








A.2 Proof of Proposition 2

Now consider the two players’ optimal choice of IA and IB when they have
social preferences, i.e., when their payoffs are given by

VA(IA, IB) = (ρ · r + σ · s) · UB(IA, IB) + (1 − ρ · r − σ · s) · UA(IA, IB) (16)

and

VB(IA, IB) = (ρ · s + σ · r) · UA(IA, IB) + (1 − ρ · s − σ · r) · UB(IA, IB) (17)

where r = 1 and s = 0 if UA(·) > UB(·), r = 0 and s = 1 if UA(·) < UA(·), and
r = 0 and s = 0 if UA(·) = UA(·). We do this in detail for the case where any
asymmetry in sharing rule favors player A and discriminates against player
B, i.e., we focus on parameter values satisfying π ≥ 1/2. We begin with
player A. Her best response function is shown in the first panel of Figure 13
below. There, ÎA(IB) is the value of IA for which the material payoffs of the
two players are equal, i.e., ÎA(IB) implicitly solves

M − IA + πϑ(IAIB)α

︸ ︷︷ ︸

UA(IA,IB)

= M − IB + (1 − π)ϑ(IAIB)α

︸ ︷︷ ︸

UB(IA,IB)

(18)

Notice that UA(·) > [<]UB(·) when IA < [>]ÎA(IB).
Also, I0

A(IB) = arg maxσUB(IA, IB) + (1 − σ)UA(IA, IB), i.e.,

I0
A(IB) = [γAIα

B]
1

1−α where γA =
(1 − σ)π + σ(1 − π)

1 − σ
, (19)

and I1
A(IB) = arg max ρUB(IA, IB) + (1 − ρ)UA(IA, IB), i.e.,

I1
A(IB) = [κAIα

B]
1

1−α where κA =
(1 − ρ)π + ρ(1 − π)

1 − ρ
. (20)

The intersection between ÎA(IB) and I0
A(IB) occurs at the point where

I ′

A =
[
αϑ(γA)1−α(γA − ε)α

] 1
1−2α and I ′

B =
[
αϑ(γA)α(γA − ε)1−α

] 1
1−2α .

(21)
where ǫ = (2π − 1)/α. The intersection between ÎA(IB) and I1

A(IB) occurs
at the point where

IA =
[
αϑ(κA)1−α(κA − ε)α

] 1
1−2α and IB =

[
αϑ(κA)α(κA − ε)1−α

] 1
1−2α .

(22)
The bottom panel of Figure 13 shows player B’s best response function.

As before, ÎB(IA) is the value of IB for which the material payoffs of the
two players are equal, i.e., ÎB(IA) implicitly solves M − IA + πϑ(IAIB)α =
M −IB +(1−π)ϑ(IAIB)α, and UA(·) > [<]UB(·) when IA < [>]ÎA(IB). Also,
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I0
B(IA) = arg maxσUA(IA, IB) + (1 − σ)UB(IA, IB), i.e.,

I0
B(IA) = [γBIα

A]
1

1−α where γB =
(1 − σ)(1 − π) + σπ

1 − σ
, (23)

and I1
B(IA) = arg max ρUA(IA, IB) + (1 − ρ)UB(IA, IB), i.e.,

I1
B(IA) = [κBIα

A]
1

1−α where κB =
(1 − ρ)(1 − π) + ρπ

1 − ρ
. (24)

The intersection between ÎB(IA) and I0
B(IA) occurs at the point where

IA =
[
αϑ(γB + ε)1−α(γB)α

] 1
1−2α and IB =

[
αϑ(γB + ε)α(γB)1−α

] 1
1−2α .

(25)
The intersection between ÎA(IB) and I1

A(IB) occurs at the point where

I ′′

A =
[
αϑ(κB + ε)1−α(κB)α

] 1
1−2α and I ′′

B =
[
αϑ(κB + ε)α(κB)1−α

] 1
1−2α .

(26)
We now note that for every player i, i ∈ {A, B},

Ii ≥ I ′

i and Ii ≤ I ′′

i for all π ≥ 1

2
. (27)

Moreover, it is readily checked that

I i S I i if and only if π S π, (28)

where

π =
µ

1 + µ
where µ =

(1 − σ)[(1 − α)(1 − ρ) + ρα]

(1 − ρ)[(1 − α)((1 − σ) + σα]
> 1. (29)

With these preliminaries in hand, we now derive all possible equilibrium
equilibrium configurations of the investment game. Consider first the case
where

γB =
(1 − σ)(1 − π) + σπ

1 − σ
> 0 or equivalently σ > − 1 − π

2π − 1
≡ σ. (30)

It should be clear from Figure 13 that in the case under consideration, there
are two kinds of possible equilibrium configurations in the investment game.
The first, illustrated in the top panel of Figure 14, occurs when π ∈ [1/2, π),
i.e., when the sharing rule used to divide output is sufficiently close to one-
half. Then, I i < I i for every player i, and hence there exists a closed set
of Nash equilibria in pure strategies. All equilibria are located on the line
ÎB(IA) where the material payoffs of the two players are equal, i.e., in every
equilibrium the investments chosen by A and B lead to an equalization of
their material payoffs. Clearly, the equilibrium with the highest aggregate

34



investment is determined by the intersection of ÎB(IA) and I1
A(IB) and there-

fore occurs at the point where (IA, IB) = (IA, IB). The equilibrium with
the lowest aggregate investment is determined by intersection of ÎB(IA) and
I0
B(IA) and therefore occurs at the point where (IA, IB) = (IA, IB).

The second kind of equilibrium, shown in the bottom panel of Figure 14,
occurs when π ∈ [π, 1), i.e., when the sharing rule used to divide output is
sufficiently bounded away from one-half. Then, I i ≥ I i for every player i. In
this case, there exists a unique interior pure-strategy equilibrium that has a
particularly simple form: it is determined by the intersection of I0

B(IA) and
I1
A(I0) and therefore given by

I∗

A =
[
αϑ(κA)1−α(γB)α

] 1
1−2α and I∗

B =
[
αϑ(κA)α(γB)1−α

] 1
1−2α . (31)

Consider now the case where

σ ≤ − 1 − π

2π − 1
≡ σ. (32)

It is readily checked that in this case γB ≤ 0 and γA − ǫ ≤ 0. As a re-
sult, for every player i, I i = 0 and I ′

i = 0. The best response functions of
player A is now ÎA(IB) if IA ≤ IA and I1

A(IB) if IA > IA. The best re-
sponse function of player B is ÎB(IA) if IB ≤ I ′′

B and I1
B(IA) if IB > I ′′

B. It
should now be clear that, irrespective of whether π ∈ [1/2, π) or π ∈ [π, 1),
there now exists a closed set of equilibria in pure strategies (see Figure 15).
The equilibrium with the highest aggregate investment is determined by the
intersection of ÎB(IA) and I1

A(IB) and therefore occurs at the point where
(IA, IB) = (IA, IB). The equilibrium with the lowest aggregate investment
now occurs at the point where (IA, IB) = (0, 0).

So, to summarize, the investment game is not always well behaved; we
cannot rule out multiple equilibria when the sharing rule used to divide out-
put is close to one-half. However, it is nevertheless possible to generate
behavioral predictions, conditional on the parameter configurations used in
the experiment.

A.3 Proof of Prediction 1

This result contrasts the investment incentives of self-interested players with
those of individuals who have social preferences under the assumption that
the sharing rule used to divide output is asymmetric (π = 0.708 in ASYM-C
and π = 0.748 in ASYM-NC). We now provide a proof of this result. In so
doing, we focus purely on the parameter configurations used in the experi-
ment. Moreover, we restrict our attention to parameter values satisfying and
ρ ≤ 1/2.

• Treatment ASYM-C (π = 0.708, α = 0.359, ϑ = 24.83): For the
parameter values under consideration, the equilibrium investment levels
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of self-interested individuals are given by

Is
A = 222.62 and Is

B = 91.82 (33)

Suppose now that individuals exhibit distributional preferences. Con-
sider first the case where

σ > − 1 − π

2π − 1
≡ σ ⇒ σ > −0.702 (34)

The condition for the existence of a unique interior pure-strategy equi-
librium is

0.708 ≥ −(0.641 − 0.282ρ)(1 − σ)

0.923ρ− 0.564ρσ − 1.282 + 0.923σ
≡ π, (35)

which, given π = 0.708, is satisfied for all σ > −0.702 and ρ ≤ 0.5. In
the unique interior pure-strategy equilibrium, the equilibrium invest-
ment levels are given by

I∗

A = 0.026

[(
0.708 − 0.416ρ

1 − ρ

)0.641 (
0.292 + 0.416σ

1 − σ

)0.359
]3.546

I∗

B = 0.026

[(
0.708 − 0.416ρ

1 − ρ

)0.359 (
0.292 + 0.416σ

1 − σ

)0.641
]3.546

(36)

Comparing (33) and (36), it is now readily checked that

– if individuals exhibit competitive preferences (σ ≤ ρ ≤ 0) or in-
equity aversion (σ < −ρ < 0), then there is simultaneous under-
investment in equilibrium, i.e., I∗

A < Is
A and I∗

B < Is
B;

– if individuals are concerned about social welfare (σ ≤ ρ ≤ 0), then
there is simultaneous overinvestment in equilibrium, i.e., I∗

A > Is
A

and I∗

B > Is
B.

Consider now the case where

σ ≤ − 1 − π

2π − 1
≡ σ ⇒ σ ≤ −0.702. (37)

This case is limited to competitive preferences (σ ≤ ρ ≤ 0) and inequity
aversion (σ < −ρ < 0). For the parameter values under consideration,
there exists a unique pure strategy equilibrium in which both parties
invest zero.14 Thus, our previous observation that competitive pref-

14To see this, recall that, when σ ≤ σ, there generally exists a closed set of pure-
strategy equilibria (see Figure 15). The equilibrium with the highest aggregate investments
occurs where (IA, IB) = (IA, IB). It is readily checked that, for the parameter values
under consideration, (IA, IB) = (0, 0). Hence both parties will choose zero investments in

36



erences or inequity aversion lead to simultaneous underinvestment in
equilibrium continues to hold.

• Treatment ASYM-NC (π = 0.748, α = 0.41, ϑ = 14): For the pa-
rameter values under consideration, the equilibrium investment levels
of self-interested individuals are given by

Is
A = 275.03 and Is

B = 92.66 (38)

Suppose now that individuals exhibit distributional preferences. Con-
sider first the case where

σ > − 1 − π

2π − 1
≡ σ ⇒ σ > −0.508 (39)

The condition for the existence of a unique interior pure-strategy equi-
librium is

0.748 ≥ −(0.59 − 0.18ρ)(1 − σ)

0.77ρ − 0.36ρσ − 1.18 + 0.77σ
≡ π, (40)

which, given π = 0.748, is satisfied for all σ > −0.508 and ρ ≤ 0.5. In
the unique interior pure-strategy equilibrium, the equilibrium invest-
ment levels are given by

I∗

A = 16450.43

[(
0.748 − 0.496ρ

1 − ρ

)0.59 (
0.252 + 0.496σ

1 − σ

)0.41
]1.273

I∗

B = 16450.43

[(
0.748 − 0.496ρ

1 − ρ

)0.41 (
0.252 + 0.496σ

1 − σ

)0.59
]1.273

(41)

Comparing (38) and (41), it is now readily checked that

– if individuals exhibit competitive preferences (σ ≤ ρ ≤ 0) or in-
equity aversion (σ < −ρ < 0), then there is simultaneous under-
investment in equilibrium, i.e., I∗

A < Is
A and I∗

B < Is
B;

– if individuals are concerned about social welfare (σ ≤ ρ ≤ 0), then
there is simultaneous overinvestment in equilibrium, i.e., I∗

A > Is
A

and I∗

B > Is
B.

Consider now the case where

σ ≤ − 1 − π

2π − 1
≡ σ ⇒ σ ≤ −0.702. (42)

This case only corresponds to competitive preferences (σ ≤ ρ ≤ 0)

equilibrium.
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or inequity aversion (σ < −ρ < 0). As in ASYM-C, for the param-
eter values under consideration, there now exists a unique pure strat-
egy equilibrium in which both parties invest zero. Thus, our previous
observation that competitive preferences or inequity aversion lead to
simultaneous underinvestment in equilibrium continues to hold.

A.4 Proof of Prediction 2

This result contrasts the investment incentives of self-interested players with
those of individuals who have social preferences under the assumption that
the sharing rule used to divide output is symmetric (π = 0.491 in SYM-C
and π = 0.483 in SYM-NC). We now provide a proof of this result. As before,
we restrict our attention to parameter values satisfying and ρ ≤ 1/2.

• Treatment SYM-C (π = 0.491, α = 0.359, ϑ = 24.83): For the pa-
rameter values under consideration, the equilibrium investment levels
of self-interested individuals are given by

Is
A = 196.56 and Is

B = 203.77 (43)

Suppose now that individuals exhibit distributional preferences. Con-
sider first parameter values for which a unique interior pure-strategy
equilibrium exists:

σ > − π

1 − 2π
≡ σ ⇒ σ > −27.28 (44)

and

0.491 ≤ (−0.641 − 0.282σ)(1 − ρ)

−1.282 + 0.923σ + 0.923ρ − 0.564ρσ
≡ 1 − π̂ (45)

In the unique interior pure-strategy equilibrium, the equilibrium invest-
ment levels are given by

I∗

A = 2339.09

[(
0.509 − 0.018ρ

1 − ρ

)0.359 (
0.491 + 0.018σ

1 − σ

)0.641
]3.546

I∗

B = 2339.09

[(
0.509 − 0.018σ

1 − σ

)0.359 (
0.491 + 0.018ρ

1 − ρ

)0.641
]3.546

(46)

Comparing (43) and (46), it is now readily checked that, when (44) and
(45) are satisfied, then

– if individuals exhibit competitive preferences (σ ≤ ρ ≤ 0), then
there is simultaneous underinvestment in equilibrium, i.e., I∗

A < Is
A

and I∗

B < Is
B;
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– if individuals exhibit inequity aversion (σ ≤ −ρ ≤ 0), then there
are two possible equilibrium outcomes. In the first, there is si-
multaneous underinvestment in equilibrium, i.e., I∗

A < Is
A and

I∗

B < Is
B. In the second, player B overinvests while player A

underinvests in equilibrium, i.e., I∗

A < Is
A and I∗

B > Is
B.

– if individuals are concerned about social welfare (σ ≤ ρ ≤ 0), then
there is simultaneous overinvestment in equilibrium, i.e., I∗

A > Is
A

and I∗

B > Is
B.

Consider next the case in which

0.491 >
(−0.641 − 0.282σ)(1 − ρ)

−1.282 + 0.923σ + 0.923ρ − 0.564ρσ
≡ 1 − π̂ (47)

In this case, there exists a closed set of pure strategy equilibria. In
the equilibrium with the highest aggregate investments the players’
investment levels are given by

I ′′

A = 2339.09

[(
0.509 − 0.018ρ

1 − ρ

)0.359 (
0.509 − 0.018ρ

1 − ρ
− 0.05

)0.641
]3.546

I ′′

B = 2339.09

[(
0.509 − 0.018ρ

1 − ρ
− 0.05

)0.359 (
0.509 − 0.018ρ

1 − ρ

)0.641
]3.546

(48)

In the equilibrium with the lowest aggregate investments the players’
investment levels are given by

I ′

A = 2339.09

[(
0.491 + 0.018σ

1 − σ
+ 0.05

)0.359 (
0.491 + 0.018σ

1 − σ

)0.641
]3.546

I ′

B = 2339.09

[(
0.491 + 0.018σ

1 − σ

)0.359 (
0.491 + 0.018ρ

1 − ρ
+ 0.05

)0.641
]3.546

(49)

Comparing (43) with (48) and (49) respectively, it is now readily
checked that, when (47) is satisfied, then

– if individuals exhibit competitive preferences (σ ≤ ρ ≤ 0), then
there is simultaneous underinvestment both in the equilibrium
with the highest aggregate investment (I ′′

A < Is
A and I ′′

B < Is
B)

and in the equilibrium with lowest aggregate investment (I ′

A < Is
A

and I ′

B < Is
B).

– if individuals exhibit inequity aversion (σ ≤ −ρ ≤ 0), then there is
simultaneous overinvestment in the equilibrium with the highest
aggregate investment (I ′′

A > Is
A and I ′′

B > Is
B) and simultaneous
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underinvestment in the equilibrium with lowest aggregate invest-
ment (I ′

A < Is
A and I ′

B < Is
B).

– if individuals are concerned about social welfare (σ ≤ ρ ≤ 0), then
there is simultaneous overinvestment both in the equilibrium with
the highest aggregate investment (IA > Is

A and IB > Is
B) and in

the equilibrium with lowest aggregate investment (IA > Is
A and

IB > Is
B).

• Treatment SYM-NC (π = 0.483, α = 0.41, ϑ = 14.00): For the pa-
rameter values under consideration, the equilibrium investment levels
of self-interested individuals are given by

Is
A = 336.99 and Is

B = 360.72 (50)

Suppose now that individuals exhibit distributional preferences. Con-
sider first parameter values for which a unique interior pure-strategy
equilibrium exists:

σ > − π

1 − 2π
≡ σ ⇒ σ > −14.21 (51)

and

0.483 ≤ −(0.59 − 0.18σ)(1 − ρ)

(−1.18 + 0.77σ + 0.77ρ − 0.36ρσ)
≡ 1 − π̂ (52)

In the unique interior pure-strategy equilibrium, the equilibrium invest-
ment levels are given by

I∗

A = 16450.43

[(
0.517 − 0.034ρ

1 − ρ

)0.41 (
0.483 + 0.034σ

1 − σ

)0.59
]5.56

I∗

B = 16450.43

[(
0.517 − 0.034ρ

1 − ρ

)0.59 (
0.483 + 0.034σ

1 − σ

)0.41
]5.56

(53)

Comparing (50) and (53), it is now readily checked that, when (51) and
(52) are satisfied, then

– if individuals exhibit competitive preferences (σ ≤ ρ ≤ 0), then
there is simultaneous underinvestment in equilibrium (I∗

A < Is
A

and I∗

B < Is
B).

– if individuals exhibit inequity aversion (σ ≤ −ρ ≤ 0), then there
are three possible equilibrium outcomes. On the one hand, there
may be either simultaneous underinvestment (I∗

A < Is
A and I∗

B <
Is
B) or simultaneous overinvestment (I∗

A > Is
A and I∗

B > Is
B) in

equilibrium. On the other hand, it may also be the case that
player B overinvests while player A underinvests in equilibrium
(I∗

A < Is
A and I∗

B > Is
B).
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– if individuals are concerned about social welfare (σ ≤ ρ ≤ 0), then
there is simultaneous overinvestment in equilibrium (I∗

A > Is
A and

I∗

B > Is
B).

Consider next the case in which

0.483 >
−(0.59 − 0.18σ)(1 − ρ)

(−1.18 + 0.77σ + 0.77ρ − 0.36ρσ)
≡ 1 − π̂ (54)

In this case, there exists a closed set of pure strategy equilibria. In
the equilibrium with the highest aggregate investments the players’
investment levels are given by

I ′′

A = 16450.43

[(
0.517 − 0.034ρ

1 − ρ

)0.41 (
0.517 − 0.034ρ

1 − ρ
− 0.08

)0.59
]5.56

I ′′

B = 16450.43

[(
0.517 − 0.034ρ

1 − ρ
− 0.08

)0.41 (
0.517 − 0.034ρ

1 − ρ

)0.59
]5.56

(55)

In the equilibrium with the lowest aggregate investments the players’
investment levels are given by

I ′

A = 16450.43

[(
0.483 + 0.034σ

1 − σ

)0.59 (
0.483 + 0.034σ

1 − σ
+ 0.08

)0.41
]5.56

I ′

B = 16450.43

[(
0.483 + 0.034σ

1 − σ
+ 0.08

)0.59 (
0.483 + 0.034σ

1 − σ

)0.41
]5.56

(56)

Comparing (50) with (55) and (56) respectively, it is now readily
checked that, when (54) is satisfied, then

– if individuals exhibit competitive preferences (σ ≤ ρ ≤ 0), then
there is simultaneous underinvestment both in the equilibrium
with the highest aggregate investment (I ′′

A < Is
A and I ′′

B < Is
B)

and in the equilibrium with lowest aggregate investment (I ′

A < Is
A

and I ′

B < Is
B).

– if individuals exhibit inequity aversion (σ ≤ −ρ ≤ 0), then there is
simultaneous overinvestment in the equilibrium with the highest
aggregate investment (I ′′

A > Is
A and I ′′

B > Is
B) and simultaneous

underinvestment in the equilibrium with lowest aggregate invest-
ment (I ′

A < Is
A and I ′

B < Is
B).

– if individuals are concerned about social welfare (σ ≤ ρ ≤ 0), then
there is simultaneous overinvestment both in the equilibrium with
the highest aggregate investment (IA > Is

A and IB > Is
B) and in
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the equilibrium with lowest aggregate investment (IA > Is
A and

IB > Is
B).

B Conducting the experiment and instruc-

tions

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 allo-
cation 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 treat-
ment described in the instructions. After completing the treatment they an-
swered a short questionnaire on the screen and where then paid in cash. The
experiment was done with the help of z-Tree (Fischbacher (2007)).

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 in-
structions 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 exper-
iment 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 ¤ = 2000 ECU.

When you have questions, then please 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.
Please 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.
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number the other player has chosen

yo
u
r

n
u
m

b
er

5 6 7 8 9

4 ·

·

·

·

·

·

·

·

·

·

5 ·

·

·

·

·

·

·

·

·

·

6 ·

·

·

·

12
11

·

·

·

·

7 ·

·

·

·

·

·

·

·

·

·

8 ·

·

·

·

·

·

·

·

·

·

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 12
11 . 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, please 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
chose.

• 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 please 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.

Please write these values in each round into the table that you find on
the back of this instruction sheet.

Please copy your results from the game into this table (ignore superfluous columns)

0 1 2 3 4 5 6 7 8
0

-1

-2

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

...
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ÎA
(IB

)

IB

IA
I ′A

I ′B

IA

IB

I
0

B
(IA

)

I
1

B
(IA)(IA

, IB
) : U

A
=

UB

ÎB
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Figure 13: Best response functions
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Figure 14: Two possible equilibrium configura-
tions when σ > σ̂
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Figure 15: Equilibrium configuration when σ ≤ σ̂
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