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Tbis study investigates experimental financial
markets in wbicb firms possess more information
tban do potential investors. Firms were given
opportunities to undertake positive net present
value projects wbicb tbey could eitber forgo or
finance by selling equity. Auctions were conducted
among tbe investors for tbe rigbt to finance tbe
projects. Wben tbe tbeoretical equilibrium was
unique, tbeory predicted well. Wben tbeory per-
mitted pooling, separation, and semiseparation,
only tbe more efficient pooling equilibrium was
observed. Tbe domination of tbe pooling equi-
librium was robust to different experimental expe-
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riences by participants. Wben available, signals were used by
good firms to distinguish themselves from bad.

Considerable effort has gone into the construction of theoretical
models of financial markets in which agents cope intelligently with
problems of asymmetric information. This modeling approach has
been used to provide intuitively appealing rationales for a wide range
of observed phenomena. Examples include leverage ratios, temporal
patterns of financing, stock price movements around initial public
offerings of securities, and the nature of contracts between firms and
investors.

Unfortunately, as stressed by Ross (1987), a corresponding effort
has not been put into direct tests of the proposed asymmetric infor-
mation models themselves. This is a matter of some concern because
it is often possible to construct several equally plausible models to
serve as candidate explanations for the same empirical observations.
The problem is exacerbated by particular difficulties associated with
game theoretic modeling. First, equilibria are often qualitatively
dependent upon parameters that are unobservable to the researcher,
making direct econometric tests difficult, if not impossible, to per-
form. Second, many game theoretic models of financial markets pro-
duce multiple equilibria. When faced with multiple equilibria, there
is a natural tendency for theorists to focus on the one equilibrium
that is consistent with the stylized facts or empirical results under
consideration. This process may become dangerously disjointed
because the next researcher may choose a totally different type of
equilibrium to explain an alternative set of facts. It may be that neither
equilibrium is consistent with both sets of facts occurring simulta-
neously and yet this may be precisely what is happening in the real
world. Thus, the models in question are never really subjected to
potentially disconfirming tests.

The present paper investigates the performance of experimental
financial markets characterized by asymmetries of information. The
reason for using experiments is that they are able to address and
overcome some of the difiSculties mentioned above. The particular
context that we examine is based on the infiuential paper by Myers
and Majluf (1984). Their paper played a major role in the development
of the literature on informational asymmetries in financial markets
and has been frequently cited to interpret the findings of event stud-
ies.' Informational asymmetry has also figured prominently in sub-
sequent contributions such as Giammarino and Lewis (1988), Noe
(1988), Allen and Faulhaber (1989), and Grinblatt and Hwang (1989).

' For exampie, see Asquitii and Mullins (1986), Eckbo (1986), or Masuiis and Korwar (1986).
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Accordingly, it seems tbe appropriate place to begin our experimental
investigations of the effect of asymmetric information in financial
markets.

Tbe questions addressed by our study follow directly from tbe
literature tbat analyzes tbe equilibria of financial markets subject to
asymmetric information. First, when theory predicts a uruque equi-
librium, is tbat equilibrium actually observed? Second, when theory
indicates that there are a number of equilibria, one exhibiting sep-
arating, a second exhibiting pooling, and a third exhibiting semisepa-
rating, whicb equilibrium corresponds to the behavior observed? Tbird,
does previous exposure of agents to a unique pooling or separating
equilibrium result in a diflFerent equilibrium outcome in the multiple
equilibrium case? Fourth, will a signal be used to convert a pooling
equilibrium into a separating equilibrium?

There are a number of advantages associated witb tbe use of exper-
iments to address corporate finance questions. Tbe researcher bas tbe
ability to control directly many of the theoretically important vari-
ables. By nesting environments, alternative models of tbe same pbe-
nomena can sometimes be tested against each other. As sbown by
Camerer (1987), experiments also provide a direct method of check-
ing wbether psycbological biases disrupt equilibrium predictions.

Perbaps tbe most important role for experiments arises under cir-
cumstances in wbich theory does not make unique predictions.
Experiments can sometimes cast ligbt on matters left open by tbeory.
In our study, tbis situation arises owing to tbe theoretical prediction
of multiple equilibria. If pooling, separating, and semiseparating
equilibria are all subgame perfect, whicb outcome will occur and
will tbe outcome vary depending on tbe experiences of agents? The
experimental approacb allows us to treat these theoretically consis-
tent possibilities as alternative hypotheses to be tested against eacb
other.

Several papers bave used experiments to test financial tbeory. Per-
baps surprisingly, more effort has gone into tbe testing of asset pricing
than corporate finance tbeory. Forsytbe, Palfrey, and Plott (1982)
demonstrated that tbe efficient markets hypothesis does a good job
of predicting tbe pricing of two-period assets. Forsytbe, Palfrey, and
Plott (1984) and Friedman, Harrison, and Salmon (1984) sbowed tbat
tbe existence of a futures market enhances the process of market
convergence to equilibrium. Tbere bas been a sequence of papers
examining tbe informational efficiency of experimental asset markets,
including Plott and Sunder (1982), Friedman (1984), Copeland and
Friedman (1987), Plott and Sunder (1988), and Smitb, Sucbanek, and
Williams (1988). Kroll, Levy, and Rapoport (1988) used laboratory
experiments to test the capital asset pricing model.
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There have been relatively few studies using the experimental
approach to investigate asymmetric information models. We are famil-
iar with three relevant studies, Dejong, Forsythe, and Lundholm (1985)
demonstrated that the presence of moral hazard opportunities leads
to theoretically predicted shirking by agents. Miller and Plott (1985)
examined a product market in which firms could produce higher or
lower quality goods. Their findings indicate that equilibria may be
particularly sensitive both to relative costs and to institutional set-
tings. Signaling behavior was quite commonly observed. Camerer and
Weigelt (1988) tested a borrowing model in which some agents were
more inclined than others to default on their loans.

The rest of this paper is organized in the following manner. In
Section 1, we review and recast the theoretical environment of Myers
and Majluf (1984), Their paper contains no discussion of multiple
equilibria. We show that their setup has multiple equilibria for some
parameter values. In Section 2, we discuss the experimental environ-
ment, created as a laboratory analog to the theoretical model. In
Section 3, we present and analyze the empirical results. In Section
4, we extend the Myers and Majluf (1984) framework to allow sig-
naling to occur. Some conclusions are set out in Section 5.̂

1. Theoretical Background

The intuition underlying Myers and Majluf (1984) is very appealing.
Consider a situation in which a firm's management has better infor-
mation than do potential investors concerning both the value of the
firm's assets in place and the likely payoffs to new projects. Investors
will be faced with an adverse selection problem. The less valuable
firms will be willing to sell a higher proportionate claim to their
future revenues than the more valuable firms in exchange for needed
financing. Investors take into account the presence of less valuable
firms in the market when deciding how much to offer for newly issued
securities. Thus, the more valuable firms receive worse terms from
the market than they would if their quality were known. In some
cases, these terms may be so unfavorable that better firms decide to
stay out of the market rather than dilute the claim of current share-
holders on existing assets. This is unfortunate because such a decision
involves forgoing opportunities to undertake positive net present
value projects.

In order to test this intuition experimentally, it is necessary to
develop a precise statement of the theory in the context of a well-

' Examples of the instruction sheets and other documents used in the experiments are contained in
Appendix 1, A detailed presentation of the results is listed in Appendix 2, These appendices are
available on request to the authors.
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specified market mechanism. Accordingly, we restate the informal
model of Myers and Majluf (1984) as a sequential game.' The model
involves two kinds of agents: firm managers acting on behalf of current
shareholders ("firms") and potential investors or financiers ("inves-
tors"). All agents are assumed to be risk neutral or at least able to
diversify away any risk. There are no transaction costs.

Consider the firm's problem first. The firm is initially financed entirely
by equity. There are some assets in place, denoted Ai, and a positive
net present value project available that offers a net payoff denoted by
Bf. The subscript /refers to the firm's type. The firm may either be of
type H (high) or of type L (low). The sum of the assets in place plus
the net value of the project is greater for type //than for type L firms.
The two types are equally likely. The firm knows the true worth of
both the assets and the project. The project requires / to be under-
taken. However, the firm has neither available internal funds nor the
ability to borrow funds for this purpose.

The manager of the firm attempts to maximize the terminal value
of the original owners' claim to the firm's assets. There are two strat-
egies available. The firm may choose either to forgo, or alternatively
to undertake, the available project. If the firm chooses not to proceed
with the project, the terminal value of the original owners' claim is
simply Af

If the new project is undertaken, the terminal value of all claims
on the firm will be Vi = A, + B, + I. However, V, does not belong
entirely to the original owners of the firm. Rather, it must be shared
with the investor who provided the equity funding necesssary to
undertake the project. Let 5 denote the share of revenues that will
accrue to the equity bought by the investor. Then the claim of the
original owners will be worth (1 - s) V^ if the project is undertaken.
To make the correct decision, the firm needs to know whether this
value will be greater or less than A,. However, this requires a forecast
of 5. The value of s will depend on the behavior of the investors.

The difficulties facing the investors are clear. If a firm decides to
undertake a project, and thus goes to the market to raise funds, the
investor must try to infer the probability of the firm being of type H
versus the probability of the firm being of type L. The investor's
inference will determine the fraction of the firm's equity s to be
demanded. Each investor faces the same inference problem.

An auction is conducted among the investors for the sole right to
invest in the firm. Note that / is a fixed number, representing the

' This restatement of Myers and Majluf (1984) owes much to Giammarino and Lewis (1988). However,
Giammarino and Lewis (1988) employ a market mechanism involving firm investor bargaining,
whereas we develop the model in the context of the auction market implicit in Myers and Majluf
(1984).
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funding necessary for the firm to undertake the project. Thus, the
auction mechanism must be such as to prespecify the amount of
money to be transferred to the firm in exchange for equity. This may
be accomplished simply by conducting a descending equity demand
auction to determine 5. The investor who wins the auction by bidding
the lowest value of 5, provides the firm with the required /, in exchange
for a claim of sVi on the terminal value of the firm.

Investors must attempt to determine an appropriate value of 5 by
comparing / to the expected value of sVj. If / > sV, ex post, the
investor will have lost. However, if / < V̂̂  ex post, the investor will
have profited. The problem for the investor is that the true value of
/ is unknown at the moment when he must decide on the appropriate
share 5of the firm's equity to bid. Given many risk-neutral competitive
investors, the value of 5 will be bid down to the point at which / =
E{sV^, where £(•) refers to the expectations operator. The two pos-
sible values for /' are known to the investors. A prediction of the actual
value of i for the equity on offer requires knowledge of the equilib-
rium type.

The literature contains a large number of refinements of the Nash
equilibrium concept. An equilibrium notion that captures the intu-
itions being modeled is the sequential equilibrium concept of Kreps
and Wilson (1982). This equilibrium concept was investigated exper-
imentally by Camerer and Weigelt (1988) who found it to describe
"actual behavior well enough that it is plausible to apply it to theo-
retical settings in which individuals make choices." Accordingly, it
seems a sensible equilibrium notion for the theory underlying our
experiments.

The sequential equilibrium is particularly simple in our environ-
ment. The firm has a choice of issuing, or not issuing, new equity at
stage 1. Investors bid on issued equity at stage 2. A sequential equi-
librium requires that investors form beliefs about the value of K, both
in the case where the firm issues equity as well as in the case where
it does not. Given the investors' beliefs and hence actions, the firm
must not be able to gain by deviating from the equilibrium. Similarly,
given the firms' beliefs and hence actions, the investors must not be
able to gain by deviating.

As in many asymmetric information models, the character of the
equilibrium will depend on the precise parameter values of the prob-
lem at hand. There are three regions of parameter values to be dis-
tinguished: a region of separation, a region of pooling, and a region
in which either separation or pooling is consistent with theory. As
will be discussed below, semiseparating is also possible in the over-
lapping region. In the present context, separation means that the type
H firm does not undertake the new project. Pooling means that both
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types of firms undertake their new projects. In every instance in which
both equilibria are available, the pooling equilibrium Pareto domi-
nates the separating equilibrium. The claims in the next three para-
graphs follow directly from an application of Propositions 1 and 2 in
Giammarino and Lewis (1988).

First, a unique pooling equilibrium in which both type //and type
Z firms proceed with new projects exists without an accompanying
separating equilibrium if and only if ( / /Kj < (5^ + I)/VH. The
undertaking of new projects by both types of firms implies that both
types of firms are using the financial market to raise funds from inves-
tors. Investors in turn will demand a fraction 5* of the firm's equity,
where s* = //(0.5F, + 0.5 V»).

Second, a unique separating equilibrium in which type L firms
proceed, while type //firms do not proceed, with new projects, exists
without an accompanying pooling equilibrium if and only if

V, + 0.5 Kj .

Investors recognize this fact and hence demand a share s* = I/V,^ of
the firm.

Third, a pooling and a separating equilibrium exist simultaneously
if and only if

0.5 K») < (/?„ + I)/V^ < I/V,.

In the pooling equilibrium, both types of firms proceed with new
projects and the investors obtain s* = //(0.5Ki + 0.5 V)/) of the firm's
equity. In the separating equilibrium, only type L firms proceed with
the new projects and the investors obtain 5* = I/V^ of the equity.

The previous three paragraphs are essentially a restatement of the
results in Myers and Majluf (1984). The only significant difference is
that we recognize the existence of a range of parameter values for
which both pooling and separating equilibria exist. Interestingly, the
numerical example of pooling given in Myers and Majluf (1984)
actually falls within this overlapping region.

A third sort of equilibrium in which semiseparating'' takes place
also exists if and only if

I/(0.5V, + 0.5 F J < (5« + I)/V^ < I/V,.

The necessary and sufficient conditions for the existence of a semi-
separating equilibrium are identical to those associated with the
simultaneous existence of pooling and separating equilibria described

* Note that the semiseparating equilibrium derived here in the context of the Myers and Majluf (1984)
setup with auctioned equity differs from the semiseparating equilibria derived by Giammarino and
Lewis (1988) in the context of a signaling model where auctions are replaced by a negotiation
process between the firm and the investor.
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above. A semiseparating equilibrium requires tbat tbe type H firm be
indifferent between undertaking and not undertaking tbe new project.
Investors expect only a fraction of the type H firms to come to market.
This bas the eflFect of increasing investors' equity demands from any
firm being financed, relative to such demands in the pooling case
where all type //firms come to market. The reason is simple. Investors
are less likely to be financing a type //firm because such firms under-
take projects only some of the time in the semiseparating case.

Specifically, the manager of the type H firm will be indifferent
between undertaking and not undertaking a project when the terminal
value of the original owners' claim on the firm is identical regardless
of the choice made, that is, when

(1 - 5 * ) K«= F « - / - £ „ . (1)

The value of 5* demanded by investors is a function of the prob-
ability of the type H firm undertaking available projects and hence
issuing equity in the financial market. Let P denote the probability
of the type H firm issuing equity and recall that the type L firm
undertakes all projects in the semiseparating equilibrium. Then

s* = I/[V^P/il + P) + VJ{\ + P)]. (2)

Substituting Equation (2) into Equation (1) and solving for /"yields

P = I/B^ - V,(I + B^WB^V^, (3)

wbich is the equilibrium P in the semiseparating equilibrium. Sub-
stituting the equilibrium P back into Equation (2) yields the equi-
librium s* under semiseparating.'

The preceding analysis assumes that there is no credible mecha-
nism by which a firm might communicate its true value to potential
investors. The lack of such a mechanism is damaging to the interests
of the type //firm's initial owners. In all three equilibria, their equity
is undervalued by the market relative to its true ex post value. If the
underpricing is too severe, they simply stay out of the market.

' It is easy to show by algebraic manipulation that, under the stated conditions, 0 < j * < 1 and 0
< P < 1. This demonstrates sufficiency. To show necessity, note that investors will always purchase
an equity issue for s < I/V^. For all s < (.£„ + l)/V^, the owner of a type //firm strictly prefers to
issue. Thus, for (B« 4- / ) / K« > // V,, a type H firm will issue with probability 1 and a semiseparating
equilibrium does not exist. If the probability that a type H firm issues is fand that a type L issues
is 1, investors break even if

s = I/[PVJ(,l + P) + V,/(l -I- />)].

Since ds/dP < 0, the minimum of .$occurs when P= \ and is 27/(1'^ + K«). If

Type H is better off by not issuing with any positive probability and a semiseparating equilibrium
does not exist.
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2. Experimental Environment

In naturally occurring financial markets, participants normally have
considerable experience interacting with their environment. In an
experimental financial market, participants have much less time to
acquaint themselves with their surroundings. It is important, there-
fore, that the experimental setup be made as transparent as possible
to the participants.

In keeping with standard practice, the experiments were conducted
in a sequence of independent rounds. There were no links across
rounds concerning available actions, objective functions, or public
information. What changed from round to round was simply that
participants gained experience, becoming familiar with the experi-
mental environment. Since theory pertains to equilibrium, our pri-
mary interest is in how markets perform once the subjects develop
this familiarity.

In published experimental studies of finance theory, the subjects
have usually been either economics or business students.* The par-
ticipants in our experiments were graduate economics and business
students at Queen's University in Kingston, Ontario. We avoided the
use of finance students on the grounds that they might be familiar
with Myers and Majluf (1984). As in many other studies [e.g., Forsythe,
Palfrey, and Plott (1982)], a notional currency was used in these
experiments. This currency was known as francs. The participants
were instructed on how to convert these francs into Canadian dollars
and could use this formula to calculate dollar earnings after each
round. Participants were paid by check at the end of the experiment.
The earnings of the subjects varied depending both on luck and on
how well they played the experimental game. The actual payoffs
worked out to an average of $22.05 and ranged from $10.61 to $28.17
for two hours of play. The subjects appeared well motivated and
enthusiastic.

Upon arriving for the session, participants received instruction sheets
that explained the rules and procedures of the experiment and a
projects sheet describing the specific characteristics of the two types
of firms, which were referred to as "situations." They were then divided
into two groups, known simply as group A and group B. Group A
corresponded to owner-managers, while group B corresponded to
investors.^ We will refer to people in group A as "firms" and those
in group B will be termed "investors." However, words such as "man-

' However, Plott (1989) reports that "To date, no subject pool differences which bear on the reliability
of economic theory have been reported."

' The fact that each group A player is simultaneously both the original owner and the manager of a
firm creates a clear incentive for management to act in the interest of the original shareholder.
This identity of interest is one of the critical assumptions of the Myers and Majluf (1984) model.
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ager," "investor," or "firm" were not used in the presence of the
participants. Firms played in one room while the investors played in
another. There was an individual experimenter or research assistant
present in each room at all times in order to prevent potentially
collusive discussions. There were always six firms and from eight to
12 investors depending on the session. In previous experiments, this
number of auction participants has been found to be large enough
to produce competitive equilibria.

At the start of each round, the experimenter approached each firm
individually with a large envelope. Each such envelope contained
two smaller envelopes. By choosing one of the smaller envelopes,
each firm randomly selected their own type. Since there were only
two smaller envelopes, they drew either type H or type L.^ Clearly,
the two types were equally likely. The smaller envelopes contained
sheets of paper describing each firm's opportunities for the round.

After observing their type, each firm could choose either to under-
take or not to undertake the available new project. To undertake a
project required /, which was set equal to 300 francs in all experi-
ments. A decision to undertake the available project represented a
simultaneous decision to raise these funds from the investors by trans-
ferring a percentage of the resulting terminal value of the equity to
an investor. The actual percentage to be transferred in exchange for
the required 300 francs was decided by means of a subsequent auction
among the group of investors. The terminal value of the equity
depended on which type had been drawn. On the other hand, a
decision not to undertake the project implied retaining 100 percent
of the equity of the firm and hence receiving a known sum of money.
This amount also depended on which type had been drawn. For
example, in experiment F, a type //firm would get (1 — s) (1250)
francs by choosing to undertake and 800 francs by choosing not to
undertake the project. A type L firm would get (1 - 5) (750) francs
by choosing to undertake and 400 francs by choosing not to undertake
a new project. In both cases, 5 was an unknown number between 0
and 100% to be determined by auction.

At the start of each round, each investor was given a cash float of
1800 francs to be used during the round. The cash float for each round
was independent of what had happened in the previous rounds. The
1800 francs were enough to permit any individual investor to finance
all six projects that could theoretically require financing.' In each

' Situation 1 corresponded sometimes to being a type //firm and sometimes a type L firm. Situation
2 always corresponded to the opposite type. While the experiments were conducted in terms of
"situations" 1 and 2, for clarity our discussion will make the conversion into types H and L as
appropriate.

' To ensure that repayment of the float would not disrupt the equilibrium predictions, they were
only required to return 1050 francs.
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round, six envelopes were brought into the investor's room from the
other group. The envelopes were opened by the experimenter one
at a time. After each envelope was opened, the experimenter
announced "no new project" or "a new project." Apart from two initial
symmetric information experiments to be described in more detail
below, tbe investors were not informed about which of the two sit-
uations tbe firm in question bad drawn. Note that the investors did
know the two possible types of firms, but not the actual outcome for
any given firm. An oral auction was then used, with bidding conducted
in terms of 5, fraction of firm equity demanded. Whichever investor
demanded the lowest fraction of the firm's equity won the auction.
Bidding started high and ended wben no investor was willing to
undercut the standing bid. Whichever investor won the auction gave
up 300 francs to the firm and received the fraction of the firm's equity
that the investor had himself bid. All bids were in terms of integer
percentages, such as 82 percent followed by 81 percent, etc. Fractional
percentage bids were not allowed. This was done to avoid the problem
of undercutting by an ever lengthening series of decimal points.

The numerical parameters selected for experiments A-J are set out
in Table 1. The letters designating the experiments correspond to
the chronological order in which they were conducted. Experiments
A and B differed from the subsequent sessions in that the investors
were informed as to the type drawn by a particular firm prior to the
auctioning of its equity. These symmetric information cases were used
to establish a bencbmark. It was important to ensure that the basic
auction structure was behaving as expected before introducing asym-
metric information.

For the first eight experiments, we kept two distinct groups of
participants. Specifically, experiments A, C, E, and G were undertaken
by the "morning" group, while experiments B, D, F, and H were
undertaken by the "afternoon" group.'" This was an attempt to control
for learning that might take place across experimental sessions. Our
concern was quite specific. We were particularly interested in the
outcomes of experiments in which pooling, separating, and semisep-
arating were all equilibria. Our conjecture prior to conducting the
experiments was that past experience might be crucial. The idea was
that people who had just experienced an experiment that separated
might continue to expect separation. In such an instance, the deci-
sions taken would tend to validate the separating equilibrium in a
subsequent multiple equilibrium experiment. Similarly, subjects who
had just experienced a pooling equilibrium would produce a pooling

'° Participants occasionally missed an experiment or dropped out of a group. However, nobody was
permitted to participate in both groups.
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Table 1
Experimental parameters

Ex.
peri.
ment Subjects

A i
B
C 1
D
E /
F
G 1
H
I
J

>.M.

>.M.

>.M.

Vlixed
Mixed

Type

No new
project

250
160
300

80
50

400
150
150
375
240

L

New
project

625
500
750
400
375
750
480
480
750
600

Type

No new
project

500
620
625
270
200
800
450
450

1875
880

H

New
project

1250
1000
1250
600
625

1250
810

1050
2250
1400

Exchange rate
for firms

0.00330
0.00470
0.00300
0.01100
0.01100
0.00300
0.00610
0.00452
0.00175
0.00300

Number
of

investors

11
12
11
10
10
10
8

10
12
10

During experiments A and B, the investors were informed of the firm's type prior to the auction.
The financing provided by the investor who won an auction was 300 francs in each experiment.
There were always six firms. The heading "No new project" lists the payoff to the firm if no new
project was selected. The heading "New project" gives the total payoff if a new project was selected.
"Exchange rate for firms" refers to the rate at which francs were converted into real dollars for the
firms. For the investors, the conversion formula involved subtracting 1050 and multiplying the
resulting number of francs by 0.0028 in all experiments. Exchange rates were chosen so that a
good player in either group could expect to earn $2.10 per round on average.

outcome in a multiple equilibrium environment. This conjecture did
not turn out to be correct.

The theoretical predictions are listed in Table 2. The numerical
values follow directly from the theoretical discussion in Section 1.
Experiments A and B were the only symmetric information cases (i.e.,
the investors knew the firm's type before bidding). The numerical
values for experiment A were such that, if it had actually been a case
with asymmetric information, the predicted equilibrium would have
involved pooling. Experiment B would have been a case of a sepa-
rating equilibrium if there had been asymmetric information.

Experiment C used numerical values such that theory predicts a
unique pooling equilibrium. The numerical values used in experi-
ments D, G, and I lead to the prediction of a unique separating
equilibrium. The numerical values for experiments E, F, H, and J are
such that, according to theory, one pooling, one separating, and one
semiseparating equilibria all coexist. These sessions are of particular
interest. The morning group of subjects in experiment E had recently
participated in experiment C, which was theoretically predicted to
pool. None of them had previously experienced a separating equi-
librium. The afternoon group of subjects in experiment F had recently
participated in experiment D, which was theoretically predicted to
exhibit separation. None of them had previously experienced a pool-
ing equilibrium. The subjects in experiment J were a mixed group
who possessed a variety of previous experiences. However, most of
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Table 2
Equllibriiim predictions

Experi-
ment

A
B
C
D
E
E
E
F
F
F
G
H
H
H
I
J
J
J

Equilibrium

SI
SI
P
S

s
p
ss
s
p

ss
s
F

s
ss
s
s
p

ss

Pr(NP)

1
1
1
1
1
1
1

1
1
1

Type/.

s*

48
60
30
75
80
60
68
40
30
36
62.5
39.2
62.5
57.1
40
50
30
37.1

Type//

Pr(NP)

1
1
1
0
0
1
0.36'
0
1
0.20'
0
1
0
0.09'
0
0
1
0.35'

.s*

24
30
30
0
0

60
68

0
30
36
0

39.2
0

57.1
0
0

30
37.1

SI means symmetric information equilibrium, P means pooling equilibrium, S means separating
equilibrium, and SS means semiseparating equilibrium. Pr(NP) is the probability of a new project
being undertaken by the indicated type of firm in the particular equilibrium, s' is the predicted
percentage of a firm's equity that belongs to the investor according to the particular equilibrium.

' In the semiseparating case, the percentage ownerships listed are conditional on having undertaken
the project. Otherwise, the original owner retains 100 percent of equity.

them had participated in experiment I, a separating equilibrium case,
earlier the same day. The subjects in each of the experiments with
multiple equilibria had previous experience in the experimental envi-
ronment.

Experiment G used numbers taken from the example of separating
and experiment H used numbers taken from the example of pooling
employed by Myers and Majluf (1984). All numbers were multiplied
by 3. However, this does not change the theoretical predictions.
Though presented by Myers and Majluf (1984) as an example of
pooling, the numbers used in experiment H are actually consistent
with pooling, separating, and semiseparating.

3. Empirical Results

The main empirical results for experiments A-J are summarized in
Table 3 and Figures 1-10." Experiments A and B were cases of sym-

" In the figures, the type Z firms are grouped at the start of each round, while the type H are grouped
at the end of the round. This is for convenience of illustration and does not represent the precise
intraround order of the auctions. In Table 3, we focus on the final two rounds because we are
mainly interested in the equilibrium. However, there are only six firms in each experiment. By
reporting results for the last two rounds, we increase the number of decisions to 12.
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Table 3
Last two round outcomes

Ex
neri-
ment

A
A
B
B
C
D
E
F
G
H
I
J

Type/

Number

6

9

6
8
4
5
6
6
4
5

New
project

6

9

6
8
4
5
6
6
4
5

Type

Number

6

3
6
4
8
7
6
6
8
7

H

New
project

6

3
6
0
8
7
0
6
0
7

Actuals tor new projects
Highest

48
24
60
30
29
58
60
30
62
39
40
30

Lowest

48
24
60
30
28
56
56
28
60
37
37
28

Mean

48
24
60
30
28.3
57.5
58.3
29.3
61.7
37.8
38.5
28.8

Predicted s

(48)
(24)
(60)
(30)
(30)
(75)
(60)
(30)
(62.5)
(39.2)
(40)
(30)

Number refers to the number of players who drew the particular firm type during the last two
rounds. Under the heading "New project," we list the number of players of the indicated type who
chose to undertake the new project, s refers to the actual percentage of the firm's equity demanded
by the investor as the outcome of the auction. Predicted s reproduces the theoretically forecast
value of s. For the multiple equilibria experiments, we list the value associated with the pooling
equilibrium.

metric information. The investors were told whether a particular firm
was type H or type L before each auction took place. The results
illustrated in Figures 1 and 2 indicate that theory was a completely
accurate guide to the outcomes of these experiments and that con-
vergence to equilibrium occurred very rapidly. Experiment C pro-
duced the unique theoretically predicted, pooling equilibrium as
shown in Figure 3- Convergence was immediate. The unique sepa-
rating equilibrium forecast was verified in experiments G and I as
illustrated by Figures 7 and 9. However, convergence took consid-
erably longer than in the cases discussed previously. In experiments
G and I, many firms and investors tried pooling initially. On finding
that separating would result in higher payoffs, the firms separated. As
can be seen in Table 4, this process took until round 6 in the case
of experiment G and until round 4 in the case of experiment I.
Investors moved gradually to the separating equilibrium. In both
experiments, convergence was essentially complete by round 7.

Our most important finding concerns the situation in which theory
makes an ambiguous prediction due to the existence of multiple
equilibria. Pooling, separating, and semiseparating equilibria are all
consistent with the numerical values used in experiments E, F, H,
and J. However, a glance at Figures 5, 6, 8, and 10 shows that all of
these multiple equilibria experiments actually produced outcomes
corresponding to the pooling equilibrium, regardless of whether the
subjects had previously experienced a pooling or a separating equi-
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Figure 1
Experiment A (Morning Group)
Information was symmetric in this experiment in that the investors iinew the type of each firm
before the auction. The symbols indicate outcomes of each individual auction. Convergence to
the theoretically predicted equilibrium occurred by round 3.

librium. Price convergence occurred by round 2 in experiments E
and F and instantaneously in the later experiments, H and J.

Only one experiment produced a genuine failure for theory, namely,
experiment D, illustrated in Figure 4. In that case, the firms separated
just as theory predicts. However, type H firms took until round 8 to
depart entirely from the market. This slow convergence of the firms
to the predicted separating equilibrium was reflected in the failure
of the investors to learn that all type H firms had left the market
before the experiment ended in round 10. Thus, the investors appeared
to price the equity as if the firms were pooling. However, pooling
was not an equilibrium for these parameter values. Accordingly, the
investors who won the auctions consistently lost money in the later
rounds. Because of the surprising nature of this session, we ran an
extra session using parameters that theoretically induce separation,
namely, experiment I. As already mentioned, the anomaly did not
reappear.

During the final two rounds of all ten experiments including the
anomalous experiment D, firms undertook new projects when, and
only when, the Myers and Majluf (1984) analysis predicted that they
would. Even during the earlier rounds, there were not a large number
of incorrect predictions.
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Figure 2
Experiment B (Afternoon Group)
Information was symmetric in this experiment in that the firms knew the type of each firm before
the auction. Convergence to the theoretically predicted equilibrium occurred by round 5.
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Figure 3
Experiment C (Morning Group)
This was an asymmetric information experiment with a unique pooling equilibrium predicted by
theory. Convergence to a point just below the theoretically predicted equilibrium was instanta-
neous.
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Figure 4
Experiment D (Morning Group)
This was an asymmetric information experiment with a unique separating equilibrium predicted
by theory. Spaces left in each column to the right of the symbols represent type H firms that did
not undertake the available new projects. By round 8, all type H firms had left the market as
predicted by theory. However, the investors did not converge to the separating equilibrium but
continued to bid as if any project on offer involved in equal probability of coming from a type H
or type L firm.

The actions of the investors are quite readily understood. The per-
centage of equity demanded by the investors corresponded closely
to the theoretical predictions. Apart from session D, the largest mean
deviation from a theoretical equilibrium prediction in the final two
rounds was just 1.7 percent.

There are two distinct approaches taken by theorists to the inter-
pretation of equilibrium theory. One view is that calculations are
virtually costless and hence the system jumps instantly to equilibrium.
The other interpretation is that equilibrium theory represents the
outcome of some as yet unknown process [e.g., Lucas (1986)].

Our findings along with almost all other experiments seem to cor-
respond to the second interpretation. Whenever a pooling equilib-
rium exists, experimental subjects seem to find it almost instanta-
neously. However, when a pooling equilibrium does not exist, a
process of convergence of the unique separating equilibrium takes
place. That process seems to involve some firms trying to pool, learn-
ing it is not a profitable strategy and ultimately separating (Table 4).
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Figure 5
Experiment E (Morning Group)
This was an asymmetric information experiment in which a pooling, a separating, and a semisep-
arating equilibrium coexist. The semiseparating equilibrium lies in between the separating and
pooling equilibria but is not shown in the diagram. Very little was learned between rounds 2 and
10. The players moved very rapidly to a small range of prices just below the predicted pooling
equilibrium.

As the firms separate, the investors follow.'^ Our interest focused on
the experiments in which theory predicts multiple equilibria. The
dominance of pooling over separation did not correspond to our prior
expectations. Before running the experiments, we had anticipated
that the experience of the subjects participating in any particular
session might be the crucial determinant of which equilibrium would
actually occur. We were mistaken. Whether a subject had been exposed
only to pooling (experiment E), only to separation (experiment F),
only to separation and a previous multiple equilibrium case that
pooled (experiment G), or to both pooling and separation with sep-
aration earlier that same day (experiment J) played no role in deter-
mining which equilibrium was selected in the multiple equilibrium
case. The more efficient pooling equilibrium was consistently chosen
over both other available equilibria.

" It is interesting to observe that this is precisely the way Myers and Majluf (1984) present their
example, indicating that separation may occur. Firms try pooling, but then realize that separation
is more profitable.
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Figure 6
Experiment F (Afternoon Group)
This was asymmetric information experiment in which a pooling, a separating, and a semiseparating
equilibrium coexist. Tbe semiseparating equilibrium lies between the separating and pooling
equilibria but is not shown in the diagram. Spaces left in each column to the right (left) of the
symbols represent type H (Z) firms that did not undertake their available projects. The players
converged to a price slightly below the predicted pooling equilibrium by round 2. However, a type
H firm chose not to undertake a project in round 2 and a type L firm chose not to undertake a
project in round 6.

Why did pooling dominate separation? A particularly simple inter-
pretation appeals to us. Suppose that different investors expect dif-
ferent types of equilibria; some anticipating separation and others
expecting a pooled equilibrium. The investors who expect the pool-
ing equilibrium are always willing to undercut those who expect
separation. Accordingly, they set the price of equity because they
remain in the auction longer. Two aggressive investors anticipating
a pool would suffice to drive the equilibrium to the pooling outcome.
We would expect to find many aggressive investors in most naturally
occurring financial markets,'' Furthermore, it also seems plausible
that the more investors there are, the more likely it is that at least
two will expect pooling.

' This argument would, however, be disrupted if there are short sales. Aggressive short selling by
those who expect a separating equilibrium would leave the outcome unclear. While short sales
may be hard to envisage in an initial public offering, in other multiple equilibria situations they
may be quite natural. For general environments, it is hard to know what outcome would arise if
different investors expect different types of equilibria.
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Figure 7
Experiment G (Morning Group)
This was an asymmetric information experiment with a unique separating equilibrium predicted
by theory. The parameters of the experiment were taken from an example of separating in Myers
and Majluf (1984) and multiplied by 3. Spaces left in each column to the right of the symbols
represent type H firms that did not undertake their available projects. Convergence to a point just
below the separating equilibrium occurred by round 7.

Wben tbe equilibrium was unique, tbe result was not always exactly
as predicted. There were fairly small deviations observed. All mean
deviations from the equilibrium were slightly on tbe aggressive bid-
ding side. There are several possible interpretations of this fact. First,
it bas been suggested to us tbat tbe investors derive some, obviously
small, amount of utility simply from "winning" tbe auction. Tbis idea
seems unlikely. In the symmetric information case, tbe observed equity
demand was exactly equal to the tbeoretical prediction. Is winning
tbe auction only prestigious under asymmetric information?

A second interpretation is tbat tbe subjects may be sligbtly risk
preferring. A third possibility is that tbe investors are unwittingly
making slight calculation errors in determining tbeir reservation
demands. If tbe calculation errors are unbiased, tben tbose wbo make
an error wbicb leads to an excessively low demand for equity will
systematically be the winners. This idea, wbicb is somewhat in tbe
spirit of a trembling band equilibrium notion, would predict a small
winner's curse. The winner's curse is actually observed. Unfortu-
nately, it is not clear bow to distinguisb tbis interpretation from risk
preferring tastes.

334



Multiple Equilibrium Experiments

0 Type L

Pooling Equll.

Type H

Separating Equll.

100%
Percenl Share B

90%-

80%-

70%-

60%-

50%-

40%-

30%-

20%-

10%-

0%

Rounds
Type L Avg.
Type H Avg.

39.0%
39.3%

39.5%
39.8%

40.0%
39.5%

38.0%
38.7%

38.0%
38.3%

39.0%
38.8%

37.?%
38.0%

37.7%
37.7%

Figure 8
Experiment H (Afternoon Group)
This was an asymmetric information experiment in which a pooling, a separating, and a semisep-
arating equilibrium coexist. The semiseparating equilibrium lies between the separating and pool-
ing equilibria but is not shown in the diagram. The parameters of the experiment were taken from
an example of pooling in Myers and Majluf (1984) and multiplied by 3. The players converged
instantly to a point slightly below the predicted pooling equilibrium.

4. Will Firms Use a Signal to Break a Pool?

One quite natural reaction to tbe Myers and Majluf (1984) model is
to argue tbat good firms will find ways to signal tbeir type. In tbe
pooling equilibrium, tbe type //firm would be interested in finding
a way to prove to tbe market tbat it is of bigb quality. We ran one
experiment specifically to address this issue.

Tbe corporate finance literature bas considered several ways in
wbicb firms migbt try to use signals to reveal their true type to inves-
tors. In each case, the idea is for a type //firm to find an action that
will be unprofitable for tbe type L firm to mimic. By so doing, a type
//firm reveals its type to tbe market, thus receiving better treatment.
Though the action may provide no direct benefit, it acts as a signal,
providing an indirect benefit as a result of its effect on the bebavior
of others.

Suppose a signaling mechanism is available, requiring a type spe-
cific cost of C, (recall that i is either H or Z) borne by the original

335



The Review ofFinanciai Studies/ v 3 n 3 1990

0 Type L Type H • Separating Equll.

100%

90%

80%

70%

60%

50%

40%

30%

20%

10%

0%

Percent

• •

Share

Oo^Oo

B

*Oo
00-• 0 0000 w

Rounds
Type L Avg. - 17.8% 31.3% 37.5% 34.7% 38.0%
Type H Avg. 15.0% - 34.0% 37.5%

8 9 10

39.0% 38.0% 40.0%

Figure 9
Experiment I (Mixed Group)
This was an asymmetric information experiment in which a unique separating equilibrium is
predicted by theory. Convergence to a point just below the separating equilibrium occurred by
round 6. In round 7, all firms drew type H and they all selected no new project as predicted by
theory.

owner of the firm.''' In a signaling equilibrium, investors believe that
the type H firm purchases the signal and the type L firm does not.
Believing this, the investors demand s^ = I/VH from a firm that has
purchased a signal and 5̂  = I/V^ from a firm that does not signal. In
order for these beliefs to be consistent, there are two restrictions that
must be satisfied. First, the type L firm must have no incentive to
purchase the signal. This requires that Q be greater than (1 - SH) V^
- (1 - 5i) Vi. The second requirement is that the type //firm make
a positive profit net of the cost of the signal. This requires that CH be
less than (1 - s^V^ - . ( 1 - ^J K̂ . Our interest in this section is
limited to the issue of breaking a pool. Thus, we focus on parameters
for which the type //firm will be better off in the signaling equilibrium
than in the pooling equilibrium. For this to be the case, (1 - s^^ Vf,

One way to think about the signal is in terms of a voluntary audit. If the firm decides to be audited,
the auditor's report will be made public before the equity issue. The firm will only wish to be
audited if the auditor's report is going to be favorable. It is easier for a type //firm to convince an
auditor that it is of high quality than it is for a type L firm. However, at some added cost, it is
possible for the type L firm to arrange matters such that the auditor will be fooled. Under this
interpretation, C, is greater than CH and all voluntarily undertaken auditor's reports are favorable
announcements concerning the firm.
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Figure 10
Experiment J (Mixed Group)
This was an asymmetric information experiment in which a pooling, a separating, and a semisep.
arating equilibrium coexist. The semiseparating equilibrium lies between the separating and pool,
ing equilibria but is not shown in the diagram. Spaces left in each column to the right of the
symbols represent type H firms that did not undertake their available projects. The players con.
verged instantly to a point slightly below the predicted pooling equilibrium.

- CH must be greater than [1 - 21/(V^ + VJ]VH. The numerical
values for experitnent K are of this form.

The setting was the same as in the previous experiments with one
important change. When the firms opened their envelopes to deter-
mine their type, they were also informed of the price of an adver-
tisement (signal). An advertisement worked in the following manner.
If the firm bought the signal, the auctioneer announced to the inves-
tors that an advertisement had been purchased by that firm. The
announcement was made before the auction took place. The cost of
the signal for each type was public information. Note that any such
signal had to be purchased on credit since the firm had no liquid
assets available. The purchase of an advertisement is thus a com-
mitment by the firm to "burn money" from their terminal cash flows.
This commitment provides a requisite signal.

The numerical values for a type L firm in experiment K provided a
payoflF of 50 francs if no new project was undertaken and 400 francs
if a new project was undertaken. The signal cost the type L firm 120
francs. For a type H firm, the payoffs were 100 and 600 francs, respec-
tively. The signal for a type H firm cost only 30 francs.
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Table 4
Issuing decisions by

Experi.
ment

Round

1
2
3
4
5
6
7
8
9

10

P
S
SS

Experi.
ment

Round

1
2
3
4
5
6
7
8
9

10

P

s
ss

D

TypeZ

3/3
6/6
3/3
4/4
2 /2
3/3
4/4
1/1
4/4
4/4

1

E

firms

Type//

2 / 3
0 / 0
2 / 3
1/2
1/4
2 / 3
0 /2
1/5
0 /2
0 /2

0

Type L Type H

3/3
5/5
3/3
3/3
3 /3
2 /2
3 /3
3/3
2/2
2 /2

1
1
1

3 / 3
1/1
3 / 3
3 / 3
3/3
4 / 4
3 / 3
3 / 3
4 / 4
4 / 4

1
0
0.36

TypeZ

2 / 3
4 /4
2 /2
5/5
4/4
2 / 3
1/1
4 /4

1
1
1

G

TypeZ

5/5
5/5
2/2
1/1
3 / 3
3 / 3
2 /2
4 /4
3 / 3
3 / 3

1

F

Type//

2 / 3
1/2
4 / 4
1/1
2 /2
3 / 3
5/5
2 /2

1
0
0.20

Type//

1/1
1/1
1/4
0 /5
0 / 3
1/3
0 /4
0 /2
0 / 3
0 / 3

0

TypeZ

3/3
2/2
2 /2
3 /3
2 /2
2 /2
3 /3
3 /3

1
1
1

H

Type//

3/3
4 / 4
4 / 4
3 /3
4 / 4
4 / 4
3 / 3
3 /3

1
0
0.09

1

TypeZ

0 / 1
5/5
3/4
2 /2
3/4
4/5
0 / 1
2 /2
3 / 3
1/1

1

TypeZ

2/2
1/1
4 / 4
4 / 4
3 / 3
1/1
2 /2
3/3
3 / 3
2 /2

1
1
1

Type//

2 / 5
0 / 1
1/2
2/4
0 /2
0 / 1
0 /5
0 /4
0 / 3
0 /5

0

J
Type//

2/4
5/5
2/2
2 /2
3/3
5/5
4 / 4
3/3
3 / 3
4 / 4

1
0
0.35

Experiments A, B, C, and K are not included because, in each case, theory predicts that all firms
should undertake the new projects. In 168 out of 174 decisions made by firms in these experiments
this prediction was correct. None of the deviations occurred after round 4. The table entries take
the form x/y, where y refers to the total number of firms who drew the particular type in the given
round of the indicated experiment, x is the number that decided to proceed with a new project.
The row beginning with P lists the probability of a particular type of firm proceeding with a new
project in the pooling equilibrium. Similarly S refers to the probability in the separating equilibrium
and SS refers to the semiseparating equilibrium.

The equilibrium outcome is readily computed for these numerical
values. If there were no opportunity to signal, then the equilibrium
would be of the pooling type. In that equilibrium, the investors would
get 60 percent of each firm's equity, leaving the other side with 40
percent.

The availability of the signal drastically alters the theoretical pre-
diction. The prediction is now that both types of firms will undertake
their new projects. Type H firms will buy the signal. The investors
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Figure 11
Experiment K
This is an asymmetric information experiment which has an equilibrium in which the type //firm
could purchase a signal to demonstrate to the investors that the particular firm was really of type
H. Spaces left in each column to the left of the symbols represent type L firms that did hot undertake
their available new projects. No type L firm tried to send a signal by purchasing advertising.
Convergence to the equilibrium pricing for each type of firm occurred at round 8.

will demand 75 percent of tbe equity from tbe firms tbat do not signal
(type L) and only 50 percent from tbe firms tbat do signal (type / / ) .

The results presented in Table 5 and illustrated in Figure 11 sbow
tbat tbe tbeoretical prediction is exactly borne out. Firms bought the
predicted signals and the investors reacted to the signals in the
expected manner. However, as can be seen from Figure 11, conver-
gence to the equilibrium took until round 8. As in the other cases of
separation, converging to a signaling equilibrium was more chal-
lenging than finding a simple pooling equilibrium.

5. Concluding Remarks

We have empirically investigated the problem proposed by Myers and
Majluf (1984). Their paper bas received a great deal of attention but
no direct tests. In order to test tbeir ideas directly, we ran experiments
in which subjects faced the actual constraints and reward structures
postulated by tbe theory. More generally, we bave demonstrated that
game theoretic financial models are amenable to testing, using the
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Table 5
Last Two Round Outcomes for Signaling Experiment K

Firm
type

L
H

Number

4
8

New project
with signal

0
8

New project
no signal

4
0

Highest

75
50

Lowest

75
50

Predicted i

(75)
(50)

"Number" refers to the number of players who drew the indicated 6rm type during the last two
rounds. Under the heading "New project with signal," we list the number of players of the indicated
type who chose to undertake a new project and to purchase a signal. "New project no signal" is
defined analogously. "Actual i" refers to the actual percentage of firm equity transferred to the
investor as a result of the auction. "Predicted s" gives the share that is predicted by the signaling
equilibrium.

same general methods that have been used previously for testing asset
pricing theory.

There are four substantive conclusions to be drawn from this study.
First, when the theory predicts a unique equilibrium, that prediction
was borne out by the equilibrium actions of the subjects. This is
encouraging. If it were not true, one might have questioned the
usefulness of game theoretic models of financial markets. Instead,
our results suggest that game theoretic ideas are very useful in pre-
dicting market outcomes.

The second conclusion concerns situations of multiple equilibria.
We show that the Myers and Majluf (1984) setup does have multiple
equilibria for a range of parameter values. This fact was not mentioned
in their paper. If pooling, semiseparation, and separation are all equi-
libria, the appropriate theoretical prediction becomes unclear. When
theoretical means are unable to answer important questions, it is
natural to look for other tools. Experiments represent one such tool.

In this study for every case in which pooling, separation, and semi-
separation are all sequential equilibria, the subjects pooled. The fact
that this result was robust to variations in the previous experiences
of the subjects is important. It is also interesting to note that the
chosen pooling equilibrium is always Pareto superior to both the
separating and the semiseparating possibilities. To the extent that
future theoretical models with multiple equilibria parallel the envi-
ronment that we have examined, we would argue that priority should
be given to the pooling outcome.

The third result concerns the way in which equilibrium is attained.
Although the subjects moved almost instantaneously to an available
pooling equilibrium, they converged more slowly when only a sep-
arating equilibrium was available. It would be difficult to attempt to
exploit the convergence processes that we observed for financial profit.
This difficulty would be particularly acute in naturally occurring finan-
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cial markets, because it might not be clear whether one is in tbe midst
of a convergence process or at a fundamental equilibrium.

Tbe final result concerns tbe use of signals. Good firms often have
an incentive to use signals in order to distinguish themselves from
bad firms. If available, such signals can, in theory, often improve the
treatment that good firms receive from investors. We bave demon-
strated tbat sucb signals can work, not only in theory, but also in fact.
The good firms in our experiment did exploit the opportunity to use
a signal to break a pooling equilibrium.

There are two major directions for further experimental research
that we regard as particularly interesting. First, we are investigating
the role of signals in more depth. One idea that has been frequently
suggested is that firms may use their capital structure or dividend
policy as signals.'' The second question of interest to us concerns
the institutional structure. Different institutions offer differing degrees
of commitment and hence may alter the range of possible equilibria
as in Giammarino and Lewis (1988). We are particularly interested
in finding out whether pooling will continue to dominate separation
and semiseparation in such environments.
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