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How Altruistic is Indirect Reciprocity? – 
Evidence from Gift-Exchange Games in the Lab 

Abstract 

Indirect reciprocity is defined as a specific kind of behavior: An agent rewards or penalizes another 
agent for having behaved kindly or unkindly toward a third party. This paper analyzes the question 
of what drives indirect reciprocity: Does the agent reward or penalize because she (altruistically) 
cares for the third party? Or does she take the other agent’s behavior as a signal of how the latter 
would treat her if they met? In order to measure the relative importance of the altruism motive 
versus the signaling motive, we consider a gift-exchange game with three players: an employer 
pays wages to a worker and a coworker, before the worker (but not the coworker) may reciprocate 
by exerting effort. We offer a theoretical framework to analyze both motives for indirect 
reciprocity and run a series of lab experiments. The treatments manipulate the worker’s 
information on wages. We find that, if only the coworker’s wage is observable, the worker’s effort 
increases in the coworker’s wage. In contrast, if the worker can observe her own wage, the 
coworker’s wage does not affect worker effort at all. We interpret this as support for the signaling 
motive: Indirect reciprocity is rather a byproduct of direct reciprocity than an act of altruism. 
JEL-Codes: A130, C920, D910, J310. 
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1 Introduction

Indirect reciprocity is believed to provide a powerful mechanism that induces stable levels of coopera-

tion in large, anonymous groups such as modern societies (Herne et al., 2013). The notion of indirect

reciprocity has first been addressed by Alexander (1987) and generally refers to rewards or punishments

by an agent in response to interactions between other agents (see e.g. Falk and Fischbacher (2006)).1

To be precise, in a group of three individuals (A, B and C), individual C’s behavior is characterized

by indirect reciprocity if she behaves kindly (unkindly) toward A in response to A’s kind (unkind)

behavior toward B. That is, C is willing to invest own resources in order to sanction an action she is

not directly affected by.

A large experimental and theoretical literature focuses on the existence2, evolution3 and stability4 of

indirect reciprocity. However, there are only a few contributions on the question what drives indirectly

reciprocal behavior. Reciprocal behavior is often rationalized through intention-based5 preferences

(Rabin, 1993).6 In the context of indirect reciprocity, intention-based means that individual A’s payoff

increases (decreases) C’s utility if C perceives A to be kind (unkind). Observing A’s behavior toward

B allows for an update on A’s kindness (as perceived by C). Based on the update, C has an incentive

to reward or punish A – e.g. if A’s behavior is interpreted as well-intended, her payoff enters positively

into C’s utility function.

This paper focuses on the nature of the update: what exactly does C perceive as well-intended or

kind? We consider two polar cases. First, if C were completely selfish, only A’s behavior toward C

would matter. In this case, A’s behavior toward B is only interesting if it provides a signal how A

would treat C if they met. Indirect reciprocity, ‘in this sense, would just be a side-effect of direct

reciprocity ’ as it ‘serves as a noisy signal of [A’s] kindness towards [C] ’ (Engelmann and Fischbacher,

2009, p.406).7 Similarly, Alexander (1987) considers ‘indirect reciprocity as a consequence of direct

reciprocity occurring in the presence of interested audiences [...] who continually evaluate the members

1Such behavior is sometimes referred to as downstream indirect reciprocity (Nowak and Sigmund, 2005). Throughout
the paper, we define reciprocity as a specific kind of behavior based on preferences rather than being a preference itself.
For similar approaches, see e.g. Fehr et al. (1998b), Gächter and Falk (2002), Falk and Fischbacher (2006), Charness
and Levine (2007) and Dariel and Riedl (2017).

2See Diekmann (2004), Cox and Deck (2005) and Moreno-Okuno and Mosiño (2017).
3See Axelrod and Hamilton (1981), Nowak and Sigmund (2005), Boyd and Richerson (1989), Lotem et al. (1999),

Leimar and Hammerstein (2001), Sethi and Somanathan (2001), Bowles and Gintis (2004), Barta et al. (2011), Barta
(2016), Enke (2019), Dufwenberg and Kirchsteiger (2019) and Ito et al. (2019).

4See Güth (1995), Nowak and Sigmund (1998), Fishmann et al. (2001), Leimar and Hammerstein (2001), Berger and
Grüne (2016) and Tanaka et al. (2016).

5In contrast, Fehr and Schmidt (1999), Levine (1998) and Bolton and Ockenfels (2000) assume other-regarding
preferences that are outcome-based.

6Charness and Rabin (2002), Falk and Fischbacher (2006) and Cox et al. (2007) offer models that combine outcome-
based and intention-based preferences, see also Dufwenberg and Kirchsteiger (2019) and Dufwenberg and Kirchsteiger
(2000) for an application to the labor market. Falk et al. (2008) find that intentions are crucial to explain the experimental
data.

7Behavior is characterized by direct reciprocity when C reciprocates to A’s behavior toward C.
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of their society as possible future interactants’ (pp. 93/94). Second, if C were (partly) altruistic,

kindness would be defined more broadly and include A’s behavior toward B and others (see e.g.

Nowak and Sigmund (2005)). Then, even if C knew for certain how A would treat C, A’s behavior

toward B would still be relevant since C cares about B’s payoff.8

In order to rationalize reciprocal behavior, we use the generalized model from Dufwenberg and Kirch-

steiger (2004) and augment it by an altruism term. The model is then used to clearly define the

signaling motive and the altruism motive for indirect reciprocity. We design an experiment that allows

disentangling the two motives for rewarding or penalizing other agents’ behavior.

We propose a classic gift-exchange game9 with three players: an employer, a worker and a coworker.

The employer may set different wages for the worker and the coworker. Only the worker may reciprocate

by choosing an effort level (that increases the employer’s payoff). The experimental treatments vary

the information provided to the worker who is informed about either (i) only her own wage or (ii)

only her coworker’s wage or (iii) both wages. These three different information settings allow testing

for the impact of the coworker’s wage on effort levels with and without information on the worker’s

own wage. If indirect reciprocity were rooted in altruistic preferences, a positive relationship between

effort and the coworker’s wage should occur irrespective of the available information. In contrast, if

indirect reciprocity is driven by selfishness and the employer’s wage for the coworker is just a signal,

the coworker’s wage is not expected to affect the effort once the own wage becomes observable (as in

this case, the employer’s kindness toward the worker does not need to be deduced from the coworker’s

wage).

We find strong support for the signaling motive. The worker’s effort increases in the coworker’s wage

only when her own wage is unobservable. The worker (correctly) anticipates that her own wage is

positively correlated with the coworker’s wage. If both wages can be observed, the coworker’s wage

seems to be irrelevant for the worker’s effort choice.

One concern with this interpretation is that the treatments differ in the complexity level. When both

wages are observable, participants need to cope with two pieces of information and may opt to focus on

just one of them: their own wage. To address this concern, we consider an additional treatment that

allows for comparisons between decisions with similar complexity level. We let the computer randomly

determine the worker’s wage (while the employer keeps setting the coworker’s wage). Thus, the worker’s

own wage does not allow for conclusions about the employer’s kindness. In this setting, we find that

the worker’s effort increases in the coworker’s wage – the worker seems to take the coworker’s wage as

8An alternative is to assume that individuals intentionally use indirect reciprocity in order to achieve a certain goal,
e.g. to establish or enforce social norms, see e.g. Fehr et al. (1998b) and Reuben and Riedl (2013). In this case, C does
not care about A’s specific behavior toward B, but anticipates that letting this behavior unsanctioned may erode the
implicit rules of the group.

9The theory of gift-exchanges (Akerlof (1982) and Akerlof and Yellen (1990)) suggests that employers may overcome
moral hazard problems in labor relations where effort is non-enforceable by motivating workers by paying high(er) wages.
In theory, employees reciprocate this gift in bilateral gift-exchange games by exerting higher effort levels. Fehr et al.
(1993) design a gift-exchange experiment and find that above-minimum-level wages increase workers’ effort. See also
Fehr et al. (1997), Fehr et al. (1998a), Charness and Haruvy (2002), Gächter and Falk (2002) and Dariel and Riedl
(2017) for further support and Fehr and Gächter (2000) for a survey of bilateral gift-exchange games. More recent
papers use field experiments to analyze the importance of direct reciprocity in labor market environments, see Bellemare
and Shearer (2009) and, for mixed results, Gneezy and List (2006) and Kube et al. (2012). Alternative experimental
settings to analyze reciprocal behavior are sequential dictator games, see e.g. Herne et al. (2013) and Ito et al. (2019),
and helping games, see e.g. Wedekind and Milinski (2000), Greiner and Levati (2005), Seinen and Schram (2006) and
Engelmann and Fischbacher (2009).
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a signal of how the employer would behave toward her if she were able to choose the worker’s wage

level. On a side note, these findings also inform about the question whether reciprocity is primarily

based on outcomes or on intentions: When the computer (instead of the employer) determines wages,

the worker increases her effort in response to a higher wage (although the latter is not due to the

employer’s kindness) – however, not as strongly as when the employer sets the wage level.

Interestingly, when the employer knows which treatment is played, she increases the coworker’s wage

even when the worker can observe both wages. The employer seems to (falsely) assume that workers

respond to the coworker’s wage even when their own wage is known.

We are not the first to consider a gift-exchange game with more than one (gift receiving) worker. Akerlof

(1982) himself suggests that due to the ‘acquire[d] sentiment for each other ’ (p. 543), employees care

about their coworker’s wage and thus increase effort in their own and their coworker’s wage (see also

Akerlof and Yellen (1990)).10 In a setting where the employer pays the same wage to all workers,

Maximiano et al. (2007) do not find significant behavioral differences between a bilateral gift-exchange

game and a game with one employer and four employees. Charness and Levine (2007) let the employer

pay different wages to workers who differ in productivities. In this setting, workers react strongly to

their own wage but seem to be indifferent toward their coworker’s wage. Rivas (2009) tests the impact

of the coworkers’ wages on effort when the respective productivity levels are public information. In

this experiment, inequality in wages only affects effort negatively if wages are remarkably unfair and

the high productivity worker earns 30 times more than the low productivity worker. Gächter and

Thöni (2010) explicitly test whether workers evaluate the fairness of their wage relatively to the wages

in a reference group that is most likely to be their coworkers. In line with Akerlof and Yellen (1990),

they find that on average, workers’ effort increases in their own wage as long as their wage falls short

of their coworkers’ wages and that they do not further increase effort if they earn more than their

reference group. However, only 15 percent of the participants increase their effort in response to

higher coworkers’ wages.11 Gross et al. (2015) find that highly productive workers decrease effort if

they do not earn more than their less productive coworkers.12

The evidence for indirect reciprocity in real world settings is mixed as well. Heinz et al. (2017) find

lower levels of productivity of participants in a field experiment after their colleagues have been treated

unfair. In contrast, Cohn et al. (2014) find no effect on performance when the own wage is constant

but the coworker’s wage is cut.

To summarize, most existing studies do not find strong support for indirect reciprocity in multi-player

gift-exchange experiments since many participants seem to be indifferent toward their coworker’s well-

being. This is different in helping games where indirect reciprocity is observed more frequently.13 One

reason for this difference could be that, in most gift-exchange games considered so far, the workers

know their own wage, i.e. the employers’ behavior toward them can be observed. In helping games,

10One implication may be that a profit maximizing firm has an incentive to compress wages in order to elicit high
levels of effort.

11In a series of experiments, Gächter et al. (2012, 2013) let employees choose their effort sequentially. In their setting,
instead of equalizing payoffs, subjects try to mimic other participant’s behavior, meaning their effort. Pay comparison
plays a much weaker role in predicting reciprocal behavior than the comparison of effort levels does.

12This result is also supported by Bolton and Werner (2016), who find that highly productive workers demand higher
wages than less productive workers to exert the same level of effort. Similarly, employees with high effort levels expect
to obtain substantially higher wages than their coworkers who exert lower effort levels (Abeler et al., 2010).

13See Wedekind and Milinski (2000), Greiner and Levati (2005), Seinen and Schram (2006) and Engelmann and
Fischbacher (2009).
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however, there is no direct interaction with the receiver and therefore the decision is solely based on

her image score.14 This paper contributes to the literature by focusing on the interference of direct

and indirect reciprocity. It provides an explanation (the signaling motive) for the contradictory results

from multi-player gift-exchange games and helping games.

In the next section, we describe the experimental set-up and develop a model to clarify and distinguish

altruism and selfishness as potential drivers of indirect reciprocity. Sect. 3 presents the results of the

main experiment, Sect. 4 some robustness checks. The last section discusses and summarizes our main

findings.

2 Theory and experimental design

In this section, we outline the theory as well as the experimental design.

2.1 Theory

To distinguish the two motives for indirect reciprocity, we start considering a more general decision

setting of the following type. There are three agents, labeled M , W and C. At the first stage, agent

M chooses an action rW ∈ R+ and an action rC ∈ R+. These two actions imply a cost for M and

affect the material payoffs, πW and πC of agents W and C, respectively. At the second stage, agent

W decides on e ∈ R+ that is costly for W and affects M ’s material payoff, πM .

Figure 2.1: Gift-exchange game with three players.

M

W

𝑟𝑊 ∈ ℝ+

C

M

W

𝑒 ∈ ℝ+

C

𝑟𝐶 ∈ ℝ+

Stage 1 Stage 2

Such a setting encompasses a range of typical situations of direct reciprocity (where W responds to

M ’s choice of rW ) and indirect reciprocity (where W responds to rC), e.g. gift-exchange games and

helping games. These typical situations usually have the feature that, with purely selfish players, there

is a subgame perfect Nash equilibrium with (r∗W , r
∗
C , e
∗) = (0, 0, 0). However, in lab experiments, the

actually chosen levels of rW , rC and e are significantly different from zero. This may be due to altruism

or, if e responds to rW and/or rC , due to preferences that induce direct or indirect reciprocity.

14This image score reflects how often the current receiver has helped other participants in the experiment before and,
therefore, may be interpreted as a signal for the receiver’s willingness to act kindly toward the donor if they had a direct
interaction.
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We consider a specific variant of the above decision setting: a gift-exchange game. We refer to M as

the manager, to W as the worker, to C as the coworker, to rW and rC as wage rates and to e as effort.

Given rW , rC and e, the agents’ material payoffs πi are πM = v (e)− rC − rW and πW = rW − k (e)

and πC = rC . We will assume that v′ (e) ,′ (e) > 0, v′′ (e) ≤ 0 and k′′ (e) ≥ 0.

In order to analyze reciprocal behavior, we focus on the worker W who may respond to M ’s choices

of rW and rC at stage 2. Rabin (1993) argues that reciprocal behavior can be rationalized through a

utility function that depends not only on material outcomes but also on intention-dependent fairness

considerations.15 We assume a generalized version of the utility function (for the worker) proposed by

Dufwenberg and Kirchsteiger (2004):

UW = πW + Y · λW
(
rW , rC , e

b
)︸ ︷︷ ︸

M ’s kindness as perceived by W

· κW (e, rW , rC)︸ ︷︷ ︸
W ’s kindness toward M

where Y > 0 is a shift parameter. The worker’s utility has, thus, two parts. The first part reflects

the worker’s own material payoff, πW . The second part depends, apart from Y , on two variables.

κW (e, rW , rC) measures how kind W is toward M . The higher W ’s choice of e, the kinder is W ’s

behavior toward M . The notion of kindness is potentially scaled by the levels of rW and rC .16

Dufwenberg and Kirchsteiger (2004) suggest a specific functional form of κ (.) that we will adopt here

to illustrate our main point:

κW (e, rW , rC) = πM (rW , rC , e)− πM (rW , rC , ē) = v (e)− v (ē)

where ē is a level of effort deemed to be the kindness threshold (in the sense that e > ē is kind, and

e < ē is unkind behavior).17

The variable κW (.) is multiplied by a variable λW
(
rW , rC , e

b
)

that indicates to which degree the

worker W wants to be kind toward the manager M . For instance, if rW and (possibly) rC have been

chosen at high levels and are thus considered kind, λW
(
rW , rC , e

b
)

is positive and large, implying that

W has an incentive to exert high effort to benefit M . In contrast, if rW and (possibly) rC are low and

regarded as unkind, λW
(
rW , rC , e

b
)

may even be low or negative implying that the worker wants to

set e to zero (or even harm the manager, if this were possible). Again, the notion of M ’s kindness

toward W is potentially scaled by the expected effort exerted by W at the second stage. Since this

belief is not observable, W needs to form a belief on M ’s belief on W ’s choice of e (denoted by eb).

15It is, thus, a “psychological game” in the sense of Geanakoplos et al. (1989).
16For instance, if M has chosen high wage rates rW and rC , a moderate effort choice e may be regarded as unkind,

whereas the same level of effort may be perceived as kind if rW and rC are low.
17In contrast, Rabin (1993) assumes that the difference between M ’s actual material payoff and the fair benchmark is

normalized by the fair benchmark itself:

κW (e, rW , rC) =
πM (rW , rC , e)− πM (rW , rC , ē)

πM (rW , rC , ē)
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In parallel to the above, Dufwenberg and Kirchsteiger (2004) propose18 λW
(
rW , rC , e

b
)

= πW
(
rW , e

b
)
−

πW
(
r̄W , e

b
)

= rW − r̄W where r̄W is a wage rate level deemed to be the kindness threshold. To allow

for the possibility that W ’s attitude toward M also depends on her behavior toward C, we augment

the above functional form as follows:

λW
(
rW , rC , e

b
)

= πW
(
rW , e

b
)
− πW

(
r̄W , e

b
)

+ α [πC (rC)− πC (r̄C)]

= rW − r̄W + α [rC − r̄C ]

where α is a measure of W ’s altruism (or resentment) toward C.

At stage 2, rW and rC have been determined and eb is only relevant at the time the wage rates are

set. As a consequence, κW (.) only varies in e. The utility-maximizing choice of e is therefore implied

by
∂UW
∂e

= −k′ (e) + Y λW
(
rW , rC , e

b
) ∂κW (e, rW , rC)

∂e
≤ 0 (1)

Provided that ∂κW (.)
∂e > 0, the optimal effort e∗ is zero if λW (.) is sufficiently small,19 i.e. if the worker

does not care about the manager or, worse, wants to harm the manager because she feels treated badly.

If λW
(
rW , rC , e

b
)
> 0 and there is an inner solution, the worker weighs, by choosing e∗, the cost of

exerting effort against the benefit of being kind toward the manager.

Before we narrow the focus on the analysis of indirect reciprocity, we outline the precise structure of

the game under consideration. Figure 2.2 shows its extensive form. The ’experimenter’ draws first and

determines the ’treatment’. There are three treatments. In the treatment OWNWAGE, the worker

W observes her own wage rW but not the coworker’s wage rC . This treatment is mainly used as a

benchmark. In treatment COWORKER, W observes rC but not rW . In this case, rC may serve as a

signal for rW , i.e. rW = rsW (rC). If a higher rC signals higher rW , the coworker’s wage increases M ’s

kindness as perceived by W . In treatment BOTH, W observes both wage rates. Importantly, M does

not know whether the treatment is OWNWAGE, COWORKER or BOTH, i.e. whether W can observe

rW or not. That is, the informational content of rW and rC does not vary across the treatments.

18Rabin (1993) proposes, again, to normalize the payoff difference:

λW

(
rW , rC , e

b
)

=
πW

(
rW , eb

)
− πW

(
r̄W , eb

)
πW

(
r̄W , eb

)
19Assuming k′ (0) = 0, we have e∗ = 0 if λW (.) ≤ 0.
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Figure 2.2: Game tree of the experiment.

Experimenter

Treatment 
COWORKER

Treatment 
BOTH

Player M

Player M

Player W

𝑟𝑊 ∈ ℝ+

𝑒 ∈ ℝ+

𝑟𝐶 ∈ ℝ+

𝑒 ∈ ℝ+

𝑟𝑊 ∈ ℝ+

𝑟𝐶 ∈ ℝ+

𝑢𝑀
𝑢𝑊
𝑢𝐶

𝑢𝑀
𝑢𝑊
𝑢𝐶

𝑟𝐶 ∈ ℝ+

𝑢𝑀
𝑢𝑊
𝑢𝐶

𝑒 ∈ ℝ+

Treatment 
OWNWAGE

Stage 1

Stage 2

𝑟𝑊 ∈ ℝ+

We may now derive the impact of the wage rates rW and rC on W ’s choice of e:

de

dri
=

∂2UW

∂e∂dri

−∂2UW

∂e2

with i = W,C

With the above first order condition (1) representing a maximum, we have ∂2UW

∂e2 = −k′′ (e) +

Y λW
(
rW , rC , e

b
) ∂2κW (e,rW ,rC)

∂e2 < 0, and ∂2UW

∂e∂dri
is given by

∂2UW
∂e∂dri

= k′ (e)

 ∂λW (rW ,rC ,e
b)

∂ri

λW (rW , rC , eb)
+

∂2κW (e,rW ,rC)
∂e∂ri

∂κW (e,rW ,rC)
∂e


With κW (e, rW , rC) = v (e) − v (ē) and λW

(
rW , rC , e

b
)

= rW − r̄W + α [rC − r̄C ], we can state the

following.

Observation 1 A change in rW affects e as follows:

de

drW
=

1

−∂2UW

∂e2

k′ (e)
1

rW − r̄W + α [rC − r̄C ]

Observation 2 If rW is observable, we have

de

drC
=

1

−∂2UW

∂e2

k′ (e)
α

rW − r̄W + α [rC − r̄C ]

i.e. the coworker’s wage rate rC only increases effort if the altruism parameter is strictly positive,

α > 0.

Now, assume that rW is unobservable and, thus, rC may be used as a signal. We have now λW
(
rW , rC , e

b
)

=

rsW (rC)− r̄W + α [rC − r̄C ].

8



Observation 3 If rW is not observable, we have

de

drC
=

1

−∂2UW

∂e2

k′ (e)
α+

∂rsW (rC)
∂rC

rW − r̄W + α [rC − r̄C ]

i.e. the coworker’s wage rate rC increases effort if α+
∂rsW (rC)
∂rC

> 0.

The above three effects are only comparable if the beliefs rsW (rC) are correct, i.e. rsW (rC) = rW . If

this is the case, the observations above establish that

de
drC

∣∣∣
rW observable

de
drW

= α and

de
drC

∣∣∣
rW unobservable

de
drW

= α+
∂rsW (rC)

∂rC

This allows us to identify α and, in a second step,
∂rsW (rC)
∂rC

.

2.2 The experiment

At the beginning of each experimental session, each participant receives an initial endowment of 400

points (25 points = 1 Euro). The instructions20 are handed out and read aloud by the experimenter.

Afterward, open questions are answered and participants have to calculate two control tasks (available

upon request). Then, participants are randomly assigned to the roles of manager, worker and coworker.

These roles are kept throughout the whole experiment.

The core experiment consists of 30 (or 31) periods. At the beginning of each period, all participants are

randomly and anonymously matched in triples, with each role (manager, worker, coworker) represented

once. The manager sets the wages and, then, the worker sets her effort level. At the end of each period,

the players are informed about their payoffs.

The manager sets a wage ri ∈ {0, 1, ..., 100} for each worker i. The worker sets an effort level ei ∈
{1, 2, ..., 10}. Effort comes at a cost as depicted in table 2.1.21 The coworker is not able to choose

effort (and, thus, to respond to wages set by the manager); her effort is fixed at eC = 4.22

Table 2.1: Cost-Effort-Function.

Effort ei 1 2 3 4 5 6 7 8 9 10
Cost of effort k(ei) 0 2 4 8 12 16 20 24 30 36

Payoffs are as follows. The worker or coworker i has a payoff of

πi = ri − k(ei).

The manager has a payoff of

πM = 15(eW + eC)− rW − rC .
20An English translation is available upon request.
21The cost-effort function is similar to those used by e.g. Fehr et al. (1993), Fehr et al. (1998a), Gächter and Falk

(2002), Maximiano et al. (2007), Rivas (2009), Siang et al. (2011), Bonein (2018), Brown et al. (2017) and Dariel and
Riedl (2017).

22The coworker, however, has to state an hypothetical effort that does not affect outcomes.
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The effort levels e = (eW , eC) determine the size of the pie, while wages r = (rW , wC) distribute the

pie between the players. The Pareto optimum is given by e = (10, 10) with arbitrary wage levels. The

subgame perfect Nash equilibrium in a one-shot game with selfish players is e = (1, 1) and r = (0, 0).

In the first period of each session (except for the first three sessions23), workers are asked to use the

strategy method (Selten, 1967) to indicate their effort for 21 wage levels in multiples of 5 (0,5,...,100)

before being informed about their actual wage.24

In the following 18 periods, the core experiment (the baseline) takes place. As outlined above, there

are three treatments. In OWNWAGE, the worker only observes her own wage rW . In COWORKER,

the worker only observes the coworker’s wage rC . In BOTH, she observes both wages. With the

altruism motive, the coworker’s wage affects the worker’s choice in the COWORKER and BOTH

treatments. With the signaling motive, the coworker’s wage is only relevant for the effort choice in the

COWORKER treatment.

The BOTH, OWNWAGE and COWORKER treatments are played in a random order such that the

manager is not able to differentiate treatments. This ensures that wage setting does not systematically

vary across treatments. After this, treatments are slightly modified to perform some robustness checks

(for another 8 to 12 periods, depending on the session) that will be explained in Sect. 4. Subsequently,

all participants play a modified dictator game and an ultimatum game and fill in a questionnaire in

order to elicit their other-regarding preferences.25

Finally, each participant receives the payoff (in Euro) of one randomly selected round in addition to

their initial endowment.

The experimental sessions took place in January, April and June 2018 at the University of Münster.

The experiment and the questionnaire were programmed in z-Tree (Fischbacher, 2007). Participants

were recruited among university students using the online recruitment system ORSEE (Greiner, 2015).

234 individuals participated in 13 sessions (42.7% female, 46.6% students of Business Administration or

Economics, 23.1 average age). Each session lasted approximately 60 minutes. On average, individuals

earned 17.10 Euro, with a minimum of 13.20 and a maximum of 21.40 Euro.

3 Results

In this section, we focus on data from the 18 periods of the baseline experiment.

23Tables C.1 and C.2 in the Appendix give an overview of the exact settings played.
24In the first four periods of session 1-3, we conducted a standard multi-player gift-exchange game to estimate these

preferences on cooperative behavior.
25The questionnaire covers personal information such as sex, age, field of study, questions on the complexity of the

experiment and the participant’s ability, perceptions of fairness and reciprocity, and political opinions. Questions on
perceptions of reciprocity and political opinions are adopted from TNS Infratest Sozialforschung (2015).
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3.1 Descriptive evidence

We start by replicating a couple of results well-known from the literature. Figure 3.1 illustrates

the evidence for the direct reciprocity pattern usually observed in gift-exchange games. Workers

respond to higher wages by increasing their effort. The average effort for above median own wages

(in OWNWAGE ) is 3.44 (SD = 2.55) compared to 1.16 (SD = 0.91) for below median wages. The

average wage for the worker (in OWNWAGE ) is rW = 26.49 (SD = 28.65), with a median of rW = 20.

In COWORKER, the coworker receives only rC = 13.52 (SD = 15.71) with a median of rC = 10.26

This is in line with the manager’s (correct) anticipation that the coworker cannot retaliate.

Moreover, there is evidence for indirect reciprocity in the treatment COWORKER. The worker rewards

the manager for being kind to the coworker. The effort level is generally (and significantly) lower in this

treatment, though. The average effort eW for above median coworker wages is eW = 2.21 (SD = 1.79)

compared to 1.67 (SD = 1.72) for below median wages.27

Figure 3.1: Average worker’s effort in OWNWAGE and COWORKER.
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Note: The green lines depict the 95% confidence interval.

We may now analyze our main hypothesis. Is the coworker’s wage rC merely a signal for the worker’s

own wage? Or does it have an impact even when the own wage is observable? Figure 3.2 suggests that

rC is merely a signal. The figure uses observations from BOTH and controls for rW first. Neither for

rW below the median wage nor for rW above the median wage we observe a positive response toward

rC . If at all, a higher coworker’s wage seems to reduce the worker’s effort.

26As usual, there is substantial heterogeneity in wage setting. 3 out of 78 managers always chose the zero lower bound
for the worker, rW = 0. 8 managers always chose the zero lower bound for the coworker, rC = 0.

2715 workers (19.2%) always selected the lowest possible effort of one.
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Figure 3.2: Average worker’s effort in BOTH.
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Note: The green lines depict the 95% confidence interval.

3.2 Regression analysis

In order to fully exploit the richness of our data, we now turn to regression analysis. The results are

presented in table 3.1. We use pooled OLS with standard errors clustered at the session level as our

preferred specification. Unobserved individual effects may partly explain the dependent variable eW .

However, since wages are set by the manager who neither knows the workers’ characteristics nor which

treatment is played, the unobserved individual effect is supposed to be unrelated to the explanatory

variables rW and rC . Hence, pooled OLS gives consistent estimates.

As columns (1) and (2) show, participants show directly and indirectly reciprocal behavior, depending

on which wage is observable. An increase in rW or rC by 10 units implies an increase in effort by 0.48

or 0.32, respectively. An increase of one standard deviation of the wage rate ri increases the effort by

1.39 and 0.50, respectively (which corresponds to 62.13 and 27.88 percent of the standard deviation

of effort). The associated elasticities, evaluated at the sample means, are εrW = 0.56 and εrC = 0.22.

That is, an increase in the wage rate rW by 10 percent increases effort by 5.6 percent; an increase in

rC by 10 percent increases effort by 2.2 percent.28 The coefficient on rC in COWORKER gives us the

estimate for de
drC

∣∣∣
rW unobservable

= 0.0315 as derived in the model, see Sect. 2.1.

28As an aside, note that, on average, the manager does not recover the additional wage cost, since dπ = 15·de−drW < 0
for drW = 10 and de = {0.48, 0.32}.
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Table 3.1: Effect of wages on effort in baseline.

Dependent variable: eW

(1) (2) (3) (4)
OWNWAGE COWORKER BOTH OWNWAGE

COWORKER
BOTH

rW 0.0484∗∗∗ 0.0496∗∗∗ 0.0484∗∗∗

(0.0070) (0.0091) (0.0070)

rC 0.0315∗∗∗ -0.0115 0.0315∗∗∗

(0.0073) (0.0087) (0.0073)

rW 0.0012
× BOTH (0.0086)

rC -0.0430∗∗∗

× BOTH (0.0121)

OWNWAGE -0.0093
(0.0915)

COWORKER 0.5017∗∗∗

(0.1270)

Constant 1.0265∗∗∗ 1.5374∗∗∗ 1.0357∗∗∗ 1.0357∗∗∗

(0.1012) (0.1369) (0.0821) (0.0821)
N 468 468 468 1404
Adj. R2 0.3847 0.0757 0.4053 0.3164

Standard errors clustered at the session level.
∗ p < .1, ∗∗ p < .05, ∗∗∗ p < .01.
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Column (3) demonstrates that, if both wages are observable, only the own wage has an impact. de
drW

=

0.0496 is highly significant, and the coefficient of the coworker’s wage is negative and insignificant, i.e.,
de
drC

∣∣∣
rW observable

is indistinguishable from zero. The worker does no longer reward kindness toward her

coworker. This finding is in line with the idea that rC is just a signal for the unobservable own wage

in COWORKER – and that indirect reciprocity is not rooted in altruism.

In column (4), we present estimates in a sample that pools all three treatments. The coefficient on

rC×BOTH is negative and significant. Hence, the effect of rC in BOTH is significantly lower than in

COWORKER. This does not hold for the coefficient on rW ×BOTH. The effect of rW is not affected

by making rC observable as well.29

As an illustration of our regression results, the confidence intervals of the point estimates shown in

table 3.1 are presented in figure 3.3. The magnitude of the effect of rW on eW changes only marginally

between OWNWAGE and BOTH. Standard errors and hence the confidence intervals remain roughly

stable. For rC the effect on eW is smaller, even in COWORKER. The positive effect becomes negative

and insignificant in BOTH. The new coefficient also does not coincide with the previous confidence

interval.

Figure 3.3: Coefficients of table 3.1 with 95% confidence intervals.
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The estimated regression models are further plotted in figure 3.4. The effect of rW on eW almost coin-

cides for OWNWAGE and BOTH. For rC , there is a significantly positive correlation in COWORKER

and an insignificantly negative correlation in BOTH.

29As a robustness check, we further run fixed- and random effects models to obtain more efficient estimates (see table
A.2 in the Appendix). Coefficients and significance levels remain stable for any of these models.
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The figure also suggests that for wages below 30 the worker exerts a higher effort in COWORKER than

in OWNWAGE. For rW ≤ 30 in OWNWAGE, the average effort amounts to eW = 1.44 (SD = 1.30),

while we observe a significantly higher effort of eW = 1.81 (SD = 1.67) for rC ≤ 30 in COWORKER.

This might reflect the worker’s correct anticipation that her own (unobservable) wage is higher than

the observable rC in the COWORKER treatment. Regressing rW on rC , see table 3.2, shows that rC

serves as a reasonable predictor for rW . It is on average 15.6 units larger than rC .

Figure 3.4: Effect of wages on worker’s effort in baseline.
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Table 3.2: Regression of rW on rC in COWORKER.

Dependent variable: rW
rC 0.6199∗∗∗

(0.1170)

Constant 15.5999∗∗∗

(3.3569)
N 468
Adj. R2 0.1204

Standard errors clustered at the session level.
∗ p < .1, ∗∗ p < .05, ∗∗∗ p < .01.

We may now use the results to derive the structural parameters in the model in Sect. 2.1. As already

pointed out, the estimate for α cannot be distinguished from zero. With α = 0, the point estimate for

the signal is then given by
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de
drC

∣∣∣
rW unobservable

de
drW

= α+
∂rsW (rC)

∂rC
≈ 0.8670

This point estimate suggests that, on average, workers interpret the coworker’s wage as a strong signal

for their own wage. However, they expect a closer relationship between the coworker’s wage and their

own wage than there is (see table 3.2).

The missing response of eW to rC in BOTH may be due to heterogeneity across participants, which

is typical for studies on reciprocity (see e.g. Gächter and Thöni, 2010; Toussaert, 2017). We therefore

look at subsamples of participants with certain characteristics.

As a first step, we focus on those worker type individuals who respond to rC in COWORKER to

see if they also show a non-response toward rC in BOTH. We therefore consider all workers whose

correlation coefficient between rC and eW is positive in the COWORKER treatment – which is true

for 38 of 78 workers.30 In table A.3 in the Appendix, we report the results of a separated analysis

of these 38 participants and the non-indirect-reciprocal individuals. For none of the two groups we

observe a positive effect of rC on eW in BOTH (see table A.3 in the Appendix).

In a second approach, we use the data from the strategy method applied in period 1 of sessions 4

through 13 in order to calculate the reciprocity index (RI) as suggested by Dariel and Riedl (2017).31

According to this measure, 78.3% of worker individuals behave directly reciprocally. Workers with

above median RI show a stronger response toward increases in their own wage than those with below

median RI (see table A.4 in the Appendix). However, workers with above median RI do not show a

larger response to the coworker’s wage in the COWORKER treatment.32 For both subgroups (below

and above median RI), rC has no effect on eW in BOTH where both wages are observable.

As a third approach, we use the data from the modified dictator game (MDG) and the ultimatum

game (UG) played at the end of the experiment. These observations allow us to calculate measures

of inequality aversion (Fehr and Schmidt, 1999), as proposed by Blanco et al. (2011). Basically, the

model of inequality aversion states that, apart from their own material payoff, individuals also care

about the distribution of payoffs among players. More specifically, individuals derive disutility from

having a lower payoff (’envy’ ) or a higher payoff (’guilt’ ) than others. The Appendix B.2 provides

more information how we use our data to calculate the indicators for envy and guilt. We consider

the impact of wages on effort eW for below and above median guilt-parameters and for below and

above median envy-parameters. The results are presented in table A.5 and A.6 in the Appendix.

For all of the four subgroups we observe a positive effect of rW in OWNWAGE and a positive effect

of rC in COWORKER. Coefficients on rW are higher for individuals above the respective median.

30Following the classification of Gächter and Thöni (2010), 29 workers in our setting can be identified as unconditional
defectors, i.e. they always choose eW = 1. 11 individuals show a negative correlation of eW and rC , i.e. they may be
called ’envious’.

31The strategy method provides us with exactly one effort response to all possible wages. This allows calculating
a Spearman’s rank correlation coefficient between effort and wages for each individual. Reciprocity is defined as a
significant positive correlation at the 1%-level. In a second step, the index itself is calculated for reciprocal individuals
to capture the magnitude of reciprocity. The calculation is explained in Appendix B.1. The index lies on the interval
RI ∈ [0, 1]. RI = 0 stands for a completely selfish individual, who always chooses an effort of 1 irrespective of the own
wage. RI = 1 is a total altruist, who always chooses the maximum possible effort (eW = 10).

32The coefficient of rC becomes even smaller for more direct reciprocal workers, with the difference being insignificant,
though.
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The coefficient on rC is close to zero in BOTH for all subgroups, except for workers with below

median envy. These participants even seem to punish their managers for paying higher wages to the

coworker (pointing to α < 0).33 Overall, however, we may conclude that these approaches do not yield

convincing evidence for indirect reciprocity if own wages are observable.

4 Robustness checks and extensions

4.1 Equalizing complexity levels

One concern about the above results is that the treatments differ in complexity levels. Specifically,

we compare the COWORKER treatment where one wage rate is displayed with the BOTH treatment

with two wage rates. Due to e.g. attention constraints, participants may find it difficult to cope with

two pieces of information and, therefore, opt to focus on just one wage rate: their own.

In order to rule out that attention constraints and other complexity related issues drive our findings,

we consider the following robustness check (applied in sessions 4 through 13). We let the computer

randomly determine rW ∈ {10, 40, 60}.34 The manager is informed about the computer’s choice rW

and the treatment (OWNWAGE or BOTH ) before she chooses rC . OWNWAGE and BOTH are

played with certainty for 6 periods each. We label this treatment ’exo’.35

Column (1) in table 4.1 shows that, with exogenous rW , the worker still reacts positively to her wage

when only her own (computer-set) wage can be observed. This finding may be interpreted as reflecting

outcome-based reciprocity, since the worker cannot deduce the manager’s intentional kindness from

the computer-set wage rate. The coefficient is smaller than in OWNWAGE with endogenous wages

(see column (1) of table 3.1) and of similar magnitude as the coefficient on rC in COWORKER (see

column(2) of table 3.1).

In the BOTH treatment with exogenous wages, the effect of rW drops further compared to the reg-

ular OWNWAGE setting. At the same time, rC positively affects effort (and significantly so when

using Random or Individual Fixed Effects, see table A.7 in the Appendix). Hence, when rC becomes

observable, the worker seems to shift her attention from rW toward rC to assess the manager’s kind-

ness.36 Column (3) reports the effects of both wages on effort between exo and baseline.37 rW has

a significantly larger effect on effort in baseline; the effect of rC is significantly smaller in baseline.

The treatment suggests that workers do not neglect rC in BOTH in baseline solely due to attention

constraints, as both wages become significant if rW is set exogenously (see column (2) and (4) in table

A.7 in the Appendix).

33This seems to be counterintuitive. It is in line, though, with Blanco et al. (2011) who also note that the envy-guilt
model has limited predictive power at the individual level.

34These values are the 25th-, 50th- and 75th percentiles of the wage rates set by the manager in sessions 1-3.
35The changes in the experimental setting were explained in the instructions at the beginning of the experiment with

a reminder just before the treatment under consideration.
36Again, the correlation between rW and rC in this setting is neglectable (corr(rW , rC) = 0.0658), which is also stressed

by figure A.1 in the Appendix. Even though the manager knows rW before setting rC , this does not significantly affect
her decision about rC . Hence, our standard errors in this setting do not become inflated due to multicollinearity.

37In table A.9 in the Appendix, we also compare this setting to the setting with endogenous wages described in Sect.
4.2.
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Table 4.1: Effect of setting rW exogenously in OWNWAGE and BOTH.

Dependent variable: eW

(1) (2) (3)
OWNWAGE BOTH BOTH

-exo -exo -baseline
&-exo

rW 0.0360∗∗∗ 0.0259∗∗∗ 0.0259∗∗∗

(0.0050) (0.0041) (0.0040)

rC 0.0144 0.0144
(0.0085) (0.0084)

rW 0.0237∗∗

× baseline (0.0101)

rC -0.0259∗∗

× baseline (0.0105)

baseline 0.3179
(0.1848)

Constant 0.9261∗∗∗ 0.7179∗∗∗ 0.7179∗∗∗

(0.1167) (0.1892) (0.1869)
N 360 360 828
Adj. R2 0.1323 0.1247 0.3123

Standard errors clustered at the session level.
∗ p < .1, ∗∗ p < .05, ∗∗∗ p < .01.

Note: Column (1) and (2) use observations from the treat-
ments where OWNWAGE and BOTH are played with cer-
tainty and rW is randomly chosen by a computer. Column (3)
compares the results of column (2) with BOTH in baseline.
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4.2 Wage setting

In the last eight periods of session 1-3, we test for the managers’ expectations on the workers’ reciprocal

behavior. We let the participants play the regular OWNWAGE and BOTH treatment with certainty.

When OWNWAGE is played with certainty, there is no incentive to set rC above a minimum threshold

that the manager deems appropriate, since rC is not revealed to the worker. Hence, if rC is higher in

the COWORKER treatment, the manager must believe that rC somehow affects eW – as a signal for

rW or because the worker cares for the coworker’s payoff. When BOTH is played with certainty, the

worker knows her own wage and, thus, rC is irrelevant if its only role is to serve as a signal.

The average wages of session 1-3 are depicted in figure 4.1. In periods 5 through 22, OWNWAGE,

COWORKER and BOTH are played in random order (baseline). In periods 23 through 26, OWN-

WAGE is played with certainty as well as BOTH in periods 27 through 30. The increase in rW from

period 22 to 23 may indicate that managers adjust their wage setting to the increased probability that

the worker observes her own wage (the probability increases from 2/3 to 1).

Similarly, rC is significantly higher in BOTH (rC = 14.90, SD = 15.14) than in OWNWAGE (rC =

10.11, SD = 12.28). The increase indicates that managers expect the worker to react positively to

their coworker’s wage in BOTH. Thus, it seems that managers do not expect rC to serve solely as a

signal of rW – although the above discussed data on the worker’s behavior suggests it does. Managers

seem to expect that the workers’ indirect reciprocity is (partly) motivated by altruistic preferences.

Figure 4.1: Average wages in session 1-3.
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5 Conclusion

This paper offers a theoretical framework that defines two potential motivations of indirect reciprocity:

the altruism motive and the signaling motive. It presents evidence from a lab experiment that is

designed to disentangle these two kinds of motivation. We find strong support for the signaling motive

in the experiment. Participants exhibit indirect reciprocity only when they have no information about

the manager’s kindness toward themselves. If, however, direct interaction takes place, the manager’s

behavior toward the coworker becomes irrelevant. These findings suggest that participants take their

coworker’s wage as a signal of their own wage.

Our paper, therefore, helps to explain why there is robust evidence for indirect reciprocity in e.g.

helping games, but mixed to little evidence for it in gift-exchange games. Indirect reciprocity vanishes

as soon as the interaction allows for direct reciprocity.
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Gächter, S. and Thöni, C. (2010). Social comparison and performance: Experimental evidence on the

fair wage–effort hypothesis. Journal of Economic Behavior & Organization, 76(3):531–543.

Geanakoplos, J., Pearce, D., and Stacchetti, E. (1989). Psychological games and sequential rationality.

Games and Economic Behavior, 1(1):60–79.

Gneezy, U. and List, J. A. (2006). Putting Behavioral Economics to Work: Testing for Gift Exchange

in Labor Markets Using Field Experiments. Econometrica, 74(5):1365–1384.

Greiner, B. (2015). Subject pool recruitment procedures: Organizing experiments with ORSEE. Jour-

nal of the Economic Science Association, 1(1):114–125.

Greiner, B. and Levati, M. V. (2005). Indirect reciprocity in cyclical networks: An experimental study.

Journal of Economic Psychology, 26(5):711–731.

Gross, T., Guo, C., and Charness, G. (2015). Merit pay and wage compression with productivity

differences and uncertainty. Journal of Economic Behavior & Organization, 117:233–247.
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Appendix

A Results

A.1 Statistics

Table A.1: Median wages in baseline.

OWNWAGE COWORKER BOTH

rW = 20 rC = 10

rW = 20 rC = 10

For rW < 20: For rW ≥ 20: For rC < 10: For rC ≥ 10:

rC = 0 rC = 20 rW = 0 rW = 30

A.2 Robustness checks baseline

Figure A.1: Distribution of rC in exo for different values of rW .
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Table A.9: Effect of wages on effort if BOTH is played with certainty.

Dependent variable: eW

POLS Random Effects Indiv. Fixed Effects Session Fixed Effects

(1) (2) (3) (4) (5) (6)

endo exo, endo endo exo, endo endo endo

rW 0.0135 0.0135∗ 0.0163 0.0168∗ 0.0186 0.0046

(0.0086) (0.0073) (0.0114) (0.0100) (0.0140) (0.0070)

rC 0.0574∗∗∗ 0.0574∗∗∗ 0.0416∗∗∗ 0.0386∗∗∗ 0.0276 0.0566∗∗

(0.0056) (0.0047) (0.0053) (0.0055) (0.0123) (0.0059)

rW 0.0124 0.0090

×exo (0.0083) (0.0108)

rC -0.0430∗∗∗ -0.0232∗∗

×exo (0.0096) (0.0093)

exo -0.3183 -0.5055∗

(0.2901) (0.2932)

Constant 1.0362∗ 1.0362∗∗∗ 1.1817∗∗∗ 1.2096∗∗∗ 1.3139∗ 1.3412∗∗

(0.2628) (0.2214) (0.2808) (0.2398) (0.3424) (0.3066)

N 72 432 72 432 72 72

Adj.R2 0.2844 0.1665 0.2125 0.1893

Standard errors clustered at the session level.

∗ p < .1, ∗∗ p < .05, ∗∗∗ p < .01.

Note: The table uses treatments where BOTH is played with certainty and rW is chosen by the manager. In

column (2) and (4) this is compared to treatments where BOTH is played with certainty and rW is randomly

determined by the computer. Note that this comparison cannot be run with Fixed Effects models as the dummy

exo does not vary within individuals or within sessions.

Surprisingly, rW becomes insignificant if BOTH is played with certainty and both wages are set by

the manager endogenously in column (1). Instead, rC has a significant positive effect on eW . This

contradicts previous findings. There is no plausible explanation why workers should react stronger

toward their coworker’s wage if BOTH is played with certainty. Coefficients of this specification are

also highly sensitive to introducing fixed and random effects (column (3), (5) and (6)). We cannot rule

out that this result is rooted in the low number of observations (N = 72) or the fact that this setting

is played only in the last four periods of session 1-3 where we observe a severe downwards trend that

might bias our results (see figure 4.1).
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Table A.10: Effect of rW on effort if OWNWAGE is played with certainty.

Dependent variable: eW

POLS Random Effects Indiv. Fixed Effects Session Fixed Effects

(1) (2) (3) (4) (5) (6)

endo exo, endo endo exo, endo endo endo

rW 0.0538∗ 0.0538∗∗∗ 0.0425∗∗ 0.0433∗∗∗ 0.0379 0.0436

(0.0165) (0.0139) (0.0192) (0.0162) (0.0196) (0.0173)

rW -0.0178 -0.0073

×exo (0.0148) (0.0169)

exo -0.0339 -0.5391

(0.3661) (0.4862)

Constant 0.9600 0.9600∗∗ 1.5043∗∗∗ 1.4652∗∗∗ 1.7294 1.4521

(0.4102) (0.3474) (0.5691) (0.4723) (0.9430) (0.8343)

N 72 432 72 432 72 72

Adj. R2 0.3342 0.2289 0.2537 0.2144

Standard errors clustered at the session level.

∗ p < .1, ∗∗ p < .05, ∗∗∗ p < .01.

Note: The table uses treatments where OWNWAGE is played with certainty and rW is chosen by the manager.

In column (2) and (4) this is compared to treatments where OWNWAGE is played with certainty and rW is

randomly determined by the computer. Note that this comparison cannot be run with Fixed Effects models as

the dummy exo does not vary within individuals or within sessions.
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B Indices

B.1 Reciprocity Index

The reciprocity index by Dariel and Riedl (2017) measures the extent of the employees reciprocation.

It is defined as

RIi =

∑M
k=0(eki − e)

M(ē− e)
. (2)

eki is the effort individual i chooses for wage w = k, e = 1 is the minimum effort, ē = 10 is the

maximum effort. M is the number of possible wages - thus, the number of decisions an employee has

to make (M = 21 in our setting).

B.2 Inequality aversion

To control for the individual degree of inequality aversion, participants were solicited to indicate their

preferences in a modified dictator game (MDG) and an ultimatum game (UG) at the end of the

experiment. Results are used to calculate parameters of guilt and envy as suggested by Blanco et al.

(2011). They enter the following utility function Ui of individual i:

Ui(x) = xi − αi max{xj − xi, 0} − βi max{xi − xj , 0}, i 6= j. (3)

The utility function was introduced by Fehr and Schmidt (1999). Individuals derive positive utility

from their own payoff xi. The difference between their own and their opponent’s payoff xj enters the

utility function negatively. The second term of the equation αi max{xj − xi, 0} captures disutility

from disadvantageous inequality (xj > xi), the third term βi max{xi − xj , 0} captures disutility from

advantageous inequality (xi > xj).

B.2.1 Disadvantageous inequality

To estimate the envy parameter α for disadvantageous inequality, answers from the UG (figure B.1)

are used. In the UG, individuals are offered eleven payoff allocations between player A and B. For

each of them they had to decide whether to accept or reject the offer. Allocations ranged from (10, 0)

over (5, 5) to (0, 10). In case of rejection both participants get a zero payoff.
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Figure B.1: Screenshot of the Ultimatum Game.

According to the model of inequality aversion, subjects are expected to reject highly unequal offers,

and thus prefer a zero payoff for both players over an unequal payoff distribution where they are worse

off than their counterpart. To define the degree of inequality aversion, the point, where individuals

switch from rejection to acceptance in the ultimatum game, is sought. For the first 5 decisions player

B is behind, hence according to equation (3) B’s utility reads UB = πB−αB(10−πB−πB). Player A’s

payoff is denoted by πA = 10− πB . At the switching point πB = sB , the utility of acceptance is equal

to the utility of rejection and receiving a zero payoff: UB = sB − αB(10 − sB − sB) = 0. Thus, the

envy parameter can be defined as αB = sB
10−2sB . The switching point is approximated as the average

between the highest offer rejected and the lowest offer accepted, which equals the lowest acceptable

offer minus 0.5.

Note that in order to calculate α, offers above 5 do not need to be taken into account since this

constitutes advantageous inequality.

Individuals who did not accept all offers below (5, 5) are assumed to have a maximal aversion against

disadvantageous inequality which is α = 4.5. On the other hand, subjects who accepted any offer, do

not seem to have a preference for equality and hence α = 0.

Any individual with inconsistent preferences, is ruled out from the analysis. This applies to individuals

who accept an unequal distribution but reject another distribution with less inequality and higher payoff

for themselves.
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B.2.2 Advantageous inequality

Similarly, β is estimated to measure the refusal of advantageous inequality. We use the switching point

of the MDG (figure B.2). In the MDG, subjects have to make eleven decisions between two payoff

distributions. In each of the eleven choices, they have to decide between an unequal distribution where

they receive 10 and their partner receives 0 and an equal split ranging from (0, 0) in the first decision

to (10, 10) in the last decision.

Figure B.2: Screenshot of the modified Dictator Game.

In this setting, participants are assigned to the role of player A. The switching point sA, where they are

indifferent between an equal split e.g., (6, 6) and the payoff allocation (10, 0) yields the guilt parameter

β. At this point utility from equation (3) reads as UA = 10 − β(10 − 0) = sA and thus β = 1 − sA
10 .

Again, the switching point is the lowest egalitarian allocation accepted minus 0.5.

Individuals who always chose the equal split are assigned the maximum guilt parameter β = 1, while

individuals who always prefer (10, 0) have β = 0 since they do not show any concern for their partner’s

outcome.

Furthermore, any individual with inconsistent preferences was excluded from the analysis. In this case

this corresponds to individuals that prefer an egalitarian outcome πA = πB over (10, 0) but prefer

(10, 0) over another equal offer with higher payoffs.
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C Overview experiment

Table C.1: Overview on experimental setting in session 1-3.

Intro baseline certain certain

Rounds 4 18 4 4

Wages rW ∈ [0, 100]

rC ∈ [0, 100]

rW ∈ [0, 100]

rC ∈ [0, 100]

rW ∈ [0, 100]

rC ∈ [0, 100]

rW ∈ [0, 100]

rC ∈ [0, 100]

Effort eW ∈ [1, 10]

eC ∈ [1, 10]

eW ∈ [1, 10]

eC = 4

eW ∈ [1, 10]

eC = 4

eW ∈ [1, 10]

eC = 4

Treatment BOTH BOTH

OWNWAGE

COWORKER

OWNWAGE BOTH

Treatments

played

with certainty

yes no yes yes

BOTH : employees observe both wages

OWNWAGE : employees observe their own wages

COWORKER: employees observe coworker’s wages
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Table C.2: Overview on experimental setting in session 4-13.

Intro baseline certain certain

Rounds 1 18 6 6

Wages rW ∈ [0, 100]

rC ∈ [0, 100]

rW ∈ [0, 100]

rC ∈ [0, 100]

rW ∈ [10, 40, 60]

(exogenous)

rC ∈ [0, 100]

rW ∈ [10, 40, 60]

(exogenous)

rC ∈ [0, 100]

Effort Strategy method

eW ∈ [1, 10]

eC ∈ [1, 10]

eW ∈ [1, 10]

eC = 4

eW ∈ [1, 10]

eC = 4

eW ∈ [1, 10]

eC = 4

Treatment OWNWAGE BOTH

OWNWAGE

COWORKER

OWNWAGE BOTH

Treatments

played

with certainty

yes no yes yes

BOTH : employees observe both wages

OWNWAGE : employees observe their own wages

COWORKER: employees observe coworker’s wages

Note: The order of the treatments baseline and certain varied between sessions.
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