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This paper studies how the creation of (ex ante) benchmarks and rankings can be
used to provide information in financial markets. Although an investor cannot
precisely estimate the future returns of an entrepreneur’s projects, the investor can
mitigate the incomplete information problem by comparing different entrepreneurs
and financing only the very best ones. Incomplete information can be eliminated
with certainty if the number of compared projects is sufficiently large. Because the
possibility to make benchmarks and comparisons favours centralised information
gathering, it creates a novel rationale for the establishment of a financial inter-

mediary. (JEL: G21, G24)

1. Introduction

It is widely felt that incomplete information can
explain the existence of financial intermediaries
(Diamond, 1984 and Boyd and Prescott, 1986).
There are several means by which specialised

* We thank Andreas Wagener (the co-editor) and the two
referees for extensive comments. A previous version had a
third coauthor, Klaus Kultti, who dropped out due to time
constraints. We thank him for useful discussions. We also
thank Bengt Holmstrom, Ari Hyytinen, Marco Pagano and
audience in numerous seminars for helpful comments. The
paper was partly written while Takalo was visiting IDEI,
Toulouse. Financial support from Jenny and Antti Wihuri
Foundation, Sddstopankkien tutkimussdcdtio and Yrjo Jahns-
son Foundation is gratefully acknowledged.

outside investors can ease information frictions:
ex ante monitoring (Broecker, 1990), interim
and ex post monitoring (Holmstrom & Tirole,
1997; Diamond, 1984), collateral requirements
(Bester, 1985) and long-term lending relation-
ships (von Thadden, 1995).! The analysis is ex-
tended in this paper, which explores how mak-
ing benchmarks and comparisons of potential
investment projects can help to mitigate — even
eliminate — the incomplete information problem

I Freixas & Rochet (1997) and Gorton & Winton (2003)
provide thorough surveys of this literature.
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in financial markets, and how this benefit of
benchmarking is conducive to centralised finan-
cial intermediation.

To conduct ex ante monitoring properly, out-
side investors ought to gather comprehensive
information on each entrepreneur or firm apply-
ing for funding and on their projects. For exam-
ple, the skills and experience of the entrepre-
neur or firm’s management, the quality of the
business plan, the tangible and intangible assets,
the market potential of the products, and the
cost efficiency should all be examined in detail.
Based on this information, investors can evalu-
ate the expected returns of the proposed project
and provide finance at appropriate (risk-based)
pricing. It is, however, not easy to assess ex-
pected returns precisely or to price risks cor-
rectly. In particular, in new markets where in-
vestors have little, or no, prior experience and
entrepreneurs’ assets are intangible, it is virtu-
ally impossible to make precise evaluations. In
more familiar sectors, finance for new entrepre-
neurs with no track record is difficult to price.
Even if entrepreneurs or firms seeking outside
finance are well known to the investors, chang-
es in the economic environment may hamper
the rating of applicants and hence their fund-
ing.

In this paper we argue that investors can
overcome the difficulties in ex ante monitoring
by making benchmarks and comparisons. Al-
though incomplete information problems in
funding entrepreneurs and their projects relate
to individual characteristics, learning from oth-
er entrepreneurs’ projects can help to uncover
the true distribution of project characteristics in
the economy. As a result, investors can compare
and rank the projects and choose the very best.
These projects will succeed with above-average
probability. Hence by making benchmarks and
comparisons, investors gather valuable informa-
tion and thereby boost their investment yields.
Moreover, if an investor compares sufficiently
many entrepreneurs, the incomplete information
problem will be eliminated with certainty.

As an example, consider 10 de novo entrepre-
neurs from the same narrow high-tech sector.
Such entrepreneurs typically have fresh proto-
type products, their primary assets consist of
human capital and intellectual property rights,
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and they lack funds for the investments required
to commercialise the prototypes. Any outside
investor will certainly find it a demanding task
to assess the value of a prototype, its expected
sales revenues, marketing strategy and ability of
entrepreneur, and so on. However, if the inves-
tor would contact each of the 10 firms and in-
vestigate their prototypes, intellectual property
portfolios, and entrepreneurial talent and then
compare these, she may discover crucial differ-
ences between entrepreneurs’ business plans.
The investor can rank the entrepreneurs and fi-
nance only the best ones. As a result, the inves-
tor can be quite confident that the best entrepre-
neurs’ products and plans are of sufficiently
high quality that the entrepreneurs will be able
to repay the funding.

To benefit from the creation of benchmarks
and rankings, however, an outside investor
needs to evaluate numerous entrepreneurs, even
if she can finance only one. With multiple in-
vestors operating in isolation, each entrepreneur
is evaluated and compared several times. This
duplicates the costs of information gathering.
Wasteful duplication could be avoided if the in-
vestors joined together to establish a financial
intermediary, which would evaluate each loan
applicant, compare and rank them, and finance
only the best ones. Each applicant is evaluated
only once, and inefficient duplication is elimi-
nated. Consequently, the possibility to make
benchmarks and comparisons creates a novel
rationale for centralised financial intermedia-
tion and delegated information gathering. In this
respect our paper is related to the literature on
the role of information provision in explaining
financial intermediaries. Beyond the seminal
contribution by Leland and Pyle (1977), our ar-
gument is closely related those of Diamond
(1984), Ramakrishnan & Thakor (1984), and
Boyd & Prescott (1986). As in these papers, a
major advantage of forming a financial interme-
diary in our model is to reduce monitoring
costs. Finally, our intermediary engages in asset
transformation as in Diamond (1984) and Boyd
& Prescott (1986). Our work thus adds to the
long string of literature that extends the basic
insights on financial intermediaries as delegated
monitors and information gatherers into various
dimensions (see e.g. Krasa & Villamil, 1992,
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Winton, 1995, Cerasi & Daltung, 2000, Hell-
wig, 2000, and Niinimaiki, 2001).

Although the intermediary emerging from
our analysis is bank-like and we treat entrepre-
neurs seeking outside finance as loan applicants,
most of the analysis deals with a single investor
and needs not specify the form of the financial
contract. Moreover, the benefits of benchmark-
ing are most evident in the finance of new ideas
in new markets, where debt contracts are less
predominant. Our paper therefore touches the
literature on entities that finance innovation
such as private equity and venture capitalists
(for an authoritative survey of venture capital
finance, see Gompers & Lerner, 2004). In par-
ticular, our study sheds light on the question of
why and how venture capitalists benchmark
their projects as in Bergemann & Hege (2002).
In contrast to Bergemann & Hege (2002), which
emphasises the value of ex post benchmarking
in alleviating moral hazard, project comparison
in our model provides ex ante benchmarks that
mitigate the incomplete information problem.?

Another connection with the works of Berge-
man & Hege (1998, 2002) is that making bench-
marks and comparisons can be seen as a special
form of costly learning or experimentation in
financial markets. Although benchmarks and
comparisons provide information, they are cost-
ly to make, since an investor must monitor nu-
merous entrepreneurs to gather information.
Thus the investor has to weigh the opportunity
cost of monitoring yet one entrepreneur against
the future informational benefits, as in the the-
ory of experimentation. The key difference ver-
sus the learning and experimentation literature
is that information derived from making bench-
marks and comparisons exploits the differences
between entrepreneurs and does not require ob-
servations on the same entrepreneur over time.

2 Our model and some of the motivating examples have
also many similarities with Tirole (2006, Section 3.2.6).
Like Bergemann & Hege (2002) Tirole shows how ex post
benchmarking can be used to reduce moral hazard in entre-
preneurial finance. We thank a referee for pointing out this
link to Tirole (2006). Our focus on ex ante benchmarking
also marks a difference to the related literature on relative
performance measurement stemming from Holmstrom
(1979). On performance benchmarking in practice, see e.g.
Siems & Barr (1998), Balk (2003) and Courty & Marschke
(2004).

Indeed, in our model no additional information
is gained by observing the same entrepreneur
more than once. In contrast, the experimenta-
tion and relationship lending literature (see e.g.
Sharpe, 1990, Boot, 2000, and von Thadden,
2004) emphasises that a bank can gather infor-
mation trough multiple contacts with the same
borrower over time. As a result, the bank
achieves comparative information advantage in
lending against competitive investors. It has
also been shown in the literature (e.g. Pagano &
Jappelli, 1993) that banks can sometimes opti-
mally share borrower specific information
among themselves.?

Since the problem of asymmetric information
and alternative suggestions to eliminate it play
important roles in the theory of finance, we have
mostly considered our analysis from this point
of view: a loan applicant knows the type of his
project, but the type is unobservable to inves-
tors. Alternatively, since there is no adverse se-
lection in our model, it is possible to assume that
neither the loan applicant nor the investors know
the quality of the project. Each entrepreneur will
always search finance for his project since the
project incurs no costs to him. Whether or not a
loan applicant knows the quality of his project,
he will always search for finance and investors
aim to evaluate the project quality.*

3 In practice, learning by lending is combined with
benchmarking in credit scoring programs (see Thomas,
2000; Berger & Frame & Miller, 2005, and Blochlinger &
Leippold, 2006). Using a statistical program, a bank com-
pares the information of a loan applicant to the credit per-
formance of former borrowers with similar profiles. A
credit scoring program awards points for each factor that
helps predict who is likely to pay back a loan. A total
number of points — a credit score — helps evaluate how cred-
itworthy a loan applicant is. Hence, credit scoring programs
offer an important instrument to handle information within
banks. Since the quality of the credit scoring system is in-
creasing in the number of former borrowers, the programs
may generate information-releted economics of scale in
banking. Additionally, established banks with credit scoring
programs may have an information advantage against de
novo banks. Benchmarks and comparisons complete infor-
mation that can be achieved using credit scoring and long-
term lending relationships.

4 We thank an anonymous referee for pointing out the
possibility of recasting the model in terms of incomplete but
symmetric information.
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The paper is organised as follows. In sections
2-3 we develop the main ideas and present the
costs and benefits of comparing using a simple
model with one investor and at most two entre-
preneurs. In section 4 we consider a more gen-
eral environment where the number of potential
entrepreneurs can increase without a bound. In
section 5 we allow for multiple investors and
show how comparing can explain the existence
of financial intermediaries. Section 6 con-
cludes.

2. The economy

2.1 Financial market participants

In the basic model there are, N € Z*, risk-neutral
entrepreneurs (= loan applicants) and one risk-
neutral investor. In section 5 we allow for mul-
tiple investors. The entrepreneurs lack funds,
but each has a project that requires a fixed start-
up investment of unit size. The funding can be
obtained from the investor (she), who has a unit
of capital but no project of her own. The project
of an entrepreneur (he) is good with probability
g and bad with probability 1-g. Project quality
is unobservable to outsiders and, without risk of
confusion, we refer to good and bad entrepre-
neurs. A good project yields a transferable in-
come Y with certainty, and a bad project only
generates a non-transferable private benefit B to
the entrepreneur.

We assume that contacting an entrepreneur is
costly. This cost, denoted by c, includes, e.g.,
the costs of waiting or searching for an entre-
preneur, evaluating and monitoring his project,
making the funding decision, and writing the
funding contract or informing of the rejection
of funding application. The cost occurs when
the investor contacts and monitors an entrepre-
neur, and it cannot be avoided. A contact pro-
vides an informative signal about the entrepre-
neur’s type, which will be specified in the next
subsection.’

3 Although we believe that unavoidable contacting and
monitoring costs are empirically relevant, the assumption
is essentially a short-cut. We could have regarded ¢ as a
signal extraction expense and assumed that it can be avoid-
ed but only at the cost of not receiving the signal. This
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Since there is only one investor we assume
that the investor has full bargaining power. Be-
sides simplifying the analysis, the assumption
is convenient when we look more closely at the
benefits of centralised financial intermediation
with multiple investors in section 5, since the
assumption implies that investors have no in-
centive to form a financial intermediary to gain
market power. The assumption also means that
the form of financial contract is indeterminate:
the investor can seize the entire output of a good
project, Y, by driving the entrepreneur to the
zero profit level. It is assumed that Y—r—c>0
where r 2 1 denotes the economy’s risk-free in-
terest rate (investor’s opportunity cost). Hence
a good project has a positive net present value.
In contrast, a bad entrepreneur is assumed to
have a project with negative net present value,
ie., B—r<0.°

2.2 Signals

Upon contacting an entrepreneur, the investor
receives a signal on the entrepreneur’s type.
Each signal is informative in itself but, more
importantly, they can be used as a benchmark
with which subsequent signals will be com-
pared. The signal can originate from any infor-
mation reflecting profitability of the entrepre-
neur’s project. For brevity, we assume the signal
can take only three values: sy, 55, and s; where
s1 > s, > 53. Besides entrepreneur’s type, the
value of a signal depends on the state of the
world:

e With probability 4, the state of the world is
high, in which case a good entrepreneur’s sig-
nal is invariably s; and a bad entrepreneur’s
signal is invariably s,.

* With probability 1-#4, the state of the world
is low, in which case a good entrepreneur’s
signal is invariably s, and a bad entrepre-
neur’s signal s3.

Then, on average, the value of a signal is larger
in a high state of the world than in a low state

would have complicated the analysis by adding one layer
to the decision problem of the investor.

¢ Strictly speaking we do not need the assumption that
B <1, but it is more appropriate to label entrepreneurs bad
if their projects have negative net present value.
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of the world. For simplicity, we do not allow the
state of the world to affect the project return but
only the value of the signal. Because the inves-
tor cannot receive the signal s; from a good en-
trepreneur and the signal s, from a bad entrepre-
neur, the signals s, and s are perfectly informa-
tive in that they fully reveal both the state of the
world and type of loan applicant. Signal s; tells
the investor that the state of the world is high
and the entrepreneur is good. Similarly, signal
53 says that the state of the world is low and the
entrepreneur is bad. After observing either s; or
s3, the investor operates under perfect informa-
tion.

Signal s, is more interesting. It indicates a
bad entrepreneur in a high state of the world or
a good one in a low state. Although the investor
can use the signal s, to update her prior beliefs
about the state of the world and entrepreneur’s
type, incomplete information remains after ob-
serving such a signal. After observing s, from
the first loan applicant, the investor must accept
or reject the application without knowing the
entrepreneur’s type, or she can use the first sig-
nal as a benchmark and gather more informa-
tion by contacting another entrepreneur and
comparing him with the benchmark. If the sec-
ond signal is s;, the comparison of s; with the
benchmark s, reveals that the state of the world
is necessarily high and that the first entrepre-
neur is bad and the second is good. If the sec-
ond signal is s, the investor learns that the state
of the world is low, the first entrepreneur is
good and the second is bad.

If the investor receives s, from the second
applicant, we still have incomplete information.
However, even in this case, seeking a second
loan applicant and comparing with the bench-
mark yields useful information, since the inves-
tor can update her beliefs about the state of the
world and entrepreneur’s type. Thus, although
the investor still must make a lending decision
under incomplete information, she is better in-
formed.

Note that it is optimal to contact the loan ap-
plicants sequentially since this ensures that each
contact provides some useful information and
no costs of contacting are wasted. Since con-
tacting a new loan applicant is costly, the inves-
tor encounters an optimal stopping problem

each time she receives the signal s,. We none-
theless assume for brevity that the contacts take
place fast enough so that the state of the world
remains unchanged and that previous contacts
can be recalled. As a result, if the first signal is
s, but the second is s3, the investor optimally
returns to the first entrepreneur and grants him
a loan.

In sum, the signalling technology is simple:
there are only three signals and they are inform-
ative. Two of the signals are actually very in-
formative: good and bad signals perfectly reveal
the borrower type. Despite this simple signal-
ling technology, it is more informative to com-
pare several entrepreneurs than just to observe
the same entrepreneur over time, since the sig-
nals can vary according to the state of the world.
Subsection 3.4 cites examples where signals
depend on the state of the world.

2.3 The timing of events

The investor’s decision problem has two stages.
In the first stage, the investor who may have
contacted some entrepreneurs previously faces
three options. First, she can exit the credit mar-
ket without lending to anyone. Second, she can
grant a loan to any of entrepreneurs she has
contacted previously. Finally, she can pool the
previous signals with her prior to form a bench-
mark and invest ¢ to acquire more information
by comparing a new loan applicant with the
benchmark. In the second stage, the investor
will collect her payoffs from exit or lending de-
cisions. In case the investor decides to contact
a new entrepreneur, she will receive a signal on
the entrepreneur’s type and updates her belief
about the entrepreneur’s type and the state of
the world. In this case the investor again faces
the aforementioned three options.

3. Benchmarking and comparing with
two loan applicants

In this section, we first consider a loan market
with perfect information. We then further de-
velop concepts in the context of a simple exam-
ple where there is only one loan applicant in the
economy. Finally, we introduce a second loan
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applicant to demonstrate the value of bench-
marking.

3.1 Perfect information

Under perfect information the investor can sep-
arate good from bad firms and grant a loan to a
good one. We assume that under perfect infor-
mation, lending is profitable to the investor,
ie.,

(1) g(¥-=r)—c>0.

As explained, g in (1) is the probability of con-
tacting a good entrepreneur. In such case the
investor can reap the entire output of the project,
Y;r denotes the opportunity cost of invested
capital and c the cost of a contact. Suppose first
that the economy has only one entrepreneur,
who is contacted by the investor. With probabil-
ity g, the investor learns that the entrepreneur
represents a good type. The investor finances
the project and makes profit Y—r—c, since a
good project always succeeds. With probability
1—g, the entrepreneur proves to be bad. The in-
vestor does not lend to him. In contrast, the in-
vestor invests his endowment at the risk-free
interest rate of the economy and bears the cost
of contacting. Thus, the investor’s returns are
—c. In sum, with probability g the investor
makes profits Y—r—c and with probability /-g
she loses —c. The expected returns of the inves-
tor amount to g (¥Y—r)—c>0, which is positive
owing to (1).

Suppose now that the investor can contact
numerous entrepreneurs until a good entrepre-
neur appears. The expected value of the each
contact is g (Y—r)—c>0 to her. If the economy
has n entrepreneurs, the investor’s expected
profits amount to [g(Y—r)—c]+(1-g)[g(Y-r)
—cl+(1-g)*[g (Y=r)—c]+... ., which is equal to

[1—(1—g)" ]M )
g

This is always positive when (1) is satisfied.
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3.2 Incomplete information with one loan
applicant

If the economy consists of just one entrepre-
neur, the investor has to decide first whether to
incur ¢ and contact the entrepreneur and then
whether to grant a loan to the entrepreneur giv-
en her updated belief about the entrepreneur’s
type. With probability hg, the signal is s;. With
this signal, the investor knows that the entrepre-
neur is good and she grants him a loan. With
probability (1-h)(1—g) the signal is s; and the
investor knows that the entrepreneur is bad
and she does not grant a loan. With probability
h(1-g)+ (1-h)g the signal is s, and the investor
can update her belief about entrepreneur’s type,
but incomplete information remains. In such a
case, the investor may or may not grant a loan
in the presence of uncertainty about the type of
entrepreneur. Thus the value of a loan to the
investor with one entrepreneur in the economy
is given by

(2) V., =max{hg (Y —r)+[h(1-g)
+(1=h)gl,(s,)—c,0}

where subscript N=1 of V is the number of en-
trepreneurs in the economy and

3) v, (s2 ) = max{p(g‘sz) Y-r, 0}

is the value of a loan under uncertainty, given
the signal s,. In (3)

(1-hg
4 )= —————
@ Pl = G g

is the conditional probability that signal s, indi-
cates a good entrepreneur. As (3) shows,vz(s;)
is positive since the investor finances a project
only if its NPV is positive. Note that the posi-
tive value of vg(s,) has nothing to do with lim-
ited liability, which plays no role in this context
since the investor uses only her own funds.
Similarly, the value of a loan given by (2) is
positive since the investor contacts the entrepre-
neur only if the expected returns from the con-
tact are positive. From (1) and (2) it is clear that
incomplete information reduces the value of the
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lending opportunity: with perfect information
the investor never has the risk of losing her
capital (r) whereas with incomplete information
she takes such a risk when the first signal is s,
and vg(s,) is strictly positive.

3.3 Incomplete information with two loan
applicants

With two entrepreneurs, the investor must first
decide whether to contact either of the entrepre-
neurs. If she contacts one of them, she has to
decide whether to grant a loan to him or use him
as a benchmark. By creating the benchmark the
investor can contact a second entrepreneur and
compare him with the benchmark. Then the in-
vestor must decide whether to grant a loan to
either or neither of the two entrepreneurs. Since
the investor has only one unit of capital, he can
not finance both projects even when both of
them are good.” If the first signal is either s, or
s3, the investor’s decision problem is straight-
forward so we first characterise them.

The first signal is s,. If the signal from the
first entrepreneur is sy, the investor knows that
he is good. Since the investor has only one unit
of capital, there is no need to contact the second
entrepreneur, and the investor grants a loan to
the first entrepreneur, which yields Y—r with
certainty.

The first signal is s;. If the signal received
upon contacting the first entrepreneur is s3, the
entrepreneur is bad with certainty. If the second
contact also yields s3, the investor does not lend.
If the second signal is s,, the investor can elim-
inate the incomplete information problem by
comparing signals. Because the first signal, s3,
reveals that the state of the world is low, the
second entrepreneur with s, must be a worthy
borrower. Since the probability that the second
entrepreneur emits s, is g, the value of a loan
when s; is the first signal is given by v(s;) =

7" By assuming that an investor has only a unit of capital
in this section, we will emphasise that the investor’s sole
reason to contact numerous entrepreneurs is to gather more
information. As a result, it is possible to explore optimal
stopping in information gathering. The analysis is extended
in section 5, where the economy has numerous investors and
entrepreneurs.

max{g(Y-r)—c, 0}. As g(Y-r)—c>0 by (1),
we obtain

(5) v(s;)=g(¥=r)—c>0.

Note that the value of a loan stems entirely from
the possibility of comparing the entrepreneurs.
The first signal is s,. In this case the inves-
tor’s problem is more complicated. If the second
signal is also s,, the investor cannot be sure
about the entrepreneurs’ type and can only up-
date her beliefs. The value of a loan under un-
certainty when both signals are s, is given by

©) v, (sz,s2 ) = max{p(g‘sz,s2 )Y -, 0}
where, analogously to (4),

(1-h)g’
h(1-g)* +(1-h)g®

(7 p(g‘szvsz)z

is the conditional probability that signal s, indi-
cates a good entrepreneur after two observa-
tions. Again, vg(s,,s,) is positive since the in-
vestor finances a project only if its NPV is
positive.

If the signal received from the second entre-
preneur is s, the investor knows that she is
dealing with a good entrepreneur and grants a
loan. If the second contact yields s3, the investor
knows that the state is low, the entrepreneur is
bad and the first entrepreneur is good. The in-
vestor thus grants a loan to the first entrepre-
neur. When the first signal is s, the value of a
loan can be written as

(8) V(Sz) :max{vR(SZ)’ tz(Y_r)
+(1—t2)vR(s2,s2)—c,O} .

where t,=p(hls))g+[1-p(hlsy)](1-g) is the
probability that incomplete information can be
eliminated by using the second signal. Here

_ h(d-g) 1
©)  plhs,)= =gy (g plels.)

is the conditional probability that the state is
high when the investor observes signal s,. As it
stands, (8) shows the three choices faced by the
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investor after observing s, from the first contact.
First, if p(gls,) Y—r<0 implying vx(s,) =0, and
if 6(Y—r)+ (1=1,)vg(s,, 5,)—c <0, the investor
does not lend at all and v(s,) =0. That is, the
investor can achieve zero returns by omitting
lending.® Otherwise, the maximisation problem
on the right-hand side of (8) reflects the inves-
tor’s choice of whether to contact the second
entrepreneur. If the investor decides to grant a
loan under uncertainty after contacting only one
entrepreneur, her expected payoff is given by
vr(s,). From (8) we observe that the investor
contacts the second entrepreneur if

(10) tz(Y_r)+(l_tz)VR(Szas2)2C+VR(S2)-

In Appendix we prove that the investor’s opti-
mal lending strategy after observing s, satisfies
the following conditions:°

Proposition 1 Suppose that the first loan ap-
plicant’s type is unknown (signal s,). Then,

i)  if the contacting cost (¢) is sufficiently low,
the investor contacts a second loan appli-
cant and compares him with the first one,

i1) if ¢ is sufficiently high and if either the

prior probability that a loan applicant has a

good project (g) is sufficiently high or if

the prior probability of a high state (h) is
sufficiently low to render the net present
value of a loan under uncertainty positive

(vr(s2)>0), the investor grants a loan to the

first applicant.

if ¢ is sufficiently high and if either g is

sufficiently low or i sufficiently high to

render vg(s,) <0, the investor does not lend
at all.

The LHS of (10) shows the benefits of bench-
marking: with positive probability (#,) the sec-
ond contact will probably eliminate the incom-
plete information problem and, even if it does
not, the investor can gather more information by

iii)

8 The investor can achieve zero returns, since the sunk
costs of the first contact are not included in v (s;). The sunk
costs appear in (11).

® A working paper version (Niinimdiki and Takalo, 2007)
includes extensive numerical examples showing that all re-
sult exist for some plausible parameter values while simul-
taneously satisfying equation (1).
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comparing entrepreneurs and updating her be-
liefs. The cost of benchmarking is on the RHS
of (10). Besides the cost of contacting, the op-
portunity cost of benchmarking stems from the
possibility to grant a loan under uncertainty
about the type of the first entrepreneur. For the
case g> 1/2, it is easy to see why part i) of Prop-
osition 1 must be true, since then Y—r>vg(s,,
5,) 2 Vr(sy), i.e., the payoff from benchmarking
clearly exceeds the value of the loan under un-
certainty. But it turns out that the same conclu-
sion holds even for g<1/2, so the benefits ex-
ceed the cost of benchmarking when the cost of
contacting is sufficiently low.

As part ii) suggests, the investor may prefer
to grant a loan under uncertainty about the type
of the first entrepreneur over using him as a
benchmark if the cost of contacting is suffi-
ciently high. The strategy may also be optimal
with moderate or even with low contacting cost
if the first entrepreneur, given signal s,, is good
with sufficiently high probability, that is, when
g is close to one or 4 is close to zero. In such
circumstances, incomplete information causes a
minor nuisance and the expected benefits of
benchmarking do not cover the cost of contact-
ing.

Part iii) of Proposition 1 can also be seen
from (10). The investor prefers not to lend at all
after signal s, if the expected return on a loan
under uncertainty is not positive and the cost of
contacting is sufficiently high to render a search
for a second entrepreneur unprofitable.

The value of a loan. We have above deter-
mined the conditional value of a loan for the
three possible values of the first signal. The
initial value of a loan — the investor’s expected
return before she has contacted either loan ap-
plicant — is then given by

(1) v, =hg(Y=r)+[n(1 - g)+(1-h)g]v(s,)

+(1=h)1-g)v(s,)—c .

In (11) v(s,) and v(s;) are given by (8) and (5),
and they give the values of a loan to the investor
when the first signals are s, and s3. The value of
a loan after the investor receives signal s; from
the first entrepreneur is simply Y-r. These
values of loans are weighted by the appropriate
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probabilities: with probability ig the signal of
the first entrepreneur is s;, with probability
[A(1-g)+(1-h)g] the signal is s,, and with
probability (1-h)(1-g) it is s3.

That the investor’s optimal strategy under in-
complete information can involve benchmark-
ing can be seen from (11). After contacting the
first entrepreneur, the investor can gather more
information by using the first signal as a bench-
mark, seeking a second entrepreneur and com-
paring him with the benchmark. If the signal
from the first entrepreneur is ’better’ than the
signal of the second, the first proves to be wor-
thy of finance and vice versa. If the received
signals are identical, the investor can update her
prior beliefs on the state of the world and types
of entrepreneurs, but the incomplete informa-
tion problem remains. The investor will create
a benchmark and search for a second entrepre-
neur if the benefits outweigh the opportunity
costs of doing so. If the cost of contacting is
sufficiently large, the investor may want to grant
a loan to the first entrepreneur without bench-
marking and comparing, although there is high-
er risk of credit loss than for a loan under un-
certainty after contacting the second entrepre-
neur. Alternatively, the investor will not grant a
loan at all. If Vy_, >0 the loan market opens up.
This occurs if ¢ is not too high. If Vy_,2>0, (1)
also holds, but not necessarily vice versa.

We summarise the benefits of benchmarking
based on the above analysis as follows:

Proposition 2 By using the first entrepreneur as
a benchmark and comparing the second entre-
preneur with him, the investor can gather more
information and raise the expected return on her
loan. If the signals received from the entrepre-
neurs differ, incomplete information is elimi-
nated, and the investor can grant the loan to the
good entrepreneur. Even if both signals are the
same (s,) and incomplete information obtains,
the investor can update prior beliefs on types of
entrepreneurs.

In spite of all the benefits of using the first en-
trepreneur as a benchmark, the investor’s lend-
ing decision is still less efficient than under
perfect information. From (1) and (11), we see
that four inefficiencies remain: i) The first en-

trepreneur is good, but his type is unobservable
to the investor because of signal s,. The investor
may waste resources by searching for a second
entrepreneur or she may inefficiently exit the
credit markets; ii) The investor encounters two
good entrepreneurs, but the entrepreneurs’ types
remain unobservable. If p(gls,,s,)Y<r, the in-
vestor makes a mistake and denies a loan; iii)
The investor contacts a bad entrepreneur who
signals s, and who inefficiently receives a loan,
if ¢ is sufficiently high and p,(gls,)Y>r (part ii)
of Proposition 1); iv) The investor contacts two
bad entrepreneurs with s,, and she grants a loan
if py(glss,s0)Y>r.

3.4 Discussion

The model with one investor, two entrepreneurs,
and three signals is admittedly limited. In the
subsequent sections we will allow for multiple
entrepreneurs and financiers. While the exten-
sion of the model to arbitrary number of signals
is beyond the scope of this paper, it is clear that
the basic insight about the value of making
benchmarks and comparisons would not change
in so far the signal space is finite.'°

To gain intuition for the upcoming results and
illustrate the value of benchmarking, we illus-
trate few examples.

 Variation of signals across sectors: Financial
ratios reveal valuable information to inves-
tors, but a part of this information is sector-
specific. What is regarded as a good ratio of
asset turnover, administration costs, gross
profit or solvency will vary across industries.
Thus, even when the financial ratios of a sec-
tor are fixed in time, the critical values of fi-
nancial ratios differ across sectors. Hence, if
an investor who has no previous experience
in the sector evaluates a firm, the firm’s finan-
cial ratios do not reveal its true financial con-
dition to the investor. To evaluate the firm

19" Increasing the number of intermediate signals that do
not perfectly reveal the borrower type would make the in-
formation asymmetry friction costlier to resolve but would
not otherwise affect the results. If there were uncountable
measure of signals, having access to many borrowers would
not eliminate the information asymmetry. However, even in
that case benchmarking and comparing would be valua-
ble.
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properly, the investor must compare the finan-
cial ratios of the firm with the financial ratios
of the other firms in the very same sector.
Only after studying sufficiently many firms,
will the investor understand the correct mean-
ing of financial ratios in the sector.

e Variation of signals over time: The investor
may have previous experience in the sector,
but the signal value fluctuates over time, mak-
ing the information value of a single signal
modest. For instance, a good firm might earn
handsome profits if the industry is booming
or moderate profits if the industry is in reces-
sion, whereas a bad firm might earn moderate
profits during a boom or fail in a recession.
Hence, whether moderate profit indicates a
good or a bad firm would depend on the stage
of the industry cycle. Without comparing, the
investor might make a wrong decision by
granting a loan to a bad firm with moderate
profits.

* Variation of signals across regions: Produc-
tion costs and market potential differ from
one region to another. The same wage cost
per employee, for example, may indicate a
good, efficient firm in Area A, or a bad, inef-
ficient firm in Area B. To be able to evaluate
the competitiveness of a firm in its local re-
gion, the investor needs to compare the firm’s
characteristics with its local competitors.

 Variation of signals in research and develop-
ment: The progress of research and develop-
ment is stochastic almost by definition. At
first glance, the prototype of an entrepreneur
may seem to be promising. However, careful
comparison with the other entrepreneurs’ pro-
totypes or products in the sector may reveal
that the prototype is lagging. Financing the
first entrepreneur is likely to be a mistake
since its product will hardly be commercially
viable.

 Variation of signals according to the industry
dynamics. Multiple equilibria are pervasive in
network industries. A network firm’s profit
may be negative, but contrasting the firm with
other firms in the industry may reveal that the
firms are engaged in fierce competition for
dominance where all firms are making losses,
and that the firm is leading the competition
for a dominant position in the market. Once
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in the dominant position, the firm will be able
to raise its price and make substantial profits.
Denying the firm finance would probably be
a mistake.

e The profitability of a firm varies with the in-
dustry equilibria. Efficient firms may, for ex-
ample, earn supernormal profits if the firms
in an industry collude and moderate profits if
they compete. Less efficient firms may earn
moderate profits if the industry is in collusion
or zero profits if there is competition. Moder-
ate profits may signal an efficient firm if the
firms compete or an inefficient firm in case of
collusion.

» Technological cycles change the meanings of
signals. The propensity to patent changes over
time depending on the legal and technological
environment. For example, it is known that
innovations can come in waves: after a break-
through invention it is easier to make follow
up innovations. A successful innovative firm
may possess dozens of patents after a break-
through, having had only a handful before. A
less innovative firm, having struggled to ob-
tain one patent before the breakthrough, may
easily obtain a handful of patents after the
breakthrough. For an outsider, it is hard to
know whether a handful of patents indicates
an innovative or an unsuccessful firm.

4. Benchmarking and comparing with
N loan applicants

So far we have assumed that the investor can
contact at most two firms. Although a complete
characterization of a more general case with an
arbitrary number of entrepreneurs is beyond the
scope of this study, in this section we briefly
confirm that the insights gained from the two
entrepreneur case apply for a larger pool of loan
applicants.

We first note that incomplete information can
be eliminated with certainty when the number
of contacted entrepreneurs approaches infinity.
Recall that incomplete information obtains only
if the investor receives signal s,. Consequently,
when the number of compared entrepreneurs
grows, incomplete information still obtains
after n contacts only with probability (1-%)g" +
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h(1-g)". With probability 1-h the state is low
and with probability g”" the investor has con-
tacted only good entrepreneurs. With probabili-
ties 4 and (1-g)" the state is high and the inves-
tor has compared only bad entrepreneurs. Be-
cause probabilities g” and (1-g)" are decreasing
in n, the probability that incomplete information
obtains approaches zero, when n — co.

Even if the investor has not received two dif-
ferent signals over the first n contacts, compar-
ing can in practice render the deficiency of in-
formation insignificant. To see this, consider
contacting the nth entrepreneur that yields, like
all previous n—1 contacts, signal s,. The proba-
bility that the entrepreneur is good is p(gl1S, ,) =

1-mng"
(I-hg" +h1-g)"

1

(12) p(g‘SZ,n)z 1 M
(—-1"
g

1+ ke
1-h
where Szyn=|_s2,|,s2,2,...,szynJ is the vector of
signals s, received from n entrepreneurs. From
(12) it is evident that if g<{, the probability
that signal s, indicates a good entrepreneur is
decreasing in n. Similarly, if g> 1, the probabil-
ity that entrepreneurs with s, are good is in-
creasing in n. In the limit when n approaches
infinity, incomplete informational is removed

with certainty: If g<21, lim p(glS$,,)=0, and
n—oo
if g>1, lim p(glS,,)=1. We will conclude

this as follows.

Remark 1 When the number of contacted and
evaluated loan applicants grows without a bound,
the problem of incomplete information is elim-
inated with certainty.

The above discussion dismisses the costs of
contacting. If the investor contacts n entrepre-
neurs, the total cost of contacting amounts to
n c. To investigate the investor’s optimal choice
of how much to invest in information gathering,
taking into account the costs, we write the ini-
tial value of a loan analogously to (11) as

(13) ¥V, =hg (Y=r)+[a(1-g)+(1-h)glv, (s,)

+(1=n)1-g)vy(s)-c .

where subscript N denotes the total number of
entrepreneurs. The first term in the right-hand
side of (13) captures the possibility that the first
signal is s;, prompting the investor grant a loan
immediately. The second and third term arise
from the cases where the first signal is s, or s3.

The first signal is s3. As discussed in the pre-
vious section, if the first signal is s3, the investor
knows that the entrepreneur is bad with cer-
tainty. This can be used as a benchmark so that
if the second entrepreneur releases s,, the inves-
tor can eliminate incomplete information by
comparing signals. If the second signal is also
53, the investor does not lend and may or may
not continue contacting. Thus the value of a
loan when there are N potential entrepreneurs
and when the first signal is 53 can be written as

vN(s3)= max{g(Y—r)—c
+(1_g)v(s3933 )v O}a

(14)

where v(s3,53) is the value of a loan after two
observations of s;. Note that v(s3, s3) cannot be
negative, as the investor can always decide not
to grant a loan at all. Since also g(Y-r)—c>0
by (1), the investor continues comparing if the
first signal is s;. Because the investor’s problem
is stationary, we can easily solve (14) recur-
sively. This yields

(1) vN<s3>=[g<Y-r>_c{1—(1—g>’“}
g

In words, if the first signal is s3, the investor
continues contacting and comparing the entre-
preneurs until she encounters signal s,. The
value of the loan is increasing in the total
number of entrepreneurs in the economy, since
it becomes increasingly likely that the investor
will find a good entrepreneur and can grant a
loan.

The first signal is s,. As in section 3, if the
first signal is s,, and the second signal is differ-
ent (either s; or s3), incomplete information is
eliminated and the investor can make an optimal
lending decision. However, if the second signal
is also s,, the investor can update her priors.

101



Finnish Economic Papers 2/2007 — Juha-Pekka Niinimdki and Tuomas Takalo

Subsequently, the investor can grant a loan to
either of the entrepreneurs releasing signal s,,
she can decide to exit the credit market without
lending, or she can proceed to compare a third
loan applicant. If she takes the last option, she
will be in a similar but not identical position as
after the second contact: either the incomplete
information is eliminated or she can update her
beliefs.

In general, after the investor has encountered
n-1 entrepreneurs who have emitted s,, the val-
ue of a loan can be written as

(16) V(SZ,n—I ): maX{VR (SZ,n—l )7 L, (Y - ”)
+(1=1, M8, ) -}

where vz(S, ,_1)=max{p(glS, . 1)Y-r,0} is the
value of a loan under uncertainty after n—1 s, sig-
nals and where t,=p(hlS, , )g+[1-p(hlS,, 1)]
(1-g) is the probability that incomplete infor-
mation will be eliminated by the nth contact.

h 1— n—1
Here p(h‘Sz,n—l ) = h(1- g)g_l +g()1 -h)g i
=1- p(g‘Sz,n—l )

is the conditional probability that the state is
high when all n—1 previous signals are s,.

The value of the loan (16) could be solved
backwards, beginning with the termination pay-
off vr(S,, x) =max{p(glS, y)Y-r,0}. Because the
problem is non-stationary, however, solving
(16) completely is a messy exercise and does
not yield substantial insights. Nonetheless, from
(16) we obtain a few general results that are
intuitive but tedious to prove. In the remainder
of the section we present the results (Proposi-
tions 3 and 4) and give heuristic arguments for
them (for the formal proofs of the propositions,
see Niinimiki and Takalo, 2007).

Proposition 3 1f the net present value of a loan
under uncertainty is negative (vg(s,) <0) and the
prior probability that a loan applicant has a
good project is less than one half (g<1), the
investor continues to contact and compare new
loan applicants until the problem of incomplete
information is eliminated.
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To understand Proposition 3, recall from (12)
that p(glS, ,) is decreasing in n when g<i.
Thus, if granting a loan to the first entrepreneur
signalling s, is unprofitable (p(glsy)Y <r), it will
remain unprofitable for all subsequent entrepre-
neurs with s,. It also turns out that an exit,
yielding zero payoff, is not optimal if g<7. In
the case of g <1 the probability that a new con-
tact eliminates incomplete information exceeds
g and, thus the expected return from each new
contact exceeds g (Y—r)—c>0 (recall (1)). The
investor thus compares entrepreneurs until in-
complete information is eliminated.

If g>1, the investor’s behaviour is different.
In such circumstance the optimal number of
comparisons is always finite, as verified by the
following proposition.

Proposition 4 1f g> 1, the investor stops com-
paring new loan applicants even if incomplete
information remains.

On the one hand, p(glS,,,) is increasing in n by
(12), if g>1. The probability approaches unity
when 7 is large enough, and the expected return
from a loan under uncertainty, p(glS, ,)Y—r, ap-
proaches Y—r. On the other hand, the expected
return from contacting a new loan applicant is
always lower than Y—r—c. Thus, when n is
large enough, the investor prefers granting a
loan under uncertainty to contacting and com-
paring a new loan applicant, and the number of
compared loan applicants is finite.

An implication of Proposition 4 is that it can
be optimal to grant a loan already to the first
entrepreneur even if uncertainty about his type
remains, as in the two-entrepreneur economy of
section 3.3. It is easy to see that such a lending
strategy is optimal if the first loan applicant is
good with a sufficiently high probability or if
the contacting is sufficiently costly.

5. Multiple investors and financial
intermediation

Sections 3 and 4 show how making benchmarks
and comparisons is beneficial even if there is
only one investor in the credit market. If there
are multiple investors, however, an arrangement
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wherein each investor separately collects infor-
mation has many shortcomings: If an investor
contacts one loan applicant and receives s,, the
investor operates under incomplete information.
The investor can gather more information by
using the first signal as a benchmark and com-
paring signals from subsequent loan applicants
with it. But this is costly. Each investor needs to
contact several loan applicants even if each in-
vestor has only a unit of capital and she can
grant only one loan. Each loan applicant is then
contacted several times although each time the
monitoring provides the very same information.
Moreover, an investor cannot be sure ex ante
that comparing several entrepreneurs will elim-
inate incomplete information. In this section we
show how investors can overcome these short-
comings by establishing a coalition, financial
intermediary as in Boyd & Prescott (1986) and
Diamond (1984).

For brevity, we focus on the case where there
are (very) large numbers of entrepreneurs and
investors. Suppose that an investor establishes
a financial intermediary and invests her endow-
ment in it as equity capital. This investor is
called the banker. The other investors, labelled
as depositors, invest their endowments in the
intermediary. The banker offers a standard de-
posit contract to the depositors, promising to
pay fixed interest rp on deposits that is senior to
payments on equity capital.

Let us proceed under the assumption that the
banker contacts loan applicants and monitors
them on the behalf of the other investors and
check later that the contract is incentive com-
patible. Since the intermediary has a lot of funds
and there are many entrepreneurs, it is likely
that the banker contacts two different types of
loan applicants, which eliminates incomplete
information. Even if all the intermediary’s loan
applicants are similar, the banker can be quite
confident about the true state of the world and
types of the loan applicants. In the limit, when
the financial intermediary is sufficiently large,
the incomplete information will be eliminated
with certainty (Remark 1). Furthermore, the
banker does not evaluate a loan applicant twice,
and the duplication of information gathering is
eliminated. To put it differently, a sufficiently
large financial intermediary achieves the very

same optimal solution that is achieved under
perfect information. A conclusion follows:

Proposition 5 If the investors join together and
establish a financial intermediary, the duplica-
tion of information provision cost is avoided.
When the intermediary is sufficiently large, in-
complete information will be removed with cer-
tainty.

This result resembles that of Diamond (1984).
In both models, the financial intermediary is
bank-like and eliminates the duplication of in-
formation provision, thereby cutting the costs
of lending. Nonetheless, the models differ in
some important aspects: In Diamond (1984),
centralised information provision is profitable,
since a single investor can finance only a small
fraction of a project. Thus many investors are
needed to finance the whole project. If each in-
vestor monitored the project, the cost of moni-
toring would be duplicated. The duplication can
be eliminated by establishing a financial inter-
mediary, which monitors the project only once.
On the contrary, in our model, centralised infor-
mation provision is profitable even if a single
investor can finance the whole project! If a sin-
gle investor financed only one project, she
should contact numerous loan applicants to
gather information. With multiple investors, the
same loan applicants would be contacted by
several investors and the cost of contacting
would be duplicated. Useless duplication can be
avoided by establishing a centralised intermedi-
ary. In our case the banker monitors each loan
applicant at most once.

The exact number of contacted loan appli-
cants depends on the ratio of good loan appli-
cants to investors. Let F e Z* denote the number
of investors. When F and N (the number of en-
trepreneurs) are very large, the realized share of
contacted good loan applicants is fixed, g, ow-
ing to the law of large numbers. If gN> F, there
are more good projects than investment funds in
the economy. Since each contact is costly, the
banker stops contacting upon encountering F
good loan applicants. Hence the optimal number
of contacted loan applicants is given by N*=
F/g where N* < N. On the contrary, when gN<F,
good projects are scarcer, and the banker opti-
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mally contacts all loan applicants because the
expected return from a contact is positive (recall
(1)), i.e., N¥=N.

Pushing the argument for centralised finan-
cial intermediation to the limit, we can also de-
termine the deposit rate. Let IT denote the total
profit of the intermediary. Because the interme-
diary has F investors (F—1 depositors and the
banker), + IT is the profit share of a single in-
vestor.

Remark 2 A sufficiently large intermediary can
pay to an investor a fixed return, of

*
I z;igljr[: r+N7[g(Y—r)—c)].

The result follows from the law of large num-
bers and it utilises the idea of Diamond (1984).
At the beginning of period, each investor depos-
its her unit in the intermediary. The banker con-
tacts the optimal number of loan applicants, N*,
finances good projects and, if something is left,
puts the rest of the funds in the outside option.
At the end of the period, the loans yield a net
return of N*(gY-c) and the outside option
yields (F—gN*)r. The intermediary can then pay
a return of rp per deposit unit and the banker
also obtains return rp on his investment. Clear-
ly, equation (1) implies that 7> r. From the as-
sumed market structure, it follows that entrepre-
neurs earn zero profit.

In equilibrium there is no incentive problem
between the banker and the depositors. Suppose
that the banker misbehaves and contacts only a
fraction ¢ of the (optimal number of) loan ap-
plicants. In this way she can not only save some
costs of contacting but also invest an extra
amount of the intermediary’s funds in the out-
side option. The intermediary’s net revenue —
the banker’s income — is at most (when the
banker has contacted sufficiently many loan ap-
plicants to be able to interpret the signals cor-
rectly)

(17) 7, = Max {YogN *+(F — agN*)r
—(F=1)ry,0}

Since the intermediary is very large, the realised

fractions of different asset types are fixed owing

to the law of large numbers. In (17) YagN* rep-
resents lending returns from the contacted loan
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applicants who proved to be good. The rest of
the funds are invested in the outside option
(F-ogN*)r. Finally, (F-1)rp denotes payments
on deposits. After some manipulation using the
definition of rj given by the Remark 2, (17) can
be rewritten as

(18) 7, = Max{r, + N*[c—(1-a)g(r -r)l0} .

This shows that the banker’s income is increas-
ing in o and is thus maximised when o=1. That
is, the banker contacts and monitors the optimal
amount of entrepreneurs. In this case the bank-
ers income is rp+cN* which exactly equals to
the opportunity cost of the equity capital in-
vested in the financial intermediary and the
(non-monetary) costs of contacting. Just as in
Diamond (1984) the incentive problem between
the bank and its depositors is eliminated thanks
to the law of the large numbers.

Finally, note that investors have no incentive
to form an intermediary to gain market power,
since by assumption they can extract all the sur-
plus from entrepreneurs. The tendency towards
centralised financial intermediation arises sole-
ly from economics of scale in comparing.

6. Conclusion

In this paper we study ex ante benchmarking
and comparing as a source of information in
financial markets. Making benchmarks and
comparing others with it amount to a simple
instrument of learning. It has many features
common with other forms of learning such as
learning by doing, experimentation and imita-
tion. The other forms of learning, however, re-
quire many observations on the same entrepre-
neur over time whereas comparing exploits the
differences between entrepreneurs. We show
how incomplete information can be reduced by
making benchmarks and comparisons. By com-
paring sufficiently many entrepreneurs, an in-
vestor can separate good from bad loan appli-
cants.

If every investor invests in information gath-
ering, it will be inefficient, since loan applicants
are compared several times with zero informa-
tion gain. To prevent the useless duplication of
comparing, the investors optimally join togeth-
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er and establish a financial intermediary, which
contacts each loan applicant only once. If the
intermediary can grow without bound, the prob-
lem of incomplete information can be elimi-
nated with certainty without further investment
in information acquisition. This provides a nov-
el rationale for centralised financial intermedia-
tion.

An implication of our model is that financial
institutions such as banks can become dominant
financiers of an industry by exploiting scale
economies in comparing. Once a bank has gath-
ered information about firms in the industry by
comparing them, it is difficult for new financial
institutions to enter the market for finance of
the industry. The entrants should start the proc-
ess of comparing from the beginning whereas
the incumbents know the firms and the signals.
Thus, even if the incumbents and entrants ob-
serve the same information, the incumbents may
have an information advantage since they are
able to interpret the information correctly. Only
in new industries will old and new financiers
compete on equal footing. In such circumstanc-
es the efficient use of benchmarks and com-
parisons can be the crucial determinant of finan-
cial institutions’ successes and failures.

Indeed, although we have emphasised the
role of comparing in credit markets and that the
intermediary arising from our analysis is bank-
like, comparing is perhaps even more relevant
for business angels, venture capitalists and oth-
er entities that focus on financing new high-tech
industries. As carefully documented by Gomp-
ers and Lerner (2004), such private equity fin-
anciers frequently encounter ideas for business-
es in areas where there is little available infor-
mation. The lack of track records for applicants
or a particular business area does not lead to the
collapse of markets for innovation finance, since
financiers seek many applications from the
same narrow area. In comparing applications, it
becomes evident that funding should be denied
to some business ideas. The most promising
projects receive the first stage financing. After
a new round of comparing, only the most suc-
cessful firm can obtain second stage financing.
The next logical step is to endogenise the form
of financial contract so as to enable assessment
of the relative benefits of benchmarking and

comparing in private equity and debt finance.
Another interesting issue would be to intro-
duce some tradeoffs to counter the tendency
towards bigger financial intermediaries predict-
ed by our model. For example, investors should
be allowed to go beyond benchmarking and
comparing and use other strategies to mitigate
information asymmetry such as estimation of
cash flows. Finally, the model has been simpli-
fied by assuming that the state of the world has
no effect on the project output. This is a strong
assumption. Relaxing it and many other intrigu-
ing issues are left for future work.
QED
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Proof of part i) In the proof we use the following observation frequently

(A hl-g)+(1-hg-gl-g)=(1-hg’ +hl-g).

Given (3), (6), and (10), it is profitable to contact the second applicant if

(A2) ¢, (Y - r)+ (1 —1, )Max{p(g‘s2 ,$,)Y —r, O}ZMax{p(g‘sz)Y -7, 0}+ c

The inequality is satisfied if p(gls,) Y <r for sufficiently low c. Hence, we focus on the case where
p(glsy) Y>r. There are two possibilities, depending on whether p(gls,, s,) Y—r is positive or nega-

tive. Using (9), we rewrite t,=p(hlsy)g+[1-p(hlsy)](1-g) as ¢, =

if p(gls,, s5) Y<r, (A.2) simplifies to

(A.1), to

gll-g)
h(1-g)+(1-h)g

&. As a result,
hl-g)+(1-h)g
(1-h)g

Y—r)Z

————~——=——Y —r+c or, using
h(1-g)+(1-h)g

(A3) A1-mg® +h(-g) |+ g¥(h-g)2[h(i-g)+ (- h)ek.

Adding and subtracting Y(1-h)g? in the LHS of (A.3) yields

(A4 rla-mg? +hl-g) |- Y(1-h)g® + Yen(1 -

g)2[h(1-g)+(1-h)gl.

Since p(glsy, s,) Y<rimplies (1-h)g2Y < (1-h)g*+h(1-g)>r, the LHS of (A.4) is positive. Hence,

(A.4) holds if c is sufficiently low.
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Now assume p(gls,,s,) Y>r . Equation (A.2) simplifies to

(A5) Y[, = p(glsy) +(1-1,)p(glss,50)] 2 ¢

Since 1-¢, = (I-hg’+h(i-g) by (A.1), (A.5) can be further simplified to
h(l-g)+(1-h)g

(1-g)gh <
GO M a-mg Ty

which is true if c¢ is sufficiently low.

Proof of part ii) From (A.2) we see that a necessary condition for the optimality of a loan under
uncertainty about the first entrepreneur’s type is p(gls,) Y—r>0 When p(gls,) Y-r>0, (A.2) im-
plies that the loan under uncertainty is optimal if

(A.7) p(g‘s2 )Y -rzt, (Y - r)+ (1 —t, )Max{p(g‘sz,sz)Y -r, 0}— c

Because the RHS of (A.7) is smaller than Y—r—c, a sufficient condition for optimality of the loan
under uncertainty is that the LHS of (A.7) exceed Y—r—c. As a result, a sufficient condition for
part ii) of Proposition 1 to hold is

(A8) 2 (1-p(gls,))Y .

Condition (A.8) holds if ¢ or p(gls,) is sufficiently large. The latter occurs when g is close to one
or h is close to zero (see (9)).

Proof of part iii) If p(gls,) Y—r<0 the investor does not grant a loan to the first entrepreneur. Thus,
if ¢ is so high that (A.2) is violated, the investor does not grant a loan.
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