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We use an experiment to study the effect of ex-post sharing rules on relationship-specific
investments in an incomplete contracting context. We find that no power structure can
induce first-best investments and that equally productive partners reach more efficient
outcomes with a balanced power structure (i.e., equal sharing of returns) than with an
asymmetric one. In addition, we find evidence for behavioural effects: partners make
higher investments and reach higher efficiency levels than own-payoff maximisation
would suggest. This behaviour is in line with a model where decision-makers care about
social efficiency. It is not consistent with inequity-averse preferences.

& 2013 Elsevier B.V. All rights reserved.
1. Introduction

An essential characteristic of a successful partnership is that all parties involved have an incentive to make significant
relationship-specific investments. However, it is not uncommon that one partner has more power than another and is
therefore able to appropriate a large share of the overall benefits from the partnership. In a world with costly contracting,
such power imbalances may affect resource allocations by shaping the incentives of individuals to undertake productive
activities that enhance the value of partnership projects.

Power imbalances abound in many real world partnerships. The distinctive feature of sharecropping contracts in the
agricultural sector is the division of product between tenants and landlords according to some predetermined share-out.
The tenant's share of output has been observed to be as low as 20% in Southern India (Tomlinson, 1996, p. 81) or as high as
80% in Argentina in the 1890s (Adelman, 1994, p. 137). In a supplier–manufacturer relationship in the automotive industry,
the supplier may have no other customer than the manufacturer. Consequently, the incentive for the manufacturer to
appropriate quasi rents by negotiating a revised lower price at which it will accept parts from the supplier may be large
(Klein et al., 1978). Power imbalances also exist in company–community partnerships in the developing world, particularly in
the ‘fair trade’ commercialisation of non-timber forest products in Brazilian Amazonia (Morsello, 2006). Aspects of trade
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deals between large corporations and communities which have led to power asymmetries are premium prices and single
buyers (Corry, 1993; Turner, 1995), which drastically undermine communities’ negotiating power (Mayers and Vermeulen,
2002). In consequence, corporations typically appropriate larger portions of the overall benefits accruing from company–
community partnerships.

The seminal work of Grossman and Hart (1986) and Hart and Moore (1990) shows the close connection between the
allocation of power—as determined by the allocation of private control and property rights—and the incentives of partners
to undertake relationship-specific investments. In this paper, we experimentally examine relationship-specific investments
in an environment in which two partners may have different amounts of power, so that the stronger partner can appropriate
a greater share of the benefits from the relationship. Since power imbalances are more the norm than the exception, this
issue has broad implications for a variety of economic contexts. One main thrust of the paper is to examine the effect of
power imbalances on relationship-specific investments when contracts are incomplete. Another is to examine how our
experimental results can be explained with competing forms of social preferences. To this effect, we present a simple model
of incomplete contracts based on social preferences, and use the theoretical results to guide our way of interpreting the data
from our experiment.

Our experiment has the following main features. Two equally productive players simultaneously decide how much to
invest into a joint production process. These investments cannot be specified in an ex-ante contract. The total monetary
benefit from the production process is a Cobb–Douglas transformation of the players’ respective investments. A sharing rule
determines how the total monetary benefit from joint production is split between the two players. Under a symmetric or
“balanced-power” partnership structure, players are entitled to (almost) equal shares of the total monetary benefit. Under
an asymmetric or “imbalanced-power” partnership structure, the power-advantaged player receives a substantially larger
share of the total monetary benefit than the weaker player. Throughout the experiment, we elicit not only players’ own
investment strategies but also their beliefs about their partners’ investment strategies.

In our experiment we start with a static situation where the power structure is fixed and exogenous. We then move to a
situation where players can choose between two power structures. In the first situation with exogenous power structure we
ask: How do power imbalances between trading partners affect incentives to make relationship-specific investments? What
behavioural motives determine partners' investment behaviour under balanced and imbalanced power structures? We
show that no allocation of power induces first best investments, but some allocations are more efficient than others. In
particular, since the players are equally productive, theory predicts lower investments in the presence of power imbalances.
This is confirmed in our experiment. However, we also observe that behavioural motives enter players’ investment
behaviour. Specifically, we find that players invest strictly more than what selfish players would invest in equilibrium. This
“overinvestment” is found both under the balanced and under the imbalanced-power structure, although in the latter case
we find more overinvestment among strong players. We show that this behaviour is consistent with preferences for social
efficiency (Charness and Rabin, 2002). It cannot be explained by inequity aversion (Fehr and Schmidt, 1999).

Next, we allow players to choose between two power structures and ask: Under what conditions would a player which is
advantaged by an asymmetric sharing rule agree to “tie her hands” and sign a contract that establishes symmetric sharing?
To address this issue, players first gain experience with exogenous symmetric and asymmetric sharing rules. In a second
part of the experiment players are allowed to switch from an asymmetric rule to a symmetric one. This switch requires
mutual consent. Theory predicts that the disadvantaged player always has an incentive to switch to a more symmetric rule.1

For the advantaged player the situation is less clear: switching to a symmetric rule generates better incentives for total
investment but also reduces this player's share of the joint profit. We analyse two situations, one in which it is individually
rational for strong players to switch to a more equal structure, and one in which they should theoretically refuse to do so.
Our key results are the following. Disadvantaged players almost always vote for a balanced-power partnership structure, as
one would expect. What is more intriguing is the behaviour of advantaged players: a majority of strong players are willing to
give up their strong position irrespective of whether it is individually rational or not. However, there are also participants
who are disinclined to abandon power even when the principle of own-payoff maximisation tells them to do so.

The remainder of the paper is organised as follows. Section 2 discusses the related experimental literature. Section 3
describes the experimental features and setup. Section 4 generates behavioural predictions. Section 5 presents the results.
Section 6 concludes.

2. Related experiments

Despite the mounting evidence that economic agents exhibit social preferences (Fehr and Schmidt, 1999; Bolton and
Ockenfels, 2000; Charness and Rabin, 2002), scholars have only recently started to study incomplete contracts in a context
where decision makers have social preferences (Hart, 2008; Hart and Moore, 2008). Hold-up problems have been studied in
the laboratory by Hacket (1994) and later by Oosterbeek et al. (2003), and Ellingsen and Johannesson (2004a, 2004b). Here
we are not interested in the hold-up, i.e., in the possibility of bargaining after the investment stage. Instead we look at a
situation where profit is observable and verifiable and contracts on profit can be written ex-ante. We are still in a world
where actions are not verifiable, i.e., part of the incomplete contracting problem remains.
1 This is because both total investments and weak players’ shares of the benefits would increase.
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A close antecedent to this paper is Fehr et al. (2008) who use experiments to compare different allocations of ownership
rights.2 The key finding of their study, which contrasts with the theoretical prediction of the property rights model
developed by Hart (1995), is that joint ownership can be the most efficient ownership structure. The superiority of joint
ownership in their experimental setting can be explained by the fact that it makes better use of reciprocity as an
enforcement device than alternative ownership structures. Although some of the issues we are interested in are similar to
those explored in Fehr et al. (2008), our setup differs markedly from theirs.

First and most importantly, in our experiment, players invest simultaneously while Fehr et al. (2008) study sequential
investments. Theoretical (Varian, 1994) as well es experimental (Gächter et al., 2010) evidence suggests that investments in
sequential games often differ markedly from investments in simultaneous games. The partnerships that we mention in the
introduction, i.e., sharecropping contracts, supplier–manufacturer relationships, company–community partnerships, etc.,
are typically not sequential. Participants have to make their investments rather simultaneously without fully knowing
the investment of the other party. Second, we employ a non-linear payoff function instead of a linear one. Players receive
payoffs based on a Cobb–Douglas transformation of their investments into a physical asset. Investments are therefore
complements at the margin, and the equilibrium outcome is interior rather than on the boundary of the strategy space.
Third, we not only observe players' investment strategies but also players' beliefs about their opponents' investment
strategies. This allows us to learn more about the motives of the players.3

Several experimental papers focus on the identification and categorisation of different types of social preferences (see for
instance Andreoni and Miller, 2002). The experimental evidence we present is consistent with preferences for social welfare.
Relatedly, Charness and Grosskopf (2001) show that most people in simple experimental games are prepared to make
monetary sacrifices to help other persons, but only few sacrifice money to achieve equality of payoffs. Kritikos and Bolle
(2001) discriminate among different types of distributional concerns and show that participants in binary-choice dictator
games care about efficiency rather than equity. Engelmann and Strobel (2004) study simple one-shot distribution
experiments, showing that a combination of efficiency concerns, max–min preferences, and selfishness can rationalise
most of their data while inequity aversion cannot explain some important patterns. Fisman et al. (2007) also find that
subjects are more inclined to increase aggregate payoffs rather than to reduce inequity. Similar results are obtained by Cox
and Sadiraj (2011) and Cox et al. (2007). Fehr et al. (2006) underline that preferences are far from homogeneous and that
students from economics and business administration (who were used as participants by Engelmann and Strobel, 2004)
might care more about efficiency than other participants who might care more about inequity aversion. While the focus of
these papers is rather on social preferences per se we look here at the specific economic context of incentives to make non-
contractible investment. Finally, a recent experimental study by Cabrales et al. (2010) is similar in spirit to ours, in that it
explores the impact of social preferences on markets and contracts. Their results also fit the general pattern described
above: subjects are less concerned with equality than with the robustness of the contract and, whenever it is selected, the
egalitarian contract leads to the inefficient outcome.

Our paper also makes contact with several other strands of the experimental literature. Our investment game clearly
shares some features with public good games, which have been extensively explored in the laboratory. A common finding is
that in public good games people invest more than selfish players would invest in the Nash equilibrium. Our symmetric
partnership structure is reminiscent of non-linear public good games with interior Nash equilibria (for a review of the
relevant experimental literature see Holt and Laury, 2008). However, experiments with public good games usually study a
situation where the joint product is shared equally among all players. In this paper we look at situations where players need
not have the same bargaining power and, hence, shares of the joint product can be asymmetric.

3. Implementation of the experiment

3.1. Baseline game and experimental design

Consider the following model. There are two agents, A and B. Each agent i∈fA;Bg owns Mi units of initial endowment of
a private good. Agents choose how to split Mi between their own consumption ðxiÞ and investment ðIiÞ in a production
process. The monetary value of the output produced by the investments of A and B is given by Q ðIA; IBÞ ¼ ðIAIBÞα � ϑ, where
ϑ40 and α40 are productivity parameters. A sharing rule (or an allocation of power) determines how the monetary value
of output is split between the agents. Let πA ¼ π be the share that goes to A, and let πB ¼ 1−π be the share that goes to B. Each
(selfish) agent i maximises a payoff function of the form UiðIA; IBÞ ¼ xi þ πiQ ðIA; IBÞ subject to the constraint Mi ¼ xi þ Ii.
Throughout the paper, we assume that players are equally productive, i.e., the exponent α in the Cobb–Douglas function is
the same for both players.

Our experiment is based on the above basic model and was run at the University of Jena (Germany) in June and July 2008.
It was computerised using z-Tree (Fischbacher, 2007). A total of 146 participants, recruited with Orsee (Greiner, 2004), took
part in the experiment. A translation of the instructions can be found in Appendix C. Table 1 is useful in explaining the
2 Another exception is the study by Fehr et al. (2011) which provides experimental evidence in line with the idea of Hart and Moore (2008) that
competitively determined contracts constitute a reference point for trading relationships.

3 Iriberri and Rey-Biel (2008) find that different social preferences of participants in their experiment with modified dictator games are clearly related
to different beliefs about others' actions.



Table 1
List of experimental treatments.

Configuration SYM ASYM FLEX n

Conflict(-C) SYM-C ASYM-C FLEX-C, choice between 8 sessions
ϑ¼ 24:83;α¼ 0:359 π ¼ 0:491 π ¼ 0:708 π ¼ 0:491 and π ¼ 0:708 70 participants

No conflict(-NC) SYM-NC ASYM-NC FLEX-NC, choice between 8 sessions
ϑ¼ 14; α¼ 0:41 π ¼ 0:483 π ¼ 0:748 π ¼ 0:483 and π ¼ 0:748 76 participants
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general structure of the experiment: participants were assigned to one of our two configurations: conflict and no conflict.
Within each configuration, participants experience (within subject) three treatments: an asymmetric contract (ASYM), a
symmetric contract (SYM) and a flexible contract (FLEX). In ASYM and SYM, the sharing rule that was used to divide the
benefits from joint production is exogenously fixed. We will refer to these two treatments as fixed contracts. ASYM and SYM
represent situations with power imbalance and balance respectively. In FLEX participants choose between a symmetric and
an asymmetric contract. If, in FLEX, both participants choose the same sharing rule then this rule is adopted. In case of
disagreement the asymmetric rule ASYM is used as the default rule.4 The FLEX treatment allows us to analyse whether
participants want to switch from an asymmetric to a symmetric power structure.

At the beginning of each session players were assigned roles A and B which they would keep throughout the experiment.
We then decided randomly whether participants would first play 10 rounds of ASYM and then 10 rounds of SYM (this
happened in seven sessions), or whether to follow the opposite sequence (this happened in nine sessions). After 10 rounds
of SYM and 10 rounds of ASYM participants played 10 rounds of FLEX.5 Participants were rematched randomly after each
round of the experiment. Although different parameters (ϑ and α) and sharing rules are employed in conflict and no conflict,
equilibrium predictions for the two configurations differ mainly in the flexible contract treatment. With the conflict-
parameters there is a conflict of interest between the two players: in FLEX-C the selfish A-players prefer the asymmetric
contract while B-players prefer the symmetric contract. With the no conflict-parameters this is not the case: in FLEX-NC both
types of players, A and B, prefer the symmetric contract. We will explain this in more detail when illustrating this treatment.
When discussing asymmetric contracts, we will refer to type A players as strong and to type B players as weak. We now turn
to a more detailed description of the experiment.

3.2. Fixed contracts

In each treatment, players simultaneously invest into joint production. We use tables to represent payoff functions.
Table 2 presents an example of a decision screen in the experiment. Players can choose from 11 possible investment levels
(multiples of 50 from 0 to 500) which are shown as consecutive numbers (1–11) in the table. Payoffs in the experiment are
rounded to integers. In each round of the experiment players are asked to click on a row they might want to choose (their
own investment) and on a column they think their opponents might select (the other player's investment). These rows and
columns and their intersection are then highlighted on the computer screen. Participants can experiment by clicking on
rows and columns as often as they want until they are satisfied with their choices and expectations. Only when a participant
clicks on an “OK” button she proceeds to the result stage of the round. This feature not only allows us to check for the
consistency of players' expectations and behaviour but it also promotes a more thoughtful decision-making process.

Discretising a continuous problem and presenting it with the help of payoff tables has both advantages and
disadvantages. Key advantages are that the payoff function is easy to understand, that players do not have to calculate
anything, and that we can elicit players' expectations in a natural way.

The disadvantage of discretising a continuous problem is that it quickly leads to a large number of equilibria. If we want
to have a clear equilibrium prediction, and still present payoffs as tables, then we have to live with a parameter space that is
considerably restricted. In particular, we can only use values of π which are bounded away from 1/2. Hence, when we call a
sharing rule “symmetric” then this is only an approximation: π ¼ 0:491 and π ¼ 0:483 are as close as we can get to 1/2. Under
symmetric sharing rules (πSYM is 0.491 or 0.483) each player is entitled to an almost equal share of the total monetary output.
Under asymmetric sharing rules (πASYM is 0.708 or 0.748) the strong player A receives a substantially larger portion of the
total output than the weak player B. The parameter values for ϑ and α are given in Table 1. Mi is always 500.

We illustrate the best reply functions for ASYM and SYM, under either conflict (C) or no conflict (NC), in Fig. 1, assuming
that individuals are motivated purely by self-interest. For each situation there is an interior Nash equilibrium in which both
players invest part of their endowment into joint production; there is also an equilibrium in which both players invest zero.
The first best, which is equivalent to the maximum possible investment, is not an equilibrium under any sharing rule.
Intuitively, this is because players do not capture the full marginal returns on their investments. As a consequence,
4 The alternative, SYM being the default, would be less interesting. SYM is more efficient, but, if players are selfish, only one player would prefer SYM,
the other would prefer ASYM. Hence, if players would simply follow their own preferences, SYM would always be implemented if SYM was the default. In
our experiment we use ASYM as the default. SYM can only be implemented if both players agree and this requires one player to give up something.

5 In one session of the experiment we played 12 and not 10 rounds of each contract.



Table 2
An example of a decision screen in the experiment.

In this example a participant has clicked on “3” in the left column to indicate her own choice. As a result the corresponding row is shown in red. She has
also clicked on “9” in the top row to indicate her expectations about the choice of the other player. As a result this column is shown in red and the
intersecting pair of payoffs is highlighted with a blue circle. The participant can now click on the OK-button to continue to the next stage. She can also wait
and adjust her choices and expectations. Own payoffs are shown in boldface in the bottom left part of each cell of the table, the other payoffs are shown in a
smaller font in the top right part.
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equilibrium investment levels are inefficiently low. However, some sharing rules provide better investment incentives than
others. In particular, if participants in the experiment are motivated by self-interest and select interior equilibria, then
asymmetric sharing rules lead to lower aggregate payoffs than symmetric sharing rules.6

We now turn our attention to payoff distributions. If players follow standard equilibrium predictions and select interior
equilibria, then asymmetric sharing rules not only imply lower aggregate investments but also unequal payoff distributions.
Fig. 2 shows the convex hull of the feasible payoff pairs for both treatments, under either conflict or no conflict. The dashed
line marks the payoff combinations that can be obtained with the asymmetric sharing rule. The solid line shows the payoff
combinations that can be achieved with symmetric sharing rules. Equilibrium payoff pairs under asymmetric sharing rules
are marked with a “+”, while those under symmetric sharing rules are marked with a “1”. If players choose interior equilibria
then ASYM sharing rules give rise to rather large payoff differences. The interior equilibrium payoffs of type A players exceed
6 Theoretically, if players simultaneously choose IA and IB to respectively maximise MA−IA þ π � ðIAIBÞαϑ and MB−IB þ ð1−πÞ � ðIAIBÞαϑ, then the sharing
rule that maximises joint payoffs is given by πn ¼ 1=2.
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those of type B players by about 36% in conflict and 43% in no conflict respectively. For the sharing rules that we call SYM
there is still a deviation, but it is much smaller: 2% in conflict and 6% in no conflict respectively.

3.3. Flexible contracts

After having played the fixed contract game with 10 rounds of SYM and 10 rounds of ASYM sharing rules, FLEX players
can choose between ASYM and SYM. They see both payoff matrices on their screen and make choices for both situations but
they also indicate a preference for one of the two matrices, i.e., for one of the two sharing rules. The default rule is always
ASYM. If both players prefer the same contract (either SYM or ASYM), then this contract is implemented; if players disagree,
then the status quo contract ASYM is used. We use the strategy method and ask players in each period whether they prefer
SYM or ASYM and, simultaneously, which investment they would choose under ASYM and under SYM. When both players
have made their choice we reveal the chosen contract, investments and payoffs.

Which contracts should players choose? In Fig. 2 we notice that in both configurations, conflict and no conflict, a weak (B)
player prefers SYM over ASYM in equilibrium. Intuitively, this is because both total investments and the weak player's share
increase from ASYM to SYM. For the strong (A) player the situation is different: On the one hand, an agreement to
implement a more equitable sharing rule reduces a strong (A) player's share of the total surplus (“surplus division effect”).
On the other hand, such an agreement induces the weak (B) player to invest more into joint production (“investment
effect”). Under conflict, the surplus division effect dominates the investment effect, and so it is rational for a strong (A) player
to veto the implementation of a more equitable sharing rule. Under no conflict, the investment effect dominates the surplus
division effect, and hence it is rational for a strong (A) player to give up her power in favour of a symmetric sharing rule.

4. Behavioural predictions

4.1. Preferences

Our discussion and predictions so far are based on the assumption of common knowledge of rationality and selfishness
of all players. However, experimental evidence suggests that not all individuals simply maximise monetary payoffs. Two
features of our basic model make it conceivable that behavioural motives might enter players' investment decisions: the
allocation under standard equilibrium predictions is inefficient and unequal. Players might therefore be concerned about
social efficiency or reveal an aversion towards inequity. In this section we will show that these different types of social
preferences imply quite different patterns of investment behaviour.

To generate behavioural predictions we follow a model of social preferences as proposed by Charness and Rabin (2002).
Letting

UAðIA; IBÞ ¼M−IA þ π � ðIAIBÞαϑ and UBðIA; IBÞ ¼M−IB þ ð1−πÞ � ðIAIBÞαϑ ð1Þ
denote player A's and B's monetary payoffs, we suppose that players' preferences are given by

VAðIA; IBÞ ¼ ðρ � r þ s � sÞ � UBðIA; IBÞ þ ð1−ρ � r−s � sÞ � UAðIA; IBÞ ð2Þ
and

VBðIA; IBÞ ¼ ðρ � sþ s � rÞ � UAðIA; IBÞ þ ð1−ρ � s−s � rÞ � UBðIA; IBÞ ð3Þ
where r¼1 and s¼0 if UAð�Þ4UBð�Þ, r¼0 and s¼1 if UAð�ÞoUBð�Þ, and r¼0 and s¼0 if UAð�Þ ¼UBð�Þ. This is basically the
model of Charness and Rabin (2002), except that, in this simultaneous move game, we leave out the term for reciprocity. The



Fig. 3. Preferences that lead to over- or under-investment. The orthants marked IA, CSW, and CP denote IA¼ inequity aversion; CSW¼concern for social
welfare; CP¼competitive preferences. Each graph is based on a Monte Carlo simulation with 100 000 random combinations of s and ρ where s and ρ are
uniformly distributed over ð−1;1Þ. Combinations of s and ρ where in the most efficient equilibrium both players invest more than in the most efficient
selfish equilibrium are shown as light grey dots. Combinations of ρ and s where both players invest less are shown as dark grey dots.
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parameters ρ and s allow for a range of different “distributional preferences”. We distinguish here “competitive
preferences”, “inequity-averse preferences” and “social-welfare preferences” (see Fig. 3).

Competitive preferences correspond to s≤ρ≤0, meaning that each player prefers to do as well as possible in comparison
to her opponent, while also caring directly about her own payoff. Models of inequity (difference) aversion (Fehr and
Schmidt, 1999; Bolton and Ockenfels, 2000) assume that people prefer to minimise disparities between their own payoffs
and those of other people. Inequity aversion corresponds to so−ρo0. That is, people suffer utility losses from both
disadvantageous and advantageous payoff disparities, but suffer more from disparities that are to their disadvantage. By
contrast, the notion of social-welfare preferences captures the idea that individuals prefer higher payoffs for themselves and
for other persons, but are more concerned about own payoffs when they are disadvantaged compared to others (Charness
and Rabin, 2002). Concerns for social-welfare can be represented by assuming that 14ρ4s40.

4.2. Investments

The question we are now considering is the extent to which different forms of social preferences may explain behavioural
deviations from standard Nash predictions. For the sake of simplicity, we focus on only two hypothetical deviations. In the first, both
players invest strictly more than what selfish players would invest in equilibrium. In the second, both players invest strictly less
than in the self-interest benchmark. Fig. 3 shows the regions for s and ρ where both A and B either invest strictly less than the
selfish equilibrium or strictly more than the selfish equilibrium. In the figure we show results of a Monte Carlo simulation based on
our discretised version of the game. A detailed derivation of behavioural predictions in the context of the continuous model can be
found in our working paper, Faravelli et al. (2010). The key insight that one may extract from Fig. 3 is the following:
�

ove
In all four situations, an outcome in which both players invest strictly more compared to the self-interest benchmark is
consistent with concerns for social welfare ð1≥ρ≥s40Þ.7
�
 Conversely, an outcome in which both players invest strictly less compared to the self-interest benchmark is consistent
with either competitive preferences ðs≤ρ≤0Þ or preferences to minimise differences in payoffs ðso−ρo0Þ.

Thus, the message here is that the impact of social motives on investment incentives depends on the specific type of social
preferences that people exhibit. Concerns for social welfare will mitigate the underinvestment problem created by
incomplete contracts. Inequity aversion or competitive preferences will exacerbate the underinvestment problem. The latter
point holds particularly true for partnerships in which the rights to returns from production are allocated asymmetrically. In
what follows, we will use these results to guide our way of interpreting the data from our experiment.

4.3. Voting for contracts

In the third part of the experiment, the FLEX treatment, players can vote for their preferred contract. In a world where
players are selfish the (weaker) B player always prefers the SYM contract. In the no conflict configuration also the A player
prefers the SYM contract. However, in the conflict configuration the A player would prefer the ASYM contract. Things change
when players have social preferences.

For which preferences (s, ρ) do both participants vote for the fair contract? To answer this question we draw for each
configuration in the experiment 100 000 random combinations of s and ρ where s and ρ are uniformly distributed over
ð−1;1Þ. If there are several equilibria, we assume that players play the most efficient one. For each combination of s and ρwe
determine the preferences of the A player.
7 We should note that for the symmetric treatments overinvestment can also be consistent with inequity aversion. However, below we will find
rinvestment also for the asymmetric treatments.



Fig. 4. Preferences of the A player for contracts. The orthants marked IA, CSW, and CP denote IA¼ inequity aversion; CSW¼concern for social welfare;
CP¼competitive preferences. Each graph is based on a Monte Carlo simulation with 100 000 random combinations of s and ρ where s and ρ are uniformly
distributed over ð−1;1Þ. Combinations of s and ρ where A would prefer the equilibrium of the SYM contract are shown as light grey dots. Combinations of ρ
and s where A would prefer the ASYM contract are shown in dark grey dots.

M. Faravelli et al. / European Economic Review 61 (2013) 169–185176
Fig. 4 shows the regions (with α¼ 0:1) where A prefers ASYM and SYM.
In a world where players are inequity averse (IA) we should always observe the SYM contract in the no conflict

configuration, and almost always in the conflict configuration.
Things are less clear in a world where players have concerns for social welfare (CSW). If these concerns are mainly driven

by the stronger player (ρ is large and s is small) then we should observe the SYM contract. However, if concerns for social
welfare are also driven by the weak player (s is relatively large) then the A player would still prefer the ASYM contract.
Knowing that players have concerns for social welfare alone is, hence, not sufficient to decide what contracts they will
choose in equilibrium.
5. Results

5.1. Expectations and behaviour with fixed contracts

Figs. 5 and 6 show the distribution of choices and expectations for ASYM-C and SYM-C respectively. Sizes of circles are
proportional to frequencies. The figures also include the best reply functions as already shown in Fig. 1.8

The left hand graph in Fig. 5 shows choices and expectations of type A players, i.e., players who get a share of π ¼ 0:708.
Only 8% of these players expect Nash investments of their opponents. The majority, 89.4%, expect their opponent to invest
more than the Nash equilibrium. But not only expectations are optimistic, A players also invest a lot: 36.9% invest more than
the best reply to their expectations and 44.6% play a best reply to their expectations. Only 18.6% invest less than their best
reply. It is this combination of positive expectations and overinvestment that leads in the end to be 74.9% of all A players to
invest more than the selfish equilibrium levels (19.1% invest Nash equilibrium levels).

The right hand graph in Fig. 5 shows choices and expectations of type B players. In line with the choices of player A the
majority, 89.4%, expect their opponent to invest more than the selfish equilibrium. 32% invest more than the best reply and
48% play a best reply to their expectations. Only 20% invest less than their best reply. In the end 58% of all B players invest
more than Nash equilibrium levels (31.1% invest Nash equilibrium levels).

It is interesting to note that these expectations, and subsequent choices, are consistent with the equilibrium prediction
when players display concerns for social welfare. A players invest well above the self-interest Nash equilibrium level, and
expect a small amount of overinvestment from their weak opponents. On the other hand, weak players expect their
opponents to choose investments above the self-interest Nash equilibrium, and reply by overinvesting a small amount,
although not as much as their opponents.

Fig. 6 shows choices and expectations for the symmetric contract. We can see that a large part of the players expect their
opponents to invest more than Nash equilibrium and best reply accordingly by also investing more. As in the asymmetric
case, this pattern is also consistent with the hypothesis that individuals display social welfare preferences.

To provide a more formal analysis of the behavioural patterns observed in Figs. 5 and 6 we estimate the following
equation:

I ij−INi ¼ β1 þ βSYM � dSYMij þ βstrong � dstrongij þ us þ ui þ uij ð4Þ
8 As best reply functions are closer to each other under no conflict, the relative figures are less instructive and we do not show them for the sake of
brevity.
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where Iij is the investment of player i in period j during a given treatment (either SYM or ASYM) and IN is the Nash
equilibrium investment level. The dummy variable dSYMij is one for symmetric power sharing and zero otherwise, dstrongij is
one for the strong player (A) under asymmetric sharing rules and zero otherwise. Sessions are indexed with s, players are
indexed with i, and different periods have the index j. Throughout the paper and unless specified otherwise we estimate
mixed effects models with random effects for the matching group us and for the participant ui where we assume that error
terms us;ui and uij follow a normal distribution with mean zero. For the linear models standard deviations, p-values and
confidence intervals are based on a bootstrap with 10 000 replications. We estimate Eq. (4) separately for conflict and no
conflict. Estimation results are shown in Tables 3 and 4.
Result 1.
(a)
 Players' expectations of their partners' choices are generally consistent with the actual investments undertaken.

(b)
 Under both symmetric and asymmetric sharing rules, strong (A) and weak (B) players respectively overinvest on average

(β140, βstrong40, βSYM40 in Tables 3 and 4).

(c)
 With SYM, players invest more than with ASYM (βSYM40).

(d)
 Strong (A) players invest more than weak (B) players (βstrong40).



Table 3
Mixed effects estimation of Eq. (4) for no conflict.

β s t p-Value 95% conf. Interval

1 0.712 0.264 2.7 0.0070 0.194 1.23

dSYM 1.71 0.0864 19.8 0.0000 1.54 1.88

dstrong 0.93 0.12 7.73 0.0000 0.695 1.17

Table 4
Mixed effects estimation of Eq. (4) for conflict.

β s t p-Value 95% conf. Interval

1 0.302 0.203 1.49 0.1361 −0.0953 0.7

dSYM 1.19 0.0597 19.9 0.0000 1.07 1.31

dstrong 1.96 0.0837 23.5 0.0000 1.8 2.13

Table 5
Frequencies of choices.

No conflict Conflict

Player B Player A Player B Player A

o ¼ 4 o ¼ 4

ASYM-NC ASYM-C
o 1 6 31 o 1 6 29
¼ 7 32 70 ¼ 4 15 82
4 13 29 161 4 9 29 213

SYM-NC SYM-C
o 0 3 15 o 3 4 18
¼ 1 4 23 ¼ 6 7 23
4 4 37 263 4 27 70 230

The tables show for the different situations the frequency of pairs of choices where players' investments were smaller ðoÞ, equal (¼), or larger ð4Þ than
Nash equilibrium investments.
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5.2. Behavioural motives

The above discussion indicates that players' investments deviate from equilibrium investments of selfish players. We
now check whether distributional preferences can explain our observations. More precisely, in light of the predictions we
formulated in Section 4, we want to explore whether players’ behaviour is consistent with either inequity aversion, social
welfare or competitive preferences. Table 5 shows frequencies of pairs of investments that were smaller, equal or larger than
Nash equilibrium. We see that in all cases the majority of pairs simultaneously invests more than Nash equilibrium.

Recall from the discussion in Section 4 that a pair of inequity averse players would not choose to invest more than in the
self-interest benchmark under ASYM. The observed behaviour is consistent not with inequity aversion but with concerns for
social welfare.

Result 2. Players' behaviour is consistent with social welfare preferences, while it cannot be explained by either inequity
aversion or competitive preferences.

5.3. Inequity

Since most players invest more in the self-interest benchmark social welfare is larger than in the selfish equilibrium.
Interestingly, this comes with an increase in inequity. Fig. 7 shows the distribution of payoffs for the weak and for the strong
players in ASYM. Sizes of the circles are proportional to empirical frequencies. We clearly see that the actual allocations are
typically more efficient than Nash equilibrium allocations. However, they are often even more unequal than the (already
unequal) Nash equilibrium allocation. For the ASYM treatments inequity in the experiment (measured as payoff ratio) is
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5.4% larger on average than inequity under the Nash equilibrium.9 These results do support the general findings outlined in
Charness and Rabin (2002).

Result 3. When asymmetric sharing rules are employed, payoff allocations are typically more efficient, but more unequal
than the self-interest equilibrium allocation.

5.4. Flexible contracts

The last part of the experiment is the situation FLEX where players can choose what kind of sharing rule to adopt. B
players, who in equilibrium benefit from the symmetric contract, almost always vote in favour of the symmetric sharing rule
(98% of all cases in FLEX-C and in 98.2% of all cases in FLEX-NC respectively). A players benefit (in the equilibrium of a selfish
world) from the symmetric contract only in FLEX-NC. Indeed, in this situation they vote for the symmetric contract in 80.6%
of all cases. Although in FLEX-C A players would (in the equilibrium of a selfish world) not benefit from the symmetric
contract, they still vote for this contract in 39.4% of all cases.

Result 4.
(a)
9

Weak players (B) almost always vote in favour of symmetric sharing rules.

(b)
 In FLEX-NC most strong players (A) agree to share power.

(c)
 In FLEX-C fewer, but still a substantial proportion of the strong players (A) agrees to share power.
The first observation is what we should expect, irrespective of the social preferences of the B players. The second
observation suggests that if A players have concerns for social welfare, then, as we have seen in Section 4.3, these concerns
are mainly driven by the stronger person, i.e., ρ is relatively large and s is relatively small.

Reasons to vote for the symmetric contract. Let us try to understand better why in the FLEX-C situation A players do vote
for the symmetric contract. This might be the result of (direct) other regarding preferences, but also the result of their good
experience with SYM (which can be seen as an indirect effect of other regarding preferences earlier in the game). We will
start with the second reason and then come to (direct) other regarding preferences below.

Recall that before playing FLEX, players had experienced both 10 rounds of SYM and 10 rounds of ASYM. In the no conflict
configuration A players should theoretically expect higher payoffs with SYM than with ASYM. Indeed, this is the case for 76%
of all A players. In the conflict configuration A players should theoretically expect smaller payoffs with SYM than with ASYM
(and, hence, vote against). However, 43% of the A players experienced larger payoffs with SYM than with ASYM. Not
surprisingly, many of them then vote for SYM.

These higher payoffs with SYM are not least a consequence of the social welfare preferences exhibited by both players
which led to overinvestment under SYM. A players, who made a good experience with SYM in the first part of the game, are
likely to vote for SYM when they can. These players are willing to invest more than the rational Nash level and, at the same
This is significantly different from zero with a p-value of 3.5%.



Table 6
Mixed effects estimation of Eq. (5) for player A.

β s z p-Value 95% conf. interval

1 −4.7 2.32 −2.03 0.0424 −9.25 −0.16
r 5.8 2.2 2.64 0.0083 1.49 10.1

dconfl: −1.45 0.463 −3.13 0.0018 −2.36 −0.54

Table 7
Mixed effects estimation of Eq. (6) for player A, conflict.

β s t p-Value 95% conf. interval

1 2.23 0.3 7.42 0.0000 1.64 2.81

dSYMvote −0.47 0.161 −2.91 0.0037 −0.787 −0.154

dSYM −1.26 0.172 −7.33 0.0000 −1.6 −0.922

dSYMvote � dSYM 0.757 0.194 3.9 0.0001 0.376 1.14

Table 8
Mixed effects estimation of equation (6) for player A, no conflict.

β s t p-Value 95% conf. interval

1 1.39 0.302 4.59 0.0000 0.793 1.98

dSYMvote −0.178 0.198 −0.899 0.3687 −0.568 0.211

dSYM 0.613 0.135 4.53 0.0000 0.347 0.879

dSYMvote � dSYM 0.619 0.218 2.84 0.0046 0.192 1.05
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time, expect to be rewarded by their partners' higher investments. To test this more formally, we estimate a mixed effects
probit model

PðSYMvoteijÞ ¼Φðβ1 þ βr � ri þ βconfl: � dconfl:i þ us þ uiÞ ð5Þ

We call ri the ratio of payoffs ri ¼ πSYM
i =πASYM

i which was experienced in the previous stages of the game. The dummy dconfl:i is
one in conflict and zero in no conflict respectively. We include random effects for the matching group us and for the
participant ui. Φ is the standard normal distribution. Results are shown in Table 6. As we should expect the coefficient of ri is
positive and significant: the larger the relative profits under SYM in the first stage of the game are, the higher the probability
is that an A player votes in the FLEX stage for SYM. Also not surprisingly the coefficient of dconfl:i is negative and significant:
the general inclination to vote for SYM is smaller in the conflict configuration.

Votes for symmetry and other regarding preferences. We have just seen that even a selfish player might have a reason to
vote for a symmetric contract. We will next show that votes for the symmetric contract are also linked to prosocial
behaviour. To see this we estimate Eq. (6) for the strong player (A) (for the FLEX treatment where players can choose a
contract)

Iij−IN ¼ β1 þ βSYMvote � dSYMvote
ij þ βSYM � dSYMij þ βSYMvote�SYM � dSYMvote

ij � dSYMij þ us þ ui þ uij ð6Þ

Again we estimate a mixed effects model with random effects for the matching group us and for the participant ui.
Estimation results are shown in Tables 7 and 8. We must be aware that we can only make a statement on correlations here.
Neither do votes directly influence investments nor vice versa. Instead it is the (latent) social preference which affects both.
Still, we find a significantly positive coefficient βSYMvote�SYM in both tables. This is only mild interesting in Table 8 where we
look at a situation where it is in the own interest of the strong players to move to a power sharing rule and a vote for SYM
does not express other regarding preferences. However, in Table 7 power sharing, i.e., a vote for the SYM contract, can be
interpreted as a sign of other regarding preferences. We should also note that players who vote for SYM contribute less in
the ASYM ðβSYMvoteo0Þ where, indeed, a contribution is less efficient. We can take this as another sign of concerns for social
welfare.

Result 5. Strong players who vote in favour of SYM show stronger concerns for social welfare than players who vote against.
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6. Conclusion

The seminal works of Grossman and Hart (1986) and Hart and Moore (1990) have shed light on the central role played by
property rights when contracts are incomplete, describing their effect on parties' incentives to undertake relationship-
specific investments. Property rights can be looked at as an abstract exemplification of the way power is allocated between
parties. Indeed, partnerships can be characterised by their power structure, and it is very common to observe partnerships
in which one party holds more power than another. In this paper, we explored experimentally the extent to which different
power structures affect incentives to make relationship-specific investments when contracts are incomplete. Despite the
great attention devoted to incomplete contracts in recent years, only a limited amount of experimental evidence has been
produced so far.

We considered two equally productive players who simultaneously decide how much to invest into a joint production
process. We first analysed the players' investment behaviour when the power structure is exogenously imposed.
As the players' productivity is the same, theory predicts that total investments would be lower in the presence of power
imbalances and higher when power is shared equally. This result is confirmed by our experimental evidence. However, we
observed significantly higher investments, compared to the self-interest Nash prediction, both under symmetric and
asymmetric conditions. With asymmetric sharing rules both types of players, even the weak one, invest more than predicted
by Nash equilibrium. Nonetheless, overinvestment is higher among strong players. To better understand these results, we
examined the players' expectations of their partners' choices. These are surprisingly consistent with the actual investments
undertaken.

As a game theoretical analysis based on selfish players does not perform too well, we explored the predictions and
implications of different behavioural theories, namely: inequity aversion, social welfare and competitive preferences. We
showed that players' investment behaviour is consistent with the hypothesis that individuals are concerned with social
efficiency. Interestingly, the players' choices cannot be explained by either inequity aversion or competitive preferences. This
is an important result, which confirms the main findings of Charness and Rabin (2002) in the context of an incomplete
contract situation.

Furthermore we examined situations where the power structure is flexible. Here we find that players choose symmetric
contracts in situations where selfish players would stay with an asymmetric contract. Again these choices are in line with
preferences for social efficiency. However, we found that this preference must be mainly rooted in the stronger player
(a larger ρ and a smaller s in the context of the model by Charness and Rabin, 2002).

Two remarks are in order here. First, the reader might wonder why efficiency concerns feature so prominently in our
experiment relative to concerns for payoff equality. A first possible explanation is that inequality-reducing behavior is
mainly observed in environments in which players can react to intentions and punish purely selfish behavior (Charness and
Rabin, 2002). Indeed, in many traditional games—e.g., the standard ultimatum and trust games—aversion to unequal payoff
distribution may coexist with reciprocity due to sequential decision-making. In our environment, by contrast, reciprocity
plays no role and hence our subjects might be mainly concerned with increasing efficiency rather than reducing payoff
differences. A second possible explanation is that our use of detailed payoff tables may allow subjects to easily recognize
that inequality-reducing behavior often damages both own and the opponent's payoffs by requiring underinvestment
relative to the self-interest benchmark. This, in turn, might act as a barrier to inequality-reducing behavior. Notwithstanding
such a possibility, however, there exists no robust evidence linking the use of detailed payoff tables to efficiency concerns.

Second, our experiment is motivated by real world examples of power imbalances between contracting parties, such as
in sharecropping contracts or company-community partnerships in the developing world. As long as partners in such
relationships are equally productive, our results have implications along two dimensions. First, irrespective of the allocation
of power, partners tend to invest more in joint production than it would be expected from purely selfish agents. Thus, the
underinvestment problem that arises in incomplete contracting settings may actually be less severe than predicted by
standard theories. Second, in productive relationships with an unbalanced allocation of power, both sides may actually gain
from moving towards a more balanced power structure. For example, in a company-community deal in a developing
country, it may be optimal for a powerful corporation to agree to contracts and mechanisms that allow fairer negotiations
between the trade partners. Of course, one must be very cautious when generalizing the results of a laboratory experiment.
One concern is related to the possibility of a selection bias among participants. A number of recent studies, however, seem to
indicate that participants in lab experiments can be considered representative of the general (student) population (see e.g.,
Cleave et al., 2012; Falk et al., forthcoming). Moreover, preferences might depend on a context and the (abstract) context we
used in the lab might be sufficiently different from a (richer) context in the field. The importance of context is illustrated by
various studies which show how pro-social behaviour is mitigated either by shifting responsibility to an external party or
through delegation (see e.g., Charness, 2000; Charness and Jackson , 2009; Hamman et al., 2010). It may also be the case that
efficiency considerations are less important when decisions are taken by a group of individuals rather than a single
individual (see e.g., Bornstein and Yaniv , 1998). Consequently, concerns for social efficiency might play less of a role in a
profit-seeking corporation than in our experiment. However, this caveat notwithstanding, the simplicity of our experimental
setup allows us to capture the essential characteristics we wish to study while abstracting from other confounding factors.
This, in turn, enables us to test the validity of existing theories and to inform new ones. In particular, the evidence we
provide suggests that efficiency concerns may play a more important role in the context of incomplete contracting than has
been previously acknowledged in theoretical and experimental studies.
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Appendix A. List of independent observations
Date
 Participants
 Configuration
080612-1643-1
 8
 No conflict

080619-1008-1
 14
 No conflict

080624-1010-1
 8
 Conflict

080624-1010-2
 10
 Conflict

080624-1558-1
 8
 Conflict

080624-1558-2
 10
 Conflict

080625-1009-1
 8
 Conflict

080625-1009-2
 8
 Conflict

080702-1019-1
 8
 Conflict

080702-1019-2
 10
 Conflict

080702-1155-1
 8
 No conflict

080702-1155-2
 10
 No conflict

080703-1009-1
 8
 No conflict

080703-1009-2
 10
 No conflict

080703-1207-1
 8
 No conflict

080703-1207-2
 10
 No conflict
Appendix B. Participants of the experiment

Fig. 8 shows the distribution of the age and of the academic background of the participants of the experiment.

Appendix C. Conducting the experiment and instructions

The experiment was run at the Laboratory of the School of Economics at the University of Jena. Participants were
recruited by email with Orsee (Greiner, 2004) and could register for the experiment on the internet. At the beginning of the
experiment participants drew balls from an urn to determine their allocation to seats. When seated participants then
obtained written instructions in German. In the following we give a translation of the instructions.

After answering control questions on the screen subjects entered the treatments described in the instructions. After
completing the treatments they answered a short questionnaire on the screen and were then paid in cash. The average
earning of a participant was 14:04 € with a standard deviation of 1:43 €. The experiment was implemented in z-Tree
(Fischbacher, 2007).
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Instructions to the experiment. You are participating in a scientific experiment that is sponsored by the University of Jena
and the University of St Andrews in Scotland. The instructions are simple. If you read them carefully then you can—
depending on your decision—gain a considerable amount of money which is paid to you at the end of the game.

Your payoff depends on your success in the experiment. During the experiment you gain a certain number of “ECU”
(experimental currency units). At the end of the experiment you will be paid in €. The conversion rate is 1 €¼ 2000 ECU.

When you have questions, then raise your hand. We will come to you and answer your question. All participants of the
experiment receive the same instructions. The information on the screen is, however, only for the individual participant. You are not
allowed to have a look at the screen of other participants and you are not allowed to talk to other participants. Concentrate on the
experiment, do not read anything you brought with you, do not try to start any other programs on the computer, do not use your
mobile phone. If you do not follow these rules you are excluded from the experiment and you will not be paid.

You will play several rounds. In each round you play together with a randomly selected other player. In each round you
and the other player choose each one number. Depending on the numbers you choose you receive a payoff in “ECU” which is
determined according to a table. The following example shows only a part of a table, in the experiment you see a complete
table.
With your number you choose a row in the table. The other player chooses with his number a column in the table. The
intersection determines a cell. In the example, when you choose row 6 and the other player column 7, then your payoff is

according to the cell . Your payoff is the boldface number at the bottom left (11), the payoff of the other player is the

number at the top right (12). With the help of the table you can determine your payoff for any combination of rows and
columns. Your payoff is, hence, determined by the number you have chosen and by the number the other player has chosen.

To help you understand the experiment, do the following:
�
 Click a number at the beginning of row as well as a number at the top of a column. The row and the column will be
shown in red. The cell at the intersection will be circled.
The row you have chosen corresponds to your number. The column you have chosen corresponds to the number you
expect the other player will choose.
�
 Of course, your expectation of what number the other player might choose neither affects your payoff nor the payoff of
the other player. To make a good decision, you can nevertheless think about the possible choices of the other player.
�
 You can repeat this exercise as often as you wish. You can try different combinations of numbers for yourself and for the
other player. When you are satisfied with your choice push the button OK.
As soon as the other player has completed his decision you see on your screen which number he has chosen and which
payoff he has received.

Write these values in each round into the table that you find on the back of this instruction sheet.
Copy your results from the game into this table (ignore superfluous columns).
Round
 Your number
 Number of the
other player
Your expected number
of the other player
Your profit
 Profit of the
other player
Chosen table
 Used table
Appendix D. Statistical software

The analysis of the data was done with R (R Development Core Team, 2012)
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�
 R version 2.15.0 (2012-03-30), x86_64-pc-linux-gnu.

�
 Locale: LC_CTYPE¼en_US.UTF-8, LC_NUMERIC¼C, LC_TIME¼en_US.UTF-8, LC_COLLATE¼en_US.UTF-8, LC_MO-

NETARY¼en_US.UTF-8, LC_MESSAGES¼en_US.UTF-8, LC_PAPER¼C, LC_NAME¼C, LC_ADDRESS¼C,
LC_TELEPHONE¼C, LC_MEASUREMENT¼en_US.UTF-8, LC_IDENTIFICATION¼C.
�
 Base packages: base, datasets, graphics, grDevices, methods, splines, stats, utils.

�
 Other packages: alphahull 0.2–1, boot 1.3-4, corpcor 1.6.2, filehash 2.2–1, geepack 1.1–6, Hmisc 3.9–3, knitr 1.0.5, lattice

0.20–6, latticeExtra 0.6–19, lme4 0.999375–42, MASS 7.3–18, Matrix 1.0–6, mitools 2.1, nlme 3.1–104, RColorBrewer 1.0–
5, relaimpo 2.2, sgeostat 1.0–24, sp 0.9–98, splancs 2.01–31, survey 3.28, survival 2.36–14, tikzDevice 0.6.2, tripack 1.3–4,
xtable 1.7–0.
�
 Loaded via a namespace (and not attached): cluster 1.14.2, codetools 0.2–8, digest 0.5.2, evaluate 0.4.3, formatR 0.4, grid
2.15.0, parser 0.0–14, plyr 1.7.1, Rcpp 0.9.10, stats4 2.15.0, stringr 0.6, tools 2.15.0.
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