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Abstr act
Previous studies have found underestimation of risk, or owBdence, to be a key factor in
entrepreneurship. We use a simple model of competitive equiticio show that an irrational
under-estimation of risk provides a competitive advantage leadiagyreater chance of survival
under competitive pressures. Overconfidence leads to gremtestrinent, production levels,
average profit and greater variance of profits. Dedpitegreater variance of profits, if enough
producers under-estimate their risk, they should collectighelye more rational decision-makers
form the market. We illustrate a local equivalency leetv Kahneman and Tversky's prospect
theory model, and a subjective expected utility model with ecimakers display
overconfidence. This model allows us to characterize ristkidgs through two primary effects:
diminishing marginal utility of wealth (rational), and dinghing distance perception
(behavioral). Diminishing distance perception is a sempleasure of misperception of risk.
Results from economic simulations suggest that diminishing destagrweption may be a more
important determinant of market behavior, and entreprélesuccess, than diminishing

marginal utility of wealth.



1. Introduction

While all would agree that starting a new business extnemely risky venture, there is little
evidence that entrepreneurs are more risk tolerant than individuals. In fact, Low and
MacMillan (1988) find specifically that propensity to taker@k does not differentiate
entrepreneurs from non-entrepreneurs. Rather, many have diextdvat entrepreneurs differ in
the process by which they evaluate opportunities and dssesks involved (Das and Teng,
1997). For example, Baron (2000) finds that entrepreneurssadikely to engage in
counterfactual thinking, not recognizing the possibility fiberaative outcomes of their venture.

Many have found a link empirically between the under-estomaf risk and
entrepreneurship activity (see for example, Simon, Houghtoguitho, 2000). Camerer and
Lovallo (1999) use economic theory to argue that such overconfidbooél lead to excess
entrepreneurial activity. Despite an increasingly evidektbietween overconfidence and
entrepreneurship, little is known of the effects of overconfidemcbusiness performance under
competition. We employ basic concepts of competitive eqiuitiprand comparative static
results similar to Sandmo (1971) to illustrate that oveidente may not only lead to entry, but
give entrepreneurs a competitive edge not achieved by maealadecision-makers.

Behavioral theorists beginning with Kahneman and Tversky (1e28) noted that
individuals appear to be loss averse. Loss aversion suppaseghile individuals may be risk
averse over gains, they are risk loving over losses. Im witrels, individuals will take great risks
to avoid a loss.

Since the late 1970s, models of behavior under risk have benaontemore complicated
and a little less clear. While expected utility supp@sdlessk response is due to diminishing
marginal utility of wealth, more current models suppostribk response may also be affected
by probability communication and perception, and heuristicsthi&eise of a reference point.
We find that loss aversion, and many other models desciimgrimental behavior can be

equivalently represented by employing a subjective expetildy model, with the perceived



probability displaying a shrinking of the distribution aroundrtiean, similar to the
overconfidence displayed by entrepreneurs. If these behaaimwaialies apply, they confound
the effects of the canonical expected utility based ngksgon. Firms that display these
anomalies may actually face an advantage over other finoigasing their production, risk, and
average profit, despite their preferences. Thus, behagiooahalies, unlike diminishing marginal
utility of wealth, may be self sustaining in marketsyidg more rational firms from the market.

These results are radically different from the stashdltarature on production risk. First,
we find that, while risk may reduce firm welfare, iaynbe a source of competitive power and
something advantageous on a market scale. Secondly, we supgddberte are two opposing
responses to risk, diminishing marginal utility of weaBMUW), anddiminishing distance
perception (DDP). The market response to risk will depend primamilythe strength of these
forces. While there is little reason to believe thatqyotian affect the rate of DMUW, it may be
possible to alter DDP by offering improved informatigajriing, or other resources to the
decision-makers. In fact much of the experimental liteeathat uncovered the behavioral
anomalies behind DDP focuses on the possibility of elitirgaanomalies through educational
experiences. Thus, risk response may be targeted by policy.

In the following section we discuss the current literatureationality in markets,
outline a simple model of overconfidence using a Bayesian pviershow that this model can be
used to represent prospect theory like loss aversion, hadgimilar models. Using the
technigues employed by Sandmo, we show that our brand of ovderw# (and thus loss
aversion) yields a competitive advantage in production. Thusnpetitive markets rational
behavior should be driven out by loss averse behavids.provides a strong and neoclassical
rationale for irrational behavior under normal circumsgésnc
2. The Modeling Risk Response

The simplicity and ellegance of expected utility is thaums up all response to risk as a

result of DMUW, or concavity of the utility of wealth fation. While it is certainly possible to



model risk loving behavior, most applications have assuisk@version and hence a concave
utility function. Further, estimation has centereduabdetermining reasonable ranges for a very
few measures of concavity. Most notable among theseraoev/Aand Pratt’s measures of relative
and absolute risk aversion.The thought was that individuads sémilarly to all risk, but differ
somewhat by wealth level. In particular, individuals shoaldess absolute risk averse, and more
relative risk averse as their wealth increases. Tsis&ting these ranges for various wealth
levels could allow us to predict behavior in new environmeéntaddition to its simplicity,
expected utility enjoys wide acceptance as a hormative nBeielg built on hard to dispute
axioms requiring that decision makers be consistent in pheierences, it is often argued that
markets should select out those who systematicallyofédllow expected utility (see for example
Green, 1987). Typically, behavior violating expected uttlityory is called “irrational.” Several
violations of expected utility have been found in labasaexperiments (e.g. Allais, 195X;
Kahneman and Tversky, 1979, see Starmer 2001 for a review). Holittechas been done to
examine the effects on competition from the particular tgp@sationality uncovered in the
laboratory.

Sandmo (1971) famously analyzed the impacts of rationa&visksion on competitive
markets. He outlines the impact of risk aversion, vieeipected utility model, among
competing firms on production, welfare, and competithhmong Sandmo’s most prominent
results are that risk averse firms will unambiguousbdpce less output than risk neutral firms
when faced with price risk. Thus, risk averse firmesara competitive disadvantage. For this
reason, many have supposed that those displaying severeefimlepces would be sifted from
the market through competition, eliminating the need to maglelmr many circumstances. Here,
we hope to outline the impacts of more general risk betsawgiocompetitive markets and
behavior.

Two behaviors that have been found consistently whenngdeaith uncertainty are

overconfidence (Alpert and Raiffa, 1982) and loss aversiahiggman and Tversky, 1979).



Overconfidence is typified by individuals underestimating thewnt of uncertainty. When asked
to construct 95% confidence intervals, individuals generatigyoce an interval that contains the
truth much less often than expected (e.g. AlpertRaitfa, 1982, find the truth is contained in
respondents’ intervals about one third of the time). Thigestg that individuals perceive
distributions that are very tightly packed around their meduen in fact the distributions may be
more dispersed. Loss aversion is a bit more complexeosuttiace. Individuals first compare all
outcomes to a reference level of wealth, classifyingugtomes below the reference point as a
loss, and all above as a gain. A loss averse decisi@arrdgsplays diminishing marginal utility
of gains, and diminishing marginal pain from loss. Thushiiéman and Tversky (1979) have
proposed representing the individuals preferences using a vakteh that is convex below the
reference point, implying risk loving behavior, and cagcabove, implying risk averse behavior.
Further, at the reference point, losses are much manuptian gains are pleasurable. Thus, the
value function is kinked at the origin, with the margindlltytiarger for losses than gains.

We represent overconfidence employing a Bayesian prior cdraepand the mean of a

distribution. Suppose an individual faces a gamble with wealitomes distributed with
probability density f (sl ,u) , Wheres represents wealth outcome, auadis a parameter
representing the mean of the distribution. Thenglésl,u,ag) be a unimodal distribution with

mode of 4 represent the overconfidence function. Then, it must beette that

(1)
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To see this, suppose thét(s| ) = f (s'|x) with g <s<s'. Then

L] L] 2 1 2
h(sl,u,ag) > h(s |,u,ag) becauseg(sl,u,ag) > g(s |,u,ag).AIso, (s—u) <(s-u)".
Thus probability weight is redistributed from points that ardely dispersed to those closer to
the mean, reducing perceived variance, and narrowingafidence intervals. Further, the

smaller isg, the greater the concentrationfohround the mean. We calf; the parameter of

diminishing distance perception (DDP) because the smaligj; j the lower is perceived

probability as distance from the mean increases. Theav&ence function we describe is
closely related to Stein’s shrinkage estimator (1955) tseorrect standard error estimates in
maximum likelihood estimation of means. In Stein’s seinpaper, he shows that the maximum
likelihood estimator for the mean of a multivariateléaist three) normal distribution is
inadmissible given a squared error loss function. Steinetban alternative estimator displaying
greater precision. This estimator is calleshankage estimator because it shrinks the expected
squared error. Efron and Morris (1975) showed that Stestimator can be derived by Bayesian
estimation, defining a prior over the distribution of the nsetat is concentrated around the
means. Thus this prior increases probabilities near the,na@d decreases probabilities near the
tails. In our context, Stein shrinkage is a reasonaddtavioral model representing the mental
process leading to overconfidence.

While the prospect model of decisions-making captures manyriamidehavioral
elements, it lacks the simple measures of behavior geddnatbe expected utility model (such
as Arrow and Pratt measures). In fact the behavior ibesicby prospect theory is complicated
enough that one may think there is no simple way to chaimectbe properties of any particular
specification. For this reason we seek a simple reptasen of the primary characteristics of

prospect theory. Under a set of circumstances, our modekofonfidence can be combined



with expected utility theory to represent loss aversabier. Here we outline the conditions for
equivalence.

Kahneman and Tversky's (1979, later revised in Tversky and Kedmel992) prospect
theory is based on a utility function that is reference demendgher than wealth dependent.
Before a decision is evaluated, the individual comparepdbsible outcome to their reference
point (most likely their current wealth situation) andssiéies every outcome as either a gain or a
loss. Lets be the wealth outcome of some risky choice, anavidte the individual’'s wealth
level. In accordance with Prospect theory (Kahneman a&etsKy, 1979) we can represent utility

of outcome as

v*(s—w) if s>w

v(s|w)={ _

vi(s-w) if ssw
wherev* (0)=v(0) = 0, so that utility is continuousy” "(s) <0,v" "(s) > 0, and
v*'(0) <v™'(0). Figure 1 displays a typical prospect theoretic valuetion.

Figure 1. Prospect Theoretic Value Function
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Note the immediate steep decline for loss relative taraagal the diminishing pain from a loss.
Thus, individuals behave risk loving over losses, andaigkse over gains. Losses are also
treated as having a much more severe impact than §dosndly, probabilities are distorted in

the minds of the decision-maker. These distortions caepvesented by a monotonically
increasing weighting functiom( f (s)) , whererz(0) =0, 7(1) =1, 72( f (s)) > f (s) for small
probability density, andT(f (s)) < f () for large probability density. Hence, the value function
upon which decisions are based can be written
V(s|w)= J:v(s|w)n( f (s))ds.
For now, we will ignore the probability weighting functionvalue functionv, (s|w) is

equivalent to (will generate the same decision predictishishe prospect model for a given

reference point if for ang in the support,
v, (s|w) Ov(s|w).
Proposition 1 For any prospect theoretic specificat‘inés|w) that is continuously differentiable

in the loss domain, there exisis) , a concave function, amg(s|w), a uni-modal probability
density function such that

v, (sIw)=u(s)g(s|w)Ov(s |w).
Proof: Let the support fos be given bys,s), wheres,s are possibly infinite. Leti(s) be a
concave function of wealth With(O) =0 (without loss of generality). Thus, we have sattsf

proposition 1 if we can findy(s|w) that is unimodal, and hagy(s|w)u(s)=v(s|w).

v(s|w) ,anda':r’ v(s|w)
T L

probability density function, and that it is uninaddBy construction,g(s|w) integrates to 1.

Letg(s|w)= ds. We need to show thag(s|w) is both a



Also by construction, for arg, bothu(s) andv(s|w) have the same sign. Thggs|w) =0
for alls. Thus we have a true probability density function. Difféegtimg the with respect te
reveals

ag(s|w) =v'(s|w)u(s
0s 0/(

— [~
|
c
—
2
~
<
—_
72}
£

Thus, g (s|w)will be unimodal ifv'(s|w)u(s)Zu'(s)v(s|w) fors=s. Lets=w. Then this

will be the case ifv‘(s|w) < ! (S) wheneves >s>w, and
v(slw) — u(s) v(slw) u(s)

vi(s) . L : . ,
whenevew >s>s. Note that ( ) is declining insover both the loss and gain domains. With

v(s)

: o : : ... V(s|lw
regards to the gain domain, it is simple to find a ceadanction satisfying
v(s|w

The condition is weakly satisfied hy(s) =v*(s|w), and can be satisfied strictly by any slight
reduction in the concavity af ([)] Conditions over the loss domain are significantly more

complicated. Suppose we can represent botland u using infinite Taylor series

approximations, sov~ = ivi (s-w), andu= iui (s—w)'. To satisfy continuity and
0 0

concavity, we require that, =0, u, =v*'(0), andii (i-1)u (s-w) " <0.we can
0

approximate any point in the loss domain with a pair of Iiess|w) = a+bs, G(s) =c+ds,

whereb,d >0, a< 0 (for a convex function), and = O (for a concave function). Using this

b d

= ,
a+bs c+ds

approximation, the requirement for the loss domain isfeediif or%z%,

which must be true given the right hand side is negative andfttiend side is positive. Thus



any concave function over the loss domain satisfying smoothndssatinuity conditions will

suffice. |

Proposition 1 is useful, not only because it gives us an akeioranulation of prospect theory,
but because it decomposes the risk behavior implied by prdsgecy into two components:

diminishing marginal utility, and diminishing distance pereeptLikewise, the converse is true.

Proposition 2 For any concave utility function(s) >0, and continuous uni-modal DDP

function g(slw,ag) with mode equal tav, im g'(s| w),lirn‘g'(s|w)‘ >0,

g"(slw.a,) LA . s<w,

g"(s|w) < u"(s)
g(slw,ag) u(s)

+2 for s>w, and
g(slw) u(s)

u(s) -9 (s|w,ag)) for s>w for will produce v(s|w) :u(s)g(slw,ag) that satisfies

u(s) g (s|w,ag
the properties of a prospect theory value function.

Proof: Let u(s) be any concave utility function. Because bgt(slw,ag) andu(s) are

continuous, their products must also be continuBesause both are continuous and

lim g'(s|w), lim [-9'(sIw)]>0, it must be thatim u(s) g'(s|w) +u'(s)g(s|w) =

Stw

limu(w)g'(s|w)+u'(w)g(w|w) >limu(s)g'(s|w)+u'(s)g(s|w)

Stw slw

=limu(w)g'(s|w)+u'(w)g(w|w), or 'im"(sl w) > Isimv(s| w). If

slw

g"(s|w,ag) >_u"(s) for s<w, then ZUI(S) + g"(s|w,ag) u’(s) g(s lW’UQ)

g(slwo,)  u(s) u(s) g'(slwa,) u(s) g(slwg,)’

because the DDP function must be positively slopéds, u"(s) g(slw,ag)

10



+2u'(s)g'ls|w,o,)+u(s)g ‘(s |w > SO, i g"(Slw’%)<—u"(s)+ or
2u'(s)g'(slw,a,)+u(s)g (s wg,)> C. Also, i EIEAREC 2 f

(s) + u(s) g"(slw,ag) <_u"(s) , or, because-

u
s>w, then—2

u(s) u'(s) g(slwa,)  u'(s) u(s)  gfslwa,)’
it must be tha ( IW,UQ)+u(s) g"(S|W,0'g) <_u"(s) or
mustbe tha? 9(S|W,Ug) u'(s) g(slw,ag) u'(s)’

u"(s)g(slw.a,)+21(s)g (swg,) +u(s)g"(slw,o,) < 0. Thus convexity and

o rea u(s)_g(siwo,)
concavity requirements are met. Lastly—#—=-> — whenevers > w, then

u(s) = g(slwa,)

u'(s) g(s|w,ag) +g '(s |w,ag)u(s) > 0, thus the value function is monotonically

increasindj]
Proposition 2 suggests that for any concave utility functinmdividual that displays DDP to a
great enough degree will behave as if loss aversaudt be noted that in all cases satisfying
either proposition 1 or 2, the DDP function implies argting of the variance. The only DDP
function that results in correct perceptions is one thanif®rm on the entire support. The
uniform distribution is the distribution that maximizes vaceugiven the distribution is uni-
modal. Thus, any representation in satisfying either piopod or 2 results in overconfidence.
In the case of our behavioral model, the probability densitgtimm suggests that the
individual overemphasizes probabilities that are near feearce point, and underemphasizes
those further away. This can be thought of like a Baygsian, and should have an effect much
like Stein’s (1955) shrinkage estimators, drawing varianedigtions closer to zero. More
notably, diminishing marginal utility of wealth and DDP habpposing effects on behavior.
Diminishing marginal utility of wealth causes individuadsbie more risk averse, and be willing

to pay more to insure against risks. DDP causes individoidls less risk averse, as they perceive
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the risk to be less than it truly is. In the case béhavioral model, a prospect theoretic type value
function may result from exaggerating the precision of weaftdtmation. In fact there is a long
literature documentingver confidence, or the exaggeration of precision, in more general
situations arising in psychology experiments (see Oskamp, 108 ert and Raiffa, 1982).

It is important to note that the proof requires thitutiunction to display less concavity
over the positive line than the prospect theoretic valugibmdRabin has criticized expected
utility representations for the absurd level of concanégessary to rationalize responses to small
risks. Nelson has discovered that the same problemgkfigchin a prospect theoretic
framework. It may be appealing to think of the prospesbrigtic value function as the composite
of some less concave utility function, and some meastslerioikage that distorts this value.

At this point it is also important to say a word nef)ag the probability weighting
function employed in prospect theory. To this point we ligmered probability weighting in our
proofs. The proof of proposition 1 is trivially extended topghespect model with probability
weights by passing only the density of wealth through the prilyakéighting function, so that

V (slw) = [u(s) p(sIw)7(f (s))ds.
In this case, the weighting function increasedresity of low probability outcomes, and
decreases the density of high probability outcomfepossibly more appealing avenue to
accomplish weighting is through the shrinkage psec&he prior ensures overweighting
probabilities that are near the center of a distidm (those near the reference point), and
underweighting those near the tails in order tmantfor the shape of the prospect theoretic
value function. In most applications (outside @& thboratory), the underlying uncertainty will
also be described by a uni-modal distribution, vkith probability density near the reference
point, and low density near the tails. In this ¢dlse weighting function can be accounted for by

changing the shape of the shrinkage density, mitbia tail and lowering the mode densities, to
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mimic the effect of the probability weighting function. Thaosnany applications, estimation
could be limited to the two competing effects we hawiined, risk aversion and DDP.
4. Competing Explanations

The use of a prior to represent risk response is netvaonunique concept. Viscusi
(1989) proposed a model he called prospective reference atitipyoying a utility function, prior
and the density function of the risk. In fact, this mdues performed very well in empirical tests
(Hey and Orme, 1994). Additionally, Chew (1983) proposed whabban called weighted
utility theory. Weighted utility involves a multiplicative vggit given to wealth outcomes that is
very similar to a Bayesian prior, although much moreictste in form. Weighted utility has
also been the subject of many empirical tests (Chew atién\VED86; Hey and Orme, 1994).

Beyond the difference in motivation between standard prosipeaty and the shrinkage
representation, there are also important differemcability to explain observed phenomena.
While prospect theory has become the leading competitxptected utility theory, there are
several known weaknesses of prospect theory. Chief amongatteetbes difficulties involved in
estimating the parameters of a prospect model.

By their own admission, Tversky and Kahneman'’s (1992) modeiresgeither a
cleverly designed experiment (likeTaade Off experiment, see Wakker and Deneffe, 1996), or
specific prior knowledge of the parameters of the weightingtfan, to allow estimation of the
value function. In applied risk research, it cannoekgected that natural experiments will offer
subjects the convoluted decisions required to estimatesbetlue and probability weighting
function. In fact, the majority of applied studies usingialative prospect theory simply cite and
use Tversky and Kahneman’s (1992) parameter estimates. Bhiesates were generated using
only 15 subjects, consisting of UC Berkeley and Stanford uraldugtes, answering hypothetical
guestions. By decomposing their theory into more basic onengs, it may be possible to

produce a model that can be applied to standard data sets.
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Secondly, there may be problems with interpreting the Vialueion generated by
estimating a prospect theoretic value function. Nielson (20684 shown that while expected
utility requires ridiculous levels of DMUW in small kisituations, prospect theory requires an
even more concave (convex) value function, and often negasigled value functions. Thus, it
is hard to imagine that such concavity could truly reprebes diminishing value of a marginal
dollar. If it does not represent the diminishing value oblé&ad then we are left once again to
suppose their must be some other important determinant ofibetiaat we are ignoring,
possibly the incorporation of experience with similargisk
5. DDP and L oss Aversion under Competition

In this section, we follow the analysis of Sandmo (1971), applthe principles of DDP
and expected utility maximization to examine the effettmpetition on firms displaying
DDP. We assume that the objective of the firm is to m&d expected utility of profits given the
DDP function. The utility function of the firm’s decision-makg a concave, continuous and

differentiable function of profits,

(2) u(77)>0,u"(7)<0.

The cost function of the firm is given by

(3) F(x)=C(x)+B,

where X is output,C () is the variable cost function, wit6 (0) = 0,C (x) > 0, andB is the
fixed cost. The firm’s profit function is thus given by

(4) 1(x) = px—C(x) -B,

where pis the price of output, assumed to be random with true grerf\s(ip) , and expected

value E( p) = z£. The firm is subject to DDP functiog ( pln, ,Ug) , wherer], is the mode (or

price associated with the reference point). For the pagoof this exercise, we suppose that the

14



decision-maker compares their resulting profit to the preéitized when the average price is
realized. The firm thus maximizes the expected utility

f(p)o(pluay)
[t (p)a(plu.o,)dp

(5) E[u(px—C(x)—B)Lu,ag]:Tu(px—C(x)—B) dp.

To proceed, we will use a Taylor series approximatiaheiutility function ,

2

©  u(r(x p)) =u(m(x.4) 0 (m(x,0)) x(p= 1) + Su"{(x,0)) ¥ (P~ 1)

Thus, the maximization problem can be written as

) masc|u(m{x) +u (x 0) x(p= ) 2 {r(x ) (0= W |
=u(7m(x )+ ) X1t = 1)+ 50 ((x.0)) X,

where 44,07 are the perceived mean and variance of prices restritimgDDP. The first order

condition associated with (7) can be written as
(8)

a::—XU=u'(7T(x,ﬂ))(ﬂ—c'(><))+u"(7T(x,ﬂ))(ﬂ—c'(><))X(ﬂh—ﬂ)
+u'(7(x, 1)) (14, = 1) +%u"'(n(x,,u))(,u—c (x))¥°a,? +u"(7(x,u)) xa,” = 0,

or, dividing by marginal utility

©)
(1=C (X)) (b4 = ) = R[ 30,7 + (1 =C* (X)) X{th, = ) | +5 s (1 =C () ¥ =0,

where R, =— is the coefficient of absolute risk aversion &d-— is the coefficient of
u u

absolute prudence. Within this equatign, and g’ are functions of the DDP process. More
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o do? .0 . .
specifically, 3 '; >0, while a—'uh >0, where T, is the skewness of the distribution
o T
¢] ¢]

9(p|/7g ,ng) , with 4, = p if g is symmetric.
We will consider here the simple case whgl(ep 17, ,ng) is a symmetric distribution.

In this case, we can totally differentiate (9) to dethecomparative static result

1 , 00,2

dx _[2 PA(IU_C (X))XZ_RAX} 60':2

(10) 5 = >0.
do OC

9

To see this note that dividing (9) by the perceived vaeigmelds

(ﬂ—Cz'(X))

- RAX+% P, (#—C'(x))x* =0. The model implies risk aversion on average
Uh

(note risk neutrality obtains &7 =0, and the decision-maker acts as-if he knows with certainty

that the price will beu), thus /> C'(x). Thus, the firm displaying DDP will use more inputs
on average and produce more on average. We can couple thBamiimo’s result showing that
the greater iR, the less will be produced to find the tension between BEPrisk aversion in

behavior under uncertainty. We will now turn our attentiorméoiinplications of DDP for
competitive equilibrium.

The Entry and Shut-down Decisions

According to the classical model of competition, firmdl emter the market if they can make a

profit by doing so. In our model, entry will occur if thenfiperceives that they will earn expected

utility greater tharu(O), the profit earned prior to investing fixed costs. Fentha firm in the

industry will shut down wherE(u(zT)) <u(-B). Differentiating (7) with respect to}, obtains
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1, do?
:SOC+§u (7(x, 1)) ¥ 60% <0.

0EU (1)

2

(11) 70

Thus firms with greater DDP (smallexj) will enter the market while more rational

firms that perceive correctly the risks they face wardnsider the expected profit too
small considering the risk involved. This result mimies tesult found by Camerer and
Lovallo (1999) that overconfidence leads to greater rdtestoepreneurship. Further,
this result is well supported by the entrepreneurship tiltezge.g. Das and Teng, 1997;
Barron, 2000) which has uniformly found that entreprenatgsiot more inclined to take
risks, rather less inclined to take notice of the risky face. Thus, as expected profit
increases from zero, overconfident decision-makersbeithe first into the market, and,
as expected profits decline below zero, overconfidecisa-makers will be the last to
shut down.

Competitive Equilibrium

In order to evaluate the effects of DDP on competitiois, necessary to describe the market.

Suppose demand is given by

(12) p=P(X)+e,

where X = z X , I is the index of (potential) firms, amal is the number of firms producing,
i=1

P'( X) <0and ¢ is a random variable with mean 0. Thus, the standariibegqum conditions
dictate that

(13) E(U, (m)|P(X).0,) <V, (0)

for all firms i that are not producing, and
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(14) E(U, (m)|P(X),q,)>U,(0)
for all firms producing. From the previous discass(and from Sandmo’s result), we can

specify x = x(RA,agz) , Wherex, <0,x , <0. We will represent perfectly rational

(expected utility) behavior as resulting from tmendormative prior witha'g2 =oo (the

improper uniform distribution over the entire réaé), as is common in Bayesian theory.

Proposition 3Let F 0 R*xR™ be the set of potential firms, afd [0 F the set of firms
producing under competitive equilibrium. Then, &ory (RA,O'S) , R, >0 with

(RA,O'S) OF., it must be the case that every firm w(ﬂRA,aj) OF. whereo? <o’.

Proof The result follows directly from (11).
The result in proposition 3 suggests that as lengaeh decision-maker displays some
level of risk aversion, at any level of risk aversior which a rational actor produces,
every actor with that level of risk aversion (ogdgthat misperceives the risk will
operate. If all actors had identical levels of @slersion, but varied by DDP, the market
would necessarily be dominated by irrational actBegtional actors would have a
competitive disadvantage in being averse to rigl, r@cognizing the risk was there.
Alternatively, those who could not see the risk ldanvest more heavily and drive more
rational investors from the market.

A possibly more interesting question is what Wwabpen when those with

misperceptions begin to realize their results. Eige profit is given by
(15) P(X)x-C(x)-B.

An expected profit maximizer (risk neutral) will@bsex so as to solve
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(16) P(X)-C'(x)=0.
From(9) a risk averter with DDP will solve

(17) P(X)—C‘(x)+{%PA(P(X)—C'(x))x2—RAx}ahz.

It is simple to see that, given the individual is nek meutral, the perceived variance that
maximizes expected profit 87 =0, or that resulting from the most overconfident (least

rational) DDP function. Thus, the more overconfid@nmtloss averse) the firm, the
greater the profits obtained on average. The overcortffoiers are less likely to face a
cash shortage given operation. Alternatively, the magaof profit is given by?x*.
Thus, firms displaying overconfidence, which invest mowitg when operating, will
necessarily face greater variance in profits, having faehnigrobability of substantial
success, and a higher probability of spectacular faikinally, the skewness of profits is
given byz,x*, wherer, is the skewness of price. Thus, overconfidence will tet the
direction of skew in the profit distribution, but carbstantially increase the skewness
through increased investment.
Welfare

Finally, one may wonder about the welfare effectsw@rconfidence. This is easiest to
consider by comparing equilibria consisting of identicabes. Clearly, because
overconfidence leads to greater production for all levieéscpected prices, consumers
must benefit from the resultant lower equilibrium pric€n the other hand, producers
necessarily obtain lower utility of profit on aveeathan they anticipate, meaning they
could be made better off. The ex post producer surplusdimssgard overconfidence,

calculating the true average net benefit. This neasdaclines as variance is
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misperceived, at a rate determined by the degree of riskianelf actors were truly risk
neutral, misperceptions of variance would not mattgreaucers. Alternatively, if
producers are very risk averse, misperceptions of var@ndd reduce producer surplus
by more than the increase in consumer surplus leadiagnarket failure. Thus if firms
are only mildly risk averse, there may exists sonwadly optimal level of
overconfidence. On the other hand, if firms were sdyeigk averse, the government
may play role in reducing overconfidence (through educatmamnket publications, etc.)
or reducing risk (through disaster relief) to improve wefof producers.
Non-Symmetric DDP
If the DDP function alters the perceived mean, only a few of theggliag results differ. If DDP
increases the mean, it will reinforce the resultedficing the variance, so long as it does not
lead the firm to produce more than the risk neutral lefyptaduction. Firms begin to be at a
competitive disadvantage once they produce more than theatsial amount. Alternatively, if
decision-makers perceive a mean price that is below thengaa, this perception will work
against the reduction in perceived variance, reducingri@int produced, and placing the firm
at a competitive disadvantage.
6. Conclusion

While many have published proofs that competition forcesmality (see for example
Green, 1987), this paper provides a rationale for why nooratmodels may be relevant even
in highly competitive industries. In fact, it seems cliésat DDP, while irrational, creates a
competitive advantage, and thus markets may be dominatéistparticular brand of
irrationality. DDP is consistent with both loss aversimodels, and overconfidence. The fact that
competition may encourage such behavior in the face oavisksion makes it a little more
understandable why such behavior may pop up in experimetitagseFurther, empirical

assessments in the entrepreneurship literature suggesett@atioral phenomenon such as DDP
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may play a larger role in entry decisions than fadikesDMUW that are more commonly

considered. There is little reason to believe that catigretvill sort DDP from the market, and

thus DDP may also play a large role in production levelst®ts and exit from a competitive
industry. The work in this paper provides a neo-class@ai@mic argument for why this
patently non-classical phenomenon should exist, persist antettayioral effects may be
important. Those who underestimate risk are likelynt@st more, increasing their chances for
greater success (or failure) than can be realizedanigtiional view of the world.

Refer ences

Alpert, M., and H. Raiffa. 1982. A Progress Reportl@nTraining of Probability Assessors. In
D. Kahneman, P. Slovic and A. Tversky (edsidgment Bias under Uncertainty: Heuristics
and Biases. New York: Cambridge University Press.

Baron, R. A. 2000. Counterfactual thinking and venture fdoma® he potential effects of
thinking about ‘what might have beeddurnal of Business Venturing, 15(1) 79 — 91.

Blake, D. 1996. Efficiency, Risk Aversion and Portfolislirance: An Analysis of Financial
Asset Portfolios Held by Investors in the United Kingddime Economic Journal, 106(438)
1175 - 92.

Camerer, C. and D. Lovallo. 1999. Overconfidence and Exce#sg Bn Experimental
Approach.American Economic Review 89 (1) 306 — 318.

Chew, S. H. 1983. A Generalization of the Quasilinear Meém Applications to the
Measurement of Income Inequality and Decision Theory Riegpthe Allais Paradox.
Econometrica. 51(4) 1065 — 92.

Chew, S.H. and W. Waller. 1986. Empirical Tests of Weidhitility Theory.Journal of
Mathematical Psychology 30(1) 55 — 72.

Cooper, A. C., C.Y. Woo, and W.C. Dunkelberg. 1988. pnémeeurs’ perceived chance of

successJournal of Business Venturing, 3(1) 97 — 108.

21



Das, T. K. and B.S. Teng. 1997 Time and entrepreneuriabeis&vior.Entrepreneurship Theory
and Practice, 22(2) 69 — 88.

Efron, B. and C. Morris. 1975. Data analysis using steastimator and its generalizations.
Journal of the American Satistical Association 70 (350) 311 — 319.

Forlani, D. and J.W. Mullins. 2000. Perceived risks andogsoin entrepreneurs’ new venture
decisionsJournal of Business Venturing, 15(4) 305 — 322.

Green, J. 1987. 'Making Book against Oneself,’ the Independ&xioen, and Nonlinear Utility
Theory.Quarterly Journal of Economics 102 (4) 785 — 96.

Hey, J.D. and C. Orme. 1994. Investigating GeneralizatibEgmected Utility Theory Using
Experimental DataEconometrica. 62(6) 1291 — 1326.

Just, D. R., and H. H. Peterson. 2003a. Expected Utilitipi@tion for Continuous Distributions.
Department of Applied Economics and Management, Cornell WsiiyeMWorking Paper #
03-01.

Just, D. R., and Peterson, H.H. 2003b. Diminishing Mardptitity of Wealth and Calibration of
Risk in Agriculture.American Journal of Agricultural Economics, 85 (5) 1234 — 41.

Kahneman, D. and A. Tversky. 1979. Prospect Theory: arysdisadf Decision under Risk.
Econometrica. 47(2) 263 — 92.

Keh, H.T., M.D. Foo and B.C. Lim. 2002. Opportunity Evailoatunder Risky Conditions: The
Cognitive Processes of Entreprenelrtr epreneurship Theory and Practice 27(2) 125 — 48.

Low, M. B. and I.C. MacMillan. 1988. Entrepreneurship: Pasearch and future challenges.
Journal of Management 14(2) 139 — 161.

Nielson, W. 2001. Callibration Results for Rank-DependepieEted Utility. Economics Bulletin
4 (10) 1 -5.

Oskamp, S. 1982. Overconfidence in Case-Study Judgments. lahBeian, P. Slovic and A.
Tversky (eds.Judgment Bias under Uncertainty: Heuristics and Biases. New York:

Cambridge University Press.

22



Palich, L. E. and D.R. Bagby. 1995. Using cognitive theosxfmain entrepreneurial risk-taking:
Challenging conventional wisdordournal of Business Venturing, 10(6) 425 — 438.

Saha, A., C. R. Shumway, and H. Talpaz. 1994. Joinh&son of Risk Preference Structure
and Technology Using Expo-Power Utilitgmerican Journal of Agricultural Economics
76(5) 173 — 184.

Sandmo, A. 1971. On the Theory of the Competitive Firm Undee RJncertainty American
Economic Review, 61(1) 65 — 73.

Simon, M., S. M. Houghton., and K. Aquino. 2000. Cognitive lsiagsk perception and venture
formation:How individuals decide to start companilesirnal of Business Venturing, 15(2)
113 -134.

Sitkin, S. B. and A.L. Pablo. 1992. Reconceptualizing therdehants of risk behavior.
Academy of Management Review, 17(1) 9 — 38.

Stein, C. 1955. Inadmissibility of the usual estimatotitiiermean of a multivariate normal
distribution. In Proc. of the Third Berkeley symposium athematical statistics and
probability, 197 — 206.

Tversky, A. and D. Kahneman. 1992. Advances in Prospedrirh@umulative Representation
of Uncertainty.Journal of Risk and Uncertainty 5(4) 297 — 323.

Viscusi, W. Kip. 1989. Prospective Reference Theory: Towar&xplanation of the Paradoxes.

Journal of Risk and Uncertainty 2(3) 235 — 64.

23



(__OTHER AE.M. WORKING PAPERS )

Fee

WP No Title (if applicable) Author(s)

2005-05 Distributional implications of the Internet: Can Price Just, D. and R.E. Just
Discrimination Improve Farmers' Welfare?

2005-04 Loss Aversion and Reference Points in Contracts Just, D. and S. Wu

2005-03 Poverty, Inequality and Development; Micro-Macro de Janvry, A. and R. Kanbur
Perspectives and Linkages

2005-02 Reforming the Formula: A Modest Proposal for Kanbur, R.
Introducing Development Outcomes in IDA Allocation
Procedures

2005-01 Pareto's Revenge Kanbur, R.

2004-18 Pure Altruism and Public Risk Programs: An Messer, K., Poe, G. and W.
Experimental Examination of Voting Behavior Schuize

2004-17 Differentiating Trust-in-the-Company from Hagen, J. and T. Simons
Trust-in-the-Executive in Supply Chain Relations

2004-16 The Fourth Guif War: Persian Gulf Qil and Global Chapman, D. and N. Khanna
Security

2004-15 The Persian Gulf, Global Oil Resources, and Chapman, D. and N. Khanna
International Security

2004-14 The Transition From Stabilization to Growth: How and Kyle, S.
Why to Move Beyond Exchange Based Stabilization in
Angola

2004-13 Real Option Analysis of Coffee Planting in Vietnam Luong, Q. and L. Tauer

2004-12  When to Get In and Out of Dairy Farming: A Real Tauer, L.
Option Analysis

Paper copies are being replaced by electronic Portable Document Files (PDFs). To request PDFs of AEM publications, write to (be sure to include
your e-mail address): Publications, Department of Applied Economics and Management, Warren Hall, Cornell University, ithaca, NY 14853-7801.
If a fee is indicated, please include a check or money order made payable to Cornell University for the amount of your purchase. Visit our Web site
(hitp://aem.cornell.edu/research/wp.htm) for a more complete list of recent bulletins.



