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Abstract

When unemployment prevails, relations with a particular firm are valuable for workers.
As a consequence, a worker may adhere to an implicit agreement to provide high effort,
even when performance is not third-party enforceable. But can implicit agreements — or
relational contracts — also motivate high worker performance when the labor market is
tight? We examine this question by implementing an experimental market in which
there is an excess demand for labor and the performance of workers is not third-party
enforceable. We show that relational contracts emerge in which firms reward
performing workers with wages that exceed the going market rate. This motivates
workers to provide high effort, even though they could shirk and switch firms. Our
results thus suggest that unemployment is not a necessary device to motivate workers.
We also discuss how market conditions affect relational contracting by comparing
identical labor markets with excess supply and excess demand for labor. Long-term
relationships turn out to be less frequent when there is excess demand for labor
compared to a market characterized by unemployment. Surprisingly though, this does
not compromise market performance.
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1. Introduction

Firms and workers often rely on relational contracts which specify mutual
obligations in implicit, non-verifiable agreements (Williamson 1975; MacLeod, 2000;
Baker et. al., 2002). The widespread use of implicit agreements is arguably due to the
fact that complete, explicit labor contracts are costly to design and enforce. Relational
contracts need to be self-enforcing, in the sense that both firms and workers voluntarily
adhere to their obligations. This can only be achieved, however, if the future value of
the relationship is sufficiently high for both parties (Bull, 1987). Obviously, the value of
a particular employment relationship to the firm or worker will depend on labor market
conditions. In a market characterized by high unemployment, a worker who has a job is
disciplined not to shirk, as shirking would certainly jeopardize his or her future
employment prospects (Shapiro and Stiglitz, 1984; for empirical support, see Brown et
al. 2004). If, however, there is full employment, a worker may be more tempted to
shirk, as he can always switch to another firm, should he be caught.

In this paper we empirically examine the emergence and effectiveness of relational
contracts under full employment. The main question we address is whether
unemployment as a disciplining device is a necessary precondition for relational
contracting or whether relational contracts form even in the absence of unemployment.
Labor market models suggest that relational contracts can sustain high performance of
workers independent of market conditions. MacLeod and Malcolmson (1998) show that
implicit agreements between firms and employees can be sustained in a market with
unemployment or full employment. They show that it is merely the nature of relational
contracts that changes with market conditions: As proposed by Shapiro and Stiglitz
(1984), relational contracts are characterized by simple rents, i.e. efficiency wages,
when workers are threatened by unemployment. In contrast, under full employment,
firms must offer relation-specific quasi-rents to workers in order to motivate high
performance. In MacLeod and Malcolmson (1998) post-effort bonus payments generate
such quasi-rents within a relationship. Indeed, from a theoretical point of view, any
remuneration package, which offers deferred payments, such as “seniority wages”
(Lazear, 1982) or explicit “bonding” (Carmichael, 1985) can sustain an implicit
agreement under full employment. Quasi rents are not restricted to the payment of
deferred compensation, however. Relational contracts without deferred payments can

motivate effort under high demand for agents, as long as they generate “insider”
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information for principals. Boot and Thakor (1994), e.g., show that banking
relationships in which a bank offers below-market interest rates to well performing
borrowers can motivate high effort from borrowers even if alternative spot-market
financing is available. It 1s profitable for banks to offer below-market interest rates,
because information on prior behavior gives them superior information on the quality of
a borrower.

So far there is little evidence to support the conjecture that self-enforcing relational
contracts can be maintained under full-employment. In this paper, we therefore report
evidence on an experimental labor market in which effort is not third-party enforceable
and which is characterized by an excess demand for workers. First of all, we find that
effective relational contracts do emerge under full employment. In line with the above-
mentioned theories, these relational contracts are based on the payment of quasi rents.
These quasi rents accrue because firms reward well performing workers with wages that
exceed those offered by “outside” firms. In other words, incumbent firms pay wages
that exceed the going market rate, thus creating an incentive to provide high effort, for
workers who could shirk and switch firms at any time. A potential explanation for why
“outside” firms offer lower wages than a worker’s current firm is based on the belief
that workers who switch firms are more likely to provide low effort. In the results
section we show in fact that incumbent firms expect higher effort than outside firms:
After a contract was accepted, and before the worker chose his actual level of effort, we
asked each firm what level of effort they expected from the worker. It turns out that
expected effort is positively correlated with relationship duration, i.e., a relationship
with a particular worker raises firms’ expectations regarding worker behavior
significantly, allowing them to offer better contract terms. Of course, high wage offers
by incumbent firms only motivate money-maximizing workers if these offers are
contingent on a worker’s past performance. Our data suggests that this is indeed the
case. The probability that a worker receives a high-wage offer by his incumbent firm in
a given period depends strongly positively on his effort in the previous period. In
particular, a worker who performs the maximum effort can almost be certain to receive
a high-wage offer in the next period. Summarizing our main results we find that outside
firms offer relatively low wages, inducing workers to fulfill the contracts of their current
firms. Workers correctly anticipate that contract renewals, and thus future wages, are
contingent on performance. As a consequence relations with well performing agents

form and efficiency is relatively high.



Additional to our main treatment we ran two control treatments. The first implements
the same labor market as before but with third-party enforceable contracts. Since
contract enforcement is not an issue in this market we can use this market as a
benchmark to compare the wage offer policies and the frequency of long-term relations
in our main treatment. It turns out that while in our main treatment incumbent firms pay
higher wages than “outside” firms this is not the case in the market with third-party
enforceable contacts. Moreover, relations are much more frequent in our main treatment
than in the control treatment where relational contracting is possible as well. This
allows us to causally establish that relationships are formed to solve contracting
problems and not for other reasons, such as, e.g., convenience on the part of firms and
workers. Our second control treatment is identical to our main treatment with the
important difference that relational contracting is ruled out by design. Comparing this
control treatment with our main treatment allows us to show that effort provision in our
main treatment in fact reflects the presence of relational contracting. Effort levels in our
main treatment are much higher, showing that relational contracting improves market
performance substantially. Moreover, For example, while efforts sharply decrease
towards the end of the experiment in our main treatment there is no such end-game
effect in the control treatment.

The fact that (in our main treatment) relational contracting works well even in the
absence of unemployment as a disciplining device does not imply that relational
contracting is independent of market conditions and identical to a situation with
unemployment. To shed light on the differences between relational contracting with
excess demand vs. excess supply of workers we compare market outcomes in our
experiment to that of Brown et al. (2004), where we implemented an identical labor
market with exogenous unemployment. This allows a causal interpretation of the
differences in relational contracting depending on market conditions. Several important
differences can be observed: While relational contracts do emerge under full
employment, we find that high-performing long-term employment relationships are less
frequent than in the labor market with exogenous unemployment. In the presence of
exogenous unemployment workers rarely terminate a relation and switch to another
firm. This happens more often in the absence of unemployment. However, the lower
number of relationships under full employment does not reduce aggregate market
performance compared to markets with exogenous unemployment. This can be
reconciled with higher wages in markets with excess demand for labor and reciprocal
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effort decisions on the part of workers. Wage differences across market conditions,
however, are relatively small suggesting that relational contracting favors wage
rigidities.

Several empirical studies in recent years have analyzed the role of deferred
compensation or quasi rents for self-enforcing relational contracts. Studies of wage
profiles within firms show that deferred payment schemes are frequent, and that these
cannot be simply explained by productivity gains (Medoff and Abraham, 1980, Flabbi
and Ichino, 2001; Dohmen, 2004). While these studies suggest that deferred payments
are offered in order to provide incentives to workers, the used data sets typically do not
allow identifying the relative importance of incentives versus a human capital
explanation. Moreover, these studies do not analyze how the prevalence of deferred
payments varies with competitive conditions in the labor market. Examining payment
schemes of young workers in the US, MacLeod and Parent (2000) show that,
controlling for job characteristics, bonus payments are more frequent in countries where
the labor market is tight. Their data, however, cannot distinguish discretionary bonus
payments from explicitly guaranteed ones. It is therefore unclear whether the observed
bonus payments are actually components of relational contracts. Huck et al. (2004)
provide experimental evidence that deferred compensation increases worker effort.
However, in their experiment, firms and workers are randomly matched on a one-to-one
basis. This means they cannot relate quasi rents to relational contracting or study how
the prevalence and impact of quasi rents is related to labor market conditions.

Evidence on job tenure across business cycles suggests that employment relations
may be more difficult to sustain when the labor market is tight. Examining data from 16
industrialized countries, Auer and Cazes (2000) find that job tenure drops when
economic growth leads to high demand for labor. Moreover, examining worker-flow
data from the United States, Bleakley et al. (1999) show that workers’ switching
behavior is responsible for this breakdown of long-term employment relationships.
They find that there are significantly more voluntary quits by workers during
expansionary periods of the business cycle than during recessions. However, these
studies can hardly identify whether long-term employment is a result of relational
contracts between firms and workers, specific human capital investment, or switching
costs in the labor market. As a result, the fact that many employment relationships
appear to collapse under full employment does not imply that it is implicit agreements

that are falling apart.



The paper is organized as follows. We present our experimental design in the next
section. In Section 3 we discuss our behavioral predictions. In Section 4 we present and
interpret our results on the emergence of relational contracts under full employment. In
Section 5 we compare the frequency and enforcement power of relational contracts

under full employment to that under exogenous unemployment. Section 6 concludes.

2. Experimental design

The experiment lasts 15 trading periods and each trading period has two stages: At
stage 1, firms make contract offers [w, €] to workers, which specify a non-contingent
wage w and a desired effort €. At the second stage, the actual performance of the worker
e is determined. In addition, we ask each firm what level of effort they expect from the
worker before they know the actually chosen level of effort. The posting and acceptance
of contracts 1s conducted in a continuous auction involving all firms and workers. There
are 10 firms and 7 workers in the market. As a worker can only trade with one firm in

each period, the experiment implements an excess demand for workers.

2.1. The Incomplete Contracts (IC) treatment

In our main treatment, henceforth called the Incomplete Contracts (IC) treatment,
contracts are not exogenously enforced. In this treatment, we allow workers to choose
any feasible effort e, irrespective of the contractually proposed level é. Firms are the
contract makers. A firm can make private or public offers. In the case of a private offer,
the firm specifies the identification number (ID) of the worker with whom it wants to
trade. Only this worker is informed about the offer. In the case of a public offer, all
workers and all other firms are informed about the offer. As a consequence, all workers
can accept a public offer. In a given trading period, firms can make as many private and
public offers as they want to. As soon as a worker has accepted one of the offers, the
firm which has made the offer is matched with this worker and informed of the ID of
the worker. Each firm can hire one worker at most, and each worker can accept only one
wage offer. Once an offer has been accepted, all of the firm’s other outstanding offers
are immediately removed from the market. At all times during a trading period, firms
are informed about the workers still remaining in the market. This is done to prevent

private offers to workers who have already concluded a contract.



In the IC treatment, firms and workers have the possibility of trading repeatedly with
each other. Technically, repeated transactions with the same trading partner are possible
because subjects have fixed IDs throughout the experiment. Therefore, a firm can make
offers to the same worker (same ID) in consecutive periods and, if the worker accepts

the offers, a long-term relationship is established.

The material payoff of a firm per period is given by:

10:e-w ,if a contract is concluded

;r(w,e):{

0 ,1f no contract is concluded

Likewise, the material payoff of a worker is given by:

{w-c(e) ,if a contract is concluded
v(w,e) =

5 ,1f no contract is concluded

where c¢(e) denotes the cost of supplying effort e.

The set of feasible effort and wage levels is given by e € [1,2,.,10] and w «
[1,...,100], respectively. The cost schedule for workers c(e) is displayed in Table 1.

This shows that ¢(e) is strictly increasing and exhibits increasing marginal costs.
Insert Table 1 here

Payoff functions, the number of firms and workers, the cost of effort, and the fact
that there were 15 trading periods is common knowledge. At the end of each trading
period, each participant is informed about the contract [w,é] he or she has concluded,
the performed effort level, e, their own payoff, the payoff of the trading partner and the
ID of the trading partner. Participants then write this information on a separate sheet of

paper to ensure that they are always fully informed about their own trading history.

2.2, Control treatments
In addition to the IC treatment we study two control treatments. In the Complete
Contracts (C) treatment the proposed effort é of the firm is exogenously enforced.

Thus, if a worker accepts a contract [w,é] at stage 1 of a period, then at stage 2 he is



forced to perform e = &. Otherwise all procedures and parameters are identical to those
in the IC treatment. In particular, all participants have fixed IDs so that a firm can
establish a relationship with a particular worker (and vice versa). This control treatment
generates benchmark results for the frequency of long-term relationships and for firms’
contract offers when contracts are third-party enforceable.

Our second control treatment is called Incomplete Contracts Random ID (ICR)
treatment. As in our main IC treatment, effort is not enforceable in this treatment.
Different to the IC treatment, however, information conditions prevent firms and
workers from establishing relationships. This is realized by randomly assigning IDs to
participants in each period (both firms and workers). Participants are therefore unable to
identify who they have traded with in the past and thus they cannot deliberately
maintain relationships. This control treatment provides benchmark results on wages and
effort performance when contracts are not third-party enforceable and relational

contracts are not feasible.

2.3. Procedures

The experimental instructions were framed in a neutral goods market language, to
avoid behavior based on participants’ preconceptions about how the labor market
works. Firms were called “buyers” and their contract offers were framed as “price
offers” for a “desired quality”. Workers were called “sellers” and their actual effort
choice was framed as “actual quality”.

The experiment was conducted using the “z-tree” software (Fischbacher, 2007). Prior
to the 15 trading periods, participants completed two practice periods in order to get
accustomed to the computer environment. In both practice periods, subjects only went
through the first (bidding) stage of the experiment and no money could be earned during
these periods.

We conducted five sessions of each treatment and thus a total of 15 sessions.
Subjects were students from the University of Zurich and the ETH Zurich. No subject
participated in more than one session, so that in total 255 subjects (17 in each session)
participated in the experiment. On average, a session lasted 120 minutes and each
subject earned roughly CHF 60 (1 Euro = CHF 1.4673, $US 1 = CHF 1.4651; at the

time the experiments were conducted).



3. Behavioral predictions

All participants were informed that each session of our experiment would last
exactly 15 periods. As a consequence, our three treatments constitute repeated games of
finite length. In this section, we generate behavioral predictions for the three treatments,
first assuming common knowledge of money maximizing behavior. We then derive

predictions assuming incomplete information about workers’ types.

3.1. Money-maximizing behavior of all participants

Assuming common knowledge of money-maximizing behavior, outcomes in our IC
and ICR treatments are predicted to be inefficient. If workers are money-maximizing
and effort is not enforceable, firms will anticipate that all workers will perform the
minimal effort level e=1 in period 15, no matter what the history of the experiment.
Competing for workers, firms will bid each other up to the highest wage, which gives
them a non-negative profit, anticipating that e=1. Firms will therefore offer a contract
[w,é]=[10,1] in period 15. By backward induction, firms will offer the same contract in
periods 1 through 14 and workers’ performance will always be minimal.

These predictions for the IC and ICR treatments are in strong contrast to the C
treatment where contracts are enforceable and thus (value-maximizing) full
performance can be implemented. With common knowledge of money-maximizing
behavior, firms in the C treatment will offer the contract which is most preferred by
selfish workers. As the maximum effort e=10 leads to the highest surplus, firms will
offer contracts which demand the maximum effort and a wage that ensures that workers
reap the entire gains from trade.! Thus with common knowledge of selfishness and

rationality the equilibrium contract in each period of the C treatment is [w,€]=[100,10].

3.2. Non identifiable “fair” workers

Common knowledge of money-maximizing behavior among participants is
questionable in our experiment. Experimental studies find that fairness concerns
motivate the behavior of some subjects in gift-exchange games similar to that

implemented in this experiment (Fehr et al., 1993; Fehr and Falk, 1999; Brown et al.,

! Since the marginal cost of effort is at most 3, while the marginal revenue of effort for the firm is always
10, the efficient effort level is given by e = 10. Maximum earnings firms and workers can share from a

single trade are 10*10-18=82. As firms have no outside option, while workers have an outside option of
5, the maximum gains from trade are 82-5=77.



2004) as well as in a wider range of economic settings (see e.g. Camerer, 2003). The
importance of fairness motives in experiments is mirrored by worker behavior in the
labor market. Interview studies with human resources managers suggest that the
performance of workers is strongly affected by the fairness of their remuneration
(Bewley, 1995; Blinder and Choi, 1990). Akerlof and Yellen (1990) provide a
theoretical model in which workers’ effort choice is dependent on the perceived fairness
of their wages. More recently, social preferences have been integrated into general
models of economic behavior (see, e.g., Fehr and Schmidt, 1999 or Falk and
Fischbacher, 2006).

In the Appendix we offer behavioral predictions for our experiment, assuming that
effort of some (non-identifiable) workers depends on the perceived fairness of wage
offers. We apply a simplified version of the Fehr and Schmidt (1999) model in which
individuals are assumed to be inequity-averse. More precisely, we assume that there is a
share p of fair workers who adhere to a contract [w,é] if and only if it offers them at
least a fair share of earnings: w-c(é¢)> gé-w. If the contract does not offer them an equal
split of earnings, fair workers just maximize their monetary payoffs. We assume that the
remaining share /-p of workers maximize their monetary payoff.”

In the Appendix (Proposition Al), we show that, in the ICR treatment, firms can
profitably offer non-minimal contracts [w >/0, € >1] only if there is a minimum share
of fair-minded workers in the market (p >.2). As participants are randomly assigned an
ID at the beginning of every period, and they do not receive any information on the
prior behavior of workers, the ICR essentially implements a series of one-shot
transactions. In a one-period game a selfish worker will shirk, no matter what contract
the firm offers. A fair worker will, however, adhere to the contract as long as the
contract terms are fair. The presence of fair workers who provide the desired effort can
therefore compensate for the potential loss from a selfish worker, as long as there are
sufficiently many fair workers.

Under the assumption that some (non-identifiable) workers are fair, our IC
treatment constitutes a repeated game of incomplete information. In such games,
reputation concerns can motivate money-maximizing agents to imitate the behavior of
non-money maximizing agents even if the horizon is finite (see Kreps et al., 1982 and

Gachter and Falk, 2002). In the Appendix, we show that such reputation equilibria exist

? Brown (2004) analyzes our experiment applying the more general model of Fehr and Schmidt (1999).
He replicates the qualitative findings derived in our Appendix.



for our IC treatment in which money-maximizing workers imitate the behavior of fair
workers by exerting high effort. In Proposition A2 of the Appendix, we derive a perfect
Bayesian equilibrium in which incumbent firms in the IC treatment offer quasi-rents
that are sufficient to motivate maximum effort from money-maximizing workers in all
non-final periods. In this equilibrium, wages promised by incumbent firms exceed those
of “outside” firms by more than the cost of desired effort ¢(é). Outside firms offer lower
wages than incumbent firms because they believe that only money-maximizing workers
will switch jobs. As outside firms offer low wages, money-maximizing workers will
fulfill the contracts of their current firms if they expect that contract renewals, and thus
future wages, are contingent on performance. In return, given that all workers adhere to
contracts demanding maximum effort levels, it is profitable for incumbent firms to offer
surplus-sharing wages. As the reputation of each worker is known only to his current
employer, the self-enforcing agreement described here predicts long-term relationships
between firms and workers. Further, as there is nothing to be gained for a money-
maximizing worker from adhering to a contract in the final period, these workers will
shirk in period 15. We therefore predict an “end-game” effect in the IC treatment,
characterized by a drop in average effort provision by workers to the level of effort in
the ICR treatment.

It is important to note that the “pooling” equilibrium described above is of course not
unique. Further equilibria exist in which money-maximizing workers partially imitate
the behavior of fair workers, or even shirk completely. Given the excess demand for
labor, full provision of effort by money-maximizing workers in all non-final periods can
only be sustained if the beliefs of outside firms induce them to offer lower wages than
their current firms. Thus although full-imitating behavior by money-maximizing
workers is feasible in our IC treatment, intuitively it would seem much more difficult to
sustain than in a labor market where unemployment prevails.

The presence of some fair workers does not change the predictions for our C
treatment. In this treatment, effort is third-party enforceable so that maximum effort is
implemented even if all workers are money-maximizers. This will also be the case with
some fair workers. Note further, that effort provision in the C treatment is not dependent
on the formation of relationships. As a consequence we predict fewer long-term
relationships in the C treatment than in the IC treatment.

Summing up, we predict three main qualitative outcomes for our experiment, in the
presence of some (unidentifiable) fair workers. First, in the IC treatment, wages offered
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by incumbent firms are higher than those available to workers in the public market.
Contract renewals with high wage offers are, however, contingent on a worker’s past
performance. Second, aggregate performance in the IC treatment is higher than in the
ICR treatment, as money-maximizing workers perform non-minimally out of reputation
concerns in the IC treatment, while only fair workers perform in the ICR. Third, the
duration of labor relationships is longer in the IC than in the C treatment. In the C
treatment, relationships are not necessary to maintain high effort and result only out of
convenience or coincidence. In the IC treatment, firms and workers establish and
maintain relationships strategically, in order to overcome the non-contractibility of

effort.

4. Relational contracts under full employment

4.1. Firms’ wage and employment policies

Our predictions suggest that, in the IC treatment, firms can motivate money-
maximizing workers to perform high effort if they reward well performing workers with
better future wages than they can expect from outside firms. Figure 1 shows that this is
the case. Private wage offers from incumbent firms are substantially higher than those
offered on the public market. As firms typically make several offers in each period,’ we
consider the highest public wage offered by each firm as well as the highest private
wage offered by each firm to its current worker. The figure reports the mean of these

highest “public” wages and highest “repeat” wages across firms by period.

Insert Figure 1 here

In the IC treatment, wages in the public market fluctuate at around 40, while repeat
offers from incumbent firms rise from under 50 in period 2 to 60 in period 13. The
difference between “repeat” and “public” wages therefore increases from 3.8 in period 2
to more than 20 from period 11 onwards. Wages in relationships must exceed the public
market level by the cost of desired effort ¢(€), in order to motivate money-maximizing

workers to perform in the IC treatment. Aggregated over all periods, the difference

* In the IC treatment, firms made an average of 4.6 offers each per period.
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between repeat and public wages is 14.6. This difference suggests that on average
money-maximizing workers have sufficient incentives to provide very high levels of
effort in the IC treatment, Remember that, for effort levels e = 8,9,10, the cost of effort
1s 12, 15 and 18 respectively.

A multiple regression analysis confirms that the difference between repeat and public
wages in the IC treatment is statistically significant. We pool the maximum public and
repeat wage offers of each firm for each period of the IC treatment. We then regress
these wages on a dummy variable, “Repeat offer”, which is 1 for repeat offers and 0 for
public offers, controlling for the period in which an offer was made. Column (1) of
Table 2 reports the results of this regression, showing that the coefficient of “Repeat
offer” is positive and significant at the 1 percent level. All results are based on robust
standard errors adjusted for clustering on sessions.

Implicit agreements between firms and workers may explain higher wage offers by
incumbent firms in the IC treatment. However, this could also be the result of a simple
selection effect: As workers always accept the highest available wages, firms that
manage to trade (and thus, by definition, manage to offer a repeat contract) are those
that offer the highest wages. If this selection effect explains higher “repeat” wages, we
should see an identical pattern in the C treatment, where contracts are enforceable. As
Figure 1 shows, however, there is no difference between public and repeat wages in the
C treatment at all. The figure thus suggests that it is the non-enforceability of contracts,
which gives rise to the higher wages paid by incumbent firms in the IC treatment. This
result is supported by a regression similar to that in column 1 in Table 2 using data of
the C treatment. The respective coefficient of “Repeat offer” is insignificant (p = 0.368).

We predicted that outside firms in the IC treatment offer lower wages than
incumbent firms because they expect that workers who switch are less likely to be fair-
minded and will therefore provide lower effort. Our data shows that incumbent firms do
indeed expect higher effort than outside firms. After a contract was accepted, and before
the worker chose his actual level of effort, we asked each firm what level of effort they
expected from the worker. A regression analysis shows that this expected effort is
positively correlated with relationship duration after controlling for the wage offered by
the firm. We conduct a linear regression analysis, in which “Expected effort” is related
to the duration of the relationship between the particular firm and worker, controlling
for the wage offered by the firm and the period in which the offer is made.
“Relationship duration” is measured by the number of periods of consecutive trades

12



between firm and worker, prior to the period in question. Column (2) of Table 2 reports
the results of this analysis, and displays a positive and significant coefficient of
“Relationship duration” on “Expected effort”. This result suggests that controlling for
wage payments, a relationship with a particular worker raises firms’ expectations
regarding worker behavior significantly, allowing them to make better wage offers.
These expectations are largely justified in light of actual effort choices of switchers vs.
non-switchers. Median effort of workers who break up a relation and switch to a new
firm is 5 while median effort for workers who continue staying with their firm amounts
to 9. We also find that for a given wage offer, switchers provide significantly lower
effort levels than non-switchers.”

Of course, high wage offers by incumbent firms motivate money-maximizing
workers in the IC treatment only if these offers are contingent on a worker’s past
performance. Our data shows that this is indeed the case. The probability that a worker
receives a high-wage repeat contract in period 7 depends strongly positively on his effort
in period 7-1. In accordance with Figure 1, we define a high-wage contract as one in
which the wage exceeds the mean of the best public wage offers across firms in that
period. Our data shows that if a worker’s effort level is less than 5 in period -/, then his
probability of getting a high-wage repeat offer is below 10 percent. For effort levels of 5
and 6 this probability rises to roughly 30 percent. For effort levels of 7, 8, 9 and 10, the
probabilities are 62 percent, 70 percent, 82 percent and 90 percent, respectively. Thus, a
worker who performs the maximum effort is virtually assured of receiving a high-wage

offer.

Insert Table 2 here

A regression analysis confirms that firms practice a performance-contingent policy
of offering high wages only to those workers who performed well in the past. Column 3
of Table 2 reports the results of a Probit analysis in which the probability of a high-
wage contract renewal is related to a worker’s previous performance. The dependent
variable is a dummy variable, which takes value 1 if a firm offers a private contract to
its incumbent worker in period / with a wage, which exceeds the average level in the

public market. We regress this dummy variable on the effort of the worker in the prior

" Regression results are available on request.
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period, controlling for the period of the experiment and the length of the ongoing
relationship between the firm and the worker (prior to period 7). We include the
previous length of the relationship as an explanatory variable, as firms may be more
likely to hold on to a worker they have known for longer, even if he or she did not
perform well in the prior period. We include the period of the experiment as an
explanatory variable, as firms may be more inclined to hold on to a worker later in the
experiment if they expect that more and more “fair” workers will be committed to
relationships over the course of the experiment. This analysis yields a significant and
positive coefficient of “Effort in prior period” with regard to the probability of a firm

offering a high wage repeat contract. We summarize these findings in our first result:

Result 1: In the IC treatment firms expect higher efforts by incumbent workers than
by switchers. Firms reward well performing incumbent workers with wages that

exceed those offered by “outside” firms on the public market.

4.2. Workers’ effort

The performance-contingent wage and employment policy of firms may motivate
money-maximizing workers in the IC treatment to provide high effort. As a result, effort
levels in the IC treatment should exceed those in the ICR treatment, where only fair-
mined workers perform non-minimal effort. We now examine whether this is the case

by comparing performance in the IC treatment to that in the ICR treatment.’

Insert Figure 2 here

Figure 2 compares the distribution of effort levels in the IC and ICR treatments. The
figure shows that maximum effort is the most frequent level of effort in the IC
treatment, with workers performing at e = 10 in more than 30 percent of all trades.
Moreover, roughly 60 percent of all trades in the IC treatment are characterized by an
effort level of e >7. Remarkably, workers perform at minimal levels of effort, i.e.,e =1,
in only 15 percent of all trades (including final period effort choices), despite the fact

that the high demand for labor assures them a future contract even if they shirk. As a

3 In both treatments almost the maximum number of trades was realized. In the IC treatment 520 of 525
possible trades were realized, while in the ICR 523 trades were realized.
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result, the mean level of effort in the IC treatment is 6.7. In contrast to this, the
maximum level of effort, ¢ = 10, occurs in only 7 percent of trades in the ICR treatment.
The most frequent effort level in the ICR is e = 5, which occurs in 21 percent of all
trades. The mean level of effort in this treatment is 4.9. A Mann-Whitney test
comparing the ten session averages confirms that performance in the IC treatment is
significantly higher than in the ICR treatment (p<.028, one sided).

In Table 3 we present a detailed regression analysis on the details of effort provision
in the IC and ICR treatments. Columns 1 and 2 examine effort choices in the IC
treatment. Columns 3 and 4 display an identical analysis of effort provision in the ICR
treatment. The dependent variable in each regression is the actual effort of workers e. If
some workers are fair in our sessions, we should find a positive coefficient for the
“Wage” variable in both treatments. We also control for the phase of the experiment in
which effort provision takes place. We do this by including the dummy variable “Final
periods”, which is 1 if a trade took place in period 11 or later and 0 otherwise. We do
not expect time effects on effort in the ICR treatment, as this is essentially a series of
one-shot games. By contrast, we expect time, i.e., the shadow of the future, to affect
effort in the IC treatment, as reputation incentives for money-maximizing workers wear
off towards the end of the experiment. We therefore predict a negative coefficient for
“Final periods” in the IC treatment, while the coefficient should be insignificant in the
ICR. Remember that we only expect high effort from money-maximizing workers in the
IC treatment if a worker is in a relationship, which offers him better conditions than he
can obtain from other firms. To capture the incentive effect of relationships in the IC
treatment, we include the dummy variable “Private” in regressions (1) and (3). This
variable 1s 1 if the contract offer was private and thus signaled the willingness of a firm
to engage in a relationship with a particular worker. However, private offers may be
viewed by some workers as a nice gesture, and thus lead to higher effort out of pure
fairness or loyalty motives. In this case we would predict that private offers have an
identical effect on effort in the IC and ICR treatments. If, in addition, private offers
signal valuable future relationships in the IC treatment and thus create incentive effects
for money-maximizing workers, we would expect that “Private” has a stronger effect in
the IC than in the ICR. In regression (2), we examine our prediction that wages, which
exceed public market wages are crucial to motivating performance in the IC treatment.
We do this by including the dummy variable “Above public wage”, which is 1 only if
the wage exceeded the average wage paid in the public market. If wages above market
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level have an incentive effect in the IC treatment, we should obtain a positive
coefficient for this variable in column (2). Of course, if public wages serve as a
reference level for fair wages, we might also expect a positive impact from “Above
public wage” in the ICR treatment. However, due to additional incentive effects in the
IC treatment, we expect the coefficient of “Above public wage” to be higher in column

(2) than in column (4).

Insert Table 3 here

The results presented in Table 3 confirm our main predictions. In all columns, the
coefficient for “Wage” is positive, confirming the presence of some fair workers in our
experiment. Moreover, in columns (1) and (2), the negative coefficients for “Final
periods” confirm the presence of reputation incentives in the IC treatment. In contrast,
the insignificant coefficients for “Final periods” in columns (3) and (4) show that there
is no significant time effect with respect to effort in the ICR treatment. Comparing the
coefficients for “Private” in columns (1) and (3), we see that private offers have only a
weak effect in the ICR, but a strong positive effect in the IC treatment (both in terms of
size and significance of the coefficient). A pooled analysis of effort in the IC and ICR
treatments, displayed in column (5) of the table shows that the difference in impact of
private offers is statistically significant. This result suggests that private offers signal
valuable relationships in the IC treatment and thus create reputation incentives for
money-maximizing workers to perform well. Comparing the coefficients for “Above
public wage” in columns (2) and (4), we further see that contract offers with above
market wages have a positive effect on effort in the IC treatment, but no effect in the
ICR treatment. A pooled analysis of effort in the IC and ICR treatments, displayed in
column (6) of the Table shows that the difference in impact of wages above the public
market level is statistically significant. This result suggests that wages above market
levels do provide incentives for (money-maximizing) workers to perform out of
reputation concerns in the IC treatment. We summarize our findings on the determinants

of effort in our next result:

Result 2: Effort provision in the IC treatment reflects the presence of reputational
concerns and relational contracting: First, effort is significantly higher in the IC
than the ICR treatment. Second, effort decreases in the final periods of the IC
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treatment but not in the ICR treatment. Third, in comparison to the ICR treatment,
effort in the IC treatment depends much more strongly on private offers as well as

wages, which exceed public market wages.

4.3. Relationships and market performance

Our results so far suggest that firms and workers manage to initiate relational
contracts in the IC treatment. We should therefore observe repeated transactions
between particular firms and workers in this treatment. Table 4 shows the proportion of
relationships renewed in the IC treatment, by period. The table shows that the frequency
of contract renewal rises from 26 percent in period 2 to more than 45 percent in period
11. Aggregated over all periods, relationships are continued in 38 percent of all possible
instances in the IC treatment. The table also shows that contract renewals are much
more frequent in the IC than in the C treatment. In the C treatment, the proportion of
contract renewals is about 10 percent throughout the whole experiment. We argued
above that contract renewals in both treatments may be a matter of pure convenience on
the part of both firms and workers. However, in this case, we should see similar rates of
renewals in the IC and C treatments. The fact that there are more contract renewals in
the IC than in the C suggests that the objective to overcome contracting problems is the
motivation for repeated interaction in the IC treatment. A one-sided Mann-Whitney test
on session averages confirms the fact that contract renewals are significantly more

frequent in the IC than in the C treatment (p<.004, one-sided).

Insert Table 4 here

If long-term relationships are the result of successful and effective implicit
agreements, we should also find that, in the IC treatment, effort levels and thus gains
from trade are higher in long relationships than in short ones. Remember that the
maximum effort level, e=10, results in total gains from trade of 77 points in our
experiment.

One-shot transactions in the IC treatment generate average gains from trade of 39
points per period and thus just 51 percent of potential gains from trade. Medium-term
relationships (2-10 periods) generate earnings of more than 67 points and thus roughly

87 percent of potential gains from trade per transaction. The longest relationships (11-
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15 periods), in comparison, yield average earnings of 76 points, i.e., 99 percent of
possible gains from trade. A regression analysis confirms that gains from trade are
positively related to the duration of a relationship in the IC treatment. We regress the
gains from trade yielded per transaction on the final duration of the relationship between
the firm and worker (measured in periods) and the period in which a transaction took
place. Applying robust standard errors and clustering on sessions, we yield a coefficient

of 3.5 (p=.002) for relationship duration.

Result 3: Long-term relationships form to overcome contracting problems. This can
be inferred from the fact that relations are more frequent in the IC treatment than in
the C treatment. Moreover, in the IC treatment, gains from trade in long-term

relations are higher than in shorter-term transactions.

S. Labor market competition and relational contracts

In the previous section, we showed that relational contracts emerge under full
employment, although workers could shirk and switch firms at any time. This, however,
does not mean that the effectiveness of relational contracts is completely unrelated to
labor market conditions. In this section we compare the prevalence and contract
enforcement power of relational contracts under full employment to those under
exogenous unemployment. We do this by comparing the outcome of our experiment to
that in Brown et al. (2004), where we conducted an identical experiment, but with
inverted market conditions. Our former experiment implemented a market with 7 firms
and 10 workers in each period, which are exactly the opposite market conditions to
those in this study. Otherwise all experimental procedures and treatments in Brown et
al. (2004) were identical to those of our current experiment. In the following, we
contrast our IC treatment with the corresponding treatment in our former paper, which
we henceforth call the IC* treatment. We will also briefly talk about the analogue to the
ICR treatment, the ICR* treatment. The latter is exactly identical to the ICR treatment,
except that in the ICR* there was an excess supply of workers just as in the IC*
treatment. Finally, the analogue to our C treatment is C*. In both treatments effort is
third-party enforceable but market conditions are reversed, just as in IC vs. IC*.

In the Appendix, we derive predictions for the IC* treatment and compare them to
those for the IC. We derive that, given an identical share of fair workers p, the same
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level of aggregate effort can be sustained in the IC and IC* treatments (see Propositions
A2 and A3). This is similar to MacLeod and Malcolmson (1998) who show for
infinitely repeated games, that implicit contracts can be equally effective across market
conditions. Our theoretical analysis suggests, first, that long-term relationships may be
just as frequent in the IC* as they are in the IC treatment. Second it suggests that the
aggregate effort level could be identical in the IC and IC* treatments. That said, being
dynamic games of incomplete information, both the IC and IC* treatments have
multiple equilibria. It is therefore an empirical question whether and how labor market
conditions affect the enforcement power of relational contracting. Intuitively one might
expect that is easier for firms to generate reputation incentives for money-maximizing
workers in the IC* than the IC treatment. The reason is that, due to the excess supply of
labor in the IC*, workers have no opportunity to switch firms if they shirk. Thus, while
incumbent firms in the IC treatment must offer better terms than “outside firms”, in the
IC*, treatment simple rents (i.e. efficiency wages) already motivate effort on the part of

money-maximizing workers.®

5.1. Relationships and market conditions

Figure 3 shows that long-term relationships are less frequent in the IC than in the IC*
treatment. The figure displays the frequency of relationships by duration in the IC (full
employment) and IC* (unemployment) treatments. We distinguish between one-shot
transactions (relationship was broken off after only 1 period), short-term relationships
(2-5 periods), medium-term relationships (6-10 periods), and long-term relationships
(11-15 periods). For each trade, we identify the final duration of the relationship in
which it took place. The figure shows the share of all trades which occurred in one-shot,
short-term, medium-term and long-term relationships. In the IC* treatment, over a third
of all trades occur in relationships that lasted more than 10 periods. Moreover, in that
treatment, 45 percent of all trades take place in relationships of more than 5 periods. By
contrast, in the IC treatment only 25 percent of trades occur in relationships of more
than 5 periods, and only 10 percent of all trades take place in relationships that lasted

more than 10 periods. Due to strong variation in relationship duration across sessions, a

¢ Conversely, it is more difficult for firms to commit to a relationship in the IC* where labor is abundant
than in the IC where workers are scarce. In the IC treatment an incumbent firm will strictly prefer to
retain a performing worker, while in the IC* it could be tempted to replace even a high performer with
another freely available worker.



statistical test shows, however, that these differences are only of borderline

significance.”

Insert Figure 3 here

Figure 3 suggests that strong competition for workers in the IC treatment makes it
more difficult to sustain long term employment, as workers are no longer reliant on their
current employer. This conjecture is confirmed by examining the break-up of
relationships in the IC and IC* treatments. A contract renewal requires two decisions in
our experiment. First, the firm has to offer a private contract to its former worker. Then,
the worker has to choose this offer from the available private and public contracts. We
expect that, in the IC treatment, repeat trades fail at the second stage: The break-up of
relationships is due to workers not accepting contract offers made by their current firm.
Summary statistics suggest that this is the case. In both the IC and IC* treatments, firms
offer workers who performed their desired effort a renewed contract in 80 percent of the
cases. In the IC*, however, only 2 percent of these offers are subsequently rejected by
workers. By contrast in the IC treatment 28 percent of renewed contract offers are
rejected. Looking closer at those instances where a worker rejects a renewed contract
offer in the IC treatment we find that in 74 percent of the cases the worker accepted an
outside offer with a wage at least as high as that offered by his current firm. An
interesting finding arises from those cases, where a worker rejects a renewed offer by
his current firm and accepts a lower wage from an outside firm. In 14 of these 16 cases
the current firm had either lowered its wage offer or not increased it, compared to the
prior period. Together, these findings suggest that workers broke off relationships,
where they saw better outside opportunities, or (to a lesser extent) where their current

firm did not meet their wage expectations.
Insert Table 5 here
The analyses presented in Table 5 confirm that relationships in the IC treatment

break down due to worker rather than firm behavior. The table shows regression results

concerning contract renewal behavior of firms and contract acceptance behavior of

"' We group trades in one-shot and short term relationships (<6 periods) and calculate the share of these
trades for each session of the IC and IC* treatment. Using theses shares per session as observations we
conduct a one-sided Mann-Whitney Test, which yields a p-value of .075.
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workers in the IC and IC* treatments. We first regress the probability of a firm offering
a repeat contract to its current worker based on the worker’s effort, the period of the
experiment, and a dummy variable “IC”, which is 1 for trades in the IC treatment. If
firms are equally likely to offer repeat contracts under both market conditions we should
find that the coefficient of “IC” is insignificant in this analysis. Column (1) of the table
reports marginal effect estimates calculated at the sample mean, with standard errors
adjusted for clustering at the session level. In this regression we find that the IC dummy
is insignificant. We then regress the probability of a worker accepting a repeat contract
on the wage offered by the firm, the period of the experiment and the “IC dummy”
(Column (2)). The significantly negative coefficient for the IC dummy, suggests that a
contract offer from the incumbent firm had, on average, a 47 percent lower chance of

being accepted by the worker in the IC treatment than in the IC* treatment.

5.2. Market performance

Given that we observe fewer long-term relationships in the IC treatment, does this
mean that implicit agreements are less powerful, leading to lower aggregate effort
provision than in the IC*? A comparison of labor market performance in the two
treatments suggests that this is not the case. Figure 4 displays the mean level of effort in
the IC and IC* treatments by period.® The figure shows that average effort evolves
almost identically in the IC and IC* treatments, rising from an initial level of about 6 to
roughly 8, and then suffering from an end-game effect which reduces effort to roughly
5. The end-game effect seems to set in somewhat earlier in the IC treatment, where
competition for workers is more intense. This could be interpreted in the sense that,
when workers are not disciplined by unemployment, contract enforcement may be more
difficult. However, on aggregate, market performance in the IC treatment — with an
average effort of 6.7 — is practically identical to that in the IC* treatment (6.9). This is
supported by a two-sided Mann-Whitney Test (p=.421) on session averages suggesting
that market conditions have no effect on market performance when contracts are not

enforceable, and long-term relations are feasible.

Insert Figure 4 here

¥ The maximum number of trades was concluded in almost all sessions. Thus, a comparison of market
performance between the (reatments can concentrate on a comparison of mean effort levels and neglect
potential differences in the frequency of trade.
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The fact that labor market performance is identical in the IC and IC*, although there
are fewer long-term relationships in the IC, is surprising. One potential explanation rests
on different wage levels and reciprocation on the part of workers. We actually find that
the mean wage level in the IC treatment is 54.2, compared to 40.1 in the IC* treatment.
Higher wages are just reflecting stronger competition for labor in the IC treatment.
Given the positive wage-effort relation prevalent in both treatments, higher wages lead
to relatively high efforts in the IC treatment. This interpretation is supported by a
comparison between the ICR and the ICR* treatment. Again reciprocally motivated
workers should respond with higher efforts to the higher wages brought about by
competition for labor. Figure 4 shows in fact that in the ICR treatment effort is higher
than in the ICR* treatment. Mean effort in the former is 4.9 and thus significantly
higher than in the latter, where mean effort amounts to 3.3. This significant difference in
effort levels is explained by higher wage levels in the ICR than in the ICR* treatment.
In the ICR treatment, the mean wage level is 41.6, while it is only 24.3 in the ICR*
treatment.

We have just mentioned that mean wages in the IC treatment are higher than those in
the IC* treatment (54.2, compared to 40.1). These differences reflect stronger
competition for labor in the IC treatment suggesting that wages are flexible despite the
existence of relational contracting. This seems to contradict theoretical models, which
predict that relational contracts may isolate the distribution of surplus from changes in
demand and supply for labor. MacLeod and Malcolmson (1998), e.g., predict that wage
levels will be rigid in markets with relational contracting. To provide an accurate test
whether wages are rigid in our experiment we have to compare the impact of market
conditions on wages in markets with and without relational contracting. In other words,
the differences in wages in markets where effort is third-party enforceable (C and C*)
provide us with a benchmark of wage flexibility. If wages are equally flexible in the
presence of relational contracting (IC and IC*), this would suggest that relational
contracting is not causing wage rigidity. It turns out that wage differences in markets
with enforceable effort are much larger than in markets with relational contracting. The
mean wage in our C treatment with no unemployment is 72.6 while it is 33.3 in the C*

treatment, i.e., in an identical market with unemployment. This difference clearly
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exceeds the difference between the IC and the IC* treatment.” Thus, while wages
respond strongly to market conditions if contracts are enforceable, wages are relatively

rigid in the presence of relational contracting.

Result 4: Under full employment, the frequency of long-term relationships in the
labor market is lower than when unemployment prevails. Labor market performance,
however, is not reduced under full employment. One explanation is that high demand
for labor leads to higher wage levels, which induce higher effort on the part of
reciprocally motivated workers. Finally, wages under relational contracting react
much less to market conditions than markets where effort is third-party enforceable,

suggesting that relational contracting favors wage rigidity.

6. Concluding remarks

In this paper, we examine the emergence and impact of relational contracts under full
employment and compare them to a labor market with exogenous unemployment. We
show that effective implicit agreements do emerge under full employment. Well
performing workers receive higher wage offers from their current firm than from
outside firms. This motivates workers to perform at a high level of effort, rather than to
shirk and switch firms.

Confirming field studies (Bleakely et al., 1999), we find that workers are more likely
to quit their jobs under full employment than when unemployment prevails, leading to
fewer long-term employment relationships. However, our data also shows that shorter
average tenure is not associated with a substantial undermining of relational contracts.
In our experiment, effort levels are very similar across labor market conditions. In line
with labor market models on relational contracting (MacLeod and Malcolmson, 1998)
our results thus suggest that unemployment is not a necessary disciplining device in

labor market segments, which suffer from contracting problems.

’ One might argue, that this comparison does not take account of the differences in effort across
treatments. Note, however, that we get the same result if we compare wages across treatments for
given levels of effort.
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Table 1. Cost of Effort Schedule

Effort
Cost of effort

0

12

9
15

10
18

26



Table 2. Firm Behavior in the IC Treatment

(H (2) 3)
Dependent Variable: Wages Expected effort High-wage
offers
Repeat offer 15.111
[2.253]**+*
Relationship duration 0.309 0.033
[0.047]*** [0.019]*
Wage 0.112
[0.007#%*
Effort in prior period 0.142
[0.014]%%*
Period -0.317 0.013
[0.205] [0.004]%**
Constant 41.463 1.402
[3.776]*** [0.232]*%*
Observations 786 520 484
R-squared 0.18 0.43
Pseudo R-squared 0.43

Column 1 of the table reports OLS estimates of public and repeat wages offered by firms in the
IC treatment. For each firm and period the highest public wage offer and the highest private
wage offer to its current worker are considered. The explanatory variable Repeat offer is a
dummy variable which is 1 only for private offers to the current worker. The explanatory
variable Period is the period of the experiment in which an offer is made. Column 2 reports
OLS estimates of the effort level which firms expect the worker to perform after a contract has
been accepted. The explanatory variable Relationship duration is the number of periods which
the firm and worker contracted with each other prior to the period in question. The explanatory
variable Wage is the wage offered by the firm in the accepted contract. Column 3 reports probit
estimates of the probability that a firm offers its current worker a high-wage contract. The
coefficients reported are marginal effects calculated at the sample means. A high-wage contract
is defined as a contract in which the wage exceeds the average wage paid in accepted public
contracts in that period. The explanatory variable Effort in prior period is the level of effort the
worker performed in the last period. All columns report standard errors in parentheses, which
are adjusted for clustering within sessions. One star indicates that the estimated coefficient is
significantly different from zero at 10% level; two stars at 5%; three stars at 1%.
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Table 3. Worker Effort in the IC and ICR

IC Treatment ICR Treatment IC and ICR Treatments
Dependent Variable: €)) (2) 3) 4) (5) (6)
Wage 0.225 0.262 0.129 0.122 0.166 0.178
[0.031]*** [0,038]*%* [0,024]*** [0.025]*** [0.019]*** [0.022]***
Private 3,728 0472 0.486
[0.729]%** [0.284]* [0.296]
Above public wage 1.191 0.338 -0.237
[0.620]* [0.274] [0.313]
IC -1.784 -0.947
[0.595]%** [0.623]
IC*private 3.228
[0.642]***
IC * Above public wage 2.019
[0.602]%#**
Final periods -1.658 -1.301 -0.221 -0.183 -0.857 -0.703
[0.478])*** [0.466]***  [0.249] [0.247] [0.256]*%**  [0.247]***
Constant -6.606 -7.046 -0.674 -0.398 -2.043 -2.269
[1.741]***% [1.936]*** [0.832] [0.899] [0.696]*%**  [0,83]]***
Observations 520 520 523 523 1043 1043
Waldy 68.84 59.13 52.17 35.35 172.29 129.44
Prob. 0.00 0.00 0.00 0.00 0.00 0.00

The table reports censored regressions for the effort level provided by firms in the IC and ICR
treatments. For each firm the effort level provided in each period is considered. The explanatory
variable Wage is the wage offered by the firm in the accepted contract. The explanatory variable
Private is a dummy variable which is 1 only for private offers to the current worker.

The explanatory variable 4bove public wage is a dummy variable for which is 1 only for
contracts in which the wage exceeds the average wage paid in accepted public contracts in that
period. The explanatory variable Final periods is a dummy variable which is 1 only for
contracts which take place in periods 11-15. The explanatory variable /C in the pooled
regressions of column 5 and 6 is a dummy variable which is 1 only for contracts in the IC
treatment offers to the current worker. All columns report standard errors in parentheses, which
arc adjusted for clustcring within scssions. Onc star indicates that the cstimated cocfficient is
significantly different from zero at 10% level; two stars at 5%; three stars at 1%.
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Table 4. Contract Renewals in the IC and C Treatments

Period

2 3 4 5 6 7 8 9 10 11 12 13 14 15 Total
IC 26 .24 29 39 43 37 43 35 43 46 43 43 40 37 38

c .12 .11 .12 .12 09 .03 .14 06 .03 .21 .06 .09 .09 .14 .10

The table reports the share of accepted contracts per period, which are renewed. A renewed

contract is defined as a contract involving the same firm and worker as in the prior period, and
which was initiated by a private offer of the firm.



Table 5. Renewal Behavior of Firms and Workers in the IC and IC* Treatments

(D )
Dependent Variable:  Contract offered Contract Accepted
IC 0.074 -0.47
[0.079] [0.055**x*
Effort in prior period 0.108
[0.013]**x*
Wage 0.011
[0.002]%%*x*
Period 0.016 0.003
[0.004]**x* [0.005]
Observations 972 594
Waldy 183.26 97.82
Prob. 0.00 0.00

Column 1 of the table reports probit estimates of the probability of firms in the IC and IC*
treatments offering renewed contracts. A renewed contract offer is defined as a private offer by
the firm to its current worker. Column 2 of the table reports probit estimates of the probability
of a worker accepting a renewed contract in the IC and IC* treatments.

The explanatory variable /C is a dummy variable, which is 1 only for contracts in the IC
treatment offers to the current worker. The explanatory variable Effort in prior period is the
level of effort the worker performed in the last period. The explanatory variable “Wage” is the
wage offered by the firm in the accepted contract. The explanatory variable Period is the period
of the experiment in which an offer is made. In both columns reported estimates are marginal
effects, calculated at the sample mean. All columns report standard errors in parentheses, which
are adjusted for clustering within sessions. One star indicates that the estimated coefficient is
significantly different from zero at 10% level; two stars at 5%; three stars at 1%.
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Table 6. Relation duration, wages and effort in IC and IC*

Relationship duration in periods

1 2-5 6-10 11-15

Ic Effort 4.7 7.4 8.9 9.9
Wage 50.6 54.8 60.1 60.4

[C* Effort 43 6.2 8.4 9.4
Wage 26.8 34.7 46.7 54.4

The table reports mean effort levels of firms and wages paid by firms for trades, which take

place in relationships of varying final durations.
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Mean of highest wage offers per firm
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Figure 2. Frequency of Effort Levels in the IC and ICR treatments
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Figure 3. Market Conditions and Relations
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Figure 4. Competition and Market Performance
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Appendix A. Predictions

The gift-exchange game analyzed in this appendix corresponds to that of our experiment:

e A firm offers a contract [w: é] to a worker. A contract stipulates a non-negative wage offer
w € [0,100]. The contract also states the desired effort level of the firm & € [1, 10].

e The worker decides whether to accept or reject the offer.

e If the worker accepts the contract he chooses an actual effort level e € [1,10], which must
not (but can) coincide with the firms desired effort é.

At the end of each period the firm earns monetary payoffs of:

[Al] 7 (w,e) =

10e — w if the contract offer is accepted
0 otherwise

The worker earns monetary payoffs per period of:

w—e(e) if a contract is accepted

42 o) = {

5 otherwise

The cost of effort to the worker ¢ (e) is given by

e [1[2[3[4[5[6[7 [8 [9 [10
ce) |01 [2[4[6[8[10[12] 15|18

[43]

We assume that workers are drawn from a population in which some have "fair" preferences
that incline them to provide non-minimal effort even in a one-shot situation. We assume that
with probability p € (0, 1) a worker is fair. The utility of a fair worker in any period ¢ is given by:

v (w,e) if w—c(é) <10é —w
v(w,e) —bmax[é —e;0] ifw—c(€)> 106 —w

[A4] u(w,e €)= {

We assume that a fair worker has a bad conscience if he does not fulfill a contract which
offers him (at least) payoff sharing contract terms. We assume that the marginal disutility of not
fulfilling a fair contract is always higher than the marginal cost of effort (b > 3) so that a fair
worker will always adhere to any contract which offers him at least payoff sharing terms. If the
firm offers "unfair" contract terms a fair worker does not suffer from a bad conscience if he shirks.

From [A4] we can deduct that in order to motivate a fair worker to perform any desired effort
€ > 1, a firm must offer at least the payoff-sharing wage w (€) = 5¢ + 3c(é€) :

€ 2 13 |4 |5 |6 |7 |8 ]9 10
wi(e) | 12| 16 | 22 [ 28 | 34 | 40 | 46 | 53 | 59

[A5]

One Period Game (ICR Treatment)

In our ICR treatment the ID numbers of all participants are assigned freshly in each period.
This treatments can therefore be analyzed as a series of one-period games.

In a one period game a firm knows that if its contract is accepted by a selfish worker he will
always perform minimal effort e = 1. A firm knows that with a probability 1 — p each worker is
selfish. A firm also knows that with probability p each worker is fair. If a fair worker accepts a
contract he will perform e = € if he receives a payofl-sharing contract, i.e. w > w (€). If however
he receives a contract with w < w (€) he will perform the minimal effort e = 1. In the one period
game the expected profit of a firm from an accepted contract is thus given by



o er | plOE+ (1 —p)10—w if w>w(€)
[A6] 7°(w,é) = { 10 — w if w < 1w (&)

We now consider a one-period game with an excess demand for labor, which resembles our
ICR treatment. We assume simplified trading procedures in order to ensure tractability: Suppose
that there are n > 2 players of which n — 1 are firms, but only 1 is a worker. The n — 1 firms
simultaneously make one contract offer [w, €] each. After being informed about all offers the
worker chooses his preferred one and then chooses a feasible effort level.

Proposition Al: Consider a game of 7' = 1 period with of n > 1 firms and 1 worker
who is fair with probability p € (0,1). If p < 0.2 there exists no perfect Bayesian
equilibrium in which a worker performs e > 1. If p > .544 there exists a perfect
Bayesian equilibrium in which a fair worker performs maximum effort ¢ = 10 while a
selfish worker performs ¢ = 1.

Proof of Proposition Al: With an excess demand for workers, competition will force firms
to offer the contract which provides workers with the maximum payoff under the condition that
firms make non-negative expected profits. Equilibrium contracts of firms [w*,é*] will thus be
characterised by 7¢(w*,€*) = 0 or

[AT] w*(p,é) = pl0é + (1 — p)10.

Fair workers earn v/ (w*, &*) = w*(p, &*) — ¢(€*), and therefore strictly prefer contracts with
higher demanded effort € (and corresponding wages) if

[A8] p > L2

10 de

Selfish workers earn v/ (w* &%) = w*(p,€*) and thus always strictly prefer contracts with

higher demanded effort é and corresponding wages w*(p, €).

From [A7] and [A6] we see that firms can only profitably offer a payoff sharing contract with
€ > 1if w*(p,€) = w(€). This requires a minimal share of fair workers

e B(&)—10

[A9] p(€) = %8——1)

From [A9] and [A5] we can calculate the minimal share of fair workers p, required so that
a firm can offer a payoff-sharing contract demanding non-minimal effort levels, without making
losses:

2 |13 |4 |5 |6 |78 |9 [10

A S T2 T3 T2 5 8 5] 514 538 | 5

=

From the table we see that if p < .2 firms cannot profitably offer any contract which demands
€ > 1. In this case all firms will offer the contract [w*,€*] = [10,1]. As the share of fair workers
rises firms can profitably offer contracts which demand non-minimal effort. Moreover, comparing
[A8] and [A9] we see that if the share of fair workers is sufficient for firms to demand é > 1, fair
workers will strictly prefer the contract with the maximum feasible effort level. Thus competition
will lead firms to offer contracts which demand the highest effort level which yields non-negative
profits given p, and offering wages so that firms earn zero profits w*(p, é) = pl0é + (1 — p)10.
The table above shows that if p > .544 firms can profitably offer payoff sharing contracts which
demand maximum effort. This concludes our proof of Proposition Al.

Multi-Period Games

We now derive predictions for mutli-period games which resemble our IC treatment and the
IC* treatment. Assuming the presence of some (non-identifiable) fair workers these treatments can
be characterized as repeated games of incomplete information. In such games there exist mutliple
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perfect Bayesian equilibria, supported by different on-equilibrium and off-equilibrium beliefs. We
do not attempt to characzterize all potential equilibria. Instead we demonstrate that there exist
equilibria in which relational contracts between firms and workers sustain maximum effort of both
fair and selfish workers in all non-final periods.

Assume that it is common knowledge that p = .6 + £, where ¢ is a small number. From
Proposition Al we know that in the one period game maximum effort is demanded under an excess
demand for labor (é* = 10) and that expected effort in the one-period equilibrium is pé* = 6.

Excess Demand for Labour (IC Treatment)

We first consider a multi-period game with an excess demand for labor, which resembles our
IC treatment. Again, we assume simplified trading procedures in order to ensure tractability. We
suppose that there are n > 2 players of which n — 1 are firms and 1 is a worker. The n — 1 firms
simultaneously make one contract offer each. After being informed about all offers the worker
chooses his preferred one and then chooses a feasible effort level.

Proposition A2: Consider a game of 7' > 1 periods with n — 1 > 1 firms and 1 worker
who is fair with probability p = .6 + . The following strategies and beliefs constitute
a perfect Bayesian equilibrium in which both worker types perform maximum effort
in all non-final periods { < 7"

e All firms offer the identical contract [w}, €j] = [100,10] in period 1.

e In all periods 1 < ¢ < T' the incumbent firm offers the payoff splitting contract [wi““, éin“] =

[59,10] if the worker performed the demanded effort in all previous periods. If the worker
ever shirked the firm offers the contract [wy,é;] = [10,1] in all future periods. In period
T the incumbent firm offers the payofl splitting contract [w;f“" éa"“"] = [46, 8] if the worker
performed the demanded effort in all previous periods. If the worker ever shirked the firm
offers the contract [wr, ér] = [10, 1] in period T

e In all periods ¢ > 1 "outside" firms (those who didn’t trade in period ¢ —1) offer the contract
g™, &9 = [10,1].

e In period 1 the worker selects one of the available contracts and performs the desired max-
imum effort e; = 10 if he is selfish or fair. In period 1 < ¢ < T' the worker accepts the
contract of his incumbent firm and performs maximum effort if he is fair or selfish. In the
final period the worker again accepts the contract of the incumbent firm. If he is selfish he
performs ep = 1. If he is fair he performs ey = 10.

e (Out of Equilibrium beliefs): The incumbent firm believes that if the worker ever shirks he
is selfish. Outside firms believe that if the worker switches firms in any period £ > 1 he is
fair with a probability of p < .2 and will switch again in the following period.

Proof of Proposition A2: We prove Proposition A2 in five steps:

Step 1 (behavior of a fair worker): A fair worker will perform the desired effort & = 10
in any period ¢ if and only if this contract offers at least equal splitting of earnings w; > w (&) .
From the contracts offered in period 1by all firms and by the incumbent firm in periods ¢ > 1 we
see that this is always the case. Moreover, as outside firms offer only the contract [10,1] it is the
best response for the worker to always accept the contract of the incumbent firm in all periods
t> 1.

Step 2 (behavior of a selfish worker): In the final period T a selfish worker will accept the
contract which offers the highest wage and will perform e} = 1. If the selfish worker performed
in all prior periods it is a unique best strategy of the selfish worker to accept the contract of the
incumbent firm [11;3:,1‘“, (?%f“"] . Consider now the effort choice of a selfish worker in any period ¢ < T'.
If he shirks he will get the contract [wy,é;] = [10,1] and earn 10 in all future periods & > t. If
he performs the desired effort of his incumbent firm he incurs the costs for the demanded effort



inec

c(€;) = 18, but receives a repeat contract in period ¢ + 1 where he expects a wage w;’7. A selfish
worker will perform the maximum effort e; = 10 in any non final period ¢ < T if the following
incentive constraint is met:

T-1
[A11) @)+ 3 [wie —c ()] +witc > (T —1)10
k=t+1

The participation constraint of a selfish worker in any period t < T is given by:
T-1_ | . )
[A12] > [w}fc —c (é}:‘c)] +wi > (T —t+1)10
k=t

As [w};m,éim] =[59,10] all 1 < k < T and [TH:?’”C,E?PC] = [46, 8] conditions [All] and [A12]
are always met with inequality. It is therefore the best strategy of the selfish worker to perform
e; = 10 in any period t < T.

Step 3 (Contract of the incumbent firm in periods t > 1):

Given that outside firms only offer the contract [wy, & = [10, 1] the incumbent firm is not under
competition for a performing worker. It can therefore choose a contract to maximize profits. In
any period ¢ < T both worker types perform e; = €, as long as w; > w (é:). As a consequence
it is profit maximizing for the firm to offer the contract ['mi”c,éi“] = [59,10] which generates
maximum effort and just offers the worker an equal share of earnings.

In period T' the incumbent firm knows that only a fair worker will adhere to a contract. In
equilibrium the firm gains no information from the behavior of the worker in any period ¢t < T
because it is the best strategy of both worker types to perform. Given the rational belief p = .6 +¢
and the absence of competition from outside firms it is profit maximizing to offer the contract
[1;13!.1“3, ("5%.1“3] = [46, 8]. This can be seen by maximizing [A6] given the constraint on firms that they
must offer w (€) = 5é + %c(é) in order to motivate non-minimal effort from fair workers.

The out of equilibrium belief that a shirker is selfish (and competition from outside firms)
makes it optimal to offer the contract [wy,é¢] = [10, 1] to the worker if he shirked in the past.

Step 4 (Contracts of "outside" firms in periods t > 1): Outside firms believe that if
the worker switches firms in any period ¢ < 1 he is fair with a probability of p°** < .2. They also
believe that the worker will switch again in the following period so that they would be playing
a one-period game if the contract was accepted. From Proposition Al we know that given the
belief p°** an outside firm cannot profitably offer a contract with non-minimal effort. Given the
competition for workers it is then the best strategy for outside firms to offer [wy, &) = [10,1].

Step 5: (contracts of firms in period 1): In periods { > 1 the incumbent firm earns
substantial rents. Thus in period 1 firms compete strongly to become the incumbent firm. In all
periods 1 <t < T they earn a profit of 100 — 59 = 41. In period T they earn an expected profit
of 484+ 4 — 46 = 6 + z. In period 1 firms will therefore bid each other up to the highest wage
which generates zero expected future profits, or the maximum feasible wage in our experiment of
w = 100. The expected profits are given by:

7w =—w; + 100+ (T —2)41 + 6

We therefore have

wy = Min [100 + (T — 2) 41 + 6; 100] = 100

This concludes our proof of Proposition A2,

Excess Supply of Labour (IC* Treatment)

We now consider a multi-period game with an excess supply of labor, which resembles our
IC* treatment. Again, we assume simplified trading procedures in order to ensure tractability.
Suppose that there are n > 2 players of which n — 1 are workers, but only 1 is a firm. We assume
that in each period the firm makes a contract to one of the workers. Only this worker is informed
about the offer and he then chooses whether to accept the contract.



Proposition A3: Consider a game of 7" > 1 periods with 1 firm and n — 1 > 1 workers
who are fair with probability p = .6 +z. The following strategies and beliefs constitute
a perfect Bayesian equilibrium in which both worker types perform maximum effort
in all non-final periods { < 7"

e The firm offers the contract [w}, €] = [59, 10] to a randomly chosen worker in period 1.

e In all periods 1 < ¢ < 7' the firm offers the contract [w], €] = [59,10] to his incumbent
worker, if the worker performed e;,_; = 10. If the incumbent worker performed e, | < 10
the firm offers the contract [w;, €;] = [59, 10] to one of the workers he has not yet traded with.
If e,1 < 1 and he has traded with all workers, the firm offers the contract [wy,éf] = [5,1]

to any worker.

e In period T the firm offers the contract [w}, é] = [46, 8] to his incumbent worker, if the
worker performed ep_; = 10. If the incumbent worker performed ep_; < 10 the firm offers
the contract [wk., €7.] = [46, 8] to one of the workers he has not yet traded with. If ep_; < 10
and he has traded with all workers, the firm offers the contract [w}, éf] = [5, 1] to a randomly
chosen worker.

e In all periods ¢ a fair worker accepts a contract and performs e; = é;.

e In all periods t < T a selfish worker accepts a contract and performs ¢, = 10. In the final
period a selfish worker accepts a contract and performs ep = 1.

e (Out of Equilibrium beliefs): The firm believes that any worker who shirks in any non-final
period is selfish.

Proof of Proposition A3: We prove Proposition A3 in three steps:

Step 1 (behavior of a fair worker): In all periods the firm offers a contract [w}, €] with
w; = w(éf). It is a best response for a fair worker to always accept and adhere to this contract
as wy — c(éy) > 5 and wy = w(é}).

Step 2 (behavior of a selfish worker): From Proposition Al we know that in the final
period T" a selfish worker will accept the contract if w} > 5 and will perform e} = 1. As w} > 5
it is a unique best strategy of the selfish worker to accept this contract.

Consider now the effort choice of a selfish worker in any period ¢ < T'. If he shirks he will earn
an income of 5 in all future periods k& > . If he performs the desired effort of the firm he incurs
the costs for the demanded effort ¢(é;), but receives a repeat contract [wi" 1156 +l] in period £+ 1.
A selfish worker will perform the maximum effort ¢, = 10 in any non final period ¢t < T if the
following incentive constraint is met:

T-1
[A13] —e(er)+ > [wi —clép)] +wp = (T —1)5
k=t+1

His participation constraint in any period t < T is given by:
T-1 ) _
[A4] > [wy —clé)] +wy = (T —t4+1)5
k=t

As [wy, €] = [59,10] all k < T and [w}, €] = [46, 8] conditions [A13] and [A14] are met with
inequality in any period £ < T,

Step 3 (Contracts of the firm): In equilibrium the firm learns nothing from the behavior
of workers in periods ¢ < T as it is optimal for both worker types to perform. As the firm is not
under competition for labor it can choose the profit maximizing contract in each period. Given
the effort strategy of the workers the firm knows that fair workers will perform its desired effort
as long as w; > w(é;) all t < T. Moreover, while the incentive constraint of a selfish worker
only depends on future contract promises, a selfish worker would also perform in period ¢ only if



w] < w(€é;) because he imitates fair workers. If both workers do respond to a fair contract with
the desired effort then the profit maximizing contract offer is [w}, €}] = [59, 10].

In period T' the firm knows that only a fair worker will perform its desired effort. Due to the
pooling behavior of workers in equilibrium the rational belief of the firm in period T is p = .6 + <.
We know from Proposition A2 that the profit maximizing contract offer of the firm in this case is
[wi, €3] = [46, 8]

Given its out of equilibrium belief that only selfish workers shirk in non-final periods, it is
optimal for the firm to fire a shirker and hire a new worker in his place. If all workers have shirked
the firm believes that all are selfish. In this case it is optimal to offer [w*, é*] = [5, 1] to any worker
in all future periods.

This concludes our proof of Proposition A3.



Appendix B. Instructions

The following instructions are translations of the original German instructions for
buyers and sellers in our IC treatment. The instructions for the ICR treatment are
identical to those displayed, except that it is explicitly stated that identification
numbers of buyers and sellers are randomly assigned in each period. The instructions
for the C treatment are identical to those displayed, except that it is explicitly stated
that sellers must provide the quality desired by buyers. The original instructions for all
three treatments are available (in German) from the authors.



Instructions for Buyers

You are now taking part in an economic experiment. Please read the following instructions carefully.
Everything that you need to know to participate in this experiment is explained below. Should you
have any difficulties in understanding these instructions please notify us. We will answer your
questions at your cubicle.

At the beginning of the experiment you will receive an initial sum of 10 Swiss Francs. During the
course of the experiment you can earn a further amount of money by gaining points. The amount of
points that you gain during the experiment depends on your decisions and the decisions of other
participants.

All points that you gain during the course of the experiment will be exchanged into Swiss Francs at the
end of the experiment. The exchange rate will be:

1 point = 0.10 Swiss Francs

At the end of the experiment you will receive the sum of money that you earned during the
experiment in addition to your 10 Francs initial sum.

The experiment is divided into periods. In each period you have to make decisions which you will enter
in a computer. There are 15 periods in all.

Please note that communication between participants is strictly prohibited during the experiment. In
addition we would like to point out that you may only use the computer functions which are required
for the experiment. Communication between participants and unnecessary interference with computers
will lead to exclusion from the experiment. In case you have any questions we shall be glad to assist
you.

Prior to the experiment the 17 participants were divided into 2 groups: buyers and sellers. In this
experiment there are 10 buyers and 7 sellers.

You shall be a buyer for the entire course of the experiment. All participants have received an
identification number which they will keep for the entire experiment. Your identification number is
stated on the documentation sheet in front of you.

An Overview of the Experiment Procedures

In each period of the experiment every buyer can trade a product with one seller. The seller earns a
profit through the trade when he sells the product at a price which exceeds his production costs. The
buyer earns a profit through the trade when the price he pays for the product is less than what it is
worth to him. How high the production costs are for the traded product and how much it is worth to the
buyer depends on the quality of the product.

The experiment lasts 15 periods. In each period the procedures are as follows:

1. Each period commences with a trading phase which lasts 3 minutes. During this phase buyers can
submit trade offers which can be accepted by sellers. When submitting an offer a buyer has to
specify three things:

e  Which price he offers to pay,

¢ which product quality he desires,

o and finally, which seller he wants to submit the offer to. Hereby, buyers can submit two types
of offers; private offers and public offers. Private offers are submitted to one seller only
and can only be accepted by that seller. Public offers are submitted to all sellers and can be
accepted by any seller.



As a buyer you can submit as many offers as you like in each period. Submitted offers can be
accepted constantly. Each buyer and each seller can only enter one trade agreement in each
period. As there are 10 buyers and 7 sellers, several buyers will not trade in cach period.

2. Following the trading phase each seller who has entered a trade agreement then determines which
quality of product he will supply to his buyer. Hereby, the seller is not obliged to supply the
product quality desired by his buyer. Once every seller has chosen which product quality to
supply the points gained by each participant in that period have been determined. After this the
next period commences.

The points gained from all 15 periods will be summed up at the end of the experiment, exchanged into
Swiss Francs and paid together with your initial sum of money in cash.

The Experiment Procedures in Detail

There are 10 buyers and 7 sellers in the experiment. You are a buyer for the entire course of the
experiment. During the experiment you will enter your discussions in a computer. In the following we
describe in detail how you can make your decisions in each period.

The Trading Phase

Each period commences with a trading phase. During the trading phase each buyer can enter into a
trading agreement with one seller. In order to do this each buyer can submit as many trade offers as
he wishes. In each trading phase you will see the following screen:

Period: | Remaining Time (seconds): |

public offers your private offers your ID number:

buyer price [ des. Q. price des. Q. | seller

Make an offer

| Public

Private

To which seller

Your Price

Desired Quality

OK

Seller Price Des. Q).

e In the top left corner of the screen you will see in which period the experiment is. In the top right
corner of the screen you will see the time remaining in this trading phase, displayed in seconds.
The trading phase in each period lasts 3 minutes (= 180 seconds). When this time is up the
trading phase is over. Hereafter, no further offers can be submitted or accepted for this period.




e  Once you sec the above screen displayed the trading phase commences. As a buyer you now have
the opportunity to submit trade offers to the sellers. In order to do so you have to enter three things
on the right hand side of the screen:

a) First you have to specify whether you want to submit a public or private offer:

¢ Public trade offers
Public offers will be communicated to all participants in the market. All sellers see all
public offers on their screens. A public offer can therefore be accepted by any seller. As a
buyer you will also see all public offers submitted by all buyers.
If you want to submit a public offer, click on the field ,,public”, using the mouse.

e  Private trade offers

Private offers are submitted to one seller only. Only this seller shall be informed of this
offer and only this seller can accept that trade offer. No other seller or buyer will be
informed of that offer.

If you want to submit a private offer, click in the field ,,private” using the mouse. After
that you specify which seller you want to submit the offer to in the ficld below. Each of
the 7 sellers has an identification number (seller 1, seller 2, ....., seller 7) Each seller keeps
his identification number for the entire course of the experiment. To submit an offer to a
specific seller you enter the number of that seller (e.g. ,,4* for seller 4)

b) Once you have specified who you want to submit an offer to, you must determine which price
you offer. You enter this in the field ,,your price®. Hereby, the price you offer can not be
below 0 or above 100.

0 < price offered < 100

¢) Finally you have to specify which product quality you desire. You enter this in the field
,.desired quality”. Your desired quality cannot be lower than 1 or higher than 10.

1 < desired quality < 10

After you have completely specified your trade offer, you must click on the ,,0k™ button to
submit it. As long as you have not clicked ,,0k™ you can change your trade offer. After you
click ,,0k* the offer will be displayed to all sellers you have submitted it to.

e On the left side of your screen you will see a title ,,public offers®. All public offers in the current
trading phase are displayed here. Your public offers as well as those of all other buyers will be
displayed. You can see which buyer submitted the offer, which price he offered and which quality
he desired. All buyers also have and identification number which they keep for the whole course of
the experiment.

e In the middle of your screen under the title ,,your private offers® you will see all private offers,
which you have submitted in the current trading phase. Here you can sce which seller you
submitted an offer to, which price you offered and which quality you desired.

e Each buyer can submit as many private and public offers as he wishes in each period. Each
offer that you submit can be accepted at any time during the trading phase.

o Each buyer can enter only one trade agreement in each period. Once onc of your offers has
been accepted you will be notified which seller accepted which of your offers. In the bottom right
corner of your screen the identification number of the seller will be displayed as well as your
offered price and desired quality. As you can enter only one trade agreement in each period all
your other offers will be automatically cancelled. Also, you will not be able to submit any further
offers.

e No seller can enter more than one trade agreement in each period. You will be constantly
informed which sellers have not yet accepted a trade offer. Under the title ,,sellers who have
accepted an offer” you will see 10 fields. Once a seller has accepted an offer a ,,x* will appear in



the field next to his identification number. You cannot submit private offers to a seller who has
already entered a trade agreement.

Once all 7 sellers have entered a trade agreement or after 3 minutes have eluded, the trading phase
is over.

No buyer is obliged to submit trade offers, and no seller is obliged to accept a trade offer.

Determination of the Product Quality

Following the trading phase, all sellers who have entered a trade-agreement then determine which
product quality they will supply to their respective buyers. The product quality which you
desired in your trade offer is not binding for your seller. Your seller can choose the exact
quality you desired, but he can also choose a higher or lower product quality. The product quality
which your seller chooses has to be between 1 and 10.

1 < product quality < 10
While your seller determines the actual product quality, we ask you to specify which quality you

expect him to supply on a separate screen. In addition we ask you to state how sure you are of this
expectation.

How are the incomes calculated?

Your income:

If you do not enter a trade agreement during a trading phase you gain an income of 0 points for
that period.

If one of your trade offers is accepted, your income depends on which price you offered and which
product quality your seller supplied to you. Your income will be determined as follows:

Your income = 10 * product quality - price

As you can see from the above formula your income is higher, the higher the product quality
actually supplied by your seller. At the same time your income is higher, the lower the price you
paid for the product.

Income of vour seller

If a seller has not entered a trade agreement during a trading phase he gains an income of 5 point
for that period.

If a seller has accepted a trade offer his income will equal the price he receives minus the
production costs he incurs for the product supplied. The income of the seller is determined as
follows:

Income of your seller =Price - production costs

The production costs of a seller are higher, the higher the quality of the product he chooses. The
production costs for each product quality are displayed in the table below:

Product quality 1 2 3 4 5 6 7 8 9 10
Production costs 0 1 2 4 6 8 10 12 15 18




e  The income of your seller is higher, the higher the price which her accepted. Further, his income is
higher, the lower the product quality he supplies to you.

The income of all buyers and sellers are determined in the same way. Each buyer can therefore
calculate the income of his seller and each seller can calculate the income of his buyer. Further,
each buyer and seller is informed of the identification number of his trading partner in each period.

Please note that buyers and sellers can incur losses in each period. These losses have to be paid from
your initial sum of money or from earnings in other periods.

You will be informed of your income and the income of your seller on an ,income screen®. On the
screen (see below) the following will be displayed:

Which seller you traded with

Which price you offered

Your desired quality

The product quality supplied by your seller

The income of your seller in this period

Your income in this period.

Period: | Remaining Time (seconds): |

Your ID number:
This offer was accepted
ID of Seller:
Price:
Desired Quality:
Actual Quality:
Income of Seller:

Your Income:

| to next period

Please enter all the information in the documentation sheet supplied to you. After the income screen
has been displayed, the respective period is concluded. Thereafter the trading phase of the following
period commences. Once you have finished studying the income screen pleas click on the ,,next*
button.

The sellers also view an income screen which displays the above information. They see the ID of their
trading partner, the price, desired and supplied product quality as well as both incomes.

The experiment will not commence until all participants are completely familiar with all procedures. In
order to secure that this is the case we kindly ask you to solve the exercises below

In addition we will conduct 2 trials of the trading phase, so that you can get accustomed to the
computer. These trial phases will not be added to the result of the experiment and therefore not
remunerated. Following the trial phases we will begin the experiment which will last for 15 periods.




Instructions for Sellers

You are now taking part in an economic experiment. Please read the following instructions carefully.
Everything that you need to know to participate in this experiment is explained below. Should you
have any difficulties in understanding these instructions please notify us. We will answer your
questions at your cubicle.

At the beginning of the experiment you will receive an initial sum of 10 Swiss Francs. During the
course of the experiment you can earn a further amount of money by gaining points. The amount of
points that you gain during the experiment depends on your decisions and the decisions of other
participants.

All points that you gain during the course of the experiment will be exchanged into Swiss Francs at the
end of the experiment. The exchange rate will be:

1 point = 0.10 Swiss Francs

At the end of the experiment you will receive the sum of money that you earned during the
experiment in addition to your 10 Francs initial sum.

The experiment is divided into periods. In each period you have to make decisions which you will enter
in a computer. There are 15 periods in all.

Please note that communication between participants is strictly prohibited during the experiment. In
addition we would like to point out that you may only use the computer functions which are required
for the experiment. Communication between participants and unnecessary interference with computers
will lead to exclusion from the experiment. In case you have any questions we shall be glad to assist
you.

Prior to the experiment the 17 participants were divided into 2 groups: buyers and sellers. In this
experiment there are 10 buyers and 7 sellers.

You shall be a seller for the entire course of the experiment. All participants have received an
identification number which they will keep for the entire experiment. Your identification number is
stated on the documentation sheet in front of you.

An Overview of the Experiment Procedures

In each period of the experiment every buyer can trade a product with one seller. The seller earns a
profit through the trade when he sells the product at a price which exceeds his production costs. The
buyer earns a profit through the trade when the price he pays for the product is less than what it is
worth to him. How high the production costs are for the traded product and how much it is worth to the
buyer depends on the quality of the product.

The experiment lasts 15 periods. In each period the procedures are as follows:

3. Each period commences with a trading phase which lasts 3 minutes. During this phase buyers can
submit trade offers which can be accepted by sellers. When submitting an offer a buyer has to
specify three things:

o  Which price he offers to pay,

¢ which product quality he desires,

o and finally, which seller he wants to submit the offer to. Hereby, buyers can submit two types
of offers; private offers and public offers. Private offers are submitted to one seller only
and can only be accepted by that scller. Public offers are submitted to all sellers and can be
accepted by any seller.



As a buyer you can submit as many offers as you like in each period. Submitted offers can be
accepted constantly. Each buyer and each seller can only enter one trade agreement in each

period. As there are 10 buyers and 7 sellers, several buyers will not trade in cach period.

4. Following the trading phase each seller who has entered a trade agreement then determines which
quality of product he will supply to his buyer. Hereby, the seller is not obliged to supply the
product quality desired by his buyer. Once every seller has chosen which product quality to
supply the points gained by each participant in that period have been determined. After this the
next period commences.

The points gained from all 15 periods will be summed up at the end of the experiment, exchanged into

Swiss Francs and paid together with your initial sum of money in cash.

The Experiment Procedures in Detail

There are 10 buyers and 7 sellers in the experiment. You are a seller for the entire course of the
experiment. During the experiment you will enter your discussions in a computer. In the following we
describe in detail how you can make your decisions in each period.

The Trading Phase

Each period commences with a trading phase. During the trading phase each buyer can enter into a
trading agreement with one seller. In order to do this the buyers can submit trade offers to the sellers.
As a seller you can accept in one of the offers submitted to you in each period. During the trading
phase you will see the following screen:

Period: | Remaining Time (seconds):
Private offers to you public offers
buyer price des. Q. buyer price des. Q.
| accept | accept |
Buyer Price Des. Q.

e In the top left corner of the screen you will see in which period the experiment is. In the top right
corner of the screen you will see the time remaining in this trading phase, displayed in seconds.
The trading phase in each period lasts 3 minutes (= 180 seconds). When this time is up the

trading phase is over. Hereafter, no further offers can be submitted or accepted for this period.




¢ Once you see the above screen displayed the trading phase commences. As a seller you can now
accept offers which buyers have submitted to you. There are two types of offers which you can
accept:
e Private offers to you
Each buyer has the opportunity to submit private offers to you. You alone will be
informed of these offers and you alone can accept them. No other seller or buyer is
informed of these offers. If you receive private offers, they will appear on the left side of
your screen, below the title ,,private offers to you™. The offer of a buyer will hereby
contain the following information: the identification number of the buyer who submitted
the offer, the price which he offers for the product and which product quality he desires.
If you want to accept a private offer, you click first on the respective row in which the
offer is displayed. When you do this the offer will be highlighted. If you are sure you
want to accept the offer you then click on the button ,,accept™ which is situated in the
bottom left corner of the screen. As long as you do not click ,accept™ you can alter your
choice.

e Public offers

Each buyer also has the possibility to submit public offers. All sellers are informed of
thesc offers and any seller can accept them. If a buyer submits a public offer receive it
will appear on the right side of your screen, below the title , public offers™. The offer of a
buyer again contains the identification number of the buyer who submitted the offer, the
price which he offers for the product and which product quality he desires. This
information is also displayed to all other scllers and all buyers. If you want to accept a
public offer you follow the same procedures as with private offers. You click first on the
respective row in which the offer is displayed. When you are sure that you want to accept
the offer you then click on the button ,,accept™ which is situated in the bottom right corner
of the screen. As long as you do not click ,,accept™ you can alter your choice.

e Assoon as you have pressed the ,,accept™ button you will see which offer you have accepted in the
bottom row of your screen.

e Each seller can enter only one trade agreement in each period. Once you have accepted one
offer you cannot accept any further offers.

All buyers have to observe the following rules when submitting trade offers:
e  The price offered by the buyer may not be lower than 0 or higher than 100:

0 < price <100
e The desired quality of the buyer may not be below 1 or higher than 10:
1 < desired quality <10

e Each buyer can submit as many private and public offers as he wishes in each period. Each
offer that submitted by a buyer can be accepted at any time during the trading phase.

e Each buyer can enter only one trade agreement in each period. Once an offer of a buyer has
been accepted he will be notified which seller accepted it. As each buyer can enter only one trade
agreement in each period all other offers of the buyer will be automatically cancelled. Also, he will

not be able to submit any further offers.

e Once all 7 sellers have entered a trade agreement or after 3 minutes have eluded, the trading phase
is over.



e No buyer is obliged to submit trade offers, and no seller is obliged to accept a trade offer.

Determination of the Product Quality

* Following the trading phase, all sellers who have entered a trade-agreement then determine which
product quality they will supply to their respective buyers. The product quality desired by your
buyer is not binding for you as a seller. You can choose the exact quality desired by your buyer,
but also a higher or lower product quality. If you have entered a trade agreement during a trading
phase, the following screen will appear for you to enter the product quality:

Period: | Remaining Time (seconds): |

Your ID number:
Offer accepted
ID of Seller:
Price:

Desired Quality:

Choose actual quality: |

In order to choose the actual product quality, you enter the value for the quality in the field ,,Determine
the actual product quality* and press the ,,0k™ button to confirm your choice. As long as you have not
pressed ,,0k™ you can alter your choice.

e The product quality which you choose must be an integer between 1 and 10.

1 < product quality < 10

How are the incomes calculated?
Your income

o Ifyou have not entered a trade agreement during a trading phase you gain an income of 5§ points
for that period.

e If you have accepted a trade offer your income depends on the price you accepted and the product
quality you chose to deliver. Your income will be calculated as follows:

Your income = Price - production costs

e  Your production costs are higher, the higher the quality of the product you chose to deliver. The
production costs for each product quality are displayed in the table below:

Product quality 1 2 3 4 5 6 7 8 10
Production costs 0 1 2 4 6 8 10 12 15 18

o




e Your income is therefore higher, the lower the product quality he supplies to you. Further, your
income is higher, the higher the price offered by the buyer.

The income of vour buver:

e [fa buyer does not enter a trade agreement during a trading phase he gains an income of 0 points
for that period.

e If one of his trade offers is accepted, his income depends on which price he offered and which
product quality was supplied to him. The income of your buyer will be determined as follows:

Income of your buyer = 10 * product quality - price

e As you can see from the above formula the income of your buyer is higher, the higher the product
quality actually supplied by you. At the same time his income is higher, the lower the price he paid
for the product.

The income of all buyers and sellers are determined in the same way. Each buyer can therefore
calculate the income of his seller and each seller can calculate the income of his buyer. Further,
each buyer and seller is informed of the identification number of his trading partner in each period.

Please note that buyers and sellers can incur losses in each period. These losses have to be paid from
your initial sum of money or from earnings in other periods.

You will be informed of your income and the income of your buyer on an ,income screen®. On the
screen (see below) the following will be displayed:

Which buyer you traded with

Which price he offered

The desired quality of your buyer

The product quality supplied by you

The income of your buyer in this period

Your income in this period.

Period: | Remaining Time (seconds): |

Your ID number:
Offer accepted

ID of Seller:

Price:

Desired Quality:

Actual Quality:

Income of Buyer:

Your Income:

to next period




Please enter all the information in the documentation sheet supplied to you. After the income screen
has been displayed, the respective period is concluded. Thereafter the trading phase of the following
period commences. Once you have finished studying the income screen pleas click on the ,next®
button.

The buyers also view an income screen which displays the above information. They see the ID of their
trading partner, the price, desired and supplied product quality as well as both incomes.

The experiment will not commence until all participants are completely familiar with all procedures. In
order to secure that this is the case we kindly ask you to solve the exercises below

In addition we will conduct 2 trials of the trading phase, so that you can get accustomed to the
computer. These trial phases will not be added to the result of the experiment and therefore not
remunecrated. Following the trial phases we will begin the experiment which will last for 15 periods.
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