for lower contributors
Result 1, showed that those who contributed more to the bargaining ended
up with a larger share of the pie compared to those who contributed less or
nothing. Hence, it is important to assess what the average level of contributions was in different treatments.

Figure 4: Average contribution by endowment (W) and by game with standard errors.
Figure 4 shows that the average contribution is quite high and that a large
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share of participants contributes non-zero amounts. Specifically, the average
contribution in the VC and VCH treatments with endowment W = 45 and
or W = 30 is in the range of 40% and 60%. There is no clear pattern over
time, so it is not possible to conclude that contributions increase or decrease
with learning. It is interesting to notice, the particularly high average contribution for those with the lowest endowment W = 15. For this group of
players the average contribution is higher than 80% implying that the majority has always contributed the entire endowment. Given the binary choice
(contribute zero or everything) available to subjects with endowment 15 this
result is not completely unexpected.
It is important to look at the relationship between the total profit and the
relative contributions. The Nash equilibrium discussed in Hypothesis 3 suggested that, given the estimated loss aversion level, the optimal contribution
should be zero. Figure 5 shows the net total profit by contributions, endowments and treatments. A clear result is that those who contribute zero are
actually the one having the highest net profit. Moreover, those who have
the highest endowment in the VCH treatment and contribute 30 or 40 ECU
end up with 5-10% less than their initial endowment.

Figure 5: Net average profit by contributions, endowments and treatments.
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5

Conclusions

The present paper considers the interconnected effects of cooperation and
negotiations by designing an experiment where players participate in a twostage game. An investment stage is followed by a bilateral alternating-offer
bargaining game with infinite horizon where the two parties are asked to
divide the sum of their sunk investments. Such design enables the analysis
of investment decisions when the distribution of the surplus is negotiated
through a bargaining game and, at the same time, it allows to study how the
bargaining outcome is influenced by voluntary relation-specific investments.
This work is organized in three hypotheses and consequently three main
results. First, I test whether ex-ante relation-specific investments affect the
outcome of the bargaining game. The bargaining equilibrium outcome is predicted from the model with loss aversion suggested by Brekke et al. (2015).
When individuals have loss averse preferences and the relation-specific contribution acts as reference point, the distribution of such contributions influence the share of the pie they receive during the bargaining. Experimental
results show that individual contributions do matter for the division of the
pie such as high contributors earn more in the bargaining respect to lower
contributors. Moreover, this effect is stronger when contributions are chosen voluntarily compared to when they are randomly allocated. The loss
aversion parameter is in fact higher in treatments where the contribution
is a choice and its estimated magnitude is in line with previous literature.
Hence, in the laboratory the voluntary choice of contributions might create
entitlements in a similar way as the effort task did in Brekke et al. (2015).
Second, I discuss the role of different fairness ideals and of self-serving bias
through unfeasible demands and agreement delays. Substantial delay in the
negotiations is observed especially when parties with very unequal contributions are matched. Moreover, I find that opening demand are biased toward
the fairness principle that serves one-self and this effect is stronger when the
choice of contribution is voluntary. To clarify, when subjects with different contributions are matched, the lower contributor prefer to split equally
while the higher contributor want to share according to contributions. The
unfeasibility of their demands leads to disagreement, delay and efficiency
loss.
Third, I approach the issue of underinvestment associated with the hold-up
problem by calculating the optimal level of investment given different expectations on the bargaining outcome. If players expect to divide the pie equally
regardless of contributions, the optimal contribution in equilibrium is zero.
Conversely, if they expect to divide the pie proportionally to contributions,
they will contribute the highest possible amount. Everything in between can
be explained by the loss aversion model and the optimal contribution depend
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on the loss aversion parameter. Since it is very hard to empirically infer expectations, I assume that previous experience shapes future expectations.
Findings confirm it by showing that when participants have experienced a
proportional division of the bargaining pie, in the next game they contribute
an average of 7 ECU more compared to those who did not experience a
proportional split. Moreover, agreeing immediately also positively affect investment decision in the next game. However, even though players who
contribute more end up with higher bargaining payoff, when the net total
profit of the two-stage game is considered, higher contributors receive less
compared to those who contributed nothing to little.
To conclude, the relevance of relation-specific investments for the bargaining
outcome is clearly observed in the data, and can be explained by the loss
aversion model. Moreover, contributions are positively affected by the experience of a proportional split. However, asymmetries int the negotiation
create disagreement and delay and this can be explained by the self-serving
bias hypothesis. When subject experience a lot of delay they are less inclined
to contribute because of the efficiency loss that comes with it. In spite of the
tendency to share according to contribution, investing nothing or very little
is still the best strategy as results on the net total profit suggest. Hence, the
hold-up problem still persist.
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A
A.1

Appendix
Nash Equilibrium

With loss aversion the utility function is affected differently by losses and
gains relative to a reference point. Such idea of a reference point is central to
Prospect Theory, introduced by Kahneman and Tversky (1979). Following
(Brekke et al., 2015), I assume the reference point is the individual contribution to the pie and that except for a kink at the reference point that the
utility function is linear. Hence, given the relative contribution si and a loss
aversion parameter µ, the equilibrium share of the pie for the first mover is:

1+µ
0.9 µ
1

if
s > 1.9+µ

1.9 + 1.9 1+µ s
1+µ
µ
0.1 1+µ
0.9
if 1.9+µ
< s < 1.9+µ
f (s; µ) =
(4)
µ+0.1 s + µ+0.1 1.9+µ

 1 − 1 µ (1 − s) if
0.9
s
<
1.9
1.9 1+µ
1.9+µ
The total profit for the two-stage game presented in this study is:
4
π(x|y) = (x + y)f (s) + W − x,
3
where x and y are own and opponent contributions and W is own endowment.
For a given µ the bargaining payoff is linear f (s) = as + b and it depends
z
x
only on relative contribution to the pie s =
=
. Then the profit can
Z
x+y
be written as:


x
4
(x + y) a
+b +W −x
π =
3
x+y
and the marginal profit depends on a(µ) and b(µ):
∂π
4
= (a + b) − 1.
∂x
3
Given previous experimental results we consider µ = 0.4 (Brekke et al.,
2015). In this case the bargaining payoff for the first player becomes:

s > 0.609
 0.526 + 0.135 s if
0.122 + 0.80 s if 0.391 < s < 0.609
f (s; 0.4) =
(5)

0.376 + 0.15 s if
s < 0.391
and the marginal profit is:
 4
(0.526 + 0.135) − 1 < 0 if
∂π  34
(0.122 + 0.80) − 1 > 0 if
=
∂x  43
if
3 (0.376 + 0.15) − 1 < 0
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s > 0.609
0.391 < s < 0.609
s < 0.391

(6)

From equation 6, the profit function is decreasing before the first kink, increasing between the two kinks and decreasing afterward. Hence, the maxi1+µ
mum is attained at the extremes x = {0, 45} or at the upper kink s = 1.9+µ
:
x
1+µ
=
x+y
1+δ+µ
x (1 + δ + µ) = (1 + µ) (x + y)
1+µ
x =
y
δ
x∗ = 1.56y > y

Figure 6: Total profit given different level of opponent’s contribution π(x|y) and µ = 0.4
Figure 6 shows the profit function for µ = 0.4 given different opponent’s
contributions.
• When y = 0 the best response is x = 0 because π 0 (x|0) < 0 ∀x.
• When y = 15 the best response would have been x∗ = 23.4 in a
continuous strategy space. Given the discrete contribution choice,
we can compare x = 0 with x = 30 or x = 15. The payoffs are
π(0|15) = 52.5 > π(30|15) = 51.96 > π(15|15) = 50.88. Hence the
best response is x = 0.
• When y = 30 the best response is either x = 0 or x = 45. The payoffs
are π(0|30) = 60.038 and π(45|30) = 60.174. So x = 45 is slightly
better than x = 0, but since x = 30 is always dominated by x = 0
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we can disregard x = 30 because the other player will never choose
y = 30.
• When y = 45 the best response is x = 0 as π(0|45) = 67.56 > 62.62 =
π(45|45).
To conclude, given the discrete strategy space and µ = 0.4 the only equilibrium is x = y = 0.
Next I consider the case when µ = 1. The bargaining payoff for the first
player is:

s > 0.513
 0.526 + 0.237 s if
0.063 + 0.909 s if 0.31 < s < 0.513
f (s; 1) =
(7)

0.263 + 0.263 s if
s < 0.31
and the marginal profit is:
 4
(0.526 + 0.237) − 1 > 0 if
∂π  34
(0.063 + 0.909) − 1 > 0 if
=
∂x  34
3 (0.263 + 0.263) − 1 < 0 if

s > 0.513
0.31 < s < 0.513
s < 0.31

(8)

Figure 7: Total profit given different level of opponent’s contribution π(x|y) and µ = 1
From equation 8, the profit function is decreasing before the first kink, and
increasing afterwards. Hence, the maximum is attained at one of the extremes x = {0, 45}. From Figure 7 it is clear that x = 45 is best response
for ever y hence the only equilibrium is x = y = 45.
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A.2

Robustness checks

In this section I report the robustness check estimations for Table 5. Table 6
reports the OLS and Ordered Logit regression estimates where the dependent
variable is contribution levels x = {0, 15, 30, 45}. The main independent
variable, "Shared proportional", is a binary variable that record when a
couple has split the pie accordingly to relative contributions s plus minus
5% error margin instead of the 10% error margin reported in Table 5. The
estimates have comparable magnitude and they are significant at the 5%
level or higher. The differences with Table 5 are not statistically significant
and are due the fewer number of observations included in a smaller error
margin.
Table 6: Regressions: Contributions Given Proportional Split in Previous
Round
Shared prop. (t-1)

OLS 1
7.034∗∗∗
(2.021)

OLS 2
5.641∗
(2.252)
3.738
(1.944)

16.17∗∗∗
(1.463)

14.78∗∗∗
(1.627)

Immediate (t-1)
No pie (t-1)
Game
Endowment
Treatment
Constant

OLS 3
5.575∗
(2.130)
2.799
(1.986)
-5.187
(3.200)
-0.891
(0.664)
0.372∗∗
(0.117)
-0.357
(3.322)
4.937
(12.17)

cut1
Constant
cut2
Constant
cut3
Constant
Observations
Adjusted/Pseudo R2

322
0.042

322
0.050

322
0.111

Ologit 1
0.802∗∗∗
(0.221)

Ologit 2
0.615∗
(0.259)
0.452
(0.240)

Ologit 3
0.665∗∗
(0.256)
0.328
(0.253)
-0.705
(0.504)
-0.144
(0.0859)
0.0347∗
(0.0143)
-0.0603
(0.411)

-0.567∗∗
(0.194)

-0.409
(0.213)

0.170
(1.490)

0.836∗∗∗
(0.190)

1.011∗∗∗
(0.217)

1.647
(1.492)

1.872∗∗∗
(0.235)
322
0.0169

2.051∗∗∗
(0.263)
322
0.0216

2.743
(1.500)
322
0.0439

* p < 0.05, ** p < 0.01, *** p < 0.001
OLS regressions and Ordered Logit. Dependent variable is absolute contribution levels.
All models have robust standard errors clustered at the individual level.
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