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We provide the first systematic empirical analysis of how asym-
metric information and competition in the credit market affect
voluntary information sharing between lenders. We study an
experimental credit market in which information sharing can help
lenders to distinguish good borrowers from bad ones. Lenders may,
however, also lose market power by sharing information with
competitors. Our results suggest that asymmetric information in
the credit market increases the frequency of information sharing
between lenders significantly. Stronger competition between lend-
ers reduces information sharing. In credit markets where lenders
may fail to coordinate on sharing information, the degree of infor-
mation asymmetry, rather than lender competition, drives actual
information sharing behavior.
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1. Introduction

The systematic use of credit reports in assessing loan applications is one of the most remarkable
developments in retail banking. Today, many loan approvals no longer take days or weeks, but are
made in minutes, thanks to information derived from credit reports. Over the past 30 years, the num-
ber of reports issued by credit bureaus in the United States has increased 10-fold, so that nowadays
over 3 million credit reports are issued on a daily basis (Hunt, 2005). Beyond the United States, the
credit reporting industry has also seen substantial developments. Examining data for 129 countries,
Djankov et al. (2007) show that the number of countries with a public credit registry increased from
21% in 1978 to 53% in 2003. Moreover, the number of countries with at least one private credit bureau
increased from 16% to 41% over the same period.

In this paper, we provide empirical evidence on the emergence of information sharing through pri-
vate credit bureaus. Private credit bureaus rely on voluntary information exchange between lenders,
c. All rights reserved.

wn), christian.zehnder@unil.ch (C. Zehnder).

http://dx.doi.org/10.1016/j.jfi.2009.03.001
mailto:martin.brown@snb.ch
mailto:christian.zehnder@unil.ch
http://www.sciencedirect.com/science/journal/10429573
http://www.elsevier.com/locate/jfi


256 M. Brown, C. Zehnder / J. Finan. Intermediation 19 (2010) 255–278
which for these lenders involves a trade-off. On the one hand, lenders benefit from information shar-
ing, as it helps them to select good from bad loan applicants (Pagano and Jappelli, 1993) and overcome
moral hazard on the part of borrowers (Vercammen, 1995; Padilla and Pagano, 2000; Klein, 1992). On
the other hand, sharing information may expose lenders to increased competition because they
release private information about their existing clients (Pagano and Jappelli, 1993). Banks may there-
fore be wary of sharing information in competitive credit markets, and may be particularly reluctant
to share information with close competitors.1 Anecdotal evidence suggests that the emergence of
voluntary information sharing is related to information asymmetries and lender competition. Historical
records show that credit reporting initially emerged in the United States in the early 19th century, when
interstate trade increased and information asymmetries between merchants and their debtors grew
(Olegario, 2003). Anecdotal evidence from Italy suggests that information sharing initially emerged be-
tween non-competing, regional banks (Pagano and Jappelli, 1993). Recent developments in Russia also
demonstrate the reluctance of banks to participate in the same credit bureau as their rivals. After the
introduction of a law in 2005 forcing all lenders to join at least one bureau, many lenders set up their
own credit bureaus, in order to avoid sharing information with competitors.2

From a theoretical perspective, the emergence of voluntary information sharing depends not only
on the inherent degree of information asymmetries or competition in a credit market. It may also be
subject to coordination failure between lenders, as for each lender the benefits of joining a credit bu-
reau depend on the number of other bureau members.3 As shown by Klein (1992) lenders may fail to
coordinate on sharing information, even if a private credit bureau with full membership would be the
more profitable arrangement. One might think that a bankers’ association or a private credit bureau com-
pany (for example Experian in the USA) should be able to overcome coordination problems through re-
peated negotiations with prospective members and transparent rules for entry and exit. However,
anecdotal evidence suggests that getting lenders to join a credit bureau is not a trivial task. The IFC Glo-
bal Credit Bureau Programme, a multilateral initiative to foster the development of private credit bu-
reaus, argues that commitment by lenders is a major problem in establishing credit bureaus in
emerging economies (IFC, 2006). The IFC has organized roundtable discussions among lenders in several
developing and emerging economies, in order to initiate voluntary information sharing. Despite these at-
tempts and that of local bankers associations, public intervention has recently been required to get pri-
vate credit bureaus off the ground in countries such as Russia, Kazakhstan, Egypt, Morocco, Kenya,
Ghana, Mexico and Ecuador. Even after a private credit bureau has been established and successfully
operated for many years, lenders cannot be sure that other lenders will adhere to their promises to share
information. Anecdotal evidence from the US suggests that in the past some major credit companies have
held back information from credit bureaus, contrary to agreement. Interestingly, industry observers at
that time were worried about a de-coordination or domino effect, leading further lenders to withhold
information from the bureaus (Lazarony, 2000).

So far there has been no systematic, empirical analysis of the key driving forces behind voluntary
information sharing. Does asymmetric information between lenders and borrowers encourage partic-
ipation of lenders in private credit bureaus? Does lender competition inhibit information sharing?
And, what happens in credit markets where coordination problems imply that information sharing
could take off or not? Is there a systematic relationship between the characteristics of credit markets
and how lenders solve the coordination problem related to information sharing? In this paper we use
experimental methods to answer these questions.

We conduct an experimental analysis of how information asymmetries and lender competition af-
fect voluntary information sharing between lenders. We examine an experimental credit market
which is characterized by adverse selection: lenders know that there are good and bad borrowers,
but they can only identify the type of borrowers in their ‘‘home sector”. Borrowers may switch their
location, in which case lenders can only identify the type of entrants to their sector of the market if
they share information with lenders who are situated in other sectors. The higher the probability that
1 Bouckaert and Degryse (2006) show that the incentives to unilaterally disclose information on default behavior also depend on
lenders’ inherent market power.

2 See <http://www.interfax.ru/e/B/0/0.html?id_issue=11383470>.
3 The costs per member of running the bureau may also be lower if a substantial proportion of these costs are fixed.

http://www.interfax.ru/e/B/0/0.html?id_issue=11383470


M. Brown, C. Zehnder / J. Finan. Intermediation 19 (2010) 255–278 257
borrowers switch location, the more severe the problem of adverse selection, and the stronger the
incentives to share information. Our credit market is also characterized by lender competition, which
reduces information sharing incentives. We implement a simple form of spatial competition: Each len-
der has one direct competitor and two lenders with whom he does not compete at all. In such a sit-
uation, lenders benefit from sharing information with non-competitors, but lose market power if they
share information with direct competitors. We vary independently the degree of adverse selection in
our experiment, i.e., the probability with which borrowers switch locations, as well as the intensity of
competition between lenders. In two of our four treatments we have unique predictions for the level
of information sharing, while in the other two treatments potential coordination failure among lend-
ers leads to multiple equilibria.

By comparing the outcome across treatments our experiment allows us to answer three ques-
tions: (i) does adverse selection encourage voluntary information sharing between lenders? (ii)
does lender competition discourage information sharing? and (iii) which of these two forces (ad-
verse selection or competition) drives information sharing behavior when there is potential coor-
dination failure?

Data availability thwarts a similar exercise using field evidence. Djankov et al. (2007) provide data
on the emergence of information sharing in 130 countries for the period 1978–2003. Unfortunately
though, reliable cross-country indicators of bank competition and information asymmetry in the cred-
it market are hardly available for the above time period. Barth et al. (2008) provide information on
banking sector competition (concentration ratios, entry restrictions, activity restrictions) for up to
152 countries. However, their data is available from 1998 onwards only.4 Data on information asym-
metries between lenders and borrowers are even more scarce. Pagano and Jappelli (1993) compile data
on household mobility in 14 OECD countries and show that this measure of potential adverse selection is
positively related to consumer credit reporting. To the best of our knowledge though, cross-country and
time-varying indicators on potential adverse selection between lenders and borrowers, are not available.
In this situation, where the necessary field data is not obtainable, a controlled laboratory experiment
provides an attractive alternative.

Our results confirm the hypothesis of Pagano and Jappelli (1993); both adverse selection and
lender competition systematically affect voluntary information sharing. In treatments with high
borrower mobility, information sharing between our experimental lenders is more frequent than
in (otherwise identical) treatments with low borrower mobility. Similarly, treatments with strong
exogenous competition between lenders display lower levels of information sharing than (other-
wise identical) treatments with weak lender competition. In addition, our results suggest that
the impact of adverse selection on information sharing behavior may be stronger than that of len-
der competition. In treatments with potential coordination failure, lenders do coordinate on shar-
ing information when borrower mobility is high, even if competition is strong. In contrast, when
borrower mobility is low, lenders are less likely to coordinate on sharing information, even if com-
petition is weak.

Our findings contribute to the growing empirical literature on the role of information sharing in
financial market development. Several recent studies have demonstrated that information sharing
is beneficial to credit market performance. Credit scoring models based on credit bureau data suggests
that the use of credit reports allows lenders to more accurately predict loan defaults (Kallberg and
Udell, 2003; Barron and Staten, 2003; Luoto et al., 2007; Powell et al., 2004). Moreover, recent exper-
imental results indicate that information sharing disciplines borrowers to repay loans (Brown and
Zehnder, 2007). Cross-country evidence, meanwhile, supports the conjecture that information sharing
improves credit availability. Aggregate credit market volume is higher in countries where information
sharing is more developed (Jappelli and Pagano, 2002; Djankov et al., 2007). Moreover, analyses of
firm-level data (Galindo and Miller, 2001; Love and Mylenko, 2003; Brown et al., 2009) show that ac-
cess to bank credit is easier in countries where credit bureaus or registries exist. While existing evi-
dence confirms that information sharing between lenders is beneficial for credit market
4 Claessens and Laeven (2004) estimate the degree of banking competition using the Panzar and Rosse (1987) methodology for
50 countries based on data from BANKSCOPE. However, their indicator is available for one period, the 1994–2001 average, only.



E1

E3 E4

E2

E14E13

E15 E16

E9 E10

E12E11

S2S1 Region A

Region BS3 S4

E5 E6

E8E7

L1 L2

L3 L4

Fig. 1. Structure of the credit market. The figure provides a graphical representation of the experimental credit market. The
market consists of two regions, A and B, and each region is divided into two sectors. In each sector there is one lender and four
entrepreneurs. Each lender can extend credit only to entrepreneurs in his region. While credit offers in the home sector are
costless, credit offers to entrepreneurs in the other sector of the region involve a transaction cost of T.
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performance, there is little evidence examining the circumstances in which credit bureaus emerge.
Pagano and Jappelli (1993) show that household mobility in OECD countries is positively related to
consumer credit reporting. However, as their data is cross-sectional, they can’t rule out that their re-
sult is driven by reverse causality: households may become more mobile when credit reporting exists,
because they have easier access to credit if they move. Further studies suggest that private credit bu-
reaus are more likely to be present in richer countries (Djankov et al., 2007) and countries where pub-
lic credit registries do not exist (Jappelli and Pagano, 2002). So far however, there is no evidence on
how bank competition affects information sharing incentives, and the information sharing behavior
of lenders in credit markets with potential coordination failure. Our experimental results are a first
attempt at closing this gap.

The rest of the paper is organized as follows: Section 2 presents our experimental design and pre-
dictions. Section 3 presents our results, and Section 4 concludes.
2. Experimental design

We examine the voluntary exchange of information between lenders in a competitive credit mar-
ket characterized by information asymmetries between lenders and borrowers. Theory suggests that
lenders may share information to overcome adverse selection (Pagano and Jappelli, 1993) and to mit-
igate moral hazard due to asymmetric information about total indebtedness (Bennardo et al., 2008),
investment choice (Padilla and Pagano, 2000), and repayment behavior (Klein, 1992) of borrowers.
For reasons of simplification we abstract from moral hazard in our experiment and introduce a simple
form of adverse selection based on incomplete information about exogenous borrower traits.
In Section 2.1 we present the set-up of our experimental market. Section 2.2 presents the four treat-
ments which we implement and compares the predictions for each treatment. Section 2.3 discusses
the key features of our design and how they affect treatment predictions.

2.1. Credit market

Our credit market is divided into two regions, A and B, and in each region there are two sectors.
Sectors S1 and S2 are in region A, sectors S3 and S4 are in region B. In each sector there is one lender
(L1 in S1, L2 in S2, L3 in S3, L4 in S4), and four entrepreneurs (E1–E4 in S1, E5–E8 in S2, E9–E12 in S3
and E13–E16 in S4 ). Each entrepreneur requires a loan of I ¼ 100 points in order to realize a project. In
each region there is one good entrepreneur who yields a return of Yg ¼ 300 points from his project and
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three bad entrepreneurs who yield an income of Yb ¼ 0 from their project.5 Fig. 1 provides a graphical
representation of our experimental credit market.

The participants in our experiment all take the role of lenders. Entrepreneurs are simulated. The
strategic interaction between our experimental lenders takes place in six phases:

In phase 1, each lender gets to know the type of all four entrepreneurs in his home sector. Which
entrepreneur is good in each sector is randomly determined at the beginning of each period. Lenders
do not get any information about the entrepreneurs’ types in the other three sectors of the credit
market.

In phase 2, each lender decides whether to join the credit bureau or not. The two lenders who are in
the same region decide sequentially. In each period the ‘‘first-mover” for each region is randomly
determined. Before deciding whether to join the credit bureau, the ‘‘second-mover” in each region
is informed about the decision of the first-mover. Neither the first-, nor the second-mover in one re-
gion are informed about the decisions of lenders in the other region until after they have made their
own decisions. Membership of the credit bureau bears no cost, and information sharing is reciprocal:
All members of the credit bureau get to know the type of all entrepreneurs from the home sector of all
other bureau members. Non-members receive no information on entrepreneurs outside of their home
sector. In return, bureau members do not receive information on an entrepreneur if the lender from his
home sector does not join the bureau.

In phase 3, entrepreneurs switch sectors with a probability a 2 ð0;1Þ. If entrepreneurs switch their
sector, they do so in groups, and switch to the other region. All entrepreneurs from sector S1 move to
sector S3 (and vice versa), while all entrepreneurs from sector S2 move to sector S4 (and vice versa).
The fact that entrepreneurs switch in groups guarantees that, if they switch, there remain one good
entrepreneur and three bad ones in each sector. The fact that entrepreneurs always switch regions
simplifies the strategic interaction, as lenders know that if switching occurs they can no longer access
any borrower they already have information on. Whether entrepreneurs switch or not is determined
by the roll of a dice.

In phase 4, lenders simultaneously make credit offers. Before doing so, each lender is informed
about which other lenders have joined the credit bureau, and whether the entrepreneurs have
switched locations. Each lender can make credit offers to entrepreneurs who at this point in time
are situated in the same region. Lenders L1 and L2 can offer credit to any entrepreneur situated in re-
gion A. Lenders L3 and L4 can offer credit to any entrepreneur situated in region B. The size of a credit
is fixed at I ¼ 100 points. When making a credit offer, the lender must specify his requested repay-
ment eR 2 ½100;300�. In order to make a credit offer to a particular entrepreneur, a lender must select
the ID number of the entrepreneur. Each lender is endowed with funds of 200 points in each period,
and can therefore make at most two credit offers. As there are two lenders and only two good borrow-
ers per region our design implies competition between lenders for the good entrepreneurs in a region.
Intra-regional competition in our experiment is however incomplete. A credit offer to the entrepre-
neur situated in the home sector of the lender bears no transaction costs c ¼ 0. In contrast, a credit
offer to an entrepreneur in the other sector of the region involves positive transaction costs of
c ¼ T. Overall our design implements a simple form of spatial competition: Each lender has one direct
competitor with whom he competes in an incomplete manner, and two lenders with whom he does
not compete at all.

In phase 5, each entrepreneur can accept one of the credit offers made to him. Entrepreneurs in our
experiment are programmed to accept the credit offer with the lowest requested repayment. If an
entrepreneur receives two credit offers with equal repayment requests he chooses that of the lender
from the sector he is situated in. This is common knowledge among lenders. The lenders’ repayment
requests are enforceable, but we assume that there is limited liability of entrepreneurs. Thus, good
entrepreneurs make actual loan repayments of R ¼ eR, while bad entrepreneur make repayments of 0.

In phase 6, lenders find out the type of each entrepreneur in their region and are informed about all
credit offers made by themselves and the other lender in their region. Lenders also get to know which
5 In our experimental design we frame borrowers as entrepreneurs who can either have successful or unsuccessful projects. The
reason for framing the experiment as a commercial credit market rather than a consumer credit market was to make it easier for
our subjects to understand why some borrowers can repay, while others cannot.



Table 1
Experimental treatments and predictions.

High mobility ða ¼ :75Þ Low mobility ða ¼ :25Þ

Low competition ðT ¼ 160Þ Full sharing Full sharing/Partial sharing
High competition ðT ¼ 60Þ Full sharing/Partial sharing Partial sharing

The table summarizes the parameters and reports predicted equilibria for each of our four experimental treatment conditions.
Treatments differ in the probability of entrepreneurs switching a and the transaction costs of intra-regional lending T. ‘‘Full
sharing” indicates that there is an equilibrium in which both lenders in each region join the credit bureau. ‘‘Partial sharing”
indicates that there is an equilibrium in which only one lender per region joins the credit bureau.
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of their credit offers was accepted and their resulting payoff. Lenders receive this overview of the cred-
it market outcome and their payoff in order to make it transparent that allocation of credit and their
payoff were determined according to the predetermined rules. It is common knowledge that all lender
payoffs are calculated in each period as follows:
6 In r
informa
Europea
interest
circumv
interest
p ¼
200 if no credit offer is accepted
100þ R1 � c1 if one credit offer is accepted
R1 � c1 þ R2 � c2 if two credit offers are accepted

8><
>:
where R1;R2 are repayments demanded in the lender’s two offers and c1; c2 are the transaction costs
involved if the offers are accepted.

Each session of our experiment involves 12 participants and lasts 20 periods. As all participants are
assigned the role of lenders, there are three identical credit markets in each period with four lenders
each. Each period involves a restart of the experiment: Lenders are randomly reassigned to one of the
three credit markets, and the location of the good entrepreneur in each sector of each credit market is
randomly determined. This random assignment of lenders and entrepreneurs implies that the infor-
mation on credit allocation provided to subjects at the end of each period does not enable reputation
effects. The complete restart of our experiment in each period also implies that we abstract from the
possibility that entrepreneurs in reality can use accumulated earnings to finance projects.

2.2. Treatments and predictions

We implement four treatments of our experiment which differ only in the probability of entrepre-
neurs switching a and the transaction costs of intra-regional lending T. In order to study the impact of
borrower mobility and lender competition on information sharing we vary both factors
independently.

In our design the degree of information which lenders have about those borrowers they can lend to
depends on whether borrowers switch location or not. Thus the potential adverse selection in our
credit market is determined by the probability of entrepreneurs switching a, i.e., their (exogenous)
mobility. We implement treatments in which this mobility is high ða ¼ :75Þ and treatments in which
mobility is low ða ¼ :25Þ.6

The degree of competition between lenders in our design is determined by the transaction costs of
intra-regional lending. When these transaction costs are high, lenders are subject to low competition
from their competitor in the same region. When transaction costs are low, lenders are subject to
strong competitive pressure. For both levels of borrower mobility we implement one treatment in
which lending competition is high, because transactions costs of intra-regional lending are low
eality the mobility of borrowers across markets is a choice variable which may be influenced by competition and
tion sharing between banks. For example, it has been argued that cross-border information sharing between banks in the
n Union could encourage more cross-border mobility among borrowers (San José Riestra, 2002). However, since we are
ed in testing the hypotheses of Pagano and Jappelli (1993), it is an advantage that our experimental design allows us to
ent this endogeneity issue related to borrower mobility. Testing the implications of endogenous mobility could be an
ing topic for future experiments.
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ðT ¼ 60Þ, and one treatment in which lender competition is low because transaction costs are high
ðT ¼ 160Þ. Table 1 summarizes our experiment design.

In Appendix A.1 we describe the full set of pure strategy equilibria for our experiment, depending
on the mobility of entrepreneurs a and the degree of intra-regional competition determined by T.7

Based on that analysis we discuss in the following the predictions for our four treatments. The income
of lenders depends on whether they can identify a good entrepreneur, and whether their direct com-
petitor can also identify that entrepreneur. No lender will make a credit offer to an entrepreneur he
knows is ‘‘bad”, as he would incur a certain loss. Furthermore, no lender will lend to an entrepreneur
of an unknown type as the expected profit from doing so is negative. Lenders thus only make contract
offers to entrepreneurs they can identify as good. If a lender knows that his competitor in the same
region cannot identify a particular good entrepreneur, he will demand the maximum repayment of
300 points. If, however, the competing lender can also identify that good entrepreneur, price compe-
tition drives the requested repayment down to 100þ T , which is the lowest profitable offer the ‘‘out-
side” lender can make. Thus when both lenders know a particular entrepreneur is good, the profits
which lenders make are determined by the level of inter-regional transaction costs T.

Based on the impact of information conditions on lenders’ income we can derive the costs and ben-
efits of joining the credit bureau in our experiment. Joining the credit bureau can imply costs for a len-
der, because he risks surrendering his monopoly position over the good entrepreneur in his home
sector. This will be the case if the competing lender in the same region also joins the bureau, and
entrepreneurs do not switch locations. The potential loss from sharing information with the compet-
ing lender is higher when intra-regional transaction costs are low, i.e., when competition within the
region is strong. The benefits from joining the credit bureau arise from the possibility to extend credit
when lenders do switch location. A lender can however only benefit from joining the bureau if non-
competing lenders from the other region join as well and share information on borrowers who have
switched. The potential value of this information depends on whether the competing lender also
joined the credit bureau and the degree of competition within regions.

In the ‘‘HighMobility–LowCompetition” treatment we predict that all lenders join the credit bureau.
In this treatment the expected costs from joining the bureau are low. Due to high mobility it is unlikely
that a lender will retain an information monopoly if he does not join the bureau. Moreover, due to high
transaction costs the loss of monopoly power from sharing information with the competing lender is
low. In contrast, the expected benefits of joining the bureau are high. First, due to high mobility it is
very likely that the lender would benefit from sharing information with the non-competing lenders.
Second, when entrepreneurs switch, information provided by non-competing lenders is valuable, as
high transaction costs prevent competition from driving down repayment rates even if the competing
lender also joins the bureau. As we show in Appendix A it is optimal in this treatment for all lenders to
join the credit bureau.8

In the ‘‘LowMobility–HighCompetition” treatment we predict that partial information sharing takes
place: only one lender per region will join the credit bureau. In this treatment the expected costs from
joining the credit bureau are high. First, due to low mobility sharing information with the competing
lender will often undermine a lenders monopoly position. Second, the loss of monopoly rent from
sharing information with the competing lender is substantial, as inter-regional transaction costs are
low. The expected benefits of joining the credit bureau in this treatment are low. Due to low mobility
a lender is unlikely to benefit from sharing information with non-competing lenders. Moreover, the
value of this information is limited if the competing lender also joins the bureau. In Appendix A we
show that in this treatment a lender will not want to join the credit bureau if the competing lender
from the same region joins. We therefore predict that the first-moving lender in each region joins
the bureau, while the second-mover does not.
7 In the appendix we establish predictions for our experiment, assuming that lenders are risk-neutral. We also show that our
qualitative predictions still hold if lenders exhibit a reasonable degree of risk aversion.

8 Note that in this treatment as well as in the other treatments there exists an equilibrium in which no lender joins the credit
bureau. If no other lender joins the credit bureau it is a (weakly) best-response for the remaining lender not to join as well.
However, assuming that lenders do not play weakly dominated strategies, we neglect these equilibria in the rest of the paper.
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In the ‘‘HighMobility–HighCompetition” treatment we predict that either partial information sharing
or full information sharing can take place. Due to high mobility sharing information with the compet-
itor will rarely undermine a lender’s monopoly position. However, if entrepreneurs do not switch, the
loss of monopoly rent from sharing information with the competing lender is substantial, as inter-re-
gional transaction costs are low. Considering the benefits of joining the bureau, high mobility implies
that lenders will often be reliant on information from lenders in the other region. However, due to low
transaction costs, the value of this information is limited if the competing lender from the same region
also joins the bureau. In Appendix A we show that the first-moving lender in both regions will join the
bureau in this treatment. The benefit from joining the credit bureau for the second-mover in a region
exceeds the costs of joining only if both non-competing lenders also join. Thus in this treatment there
are two possible equilibria. There is a full-sharing equilibria in which the second-movers from both
regions join the credit bureau. However, there is also a partial-sharing equilibria in which only the
first-mover lenders join. Which equilibria actually emerges depends on the ‘‘coordination” of the
two second-mover lenders who simultaneously decide whether to join the bureau.

In the ‘‘LowMobility–LowCompetition” treatment we again predict that both partial information
sharing or full information sharing can take place. Considering the costs of information sharing, low
mobility implies that sharing information with the competitor has a high chance of undermining a
monopoly position. However, the loss of monopoly rent from sharing information with the competing
lender is low, as inter-regional transaction costs are high. Considering the benefits of joining the bu-
reau, a lender will seldom require information from the lenders in the other region in order to prof-
itably extend credit. However, due to high transaction costs, the value of receiving information
from non-competing lenders is high if switching does occur, even if the competing lender from the
same region also joins the bureau. In the appendix we show that the benefits from joining the credit
bureau for the second-mover in a region exceed the costs of joining only if both non-competing lend-
ers also join. Thus in this treatment, there is again a full-sharing equilibria in which the second-movers
from both regions join the credit bureau and a partial-sharing equilibria in which only the first-mover
lenders join. The outcome again depends on the ‘‘coordination” of the two second-mover lenders who
simultaneously decide whether to join the bureau.

Table 1 summarizes the predictions for our four treatments and shows that our experimental de-
sign allows us to answer our three research questions. First, we can examine whether adverse selec-
tion in the credit market encourages voluntary information sharing. By comparing the outcome of the
‘‘LowMobility–HighCompetition” treatment to that of the ‘‘HighMobility–HighCompetition” treat-
ment, we can establish whether an exogenous increase in the degree of asymmetric information
(increasing a from .25 to .75) increases credit bureau participation at a given high level of lender com-
petition. Comparing the outcome of the ‘‘LowMobility–LowCompetition” treatment to that of the
‘‘HighMobility–LowCompetition” treatment, we can establish whether an identical increase in asym-
metric information has the same effect at a constant low level of competition.

Second, we can examine whether lender competition in the credit market discourages voluntary
information sharing. By comparing the outcome of the ‘‘HighMobility–LowCompetition” treatment to
that of the ‘‘HighMobility–HighCompetition” treatment, we can establish whether an exogenous
increase in the intensity of competition (reducing T from 160 to 60) reduces credit bureau participation
at a constant high level of adverse selection. Comparing the outcome of the ‘‘LowMobility–LowCompe-
tition” treatment to that of the ‘‘LowMobility–HighCompetition” treatment, we can establish whether
an identical increase in competition has the same effect at a constant low level of adverse selection.

Third, we can examine the impact of adverse selection and lender competition on information sharing
behavior when there is potential coordination failure among lenders. We do this by comparing the out-
come of our two treatments in which both full and partial sharing are equilibrium outcomes. If we ob-
serve that the outcome of the ‘‘HighMobility–HighCompetition” treatment is substantially closer to
that of the ‘‘HighMobility–LowCompetition” than the ‘‘LowMobility–LowCompetition” treatment, we
can conclude that adverse selection has a stronger impact on information sharing behavior when coor-
dination is an issue. In contrast, if we observe that the outcome of the ‘‘HighMobility–HighCompetition”
treatment is substantially closer to that of the ‘‘LowMobility–HighCompetition” than the ‘‘LowMobility–
LowCompetition” treatment, we can conclude that competition has the stronger impact. If we find
similar outcomes in the ‘‘HighMobility–HighCompetition” and ‘‘LowMobility–LowCompetition”



M. Brown, C. Zehnder / J. Finan. Intermediation 19 (2010) 255–278 263
treatments, we can conclude that neither of the two forces has an overwhelming coordination effect on
lenders.

Our predictions are derived under the assumption of risk-neutrality of lenders. Would risk aversion
among lenders alter our main predictions? In Appendix A.2 we investigate how risk aversion affects
the feasibility of partial and full information sharing in our experiment. We show there that the pres-
ence of risk-averse lenders enlarges (reduces) the set of parameter constellations for which full (par-
tial) information sharing is feasible. This is intuitive, as full information sharing means that all lenders
realize a safe payoff, while partial information sharing implies that lenders earn risky payoffs. How-
ever, it is rather unlikely that our participants are risk-averse enough to alter the equilibrium predic-
tions for our four treatments.9

2.3. Discussion

Our credit market is designed to capture the key information sharing incentives for lenders, in a
most simple environment. In doing so we abstract from many natural characteristics of real credit
markets as well as from common features of information sharing institutions. In this section we dis-
cuss how our key design features affect the predictions for our experiment.

In our experiment borrowers are simulated. They are programmed to accept the best credit offer
they receive and it is decided randomly whether they are able or not able to repay. In reality, borrow-
ers choose which lenders to borrow from, how to invest their funds and whether to repay their loans.
Moreover, these decisions arguably depend on the existence of a credit bureau and which banks are
members of it. In our experiment, we abstract from moral hazard in the credit market, and focus on
how asymmetric information on exogenous borrower traits affects information sharing incentives. Gi-
ven that lenders are forced to repay if they can, and we are interested only in lenders decisions to
share information, there would be no added value in having real subjects play the role of borrowers.

A second feature of our experimental design is spatial competition. Introducing spatial competition
in our experiment yields an interesting additional prediction to the analysis of Pagano and Jappelli
(1993): when market conditions cannot sustain information sharing between all lenders, there exist
partial sharing equilibria in which lenders exchange information only with non-competitors (see
our predictions for the ‘‘LowMobility–HighCompetition” treatment). The intuition for this result
comes from the fact that in our type of spatial competition it does not hurt to share information with
non-competitors.10

We assume that the decisions of lenders to join the credit bureau are sequential within each region,
but simultaneous across regions. The assumption that joining decisions are made simultaneously
across regions is necessary for the existence of multiple equilibria in our framework, as this generates
the potential for ‘‘coordination failure” among non-competing lenders. If the decisions of lenders to
join the credit bureau are made fully sequentially, the potential for ‘‘coordination failure’ does not
arise.11 As discussed in the introduction, practitioners report that there are substantial difficulties in
coordinating lenders to join and provide information to private credit bureaus in particular in developing
9 The treatment that is most likely to be affected is the ‘‘HighMobility–HighCompetition” treatment. If lenders are strongly risk-
averse, partial sharing is no longer an equilibrium in this treatment. However, the degree of risk aversion needed for this to be the
case is implausibly high (see Observation 2 in the appendix for details). For example, a participant with such preferences would
rather take a fixed payment of 108 points (CHF 0.72) instead of lottery where he would get 300 points (CHF 2.00) with probability
0.5 and zero otherwise (i.e., a risk premium of almost 30% in a decision with very low stakes). Thus, as long as the participants’
preferences are not extreme, the presence of risk aversion does not affect our predictions.

10 An alternative type of spatial competition would be to assume symmetric, imperfect competition with costs of c ¼ T for all
cross-sectoral transactions. In this case, we would yield for each parameter constellation either a full sharing or a no-sharing
equilibrium. Despite the improvements in communication technology we believe, however, that the assumption of ‘‘differentiated”
competition among lenders is more realistic than to assume that all lenders compete with each other at the same intensity.
Degryse and Ongena (2005), for example, show that distance between firms, lenders, and competitor lenders strongly influence
loan terms in Belgium.

11 Note that our predictions are not affected if we assume that lenders make completely simultaneous decisions, i.e., joining
decision are not only made simultaneously across regions but also within regions. The only difference is that with completely
simultaneous decisions it is not determined which of the two lenders in a region joins the credit bureau in a partial sharing
equilibrium.
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and emerging markets. The coordination problem in our design is thus especially relevant to these devel-
oping financial sectors, while it may be less so for mature markets with one or more established credit
bureaus. Anecdotal evidence suggests that the initial set up of credit bureaus may depend on who owns
the bureau (bankers association or private company), the legal environment in the country, and the sup-
port of public authorities or international organizations (IFC, 2006). In our design we abstract from insti-
tutional arrangements which may affect the degree of the coordination problem among lenders. Our
experiment captures the potential for coordination failure among lenders at a most abstract level by
introducing simultaneous decision making.

Our stylized credit market displays several further features which affect information sharing incen-
tives: we assume that initially each lender can only identify the type of borrowers in his sector. Given that
the expected profit of lending to unknown borrowers is negative, each lender thus enjoys initially a
de-facto monopoly in his home sector. Obviously, in reality banks may face strong competition even
in the absence of information sharing. However, even under such competition, banks typically enjoy
informational advantages over competitors, which give rise to potential rents. By assuming that lend-
ers have a de-facto monopoly we implement this information advantage in a most simple way.

In our design we implement, for reasons of simplicity, identical market shares and thus abstract
from asymmetrical incentives of lenders to share information. Implementing asymmetric market
shares (i.e., heterogeneity in the number of good borrowers per market and in the number of borrow-
ers who switch) in our framework would reduce the potential for full information sharing in all treat-
ments, as lenders with large market shares would have stronger incentives not to share information.12

Moreover, the coordination problem between non-competing lenders would be accentuated, as the
benefits of sharing information would not only depend on the number of non-competitors who join
the credit bureau, but also on their size.

In our credit market, lenders bear identical costs of cross-sectoral lending to any borrowers in the
other sector of his region. In reality, these costs, may be borrower-specific, in particular, as they
may also be interpreted as switching costs of borrowers.13 The qualitative predictions of our model
would, however, not be altered by allowing for heterogenous transaction costs; the incentives to share
information would simply depend on the total transaction costs for good borrowers in each sector.

In our experiment all lenders make their credit offers simultaneously. As a result, they cannot infer
anything about the type of any specific borrower from credit offers of other lenders. In reality, borrow-
ers often approach lenders sequentially, so that the conditions offered by one lender may serve as a
signal of borrower quality to others. Mistrulli and Casolaro (2008) argue for example that local banks
may provide a ‘‘certification” function for more distant banks in small business lending. However, in
general, loan contract terms alone do not provide a lender with an exact measure of credit risk for any
prospective client. If this were the case banks would not invest substantial resources to screen clients
and would not need to participate in information sharing institutions at all. In our experimental de-
sign, simultaneous lending captures this imperfect verifiability of credit contracts in a most simple
way.

We assume, for simplicity, that there is only one credit bureau which lenders can join. In reality,
multiple credit bureaus exist in many countries. In some countries these credit bureaus serve the same
lenders and distinguish themselves by the type of information they provide (e.g., Experian and Equifax
in the US consumer credit industry). In others though, multiple credit bureaus have been initiated
because competing banks are reluctant to share information with each other (see our remarks on
Russia in the introduction). Our assumption that competing lenders must share information with each
other (if they share information at all) may thus overemphasize the potential impact of lender com-
petition on information sharing incentives. While this is the case, it is important to note that in reality
12 In the US one major credit card company was long reluctant to share information through the main credit bureaus (Hunt,
2005).

13 Gehrig and Stenbacka (2007) show in a model with heterogenous switching costs for borrowers that information sharing may
have a two-way effect on bank competition. In their two period model information sharing about borrower types increases
competition for known good borrowers in the second period. By doing so, it however reduces the informational rents banks earn on
good borrowers, and thus reduces competition for market shares in the initial period. Bouckaert and Degryse (2004) examine a
similar model.
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competition still affects information sharing incentives even if multiple bureaus are possible: as long
as borrowers may switch between competing lenders the basic trade off between information acqui-
sition and loss of informational rents implemented in our design still applies.

We further fix the type of information which may be exchanged between our experimental lenders:
lenders can exchange information about the types of borrowers in their home market, and they can do
so only on a reciprocal basis. We measure the extent of voluntary information sharing by studying the
frequency with which lenders use this available information sharing mechanism. In reality, the extent
of information sharing depends not only on how many banks share information, but also on what type
of information they exchange. Some credit registries and credit bureaus only enable the exchange of
information on loan defaults (‘‘negative information”), while others also facilitate the exchange of
information on open credit lines, successful loan repayments and borrower characteristics (‘‘positive
information”). Obviously, it would be interesting to study not only how many lenders share informa-
tion voluntarily, but also what type of information they would choose to share. In our experimental
credit market, the only information worth exchanging relates to borrower types, as borrowers cannot
default, and they cannot maintain multiple bank relationships.

Finally, in our design, lenders can only exchange information by joining the credit bureau. Obviously in
real credit markets, lenders can and do share information through other formal channels (e.g., the ex-
change of information between branches of a bank through its IT system) and informal channels (e.g.,
phone calls between credit officers of different banks). The extent to which these alternative channels
can overcome information asymmetries in the credit market depend on how well lenders are repre-
sented in different sectors of the credit market or how well-knit informal networks of credit officers
are. In reality many lenders are specialized geographically or by product type (credit card companies,
mortgage lenders). Moreover non-bank creditors (utilities, phone companies) also posses relevant infor-
mation about the creditworthiness of firms and households. Thus, even in the presence of alternative
channels, credit bureaus do enable a broader exchange of information between lenders. Our design cap-
tures this phenomenon in a most simple case by abstracting from alternative channels altogether.

2.4. Procedures

In total we conducted 20 experimental sessions, five for each of our four treatments. All experimen-
tal subjects were volunteers and each participant could only participate in one session (i.e., each sub-
ject experienced only one of the treatments). All sessions were conducted in June 2006 and
participants were students at the University of Zurich or the ETH Zurich. The computerized experi-
ment was programmed and conducted with the z-Tree experimental software (Fischbacher, 2007).
A session lasted approximately ninety minutes. Subjects received a show-up fee of CHF 10 (CHF
1.2 � 1.00 USD in June 2006) and, in addition, CHF 1 for every 150 points earned during the experi-
ment. On average subjects earned CHF 55.

To make sure that all participants fully understand the decision process and the payment struc-
ture of the game, each subject had to read a detailed set of instructions before a session was
started. After reading the instructions, participants had to pass a test with control questions. No
session started before all subjects had correctly answered all control questions. An English version
of our instructions, the original German instructions, as well as the z-Tree codes are available upon
request from the authors.

3. Results

3.1. Information sharing

We measure information sharing by the frequency with which lenders join the credit bureau.
Table 2 displays summary statistics of this frequency by treatment. We find that in our two bench-
mark treatments information sharing is very close to the predicted outcome. In the ‘‘HighMobility–
LowCompetition” treatment we expect all lenders to join the credit bureau. Our results show that
on average 90% of all lenders in this treatment join the bureau. Moreover, information sharing is
consistently high across all sessions in the treatment, with credit bureau participation ranging from



Table 2
Information sharing and information conditions.

Session averages Period averages

Mean Max Min 1–5 6–10 11–15 16–20

Panel A. HighMobility–LowCompetition treatment
Join credit bureau 0.90 0.96 0.83 0.84 0.89 0.92 0.96
No lender informed 0.08 0.17 0.04 0.14 0.08 0.07 0.03
1 lender informed 0.15 0.21 0.08 0.19 0.18 0.15 0.09
2 lenders informed 0.77 0.89 0.63 0.67 0.74 0.78 0.88

Panel B. HighMobility–HighCompetition treatment
Join credit bureau 0.86 0.91 0.78 0.84 0.87 0.86 0.85
No lender informed 0.11 0.15 0.08 0.12 0.12 0.09 0.11
1 lender informed 0.24 0.38 0.17 0.24 0.21 0.26 0.25
2 lenders informed 0.65 0.75 0.48 0.64 0.67 0.65 0.64

Panel C. LowMobility–LowCompetition treatment
Join credit bureau 0.56 0.60 0.50 0.59 0.57 0.55 0.55
No lender informed 0.13 0.16 0.06 0.11 0.09 0.16 0.15
1 lender informed 0.65 0.70 0.60 0.61 0.67 0.64 0.69
2 lenders informed 0.22 0.28 0.15 0.28 0.24 0.20 0.16

Panel D. LowMobility–HighCompetition treatment
Join credit bureau 0.47 0.53 0.43 0.42 0.50 0.48 0.50
No lender informed 0.14 0.20 0.08 0.18 0.12 0.11 0.15
1 lender informed 0.74 0.78 0.68 0.72 0.73 0.80 0.72
2 lenders informed 0.12 0.18 0.08 0.10 0.16 0.09 0.13

The table presents summary statistics for credit bureau participation and information conditions by treatment. For each statistic
the table presents the relative frequency across the five sessions of each treatment, the highest relative frequency (max) and
lowest relative frequency (min) of an individual session and relative frequencies for four different phases of the experiment
(periods 1–5, 6–10, 11–15 and 16–20). Join credit bureau is the fraction of lenders who joined the credit bureau. No lender
informed (1 lender informed) (2 lenders informed) is the relative frequency of cases in which none (1) (2) of the lenders who
could lend to a particular sector could identify the entrepreneurs in that sector.

266 M. Brown, C. Zehnder / J. Finan. Intermediation 19 (2010) 255–278
83% to 96%. In the ‘‘LowMobility–HighCompetition” treatment we expect only half the lenders to join
the credit bureau. Our results show that on average 47% of all lenders in this treatment join the bu-
reau, with credit bureau participation varying between 43% and 53% per session. In our two treat-
ments where both full information sharing and partial information sharing are feasible we find two
very different outcomes. In the ‘‘HighMobility–HighCompetition” treatment credit bureau participa-
tion is consistently high across sessions (78–91%), leading to an average information sharing fre-
quency of 86%. In contrast, the ‘‘LowMobility–LowCompetition” treatment displays low levels of
credit bureau participation across sessions (50–60%), leading to an average information sharing fre-
quency of 56%.

The above results suggest first that adverse selection increases voluntary information sharing sig-
nificantly. Comparing the ‘‘LowMobility–LowCompetition” to the ‘‘HighMobility–LowCompetition”
treatment we see that an increase in borrower mobility a from .25 to .75 (while holding T ¼ 160)
raises the frequency of bureau participation from 56% to 90%. Comparing the ‘‘HighMobility–High-
Competition” to the ‘‘LowMobility–HighCompetition” treatment, we see that a similar increase in bor-
rower mobility (while holding T ¼ 60) raises credit bureau participation from 47% to 86%. Table 2
shows that all five sessions of the ‘‘HighMobility–LowCompetition” treatment display higher bureau
participation than any of the five sessions of the ‘‘LowMobility–LowCompetition” treatment. Likewise,
all five sessions of the ‘‘HighMobility–HighCompetition” treatment display higher bureau participa-
tion than any of the five sessions of the ‘‘LowMobility–HighCompetition” treatment. For both compar-
isons therefore, one-sided Mann–Whitney tests based on session averages confirm that information
sharing is significantly more frequent under high borrower mobility ðp ¼ :004Þ.

Second, our results suggest that an increase in lender competition reduces voluntary information
sharing. Comparing the ‘‘LowMobility–LowCompetition” to the ‘‘LowMobility–HighCompetition”
treatment, we see that reducing transaction costs from T ¼ 160 to T ¼ 60 (while maintaining bor-
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rower mobility at a ¼ :25) reduces the frequency of information sharing from 56% to 47%. A one-sided
Mann–Whitney test based on session observations suggests that the difference between the two treat-
ments is significant ðp ¼ :008Þ.14 Comparing the ‘‘HighMobility–LowCompetition” to the ‘‘HighMobil-
ity–HighCompetition” treatment, we see that an identical reduction in transaction costs (while
holding borrower mobility high) reduces the frequency of information sharing from 90% to 86%.
Non-parametric tests suggest however that this difference is not significant.15

Third, the outcome of the ‘‘HighMobility–HighCompetition” and ‘‘LowMobility–LowCompetition”
treatments suggests that when information sharing is subject to potential coordination failure, ad-
verse selection is much stronger than lender competition in coordinating actual lender behavior. Cred-
it bureau participation in the ‘‘HighMobility–HighCompetition” treatment (86%) is similarly high to
that of the ‘‘HighMobility–LowCompetition” treatment (90%), while it is significantly higher than in
the ‘‘LowMobility–HighCompetition” treatment (47%). Likewise the outcome of the ‘‘LowMobility–
LowCompetition” treatment (56%) is similarly low to that of the ‘‘LowMobility–HighCompetition”
treatment (47%), while it is substantially lower than that of the ‘‘HighMobility–LowCompetition”
treatment (90%). Thus in both treatments where multiple equilibria are feasible the actual outcome
seems to be driven by the level of borrower mobility, while it is hardly influenced by the degree of
lender competition.

Does the high frequency of information sharing in our two treatments with high mobility allow
lenders to overcome the greater degree of inherent adverse selection in these treatments? Our results
suggest that it does. Table 2 presents the information conditions in each treatment after information
sharing decisions have been made and nature has determined whether entrepreneurs switch loca-
tions. The table displays the share of sectors for which no lender, one lender or both lenders which
can lend to the sector can identify the entrepreneur types in the sector. We find that the share of sec-
tors for which no lender can identify the entrepreneur types is similarly low across treatments. In par-
ticular, we find that in treatments with high mobility there are not more instances in which neither
lender is informed about entrepreneur types.

Due to stronger credit bureau participation, the information conditions and thus market power of
lenders differ significantly in high-mobility treatments compared to low mobility treatments. Table 2
shows that the share of sectors in which both lenders are informed about entrepreneurs, and thus
competition for the good entrepreneur is strong, is substantially higher in the ‘‘HighMobility–Low-
Competition” than in the ‘‘LowMobility–LowCompetition” treatment (77% versus 22%). The frequency
of two informed lenders is also higher in the ‘‘HighMobility–HighCompetition” than in the ‘‘LowMo-
bility–HighCompetition” treatment (65% versus 12%). A comparison of session averages suggests that
these differences in information and thus competitive conditions at the lending stage are statistically
significant.16

The results from Table 2 show that our experiment does capture the two key impacts of informa-
tion sharing on credit markets: a reduction of information asymmetries and an endogenous increase in
competition among lenders.

3.2. Lending

The volume and quality of lending hardly differs across treatments in our experiment. On average,
each lender extends roughly 1 loan per period in all treatments. Table 3 shows that the number of
14 In the ‘‘LowMobility–LowCompetition” treatment the frequency of information sharing in the five sessions is .50, .55, .56, .60,
.60, respectively,. In the ‘‘LowMobility–HighCompetition” treatment the frequency of information sharing in the five sessions is .43,
.44, .48, .49, .52, respectively. A one-sided Mann–Whitney test based on session observations thus yields a coefficient of p ¼ :008.

15 In the ‘‘HighMobility–LowCompetition” treatment the frequency of information sharing in the five sessions is .82, .89, .90, .93,
.96, respectively. In the ‘‘HighMobility–HighCompetition” treatment the frequency of information sharing in the five sessions is .78,
.83, .87, .88, .91, respectively. A one-sided Mann–Whitney test based on session observations thus yields a coefficient of p ¼ :111.

16 All five sessions of the ‘‘HighMobility–LowCompetition” treatment display more incidences of two informed lenders than any
session of the ‘‘LowMobility–LowCompetition” treatment. Likewise, all five sessions of the ‘‘HighMobility–HighCompetition”
treatment display more incidences of two informed lenders than any session of the ‘‘LowMobility–HighCompetition” treatment.
For both comparisons therefore, one-sided Mann–Whitney tests based on session averages confirm that the incidence of two
informed lenders is more frequent under high borrower mobility ðp ¼ :004Þ.



Table 3
Lending.

Session averages Period averages

Mean Max Min 1–5 6–10 11–15 16–20

Panel A. HighMobility–LowCompetition treatment
Loans 0.95 0.98 0.91 0.92 0.95 0.95 0.98
% to good Entrepreneur 95.9 97.9 90.4 92.4 96.8 96.5 97.6
Repayment–competition 238 251 219 226 238 244 243
Repayment–monopoly 288 299 277 285 293 283 295
Profits 289 304 268 270 287 293 307

Panel B. HighMobility—HighCompetition treatment
Loans 0.98 1.03 0.93 0.94 0.98 0.98 1.00
% to good Entrepreneur 89.6 87.5 88.7 91.5 89.2 91.2 86.7
Repayment–competition 175 179 171 186 174 171 167
Repayment–monopoly 283 293 269 279 286 289 284
Profits 266 277 256 270 259 269 265

Panel C. LowMobility–LowCompetition treatment
Loans 0.91 0.98 0.89 0.92 0.94 0.90 0.90
% to good Entrepreneur 94.4 94.0 93.9 95.6 95.4 92.3 94.4
Repayment–competition 234 249 213 225 240 238 247
Repayment–monopoly 296 298 291 287 298 300 300
Profits 330 333 328 321 332 328 340

Panel D. LowMobility–HighCompetition treatment
Loans 0.93 0.97 0.88 0.89 0.94 0.96 0.92
% to good Entrepreneur 90.9 94.4 89.2 91.4 90.8 91.0 90.6
Repayment–competition 179 186 170 180 178 179 181
Repayment–monopoly 294 297 290 287 296 297 297
Profits 340 350 331 328 340 351 341

The table presents summary statistics of lending behavior by treatment. For each statistic the table presents the mean value
across the five sessions of each treatment, the highest mean value (max) and lowest mean value (min) of an individual session,
and mean values for four different phases of the experiment (periods 1–5, 6–10, 11–15 and 16–20). Loan is the average number
of loans extended per lender and period. % to good Entrepreneur is the fraction of loans that was extended to a borrower which
the lender could identify as good. Repayment - competition (Repayment–monopoly) is the repayment paid on loans by good
borrowers, when one (both) lenders in the region could identify the borrowers type. Profits stands for the payoffs of lender per
period.
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loans varies slightly across treatments, but non-parametric tests suggest that these differences be-
tween treatments are insignificant.17 The quality of lending is extremely high in all treatments. The vast
majority of loans (between 90% and 96% per treatment) are made to entrepreneurs which the lender can
identify as the good type. The remaining loans are extended to entrepreneurs which are of unknown type
to the lender.18 The almost exclusive lending to entrepreneurs which were known to be of the good type
is constant over the course of our experiment. Table 3 shows that already in the initial five periods of the
experiment more than 90% of all loans were made to good entrepreneurs. This finding confirms that from
the outset lenders were very much aware of the inherent information problem in our experiment.

While lenders in high-mobility treatments extend similar credit to those in low-mobility treat-
ments, they do earn substantially less from these loans. On average, lenders earn 41 points more
per period in the ‘‘LowMobility–LowCompetition” treatment than in the ‘‘HighMobility–LowCompeti-
17 In the ‘‘HighMobility–LowCompetition” treatment the average number of loans per period and lender is .91, .95, .95, .96, .98,
respectively. In the ‘‘HighMobility–HighCompetition” treatment this is .93, .94, .99, .99, 1.03, respectively. In the ‘‘LowMobility–
LowCompetition” treatment this is .89, .90, .90, .90, .98, respectively. In the ‘‘LowMobility–HighCompetition” treatment this is .88,
.90, .93, .96, .97, respectively. Two-sided Mann–Whitney tests based on session observations thus yield coefficients of p = .42
(‘‘HighMobility–LowCompetition” versus ‘‘HighMobility–HighCompetition”), p = .546 (‘‘LowMobility–LowCompetition” versus
‘‘LowMobility–HighCompetition”), p = .15 (‘‘HighMobility–LowCompetition” versus ‘‘LowMobility–LowCompetition”), and p = .15
(‘‘HighMobility–HighCompetition” versus ‘‘LowMobility–HighCompetition”).

18 There were only very few cases in which lenders actually lent to identified bad borrowers (17 of the total 4524 loans made in
the experiment).
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tion” treatment. Further, lenders earn 74 points more per period in the ‘‘LowMobility–HighCompeti-
tion” treatment than in the ‘‘HighMobility–HighCompetition” treatment. Non-parametric tests con-
firm that these differences are statistically significant in both comparisons.19

The reason why lenders earn lower profits in high-mobility treatments is that due to strong credit bu-
reau participation they less often have proprietary information about a good entrepreneur in their re-
gion. This implies stronger competition for good entrepreneurs, and thus lower repayments and
profits. The summary statistics in Table 3 display the mean repayments received by lenders on loans
to good borrowers. If only one lender in a region knows that a particular borrower is good, then we expect
him to demand the maximum repayment of 300 (this was the certain investment earning of good bor-
rowers). If, in contrast, both lenders in a region can identify a good borrower, competition drives repay-
ment demands down. Due to transaction costs T of lending across sector borders, the lowest repayment
which the lender in the other sector of the region can demand (and make non-negative profits) is
100þ T . If both lenders can identify the same good borrower, competition should thus lower repayment
demands to 100þ T. In the ‘‘High Competition” treatments ðT ¼ 60Þ this implies a level of 160, while in
the ‘‘Low Competition” treatments ðT ¼ 160Þ it implies a repayment level of 260. Table 3 shows that in all
four treatments, lenders demand repayments very close to 300, if they alone can identify the good entre-
preneur. The table shows that repayments under such ‘‘information monopoly” do rise slightly over
time, suggesting that lenders’ awareness of the consequences of an information monopoly improves
over time. However, even in the first five periods of the experiment, the mean repayment demanded un-
der information monopoly is 285, and thus quite close to the predicted outcome. Table 3 further shows
that repayments demanded from good entrepreneurs are close to competitive levels, when both lenders
in a region can identify the type of the entrepreneur. In our two treatments with high transaction costs
mean repayments under competitive information conditions is slightly lower than predicted (234 resp.
238 versus 260). However, the table shows that repayments do approach the predicted level over time. In
our two treatments with low transaction costs, mean repayments under competitive information con-
ditions are slightly higher than predicted (175 resp. 179 versus 160), but here again, at least in one treat-
ment repayments approach the predicted level over time.

3.3. Coordinating information sharing

The results presented in Table 2 raise one major question: Why does credit bureau participation
differ so strongly between the ‘‘HighMobility–HighCompetition” and the ‘‘LowMobility–LowCompeti-
tion” treatment, although full and partial information sharing are equally feasible in both treatments.
Our predictions suggest that in the ‘‘HighMobility–HighCompetition” and the ‘‘LowMobility–LowCom-
petition” treatment it is payoff-maximizing for the two lenders in region A to join the credit bureau, if
they expect that the two non-competing lenders in region B also join. If, however, they believe that
only one non-competitor from region B joins the credit bureau, then only the first-mover lender in
region A should join. According to our theory, therefore, full information sharing may emerge in the
‘‘HighMobility–HighCompetition” because in this treatment second-mover lenders coordinate on full
sharing of information. In contrast, it seems that in the ‘‘LowMobility–LowCompetition” treatment
second-mover lenders coordinate on partial information sharing.

Table 2 suggests that lenders in the ‘‘HighMobility–HighCompetition” coordinate on full informa-
tion sharing right from the outset of the experiment. In contrast lenders in the ‘‘LowMobility–Low-
Competition” treatment coordinate from the outset on partial information sharing. The table shows
the frequency of credit bureau participation for four different phases of the experiment: periods 1–
5, periods 6–10, periods 11–15, and periods 16–20. In the ‘‘HighMobility–HighCompetition” treat-
ment, credit bureau participation in the initial phase for the experiment is 84% and remains at roughly
this level throughout. Information sharing in the ‘‘LowMobility–LowCompetition” treatment is already
19 All five sessions of the ‘‘HighMobility-LowCompetition” treatment display lower per period lender profits than any of the five
sessions of the ‘‘LowMobility–LowCompetition” treatment. Likewise, all five sessions of the ‘‘HighMobility–HighCompetition”
treatment display lower lender profits than any of the five sessions of the ‘‘LowMobility–HighCompetition” treatment. A one-sided
Mann–Whitney Test based on session averages therefore confirms in both cases that information sharing is more prevalent under
high borrower mobility (p = .004).
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substantially lower than in the ‘‘HighMobility–HighCompetition” treatment in the initial phase of the
experiment (59%). This suggests a strong difference in coordination of lender behavior right from the
outset of the experiment.

How can we explain the different coordination patterns in these two treatments? Economic theory
and experimental evidence suggests that focal points generated by the payoff structure of our game
may affect equilibrium choice in coordination games. In particular subjects may coordinate on the
payoff-dominant or the risk-dominant equilibrium. Since first-mover lenders join the credit bureau
in the full-sharing and the partial-sharing equilibria, the equilibrium is selected by the choices of
the second-mover lenders. Taking the first-mover decision as given, we can reduce the decision frame-
work to a two-player coordination game between the second-mover lenders. This two-player game
has two equilibria: either both second-mover lenders join (full sharing) or both second-mover lenders
do not join (partial sharing). In Appendix A.3 we examine the characteristics of these equilibria in
more detail. We show there that payoff-dominance implies, that the second-mover lenders would
always join the credit bureau in both treatments. This is not what we observe. Risk-dominance (i.e.,
the choice of the equilibrium which yields higher expected payoffs, when the players expect that
the other player randomizes between the two equilibrium strategies) does not select an equilibrium
in the ‘‘LowMobility–LowCompetition” treatment, but predicts that second-mover lenders do not join
the bureau in the ‘‘HighMobility–HighCompetition” treatment. This is also not in line with our find-
ings. Thus, neither payoff-dominance nor risk-dominance can explain the observed coordination
pattern. Alternatively, since each participant in our experiment plays the game for 20 periods and ran-
domly switches between first-mover and second-mover positions across periods, one could also argue
that lenders may focus on the equilibrium which maximizes the average payoff of all four lenders.
However, since this would imply that the partial-sharing equilibrium is chosen in both treatments,
it does not match the pattern observed in the experiment either.

Alternatively, equilibrium selection may be directly determined by what the lenders consider to be
the most important feature concerning their decision to participate in the credit bureau: the degree of
adverse selection or the intensity of lender competition.20 If lenders primarily focus on the degree of
adverse selection and the necessity to acquire information about potential future borrowers, then we
would expect the outcome as observed in our experiment: in the ‘‘HighMobility–HighCompetition”
treatment lenders coordinate to share information fully, while in the ‘‘LowMobility–LowCompetition”
they do not. If the intensity of lender competition were dominant in coordinating information sharing
behavior, then we would expect the opposite outcome: in the ‘‘LowMobility–LowCompetition” treat-
ment lenders would coordinate to share information fully, while in the ‘‘HighMobility–HighCompeti-
tion” they would not.

Responses to post-experimental questionnaires support the conjecture that the degree of adverse
selection is key to the coordination of credit bureau participation in our experiment. After each session
we asked the participant a free-form question about their joining decision as a second-mover lender:
‘‘Did you join the credit bureau if the other lender in your region could make his joining decision first?
If yes, why? If no, why not?” We categorized the participants’ answers as follows: Primary focus on
information acquisition (Information), primary focus on competition (Competition), equal weight on
information and competition (Equal) and answers which were neither related to information acquisi-
tion nor to competition (Others). Table 4 reports the percentage of answers in each category for all
four treatments. The table reveals that when borrower mobility is high, then the majority of lenders
(78% in case of low competition, 67% in case of high competition) focus on information acquisition and
only few borrowers consider the detrimental effects of competition on profits as most important (2%
in case of low competition, 5% in case of high competition). Competition only becomes a primary con-
cern if borrower mobility is low (54% in case of low competition, 60% in case of high competition).
Thus, equilibrium selection in our experiment seems to be driven by the fact, that most borrowers pri-
marily focus on the necessity to acquire information and only worry about the effects of stronger com-
petition if the lack of necessary information is unlikely to be a problem.
20 The literature on the ‘‘false consensus effect” and ‘‘social projection” suggests that people tend to assume that everyone else
thinks and behaves the same way they do (see e.g., Mullen et al., 1985).



Table 4
Post-experimental questionnaire (second-mover lender decision).

Treatment Information Equal Competition Others # Obs.

HighMobility–LowCompetition 0.78 0.05 0.02 0.15 60
HighMobility–HighCompetition 0.67 0.17 0.05 0.12 60
LowMobility–LowCompetition 0.35 0.02 0.54 0.08 48
LowMobility–HighCompetition 0.13 0.10 0.60 0.17 60

The table summarizes responses to the post-experimental free-form question: ‘‘Did you join the credit bureau if the other
lender in your region could make his joining decision first? If yes, why? If no, why not?”. Responses have been categorized as
follows: The category Information (Competition) contains responses which revealed a primary focus on information acquisition
(the negative payoff consequences of competition). The category Equal contains responses which expressed an equal concern for
information and competition. The category Others contains all answers which did not relate to the acquisition of information or
competition. The reported numbers are relative frequencies. Due to a computer crash we lost the responses to the questionnaire
in one session of the ‘‘LowMobility–LowCompetition” treatment.
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4. Conclusions

We examine how adverse selection and competition in the credit market affect voluntary informa-
tion sharing between lenders. Our experimental results confirm that lenders are more likely to engage
in information sharing when they face strong information asymmetries. Lenders are less likely to
share information when credit market competition is intense. Our results further suggest that in credit
markets with potential coordination failure among lenders the degree of adverse selection has much
stronger coordination effect on information sharing behavior than that of lender competition.

Our findings may help explain a puzzling development in credit markets over the past two decades:
Voluntary information sharing through private credit bureaus has grown most rapidly in the consumer
credit market, despite the fact that this market is highly competitive in most countries. Our results sug-
gest that information sharing may be high in the consumer credit market despite strong competition, be-
cause due to borrower mobility, etc. this market segment is subject to substantial information
asymmetries. Under these circumstances, our findings suggest that potential adverse selection may
drive information sharing behavior, while lender competition may only be of secondary importance.
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Appendix A

In this appendix we provide a formal derivation of the predictions presented in Section 2.2. In Section
A.1 we assume that all lenders are risk-neutral. We apply backward induction to solve for the full set of
pure strategy equilibria for our experiment, depending on the mobility of entrepreneurs a and the de-
gree of intra-regional competition determined by T. In Section A.2 we show that the assumption of risk-
neutrality is not crucial for our predictions. We illustrate that it is rather unlikely that our participants
are risk-averse enough to alter the equilibrium predictions derived under risk-neutrality for our four
treatments. Section A.3 contains the formal analysis of the two-player coordination game between sec-
ond-mover lenders discussed in Section 3.3.
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A.1. Risk-neutral lenders

Step 1: Credit
Lemma 1 characterizes the lender’s offering strategy depending his own information about an

entrepreneur and the information of his competitor in the same region.

Lemma 1 (lending). (i) If the lender either knows that entrepreneur i is bad or does not have information
about entrepreneur i’s type, he does not make a credit offer. (ii) If the lender knows that entrepreneur i is
good and his competitor does not know entrepreneur i’s type, he will demand the maximum repaymenteRi ¼ Yg ¼ 300. In this case, the lender’s profit from the contract with entrepreneur i is either
pL

i ¼ Yg � I ¼ 200, if entrepreneur i is in the lender’s home sector, or pL
i ¼ 200� T if entrepreneur i is in

the other sector of the region. (iii) If the lender knows that entrepreneur i is good and his competitor also has
this information, the lender will make an offer with a requested repayment eRi ¼ I þ T ¼ 100þ T. If
entrepreneur i is located in the lender’s home sector, the lender’s profit from the contract with entrepreneur
i is pL

i ¼ T. If entrepreneur i is located in the other sector of the region the competitor gets the contract.

Proof. (i) A credit offer to an entrepreneur known to be bad, yields a certain loss of I ¼ 100 if the
entrepreneur is situated in the lender’s own sector, and a loss of 100þ T if the entrepreneur is in
the other sector of the region. The expected profit from lending to an unidentified entrepreneur is
maximally pL

i ¼ :25 � Yg � I ¼ �25 if the entrepreneur is located in the lender’s own sector, or maxi-
mally pL

i ¼ �25� T if the entrepreneur is in the other sector of the region.
(ii) If a lender is the only lender in his region who knows that a particular entrepreneur i is good, he

knows that the entrepreneur will receive no credit offer from his competitor. Therefore he will
demand the maximum repayment eRi ¼ Yg ¼ 300. Since this is the only offer entrepreneur i gets, he
accepts it.

(iii) If both lenders in a region know that entrepreneur i is good, price competition implies that
each lender will make an offer with a requested repayment eRi ¼ I þ T ¼ 100þ T , which is the lowest
profitable offer the ‘‘outside” lender can make.21 By assumption, entrepreneurs always accept the offer
of the home lender, in the event of identical repayment requests. h
Step 2: Information sharing
Decisions to join the credit bureau are made sequentially within regions and simultaneously across

regions. Lemma 2 characterizes the best-response behavior of a second-mover lender, given the deci-
sion of his competitor and the (unknown) behavior of the non-competing lenders.

Lemma 2 (second-mover behavior). (i) If the first-mover lender in a region does not join the credit bureau,
the second-mover lender is strictly better off by joining, if at least one non-competing lender also joins. If no
other lender joins, then the second-mover lender is indifferent between joining and not. (ii) If the first-
mover lender in a region does join the credit bureau, then the second-mover lender is better off by joining
only if ðYg � IÞð1� aÞ 6 ð1� aþ caÞT, where c 2 f0; :5; 1g is the share of non-competing lenders from the
other region that join.

Proof. (i) (first-mover does not join the credit bureau). We first calculate the second-mover lender’s
profit if he does not join the credit bureau. If entrepreneurs do not switch regions, the second-mover
lender will conclude a credit contract with the good entrepreneur in his home market and earn a pay-
off of pL ¼ ðYg � IÞ. If the entrepreneurs do switch regions, the second-mover lender has no informa-
tion on any entrepreneurs in his region and will not lend. As entrepreneurs switch with probability a,
the expected payoff from not joining is EpL ¼ ð1� aÞðYg � IÞ. Next, we calculate the second-mover len-
21 For this we need to assume that outside lenders do not play weakly dominated strategies. Otherwise every requested
repayment between eRi ¼ I þ T ¼ 100 and eRi ¼ I þ T ¼ 100þ T could be sustained as an equilibrium. This assumption is standard in
Bertrand competition with heterogenous costs (see Tirole, 1988, pp. 211 and 234). Furthermore, we ignore the fact that
repayments need to be integers in our experiment. If this was taken into account, our analysis would remain the same except that
excluding equilibria based on weakly dominated strategies would imply that both lenders make an offer with a requested
repayment eRi ¼ I þ T þ 1 ¼ 100þ T þ 1.
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der’s profit if he joins the credit bureau. If entrepreneurs do not switch, the second-mover lender still
earns pL ¼ ðYg � IÞ as his competitor has no information on the entrepreneurs in the lender’s sector. If
entrepreneurs do switch, the second-mover lender’s payoff depends on the joining decisions of the
two non-competing lenders. If neither of the lenders in the other region joins, the second-mover len-
der has no information about entrepreneurs in his region and will not lend. If one of the two lenders in
the other region joins, then he has information about the entrepreneurs in one sector of his region and
can conclude a credit contract with the good type. This yields a payoff of either pL ¼ ðYg � IÞ or
pL ¼ ðYg � I � TÞ, depending on the sector to which the known entrepreneurs move. If both lenders
in the other region join, then the lender knows all good entrepreneurs who come to his region and
his payoff from joining is pL ¼ ðYg � IÞ þ ðYg � I � TÞ. Summarizing, the second-mover lender’s
expected payoff is given by the following expression, ð1� aÞðYg � IÞ þ acðYg � I þ Yg � I � TÞ, where
c 2 f0; 0:5; 1g is the fraction of joining lenders in the other region. Comparing the expected payoffs
from joining and not joining implies that the second-mover lender is indifferent if both lenders in
the other region do not join. But, if either one or both of the lenders in the other region join, then
the lender is strictly better off by joining.

(ii) (first-mover joins the credit bureau). If the second-mover lender does not join the credit bureau
he will, as above, earn a payoff of pL ¼ ðYg � IÞwith the probability ð1� aÞ. If the second-mover lender
does join and entrepreneurs do not switch he will now only earn a payoff of pL ¼ T , as his competitor
also has information on entrepreneurs in both sectors. If the second-mover lender does join and
entrepreneurs switch, then the following outcomes are possible: He earns a payoff of 0 if neither of the
two non-competing lenders joins and he therefore does not have information on any entrepreneurs in
his region. If one of the two lenders in the other region joins, then the second-mover lender earns
either a payoff of pL ¼ T or pL ¼ 0, depending on the sector to which the known entrepreneurs from
the other region move. If both lenders in the other region join, then the lender’s payoff is given by
pL ¼ T , as he can conclude a credit contract with the good entrepreneur who moves to his sector.
Summarizing, the expected profit from joining is given by EpL ¼ ð1� aÞT þ acT , where c 2 f0; 0:5; 1g
is the fraction of lenders in the other region who join. If the first-mover lender does join the credit
bureau it is therefore a best-response for the second-mover lender to join if and only if
ð1� aþ acÞT > ð1� aÞðYg � IÞ. h

Having characterized the best-response behavior of the second-mover in each region, we can now
characterize profit-maximizing behavior of the first-mover:

Lemma 3 (first-mover behavior). (i) The first-mover lender in a region is better off by joining the credit
bureau if at least one non-competing lender also joins. (ii) If no non-competing lender joins, the first-mover
lender is indifferent between joining and not.

Proof. (i) Lemma 2 implies that if the first-mover lender joins the credit bureau, he anticipates that
the second-mover lender also joins if ðYg � IÞð1� aÞ 6 ð1� aþ caÞT , where c 2 f0; :5; 1g is the share
of non-competing lenders that join. Since the first-mover lender’s expected payoff depends in the
same way on the second-mover lender’s joining behavior as vice versa, we can use Lemma 2 to deter-
mine the first-mover lender’s incentive to join the credit bureau. Part (i) of Lemma 2 implies that if
conditions are such that the second-mover lender does not join if the first-mover lender joins, the
first-mover lender is strictly better off by joining if at least one of the non-competing lenders also
joins. Part (ii) of Lemma 2 implies that if conditions are such that the second-mover lender also joins
if the first-mover lender joins, the first-mover lender is also better off by joining (notice that this case
can only occur if c > 0).

(ii) If no non-competing lender joins, there are no gains from joining. However, since Part (ii) of
Lemma 2 implies that the second-mover lender does not join if the first-mover lender joins in this
case, the first-mover lender also does not loose anything from joining. h
Step 3: Equilibria
Lemmas 2 and 3 allow us to characterize the full set of Nash equilibria for our experiment, depend-

ing on the ‘‘mobility” of entrepreneurs a and intra-regional transaction costs T. For all combinations of
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parameters there exists an equilibrium in which no lender joins the credit bureau. If no other lender
joins the credit bureau it is a (weakly) best-response for the remaining lender not to join as well. How-
ever, since the no sharing equilibrium is based on weakly dominated strategies, we neglect this equi-
librium in the paper.

Proposition 1 summarizes the conditions under which full sharing of information (both the first-
mover and second-mover lender per region join the credit bureau) can be sustained.

Proposition 1. There exists a Nash equilibrium in which all lenders join the credit bureau with certainty if
and only if ðYg � IÞð1� aÞ 6 T.

Proof. If both lenders in region B join the credit bureau we have c ¼ 1. Now consider the best-
response of the second-mover lender in region A if the first-mover has joined the credit bureau. From
Lemma 2 we know that with c ¼ 1 the best-response for the lender is to join if ðYg � IÞð1� aÞ 6 T. Fur-
thermore, from Lemma 3 we know that if both non-competing lenders join the credit bureau, the first-
mover lender is strictly better off by joining as well. h

Proposition 2 summarizes the conditions under which partial sharing of information can be sus-
tained in equilibrium; i.e., only the first-mover lender per region joins the credit bureau.

Proposition 2. There exists a Nash equilibrium in which only the first-mover lender per region joins the
credit bureau if and only if ðYg � IÞð1� aÞ > ð1� 1

2aÞT.

Proof. Suppose that one non-competing lender joins the credit bureau so that c ¼ 1
2. Now consider the

best-response of the second-mover lender if the first-mover has joined the credit bureau. From Lemma
2 it is clear that with c ¼ 1

2 the best-response for the lender is not to join if ðYg � IÞð1� aÞ > 1� 1
2a

� �
T.

From Lemma 3 we further know that if one non-competing lender joins the credit bureau, the first-
mover lender is strictly better off by joining as well. h
Implications
Comparing Propositions 1 and 2 we see that there exists a range of parameters ðG� IÞð1� aÞ <

T < ðG� IÞð1� aÞ 2
2�a for which both full sharing and partial sharing of information among lenders is

feasible.22 This implies that even when full information sharing can be sustained, partial information
sharing may arise due to a ‘‘coordination failure” among non-competing lenders.

Applying Proposition 1 we see that a full-sharing equilibrium, in which both lenders in each region
join the credit bureau, is feasible in three of our four treatments. The condition ðYg � IÞð1� aÞ 6 T is
fulfilled in the ‘‘LowMobility–LowCompetition” treatment ða ¼ :25; T ¼ 160Þ, in the ‘‘HighMobility–
HighCompetition” treatment ða ¼ :75; T ¼ 60Þ, and in the ‘‘HighMobility–LowCompetition” treatment
ða ¼ :75; T ¼ 160Þ. Full sharing is, however, not feasible in our ‘‘LowMobility–HighCompetition”
treatment ða ¼ :25; T ¼ 60Þ. By applying Proposition 2 we further see that a partial-sharing equilib-
rium, i.e., only 1 lender per region joins the credit bureau, is feasible in three of our four treatments.
The condition ðYg � IÞð1� aÞP 1� 1

2a
� �

T is fulfilled in the ‘‘LowMobility–LowCompetition”, ‘‘HighMo-
bility–HighCompetition”, and ‘‘LowMobility–HighCompetition” treatments. Partial sharing is, how-
ever, not feasible in our ‘‘HighMobility–LowCompetition” treatment.

Fig. A1 displays the set of feasible equilibria depending on entrepreneur’s mobility and the degree
of lender competition. The figure also illustrates our choice of treatments.
A.2. Risk-averse lenders

In this section we analyze how risk aversion of lenders affects our predictions for the experiment.
In order to assess lender utilities we apply the result of decision theory that a risk-averse decision ma-
ker’s certainty equivalent (CE) for a random income with expected value X and variance VðXÞ can be
22 For the same range of parameters there also exists one mixed-strategy equilibrium. In this equilibrium the first-movers in both
regions join the bureau, while the second-movers both join with a positive probability.



Fig. A1. Market equilibria under risk-neutrality and risk aversion. The figure displays the predictions for all possible
combinations of switching probabilities a and intra-regional transaction costs T. The light (intermediate) area represents the
set of parameter constellations, under which only partial (full) information sharing can be sustained in equilibrium.
Parameter constellations in the dark area allow for multiple equilibria, i.e., both, full and partial information sharing are
feasible. A, B, C and D show the location of our four treatment conditions in the experiment. The figure also shows how a
moderate degree of risk aversion affects the set of parameter constellations under which multiple equilibria are feasible. For
higher degrees of risk aversion the set of parameter constellations with multiple equilibria shifts further to the left.
However, in order for A and B to drop out of this set, extreme degrees of risk aversion are necessary (see Observation 2 in
the appendix for more details).
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approximated as CE ¼ X � 1
2rðXÞVðXÞ, where r is the coefficient of absolute risk aversion. For simplicity

we assume that r is constant and identical for all lenders.

Lemma 2
0

(second-mover behavior under risk aversion). (i) If the first-mover lender in a region does not
join the credit bureau, the second-mover lender is strictly better off by joining if at least one non-competing
lender also joins. If no other lender joins, then the second-mover lender is indifferent between joining and
not. (ii) If the first-mover lender in a region does join the credit bureau, then the second-mover lender is
better off by joining only if ð1� aÞðYg � IÞ � 1

2rað1� aÞðYg � IÞ2 6 ð1� aþ caÞT � 1
2rð1� cÞað1�

ð1� cÞaÞT2, where r is the coefficient of absolute risk aversion and c 2 f0; 0:5; 1g is the share of non-
competing lenders from the other region that join.

Proof. (i) Assume that the first-mover lender does not join the credit bureau. From the Proof of
Lemma 1 we know that the expected payoff from not joining is EpL ¼ ð1� aÞðYg � IÞ, while the
expected payoff from joining is ð1� aÞðYg � IÞ þ acðYg � I þ Yg � I � TÞ. Since Yg � I � T > 0 any
monotonically increasing utility function uð�Þ implies that the second-mover lender is indifferent if
c ¼ 0 and strictly better off by joining if c 2 f0:5; 1g.

(ii) Assume that the first-mover lender joins the credit bureau. If the second-mover lender does not
join the credit bureau he earns a payoff of pL ¼ ðYg � IÞ with the probability ð1� aÞ. Accordingly, his
certainty equivalent for this choice is given by: CE ¼ ð1� aÞðYg � IÞ � 1

2rað1� aÞðYg � IÞ2. If the
second-mover lender joins the credit bureau, his expected payoff depends on the fraction of lenders in
the other region who join c: EpL ¼ ð1� aÞT þ acT . We can write the certainty equivalent as a function
of c in the following way: ð1� aþ caÞT � 1

2rð1� cÞað1� ð1� cÞaÞT2: If the first-mover lender does
join the credit bureau it is therefore a best response for the second-mover lender to join if and only if
ð1� aÞðYg � IÞ � 1

2rað1� aÞðYg � IÞ2 6 ð1� aþ caÞT � 1
2rð1� cÞað1� ð1� cÞaÞT2. h

Lemma 3
0

(first-mover behavior with risk aversion). (i) The first-mover lender in a region is strictly better
off by joining the credit bureau if at least one non-competing lender also joins. (ii) If no non-competing len-
der joins, the first-mover lender is indifferent between joining and not.
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Proof. The sequence of arguments is identical to that for the Proof of Lemma 3. h

Proposition 1
0
. If lenders are risk-averse, there exists a Nash equilibrium in which all lenders join the

credit bureau with certainty if and only if ð1� aÞðYg � IÞ � 1
2rað1� aÞðYg � IÞ2 6 T.

Proof. The sequence of arguments is identical to that for the Proof of Proposition 1. h

Proposition 2
0
. If lenders are risk-averse, there exists a Nash equilibrium in which only the first-mover len-

der per region joins the credit bureau if and only if ð1� aÞðYg � IÞ � 1
2rað1� aÞðYg � IÞ2 > 1�ð

1
2aÞT � 1

2r1
2a 1� 1

2a
� �

T2.

Proof. The sequence of arguments is identical to that for the Proof of Proposition 2. h
Implications
Observation 1 describes how the presence of risk aversion of lenders changes the sets of parameter

constellations for which full information sharing and/or partial information sharing are feasible.
Observation 2 shows that it is rather unlikely that the participants in our experiment are risk-averse
enough to alter the equilibrium predictions for our four treatments.

Observation 1

(i) The set of parameter constellations for which full information sharing is feasible in equilibrium
becomes larger when lenders are more risk-averse. Specifically, for a given degree of borrower
mobility a 2 ð0;1Þ full information sharing is feasible under stronger competition if lenders are
more risk-averse. (ii) The set of parameter constellations for which partial information sharing
is feasible in equilibrium becomes smaller when lenders are more risk-averse. Specifically, for a
given degree of borrower mobility a 2 ð0;1Þ the feasibility of partial information sharing
requires stronger competition if lenders are more risk-averse.

(For a graphical representation of Observation 1 see Fig. A1.)

Proof. (i) Consider the condition for the feasibility of full information sharing in Proposition 1
0
: Prop-

osition 1
0
defines the minimal costs of inter-sectoral lending T for each degree of borrower mobility a,

such that full information sharing can be sustained in equilibrium: T P ð1� aÞðYg � IÞ � 1
2rað1� aÞ

ðYg � IÞ2. The fact that T is decreasing in r whenever a 2 ð0;1Þ implies that full information sharing
is feasible under stronger competition if lenders are more risk-averse.

(ii) Consider the condition for the feasibility of partial information sharing in Proposition 2
0
. Define

Tðr;aÞ as the maximum transaction costs for which a partial-sharing equilibrium is feasible for a given
mobility a if lenders are risk-averse to the degree of r; i.e., for Tðr;aÞ the condition in Proposition 2

0
is

satisfied with equality. Note that Tðr;a ¼ 1Þ ¼ 0 and Tðr;a ¼ 0Þ ¼ 1 for all r > 0. Now consider two
degrees of risk aversion r2 > r1 P 0: We show that Tðr1;aÞ > Tðr2;aÞ for all a 2 ð0;1Þ if r2; r1 <

2
Yg�I :

We assume that r2; r1 <
2

Yg�I so that the certainty equivalent of the lender in case of joining or not
joining the bureau is always positive.23 From the condition in Proposition 2

0
one can establish the

following equality ½Tðr1;aÞ � 1
4 ar1Tðr1;aÞ2� � ½Tðr2;aÞ � 1

4 ar2Tðr2;aÞ2� ¼ ðr2 � r1Þa 1�a
2�a ðYg � IÞ2. As r2 > r1

the right hand side of this equality is positive. Since r2; r1 <
2

Yg�I both terms on the left hand side are
positive and increasing in T. As the left hand side of the above equality must be positive we must have
that Tðr1;aÞ > Tðr2;aÞ: Thus for all a 2 ð0;1Þ partial sharing is feasible for a larger parameter range on T
(i.e., for lower degrees of competition) if lenders are less risk-averse. h

Observation 2. Although the presence of risk-averse lenders affects the set of parameter constella-
tions for which multiple equilibria can be sustained, the predictions for our four treatments are only
23 Our analysis implicitly assumes that the degree of risk aversion is not extreme. For very high degrees of risk aversion the
approximation of the certainty equivalent is no longer valid.
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affected if lenders are highly risk-averse. In order for the ‘‘HighMobility–HighCompetition” treatment
(‘‘LowMobility–LowCompetition” treatment) to drop from the set of constellations with multiple equi-
libria the coefficient of absolute risk aversion needs to be at least r ¼ 0:68 ðr ¼ 0:77Þ.

Proof. Solving the condition for the feasibility of partial information sharing (Proposition 2
0
) for r

yields:
r <
ð1� aÞðYg � IÞ � 1� 1

2a
� �

T
1
2 að1� aÞðYg � IÞ2 � 1

2 a 1� 1
2 a

� �
T2

h i :
Entering the parameter values of the experiment (converted to US-$, i.e., 150 Points = 1 Swiss
Franc = 0.83 US-$) yields the reported numbers. h
A.3. Two-player coordination game among second-mover lenders

The normal-form representation of the two-player coordination game between second-mover
lenders discussed in Section 3.3 is given as follows:

Inserting the parameter values for the ‘‘LowMobility–LowCompetition” treatment ða¼:25; T¼60Þ
and the ‘‘HighMobility–HighCompetition” treatment ða ¼ :75; T ¼ 160Þ reveals that payoff-domi-
nance predicts that the second-mover lenders would always join the credit bureau in both treatments
(because T > ð1� aÞðYg � IÞ for both parameter constellations). Risk-dominance (i.e., the choice of the
equilibrium which yields higher expected payoffs, when the players expect that the other player ran-
domizes between the two equilibrium strategies) does not make a prediction for the ‘‘LowMobility–
LowCompetition” treatment (because 1

2 1� 1
2a

� �
T þ T

� �
¼ ð1� aÞðYg � IÞ), but predicts that second-

mover lenders do not join the bureau in the ‘‘HighMobility–HighCompetition” treatment (because
1
2 1� 1

2a
� �

T þ T
� �

< ð1� aÞðYg � IÞ). Selection of the equilibrium which maximizes the average payoff
of all four lenders predicts that the partial-sharing equilibrium is chosen in both treatments (because
1
2 1� 1

2a
� �

ðYg � IÞ þ ð1� aÞðYg � IÞ
� �

> T , for both parameter constellations).
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