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Introduction

Economic decisions are trivial when individual talents and relative payoffs to alter-

native activities are fully known. In the absence of increasing returns each resource

exploits its comparative advantage. In reality, however, both talents and payoffs are

subject to considerable uncertainty. Individuals seldom know in advance which opportu-

nities (activities) best match their abilities. Training programs (for example, the formal

educational system) and other experiences can be useful for testing one’s relative and

absolute abilities but they are far from fully revealing and can at best provide only an

indication of future performance. It usually takes a prolonged period of practice in the

selected line of business to form a knowledgeable assessment of one’s qualities. Moreover,

in a rapidly changing economic environment, the process of ”learning” about the most

profitable matches may have to be repeated. The recent behavior of the dot.com sector is

a clear example of the tremendous and evolving uncertainty surrounding the selection of

entrepreneurial activity. Consequently the lack of complete information about the best

association between personal talents and existing opportunities can produce mistakes in

the selection of economic activities and lead to allocations that violate true comparative

advantage. An extremely important question then regards the existence of mechanisms

that improve the effectiveness of the selection process. This paper identifies the business

cycle as a sorting mechanism that can limit the possibility and duration of resource mis-

allocation. Recessions seem a priori relevant because they represent economic adversity;

and it is well known from the natural world that adversity plays an important role in

revealing one’s level of fitness.

The thesis that economic fluctuations may be intrinsically related to economic ef-

ficiency and long term prospects was popular among the pre Great Depression era

economists. Schumpeter (1991), in particular, viewed business cycles as a manifesta-

tion of the evolutionary process of innovation, as a reflection of the replacement of the

old (and inefficient) by the new (and efficient). Such views, however, were pushed to the

side by the experience of the Great Depression and the rooting of the Keynesian revolu-

tion which preached the benefits of macroeconomic stability (viewing business cycles as



the outcome of easily correctable market failure). Only recently have there been some

attempts to re-evaluate the role of the business cycle.

In this paper we argue that the business cycle can influence efficiency in the allocation

of resources by affecting the speed and accuracy of learning about one’s best match. A

simple example can illustrate how this works. Consider a primitive society which engages

in two types of activities, hunting and farming. Let the members of this community come

-genetically- in two types: those who have an absolute advantage in hunting; and those

who have an advantage in farming. Furthermore, assume that the individuals do not

know their true type but know the probability distribution of performance in hunting and

farming for each type as a function of the state of nature. In each period, nature randomly

dictates the availability of prey in hunting and of farm products in farming. Consider

now those starting out their careers as hunters. After repeated sampling, each new

hunter will be able to -perhaps imperfectly in a finite sample- infer his type and make an

occupational choice1. If the two types are not perfectly distinguishable then some people

may misclassify themselves. The misclassification error will depend on the sample size

and on the difference in the parameters of the probability distributions of performance

across the two types; the less the two types are alike in terms of ability, the faster

the revelation of type and the smaller the likelihood of an occupational mistake. The

error may also depend on the favorableness of the state of nature during sampling. It is

conceivable that when prey is plentiful, the performance of both types will be comparable

(shooting accuracy is not a big factor when one runs into a large herd of animals). On the

other hand, when prey is scarce, the ”natural” hunters may significantly outperform the

rest. Adverse conditions can thus prove more informative, and may have the potential to

improve the selection process and the allocation of resources. A special case of interest

is when severe adversity can immediately induce a separating equilibrium2.

Similar considerations are at work in many important economic decisions, and in

particular, in those pertaining to occupational and entrepreneurial choices. It seems

plausible then that recessions may contribute to greater economic efficiency by providing

people with the information they need in order to make more knowledgeable economic

decisions. This does not, however, mean that similar informational advantages will be
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enjoyed by an economy which experiences economic fluctuations compared to one that

successfully stabilizes both sides of the business cycle. This is due to the fact that

expansions may carry too little information for discrimination. Whether the net sum

over the business cycle is greater than that achieved under some or perfect stabilization

depends on several things: The form of skewness in comparative -across types- cyclical

performance; the symmetry of the effects of business cycle across activities; and the

type of stabilization. We show that the curvature of the function of relative cyclical

performance plays a critical role. In general, the exercise of stabilization policy creates

informational inefficiencies when the difference in the performance of different types is a

decreasing and convex function of the favorableness of the state of the business cycle3.

Section 1 describes the optimal sequential procedure used in occupational (entrepreneurial)

decisions. Section 2 derives the empirical implications.

1 The Theory

Consider an economy that consists of two types of individuals: h-type (high ability)

and l-type (low ability); and permits two possible activities (careers): entrepreneurship

(denoted by e) and workmanship (denoted by w). Let each type be ”best match” to one

of the two activities (the concept of ”best match” will be made more precise shortly).

Assume also that one’s true type is not known with certainty but may be revealed -

partially or fully- from observations of performance. Let xjt be the performance of an

individual in activity j, j = e, w, in period t. Let xjt depend on -unobserved- type and

on two exogenous, random variables, sjt and uijt; sjt is a contemporaneously observable

variable representing the favorableness of the aggregate state of nature in activity j,

which, in our model is captured by the state of the business cycle; uijt is unobservable

and represents the effects of luck. We will assume that s and u are uncorrelated and

that the variance of u is independent of s. The agents’ objective is to device an optimal

lifetime activity plan.

The occupational choice faced during any period can be most fruitfully analyzed as

a sequential statistical game with the economic agent playing a game against nature.
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In each period, the agent must select an activity to participate in. Nature then moves

and generates exogenously an observation of performance, xj . Such a decision process

falls in the category of two-armed bandit games. In the present paper we will focus on a

special case of this class of statistical games by imposing some restrictions on the menu

of actions that will be available at any point in time. In particular, we will assume that

after the initial choice of activity -which occurs before any observations have been taken-

each individual is allowed only one career switch in his lifetime. This does not represent

any loss of generality and can be justified by appealing to appropriately large fixed costs

that may result from multiple career changes4.

Assume that the random variables xj1, xj2, . . . , j = e, w representing performance in

activity j are available for observation and let f(xjn|i), n = 1, 2, ... be the corresponding

density functions. Given the subject of this work, it is natural to permit the x’s to

be taken sequentially. Let Zt be the sample space of xjt, t = 1, 2, . . . and assume that

Xt = (xj1, xj2, .., xjt}, has density φ(Xt|i), i = h, l, on Z1 × .. × Zt. Attention will be

restricted to situations in which the x’s are independent observations so that φ(Xt|i) =

Πt
n=1f(xn|i).

Our objective is to derive and characterize the optimal sequential decision procedure.

We will assume that the choice of activity to be pursued in period t, t = 1, 2, . . ., is made

before the current observation becomes available. That is, the decision is conditional

on a sample consisting of observations extending up to the previous period, t − 1. The

optimal procedure essentially involves two decisions: the initial choice of activity made

in the beginning of period 1; and the subsequent decision to switch or not made in period

t, t > 1.

At each point in time, an individual5 can be thought as testing two hypotheses:

Het : better off being in entrepreneurship in period t, against Hwt: better off being in

workmanship in period t. Let us consider the problem faced by someone who finds himself

in entrepreneurship in the beginning of period t, t = 2, 3, ... An activity is selected in

order to maximize expected lifetime income,
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EtVe(pt, st, uet) = max{EtVw(pt, st, uwt),

Et[Ye(pt, st, uet) + βVe(pt+1, st+1, uet+1)]}
(1)

subject to the law of motion of pt+1

pt+1(h) =
p(h)P (Xt|h)

p(h)P (Xt|h) + p(l)P (Xt|l)
(2)

where pt+1(h) is the posterior probability of being an h-type after having observed

Xt, p(i) is the prior (s of period zero) probability6 of being an i-type and P (Xt|i) is

the likelihood function of X for type i. Vj is the value function of an individual oper-

ating in activity j, βε[0, 1] is the discount factor, Et is expectation conditional on pt,

ue = {uhe, ule}, uw = {uhw, ulw} and

EtVe(pt, st, uet) = ptVhe(st, uhet) + (1− pt)Vle(st, ulet) (3)

EtYe(pt, st, uet) = ptEtxhe(st, uhet) + (1− pt)Etxle(st, ulet) (4)

EtVw(pt, st, uwt) = max{Et[Yw(pt, st, uwt) + βVw(pt+1, st+1, uwt+1)]} (5)

EtVw(pt, st, uwt) = ptVhw(st, uhwt) + (1− pt)Vlw(st, ulwt) (6)

EtYw(pt, st, uwt) = ptEtxhw(st, uhet) + (1− pt)Etxlw(st, ulet) (7)

where Vij is the value function of type i in activity j, p = ph and xij is the performance

of type i in j. Equations (3-7) define the expected payoffs associated with each type in

each activity.

The RHS of (1) consists of two terms. The first one is the expected lifetime earn-

ings of an entrepreneur who switches to workmanship. The second term is the expected

payoff enjoyed by someone who decides to remain for at least one more period in en-

trepreneurship. Note that the decision problem of an agent whose initial choice was

workmanship is completely analogous to that described in (1). For the occupational

decision to be nontrivial each type must be better off in a different activity. We will

assume -Assumption 1- that the high type’s best match is in entrepreneurship and the

low type’s in in workmanship (this assignment is also assumed to be independent of the
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degree of stabilization).

Assumption 1 (Best match): Etxhe > Etxhw, Etxlw > Etxle

We first prove the existence of an interior solution for the choice of activity (Propo-

sition 1). We then show that such an equilibrium can be reached from any set of prior

beliefs (Proposition 2). And, finally, we characterize the properties of the equilibrium as

a function of the degree of stabilization policy (Propositions 4, 5, 6). The proofs of the

propositions can be found in the appendix.

Proposition 1 There exists a p̃(Xt) :

Et[Ye(pt, st, uet) + βVe(pt+1, st+1, uet+1)] ≥ Et[Vw(pt, st, uwt) for pt ≥ p̃

Et[Ye(pt, st, uet) + βVe(pt+1, st+1, uet+1)] < Et[Vw(pt, st, uwt) for pt < p̃

The optimal rule is to remain in entrepreneurship as long as pt ≥ p̃ and to switch to

workmanship otherwise.

The optimal decision is derived using the Sequential Probability Ratio Test, SPRT

(Wald, 1947) and is given by Proposition 2.

Proposition 2 The optimal decision of an entrepreneur7 in period t, t > 1, is: Stay in

entrepreneurship if St−1 ≥ lnRt; otherwise, switch to workmanship.

where zn = log[f(xn|h)/f(xn|l)], St = Σt
n=1zn and Rt is given in the Appendix.

Using the definition of the posterior probability distribution, the criterion can be

restated in terms of the posterior probability,

If pt ≥ At/(1 + At) then stay in entrepreneurship;

otherwise switch to workmanship.
(8)

Hence, the critical value of p, p̃, is given by

p̃ = At/(1 + At) (9)

The decision problem faced in the beginning of period 1 (the initial selection) is slightly

different from that faced during subsequent periods. This is due to the fact that the
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initial decision is always reversible. Consequently, the expected earnings of a high type

who starts out in workmanship exceed those of a high type who -mistakenly- switches

from entrepreneurship to workmanship (Vhwt < Vhw1, t > 1) due to the value of the

option to switch. Nevertheless, the criterion for the initial selection takes the same form

as before, namely,

If pt ≥ A1t/(1 + A1t) select entrepreneurship

otherwise select workmanship
(10)

where A1t is defined by equations analogous to those defining At. It can be seen that

A1 > A, which implies that the critical value p̃(A1) exceeds p̃(A). The possibility of an

irreversible occupational error dictates greater caution.

It remains to show that an interior solution for the allocation of resources exists

for all sets of prior beliefs. We need to prove that the sequential procedure described

above is proper -that is, it terminates with probability one- for a low type sampling in

entrepreneurship (and a high type sampling in workmanship). Let Nle be the stopping

(switch) time of the SPRT of the low type whose initial choice was to sample in en-

trepreneurship; and Ple be the pdf of Nle. If f(xt|h) and f(xt|l) differ with positive

probability -which is required if the definition of type is to be meaningful- then it is well

known that (see, for instance, Berger, 1985)

Proposition 3 Ple(Nle < ∞) = 1, Phw(Nhw < ∞) = 1

Proposition 3 implies that mismatches arising from the initial selection of activity are

eventually corrected. Mismatches due to mistaken switching, however, are permanent

(because of the single switch assumption).

To facilitate the exposition we will now make the assumption that the observations

of performance come from normal distributions. Namely,

xjt ∼ N(µij(sjt), σ2) i = h, l j = e, w

We will set set = swt that is, we will focus on aggregate shocks exclusively.
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Normality is helpful for calculating the estimator of type. In general, the form of

the optimal estimator depends on the form of the loss function used. However, under

normality the posterior distribution is symmetric and thus the posterior mean is the

optimal estimator of type -in our case the mean- independent of the form of the loss

function8. Let

X∗
ie = n−1Σn

t=1xiet

Consequently,

X∗
he ∼ N(µ∗he, σ

2/n) if sampled from the h-population

X∗
le ∼ N(µ∗le, σ

2/n) if sampled from the l-population

where µ∗he = n−1 Σn
τ=1µhe(sτ ) and µ∗le = n−1 Σn

τ=1µle(sτ ) and µ∗he > µ∗he

The SPRT criterion for a high type in period t > 1 takes the form

If X∗ ≥ ξ select entrepreneurship

otherwise select workmanship
(11)

where ξ = (µ∗h + µ∗l )/2− [(σ2/t)/(µ∗h − µ∗l )]lnR

In the special case where both the prior probabilities and the loss functions associated

with the wrong decision are equal, the criterion becomes very simple as ξ = (µ∗h +µ∗l )/2.

In general, the larger the prior probability of being the high type and/or the larger the

cost of mistakenly giving up entrepreneurship the more conclusive the sample evidence

in favor of being the low type has to be (a low X∗ or equivalently, a low p̃) in order for

an individual to be induced to switch to workmanship. A large prior of being a low type

together with high payoffs in workmanship relative to entrepreneurship support a high

critical value for X∗ and p̃.

In the next section we turn to the examination of how fluctuations (and hence sta-

bilization policy, when effective) can affect the speed of learning (type revelation), the

average length of sampling (persistence of transitory mismatches) and the probability of

a permanent type misclassification. All of these considerations are of obvious importance

for evaluating the implications of macroeconomic stabilization policy for the short and

long term efficiency in the allocation of resources. We study the effects of policies that
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stabilize the cycle by comparing two regimes. Under the first one, business cycles are

allowed to take place (s varies exogenously). Under the other regime, the government

stabilizes s at its average value, s∗ (the business cycle is completely eliminated9). Inter-

mediate cases can be easily accommodated. As a result of the distributional assumption

made above, the distance between the population means will play the critical role in the

evaluation of the allocation effects of policy. Under the former regime, the distance is

given by

µ∗h − µ∗l = n−1Στ=1[µh(sτ )− µl(sτ )] = n−1Σg(sτ ) (12)

and under the latter

µ∗h − µ∗l = µh(s∗)− µl(s∗) (13)

If g is convex (concave), then the RHS of (12) is greater (smaller) than that of (13)

-from Jensen’s inequality- and the distribution functions for the two types are further

apart (closer) in the absence of stabilization policy. We now study several important

dimensions of allocation efficiency under alternative policy regimes maintaining the as-

sumption of normality.

1.1 The speed of type revelation (learning)

Equation (2) can be written as

pt+1 =
1

1 + LFt[p(l)/p(h)]
(14)

where LFt is the ratio of the likelihood functions for the low and high type respectively.

Note that

limLFt(t→∞) = {0
∞⇔ lim pt(t→∞) = {1 if true type is h

0 if true type is l

so that true type is revealed with probability one. The value of LF determines the slope

of the time path of pt and hence, it can be loosely thought as measuring the speed of
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type revelation (learning). The question of interest concerns how stabilization policy

affects the slope of the time profile of p.

Proposition 4 For any sample size t, the average value of LFt is decreasing in | µ∗h−µ∗l |

when the true type is h (increasing when true type is l).

If g in equation (12) is a decreasing function of s then recessions offer the best

opportunities for type discrimination. If g is also convex in s then the distance between

the means of the probability distributions of the high and low types is greater in the

absence of stabilization. Under these conditions stabilization leads to a slower average

”speed” of learning about one’s type by making the time profile of p flatter.

The function g(s) is decreasing if the fortune of the low ability entrepreneur is more

sensitive to the state of the business cycle than that of the high ability one; g(s) is convex

if this sensitivity becomes more pronounced as recessions become more severe. In general,

convexity means that the difference in relative performance in entrepreneurship between

the two types (as measured by variables such as profits, sales, employment losses, etc.)

is greater when times for entrepreneurs are bad. If this is the case, the elimination of

recessions shuts down a mechanism that carries the most valuable piece of information

needed by aspiring businessmen to infer their true type. Learning takes place even when

the business cycle is completely stabilized but at a slower rate (the relative contribution

of noise tends to increase disproportionately with the favorableness of the business if g

is convex and the variance of u is independent of s).

If, on the other hand, relative performance is a concave function of the business cycle

then stabilization policy contributes to faster revelation. While one can speculate about

the plausibility of alternative shapes this is an issue that can only be settled by the

empirical evidence (see section 2).

It must be noted that the assumption made earlier concerning the relationship be-

tween the distributions of u and s is important for the results obtained. Recessions are

more informative when they are associated with a smaller ”overlap” of the distributions

of the two types. This is true when the average difference in performance between the

two types is decreasing in the favorableness of the business cycle and, at the same time,
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the variance of the unobserved idiosyncratic shock is not decreasing in the favorableness

of the business cycle. We have assumed that the variance of u is independent of s. Re-

cessions may well be periods of slower learning if they are associated with a sufficiently

larger variance for u. While it is hard to think of reasons that would make personal luck

more volatile during bad times one cannot rule this possibility out. Nevertheless, it is

obvious how changing this assumption would affect the results.

1.2 The expected stopping time

An important dimension of the allocation of resources concerns the duration of tran-

sitory mismatches. We have shown that the process of type revelation is slower under

stabilization if g is convex. Slower, however, does not necessarily translate into longer

because the position of the finish line, the value of p̃, matters too. We now turn to the

calculation of the average stopping (switch) time for a low type sampling in entrepreneur-

ship.

The next theorem, due to Wald (1947), can be used to approximate the expected

number of observations, E(N), required by a SPRT .

Theorem: Suppose that z1, z2, . . . is a sequence of independently and identically dis-

tributed random variables such that E(zt) = m, t = 1, 2, ... . For any sequential procedure

for which E(N) < ∞ the following relation must be satisfied:

E(z1 + z2 + . . . + zN ) = mE(N)

Proposition 5 The approximate expected stopping time is given by

E(N) =
E ln R
E(z)

(15)

The relationship between stabilization policy and the persistence of occupational

mismatches in entrepreneurship depends on the curvature of g and also on how policy

affects relative incomes in the two activities. R is increasing or decreasing in the degree

of stabilization depending on whether stabilization benefits the workers more relative to

11



the entrepreneurs. If the effects are symmetric across activities for both types or if policy

favors the entrepreneurs, then the stopping time and job mismatches in entrepreneurship

are unambiguously prolonged under stabilization. On the other hand, if the workers are

the main beneficiaries of stabilization and if this effect is strong, then the stopping time

may be shortened as the incentive to become a worker increases. Note, however, that

in the latter case sampling in workmanship becomes more prolonged, which means that

asymmetry in the effects of the business cycle leads to a trade off in persistence in

sampling across activities.

An alternative but equivalent way of studying the persistence of transitory mis-

matches is through the analysis of the effects of stabilization on the value of the switch

probability p̃. Equation (6) implies that the critical value is increasing in A. If pol-

icy does not favor the workers then p̃(stab) ≥ p̃(no − stab); otherwise the inequality is

reversed. In the latter case, stabilization implies longer sampling because of its lower

”speed” of learning. In the former case, its effect on E(N) is ambiguous: pt travels a

shorter distance at a slower speed.

1.3 The probability of misclassification

We now turn to a related issue, namely, how the exercise of stabilization policy

affects the probability of type misclassification. There are two types of misclassification

that may be committed by individuals who are sampling in entrepreneurship. One is

transitory and the other permanent. The transitory error is associated with the low types

who continue practicing entrepreneurship. It was described in the previous sub-section.

The permanent one -which arises from the assumption of an irreversible career switch-

is associated with those high type agents who mistakenly conclude that their type is low

and exit.

Recall that the entrepreneur’s criterion for a classification-occupation decision in

period t is: exit if X∗ < ξ; stay if z∗ ≥ ξ . Consequently, the probability of a permanent

misclassification is (see Anderson, 1958)

12



Prob(X∗ < ξ|true type=h) = Prob(

√
t(X∗ − µ∗h)

σ
<

√
t(ξ − µ∗h)

σ
|true type=h)

= F (

√
t(ξ − µ∗h)

σ
) (16)

and the probability of of a transitory misclassification is

Prob(X∗ > ξ |true type=l) = Prob(

√
t(x∗ − µ∗l )

σ
>

√
t(ξ − µ∗l )

σ
|true type=l)

= 1− F (

√
t(ξ − µ∗l )

σ
) (17)

where F is N(0, 1).

If the loss functions are symmetric and the priors equiprobable R = Ap(l)/p(h) = 1

and stabilization policy leads to higher short and long term misclassification errors when

g is convex. Its effects, however, are ambiguous if R 6= 0, for exactly the same reason

that its effects on p̃ were found to be ambiguous. We have the following result.

Proposition 6 Let g be a convex function of the business cycle. The probability of

permanent misclassification is increasing in the degree of stabilization if the exercise of

stabilization policy does not favor the entrepreneurs.

If stabilization favors the entrepreneurs, then its effect on the misclassification prob-

ability is ambiguous depending on the distribution of the income gains arising from

stabilization as well as the distance between the means (the speed of learning) across

the two regimes. If the benefits are greatly skewed in favor of the entrepreneurs and

the difference in the speeds of learning not very great, stabilization policy may generate

a lower permanent rate of misclassification by making it more affordable to stay longer

in entrepreneurship. The more extensive sampling may help some high types who are

having bad luck ”survive” until their luck improves. Of course, in this case the short run

mismatches will be even more pronounced.
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What is the bottom line of all this analysis? In general, the selection of the sample

size involves a trade off between transitory and permanent misallocations. The longer

sampling goes on, the greater the persistence of temporary mismatches but the smaller

the probability of permanent errors. If g is convex, stabilization policy slows down

the speed of learning and worsens the trade off between transitory and permanent mis-

matches within any activity; and it also worsens the trade off between the same type

of mismatch across different activities. If g is concave, stabilization policy improves

economic efficiency.

In order to offer a welfare assessment of stabilization policy we need to know its

relative effects on the payoffs to the various activities and also possess a social welfare

function that evaluates both the short and the long term mismatches in the various

activities. In the absence of this information, one may want to consider arbitrary in-

teresting cases. One such case arises when, due to -perhaps non linear- time dependent

costs of career switching, a permanent occupational decision has to be made within a

fixed period whose end point, N∗, lies ahead of the optimal switch time. The transitional

inefficiencies are the same under both regimes (the length of sampling is the same). But

the long term inefficiencies are different depending on the speed of learning. Another

case involves equiprobable priors and symmetric loss functions. Under these conditions,

both the permanent and transitory inefficiencies are different depending on the exercise

of successful macroeconomic stabilization.

Possible extensions

The model can be extended in several directions. One could involve changing the

decision problem itself. For instance, one might consider situations in which an individual

can chose not only which activity to sample in but also the intensity of effort to devote

to that activity (or to a portfolio of activities). The degree of learning could then be

affected by the intensity of the effort. Another route might involve the introduction of

bias in the exercise of stabilization policy. In general, policymakers may be much more

concerned about downturns than upturns. If g is convex, selective stabilization policy can

deprive an economy from the most informative outcomes without compensating at the
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high end. It can be shown that in such a case, a sufficiently asymmetric, countercyclical

policy can reduce informational efficiency even in cases where g is linear. Finally, serial

correlation in the state of the business cycle could be introduced. A persistent business

cycle would add one more state variable to the system and would affect the persistence

of mismatches and probability of misclassification.

2 Empirical implications

The function of cyclical relative performance, g, is the building block of our model.

The sign of its first derivative determines whether recessions carry superior information

for type discrimination (they do if g is decreasing in the favorableness of the business

cycle). The sign of its second derivative determines the net -over the cycle- effect of

stabilization policy on informational efficiency (the effect is negative if g is convex). Un-

fortunately, as types are not directly observable, g is not observable either. In this section

we suggest possible ways for inferring its shape by relying on some important predictions

of the theory: one concerns the properties of the empirical distribution of performance

of firms (or individuals) in any activity; another concerns the implied pattern of business

dissolutions.

2.1 Implications for the empirical distribution of performance

The properties of the function of relative performance can be deduced from the

cyclical behavior of the empirical distribution of performance in any activity.

Proposition 7 Let Xn = (x1, x2, .., xn) and Ym = (y1, y2, .., ym) be observations of

performance of two individuals of different type in the same activity. Let µh and µl be

the mean and σh and σl the variance of Xn and Ym respectively. Consider the union

of the two samples, QM = Xn ∪ Ym, M = n+ m. Let qi ∈ QM where qi is not known

whether it came from Xn or Ymand let Θ denote the probability distribution of q.

a) E q = µ = (n/M)µh +(m/M)µl , V ar(q) = σ = (n/M)σh +(m/M)σl +(µh−µl)2/2.

b) Let q(r) be the r-the quantile of qi. Furthermore, assume that qi is normal. Then

d | q(r)− q(1/2) | /d | µh − µl |> 0.
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Proposition 7 suggests the following way of inferring the shape of g. If g is counter-

cylical (g′(s) < 0) then the variance of the empirical probability distribution within any

activity is increasing in the severity of the recession (recall that the sample means are

further apart during recessions when g is decreasing in s). Moreover, the rank statistics

of this distribution ought to grow further apart as times worsened. It is easy to show

that the curvature of g can be inferred from the sign of d2σ/ds2 and d(q − µ)2/ds2(or

from the behavior of the distance between any pair of percentiles).

2.2 Implications for firm exit

The model can be usefully applied to study the patterns of firm exit. According to

the theory developed here, a business closure is the result of accumulated information

indicating that the chosen activity does not represent the best match10. The simplest

way to relate the shape of the function of firm closures to the shape of the function of

relative performance is by modifying the assumption that the business cycle shock is

serially uncorrelated. It can be shown that with positive serial correlation in the state of

the business cycle, activity switches (”business failures”) are more likely to occur during

bad times. And moreover, that the shape of the function of cyclical business closures

will match the shape of the function of relative performance11

Before concluding this section it is important to make one final observation. Unlike

the rational expectations imperfect information models of the business cycle in which ag-

gregate fluctuations are a source of greater confusion, in our model aggregate fluctuations

reduce noise.

Conclusions

An economy can achieve a more efficient allocation of resources when economic agents

find out early and accurately whether they have made the right occupational or en-

trepreneurial choices. One important way of learning about who is what and where one

belongs is by sampling one’s performance in a selected activity and drawing the appro-

priate inferences. Prolonged sampling increases the ability to discriminate and avoid
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long term mismatches. But this comes at the expense of more persistent transitory mis-

matches. If the individuals who have made the wrong decisions suffer relatively more

when the times are bad, then recessions may carry superior discrimination information.

If such effects are pronounced, then stabilization policy may worsen the trade off between

short and long term misallocation.

The recent experience with dot.com companies is a good example of this process.

There has been a great proliferation of entrepreneurial activity in internet related activ-

ities and there exists tremendous uncertainty concerning the type of the firms that have

set shop in this area. The main point of this paper is that, under plausible conditions,

a slowdown in economic activity can help clarify which firms are legitimate contenders,

thus improving the allocation of resources.

It is also worth mentioning that the informational implications of macroeconomic

policy for real economic activity which are at the heart of our argument have been

emphasized before in a very different context by Dotsey and King, 1986. Dotsey and

King examine how interest rate targeting rules alter the information content of market

prices and subsequently the magnitude of fluctuations in real economic activity. Our

emphasis is on the effects of stabilization on efficiency and the long term allocation of

resources but the spirit of the analysis is similar.

There also exists some work in the literature linking macroeconomic volatility to

long term performance (for instance, Aghion and Howitt, 1998, Aghion and Saint Paul,

1991). Which of the suggested mechanisms -if any- is the most relevant one from an

empirical point of view remains an open issue. There is little doubt, however, that the

informational-learning considerations emphasized here are at the heart of many impor-

tant human decisions.
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Appendix

Proposition 1: There exists a p̃(Xt) :

Et[Ye(pt, st, uet) + βVe(pt+1, st+1, uet+1)] ≥ Et[Vw(pt, st, uwt) for pt ≥ p̃

Et[Ye(pt, st, uet) + βVe(pt+1, st+1, uet+1)] < Et[Vw(pt, st, uwt) for pt < p̃

Proof: The proof follows immediately from three elements: a) the expected lifetime

income of one who chooses to prolong his stay in entrepreneurship by one more period

(the LHS of the inequality above) is a strictly increasing function of p; b) the expected

lifetime income of one who switches to workmanship (the RHS of the inequality) is a

strictly decreasing function of p; and c) assumption 1.

Proposition 2: The optimal decision of an entrepreneur in period t, t > 1, is: Stay in

entrepreneurship if St−1 ≥ ln Rt; otherwise, switch to workmanship.

Proof: According to Proposition 1, workmanship is the activity of choice in period

t, t > 1 if

pt(h|Xt−1)Et[Yhet + βpt+1(h|Xt)Vhet] + pt(l|Xt−1)Et[Ylet + βpt+1(l|Xt)Vlet] <

pt(h|Xt−1)Et[Yhwt + βpt+1(h|Xt)Vhwt] + pt(l|Xt−1)Et[Ylwt + βpt+1(l|Xt)Vlwt]
(18)

which can be rewritten as

pt(h|Xt−1)
pt(l|Xt−1)

<
(Wlwt −Wlet)
(Whet −Whwt)

≡ At (19)

where Whet = Et[Yhet + βpt+1(h|Xt)Vhet and so on. Then Wijt is the expected lifetime

earnings of type i who stayed in activity j during period t. Hence, Wlwt−Wlet is the loss

suffered by a low type who decides to spend an additional period in entrepreneurship; and

Whet−Whwt is the loss suffered by a high type who permanently switches to workmanship.

Using Bayes’ rule in (19) we have

pt(Xt−1|h)
pt(Xt−1|l)

< At
p(l)
p(h)

≡ Rt (20)

Let zn = log[f(xn|h)/f(xn|l)] and St = Σt
n=1zn. Taking logarithms in equation (20)
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produces Proposition 2.

Proposition 4: For any sample size t, the average value of LFt is decreasing in | µ∗h−µ∗l |

when the true type is h (increasing when true type is l).

Proof : Let P (Xt|µ) be the likelihood function of µ associated with the sample Xt =

{x1, x2, . . . , xt} of normal variables. P (Xt|µ) is maximized when S(µ,X, t) = Σt
1(xi-µ)2 is

minimized. S is a strictly convex function of µ with a minimum at µ = µ∗h when true type

is h. Consequently, d[P (µ∗l )/P (µ∗h)]/d | µ∗h − µ∗l |< 0 and thus LFt = p(X|µ∗l )/p(X|µ∗h)

is a decreasing function of | µ∗h − µ∗l | when true type is h. A similar argument can be

used to establish that LFt is an increasing function of | µ∗h−µ∗l | when the true type is low.

Proposition 5: The approximate expected stopping time is given by

E(N) =
ElnR
E(z)

Proof: Recall that our subject of study is a low type individual who is sampling

in entrepreneurship. Subsequently, for such an agent E(z) = −(1/2σ2)(µ∗h − µ∗l )
2 <

0. To establish that lnR < 0 note that the optimal rule for initial selection im-

plies that entrepreneurship is the activity of choice if p(h) > A1/(1 + A1). Using the

fact that p(l) + p(h) = 1 and A1 > A, the initial selection rule can be rewritten as

1 > A1[p(l)/p(h)] > A[p(l)/p(h)] ≡ R.

Proposition 6: Let g be a convex function of the business cycle. The probability of

permanent misclassification is increasing in the degree of stabilization if the exercise of

stabilization policy does not favor the entrepreneurs.

Proof : (ξt−µ∗h) = −(µ∗h−µ∗l )/2−[(σ2/t)/(µ∗h−µ∗l )]lnR. F is increasing. We have shown

that lnR > 0 (otherwise the individual would not be in entrepreneurship). Whether

ξt−µ∗h is decreasing in µ∗h−µ∗l or not depends on B = sign {dlnR/d[µ∗h−µ∗l ]}. If stabiliza-

tion helps workers at least as much as it helps entrepreneurs then B > 0. Consequently,

ξt − µ∗h is decreasing in µ∗h − µ∗l and countercyclical policy generates larger permanent
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misclassification errors (this corresponds to the case where p̃(stab) ≥ p̃(no − stab)). If

B < 0, the effect is ambiguous.

Proposition 7: Let Xn = (x1, x2, .., xn) and Ym = (y1, y2, .., ym) be observations of

performance of two individuals of different type in the same activity. Let µh and µl be

the mean and σh and σl the variance of Xn and Ym respectively. Consider the union

of the two samples, QM = Xn ∪ Ym, M = n+ m. Let qi ∈ QM where qi is not known

whether it came from Xn or Ymand let Θ denote the probability distribution of q.

a) E q = µ = (n/M)µh +(m/M)µl , V ar(q) = σ = (n/M)σh +(m/M)σl +(µh−µl)2/2.

b) Let q(r) be the r-th quantile of qi. Furthermore, assume that qi is normal. Then

d | q(r)− q(1/2) | /d | µh − µl |> 0.

Proof: a) The derivation of E(q) is straightforward. The variance of q is

σ = [ΣM
1 (qi − µ)2]/M = [Σn

1 (xi − µ)2 + Σm
1 (yi − µ)2]/M =

Σn
1 (xi − µh + (m/M)(µh − µl))2 + Σm

1 (yi − µl + (n/M)(µl − µh))2]/M =

(n/M)σh + (m/M)σl + (n/M)(m/M)(µh − µl)2/2.

b) Let prob(q < q) = prob[
√

M(q − µ)/σ <
√

M(q − µ)/σ) = Θ(
√

M(q − µ)/σ) = Θ(q).

Consider an increase in µh−µl that leaves µ unchanged. Θ is increasing. Part (a) implies

that σ increases and consequently, for a given Θ(q), q − µ must increase too.
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Notes

1. Whether this occupational choice will be irreversible or not depends on whether

there exist costs to switching occupation after some period, on whether sampling also

takes place in the new activity and so on.

2. According to the popular saying ”when the going gets tough the tough get going”.

In our story, toughness corresponds to absolute advantage.

3. It must be stressed that our argument does not require taking a position on whether

it is expansions or contractions that carry greater information. That is, it may well

be the case that differences in performance are greater during good times. What is

important is that there is a difference.

4. Allowing for multiple switches may be useful for accounting for -perhaps periodic-

career changes over the business cycle. However, it makes the analysis more cumbersome

without bringing in any additional insights to the analysis of the informational content

of the business cycle. We have opted for a single switch to make the distinction between

transitory and permanent mismatches sharp.

5. We are describing the behavior of an agent who has not already made a career switch.

6. Note that the initial period priors are used in forming the current period’s posterior

belief. We could have alternatively used last period’s posterior as the current prior.

While the latter specification would lead to faster learning for a given sequence of st’s,

it would not change any of the results concerning the effects of stabilization policy on

the speed of learning and the probability of misclassification (which is the subject of this

paper). The likelihood function specification was adopted because it is simpler.

7. A similar rule describes the behavior of a worker.

8. Even in the absence of normality the posterior mean will be approximately normally
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distributed because of the central limit theorem. However, it would not necessarily be

the optimal estimator of type unless the loss function were quadratic.

9. Stabilization policy may take the form of aggregate demand stabilization, product

or input price controls and so on.

10. We do not claim that all business dissolutions in the real world are associated with

learning. Many other reasons exist. For instance, a firm may have been established to

take advantage of a temporary opportunity and ceases its operation once it has fulfilled

its objectives.

11. A possible practical difficulty in inferring g(s) from the pattern of business failures

arises from the fact that the shape of g may depend on the measure of the business cycle

(s) used. For instance, g(s) may be convex in s but if one uses another business cycle

variable, λ = ψ(s), then g(λ) may not be.
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