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1. Introduction

Among the enigmas of corporate finance theory
that have received little attention is the puzzling
use of the payback method as a capital budgeting
tool. Although the payback method has many
drawbacks, it is widely used in industry (see
Klammer 1972; Fremgren 1973; Schall, Sundem,
and Geijsback 1978).' Gordon (1955) attempted
to explain this anomaly by observing that the in-
verse of the payback period is an approximation
for the internal rate of return. But as Sarnat and
Levy (1969) point out, the accuracy of the ap-
proximation depends on the life of the project
and its IRR. For low values of IRR the inverse of
payback is a very poor approximation. More-
over, it is difficult to believe that corporations
that use complex and sophisticated technologies
need a rule of thumb to approximate something
as simple to compute as the IRR. In fact, empir-
ical evidence shows that most firms compute
both the IRR and the payback period (see Schall

* I wish to thank Milton Harris and an anonymous referee
for their helpful suggestions, while I retain ihe responsibility
for any remaining errors.

1. It has been found that payback is rarely used as a pri-
mary capital budgeting method, it is used as a secondary
criterion to a discounted cash-flow method such as NPV (net
present value) or IRR (internal rate of return).
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The payback criterion
continties to be widely
used in industry, al-
though there is little
support for it among
the academicians. This
paper attempts to find
an economic rationale
for it by using an in-
centive model wilh
asymmetric informa-
tion. It argues that
when the managers
possess private infor-
mation regarding proj-
ects selected for im-
plementation, it is in
their interest to
choose, ceteris paribus,
projects that pay back
faster. Since manager's
wages depend on out-
put (because their pro-
ductivity is unknown).
by choosing projects
that pay back fast they
hope to improve their
reputations.
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et aL 1978K Therefore Ihe rule-of-thumb explanation does not seem k>
be very satisfactory. The rationale for the use of paybaek for project
analysis must lie eiscwdiere.

Managers who use tlic payback oiethod apparenlly prefei projects
wilh quiek returns. This implies iha( they prefer, ceteris parihns, a
dollar today to a d(tlla!' romorri>u\ over and above ihe eooventional
"impaiienee ' ior eurrent consoinption; if this were not the case tl'ie
managers cotiki use any diseounlcd cash Oow teehoique to lake ints^
aceount the conventional time preferenee for nioiicy. This paper pro-
vides an eeouomie rationale for this additional linse preferenee- which
is inexplicable under perfect markeS conditions. The explanation is
based on the separaiion of ownership and eontrol in organizations and
Ihe inability sifthe owners lo observe the actions i>rthe manager The
firm is modeled as e(5nsisiing of stoekholders anti a nsaoager who is
eniployed to run it. The oulput of the firm depends on the ability of the
maoager. whieh is unknowii to all (yieloditig the manager), the slate o!'
nature, auti deeisioos made by the manager. The niarket for labor is
competitive; so after paying the manager the firisi caimot make poMtivc

•xi profits. The manager can make decisions that resnfi ni
returns or ahernalively, slowx-r returns. In eiiher ease. Ihe

Ni^V is the same, (!l is important to keep liie NPV constant in order to
analyze Ihe manager's preferenee for payback.) The stoekhoklers
eannot observe the manager's dceisi<sns or infer it from the oulput.
Henee the manager hopes that if he selects the qniek-relinii projeet.
the stoekhoklers may altribute the exlra dollars to his ahiHtv and pay
him higher W'ages not only in that period bnt also io subsequent periods,
sinee his pay is based on eurreot and pas! performances. He hopes to
enhance his reputation early, and. since his wages m sybseqneni
periods are based on his repiitalit)n (for managerial ability), he can capi-
talize on his repytatioti for a k>nger period of time. In equilibnum, the
stoekholders will expect {he manager to choose the quicker-relorn proj-
eet and will evaluate him on thai basis. In reahiy, then, the maoagci'
does not gain by ehoosing the projeet with the qmeker return, but be-
cause of stoekholders* expectations, he loses if he fails to select
ihe qyiek-relurn projeet.

Section II describes the basic model nsed to derive an opiioial wage
schedule ibr the manager. In order lo illustrate the ceiih^al idea o( this
paper, the motlel is kepi simple by assuming an additive pro!.hieiion
function and normal distribution of tiie random noise. In Seetion Ul
il is shown that given the opiimal wage seheduie derived in the previ-
ous section, the equilibrinm projee! ehctiee is. eeteris parihi^s, the oT?e
with quicker returns, [n Section IV the same result is proved nnder
etsndinons rni)re general than in Seetion III. Section V concludes the
paper.
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11. The Model

In this section a simple model is used to characterize the optimal wage
schedule of the manager." This model illustrates the basic idea and
provides the economic intuition. A more general model is provided in
Section IV.

Consider an all-equity firm run by a professional manager. Let the
market consist of a large number of such identical firms. All these firms
produce the same consumption good using one factor of production—
the labor supplied by the manager. Firms and managers are assumed to
live for a finite number of periods, T. The output of the firm in period /
depends on the manager's ability, /?, and a random disturbance term t',,
and is given by the equation

.y, = n + e,. (1)

When a manager is first hired his ability ti is not know with certainty
to either the stockholders or the manager himself. Based on some
information that is common knowledge, the stockholders and the man-
ager hold the same prior beliefs about n. The information on which the
prior is based may be the education of the manager, if he has no
previous job experience, or may be the output produced by the man-
ager in previous jobs. The important thing to note is that this informa-
tion is available to all participants in the market and that all of them
have the same prior distribution of n. In particular, it is assumed that
this prior distribution of n is normal with mean mo and precision IIQ.^
The t'/s are assumed to be distributed independently and normally with
mean zero and precision r.

It is assumed that the managers are risk averse, with their utility for
intertemporal consumption C^ = (Ci. C ,̂ . . . , CV) given by

As can be seen from equation (2), the manager has no disutility for
labor. This assumption eliminates all moral-hazard problems of the
usual type. It is also assumed that the risks arising from the uncertainty
in output, and hence the perceived ability, cannot be insured except
through the wage contract offered by the stockholder. As in Harris and
Holmstrom (1982), stockholders are assumed to be risk neutral. This
assumption helps to keep the mathematics simple. It is also a rea-
sonable approximation when the stockholders are well diversified, so

2. The model is borrowed from Harris anti Holmstrom (1982). Most of this section is
based on their paper.

3. The regularity conditions |m,,| < ^ and /;„ > 0. are assumed to be satisfied.



that the foiiiiocs of one of ihcir Hrms have only negligible iiiipaei on
iheir wealth. The oiaiuiger is preeluded fix̂ ni horros^iog or saving.

The fsrms and the managers enter into a series DI" binding i-period
cootracts,"^ Al the end of each period [he manager ean leave (he firm or
Ihe (inn can fire him. I'he •stockholders, after they have paid the inao-
ager's wage, caimol derive posHive expected profns in aiiv purioU since
Ihe iahi>r iiiarket î  eoinpetitivu aiHl sii;ee there are no other factors of

•-ehefN are updated—-thai is. the posterior distiibiUioo of /i is
computed—on the basis ot al! ihe outpuls proiiuccd by the oianager to
date. Coosider Ihe posierior dis^ribiibon o(n at lime i when outputs v,,
vj. , , , , >\, have beco tshserved. I-roni i I) we know that ( v .̂ v .̂ , , , . y. i
IS a random sample from a normal disthhution with mean n anti preci-
sion /•, Sioee the prior beliefs of/; are assumed lo he rioi'mal with mean
nuj and precision /JQ. Ihe posterior distribution of/i at time t v-^ nonna]
with mean /H, and precision h, given bv (see DeCiroot 1970)

yh

he equations above may be written n\ recursive form as

g p<-imts: iu) I he expected output io period t ts Ihe
same as m, •.. Ihc siiean pcreeived ability of the manager in period t \.
ih) 'The preeision h, develops detcrminivtieally over time, independent
of the output , whiie the mean m,- fi>li()v^s a random waik with declining
variance ( r ) l~he history v' --• fvi- "*'''•- . . . . v j is equivaJent to fhe
history m' = (mo. nh,, . , . .. ni/}: that is, if one is known, fhe other can be
eon^puted.

The manager is hired in period 0, He eomes in with expeeled ability
ni,) and precision fU). On Ihe basis of these parameters of ibe disinbii-
tion of his ability- he is offered an initial wage of n\^, whieh is paid in
period ih After the fii'st period tnitput y-i is observed- the meaai ability
and Ihe precision are updated to m-, and / i , , rChpectivety. Then !he
manager î  offered a new contract that pay^ a wage of iVj m period I,
and so oo.

\:',mmu« knui-ici-m confvAci-. vviil ic^uh in i; \\'AS.C polky u h e i e t h e iiUi!)iigC!-\

is d i f fcn:s ! l UoiV. b i^ HiCiiR p c r c c ^ ^ ' d ,ibiii!> {sec I l i i iHh . m d H o l n i s s r o i R t % 2 ,

Srnns a n d ( \ l ^ t l ! i9M'>. Ihit. a - ' . l i o w o ill A p p , H c . c i i u n d e r ^uoh .1 w a g c p o i i c ^ Use

l li-'-AiU. of ;hlX p'JPC! \!oUh-.
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In order to derive the optimal wage contract, we need to define what
a wage policy is.

DEFINITION: A wage policy d is defined as a sequence of wage pay-
ments {\v,(m')}Jj(), where w,im') is the wage offered In period / given
the history m' up to period /. {Recall the equivalence between histories
y and m'.)

The optimal wage policy can be obtained by solving the following
optimization program:

T- I
r ;̂;--̂

max Eo\ / b' u{w,)
I ^

s.t. E,

J- 1

A^
{m, - w,)\ = 0, Vm'' = (m, , m: , . - . , m j , (7)

.V - 0, I, 2 T

That is, the optimal wage contract maximizes the manager's ex-
pected utility subject to constraint (7).'' The subscript on the expecta-
tion operator indicates the time period in which the expectation is
taken. The left-hand side of (7) is the expected profits ofthe sharehold-
ers. It cannot be positive since the labor market is competitive. It
cannot be negative since that would violate individual rationality. The
following proposition gives the optimal wage policy.

PROPOSITION 1: The optimal wage policy is given by w,(in') = m,, t =
0, 1, 2, . . . , 7 - 1. That is. in every period the manager is paid his
mean perceived ability, given the history up to that period.

PROOF: It is easily verified that the policy above is the only feasible
one. Hence it is optimal. Q.E.D.

Note that the optimal wage policy is noncontingent. Wages in any
period depend only on the cuirent output and all past outputs.

HI. Payback Criterion under Asymmetric Information

To show that the economic rationale for the use of payback lies in the
fact that managers have an additional time preference for money, it is
necessary to compare the manager's preferences between projects that
are identical in all respects except in their payback periods.

Consider the following project:

y, = n + e, + D,{z), t ^ 1, 2, 3. (8)

The project produces cash flows for 3 periods. As before, n is the
manager's ability and f/s are random terms independently and nor-

5. It can be easily shown that (7) implies that, given the available information in any
period i\ the stockholders want their expected /i(?.vr-period profits to be zero.



mally distributed wiih mean /,cro and pieeision r. The pri>jecl's cash
flows depend on the manager's ability, a random stale of natyi-e. and
decisions taken by the manager: 7 C / represents an element of his
deeision set / ; and / J , : / --' A'' are funetions ihat represcol Ihe cash-
flow outcomes ofthe oKinagerial deeision. I'he deeision ," is taken al
time zero.

Let Z "- I A, iU: thai is. Hse maoaiies ean take deeision A oi' B, I .ci

In other word>, decision A provides an extra ih>l!ai' in period \ while
decision B provides an extra dolhir in period 2. The third period cash
Hows are unafieeted by the deeision. This is the simplest set of out-
eomes of managerial deeisions ihal ean be used to ^ludy the reason for
Ihe oianager's .iddilional lime preference. In Seciion JV. more general
sets of outcomes a.re exph^red.

|-"rom nssw on it is assiii3u;d dial die dtscoiinl faek>[ h foi' boli) Ihe
manager and Ihe stockholders is one, Thi .̂ enables us to ctMicenti^ate on
(he prefercoee of Ihe manager ibi" ihe liming of the eaNh Hows beyood
(he preferences gciiei'ated by (he conveniional lime value of money.
Witli this assumption it is easy to see that decisions A ainl B result in
eash flows that have the same risk and the same XPV (XPY being Ihe
slim ofthe certainty eqiiivaients in each period). However. A yields a
quieker paybaek than B. Henee, if there is aoy preferenee for one set of
cashf1ow^ or the olher h must arise beeause ofthe difference in their
paybaek peiiods.''

In order lo highlight the effect of asymmetnc informauon on die
managerial decision, hrst consider the managerial decisitni nnder full

know the nuinager's lieeisioo.
ir the manager's deeision is A, the stockhokiers will evahiaie Ins

perfornianee by (he foiiov"iing set of cqnaSions,

t fse i i t a n a g e i i-. p a h l C t ^ n v c i U i o n i j l l y . - .ui :h p,!>ri!s.*!ii- ,^s u a g c - a r e i i r - ; l !Kk 'd iii I I R -
m g e x p e n s e s . m i l h c n c c , . u v p ; i i i o f !hv . ' i i s h i]ov-'~ s iveil in c \ ; i ! ! ! ; i ! ! n s ! p r o k \ ! v
^c Ci'.n'iun d a i h < u . u>. i h e n s i ^ n a g e : ' s '.t;,.s;c i-: b . i ^ c U -on .sii o-'b^-:\'!.'xi . s ^ t p M ' ^ ]^,il ! i l i^
d i^f e o i n p u u r i g p a ) ' : " i a c k p e r i o d o n N ! ' \ ' u i^ inL- p r e ^ ' - l u e .':^>.h i ' l o u - i u o c - s u n

',my p r e f ' * r i , ' n c e foi O I R * p r o j e c i o ^ e r ! h c o t h e r v \ l u ' o -M inlov!y;iiV,ar, ',-, ,i^»T(r!Hii'
e d g e . O i i h ' v h e i ? i h c r c i-, a \ y n i m e i n t i i u b n i i a t u s n bcl\\,-cn ',i§c ',V:in-:vx'i ' ^ i t J I I K '
o l d e r - - do,c\ a p i c r c s c i s j c l e - u i l \ h \ lIu: q u i e k i M r ^ U i b a r k v-:i>-\\i.
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If the manager's decision is B, the stockholders will evaluate his per-
formance by

vP ^ n + er, / - I, 3

V? - 1 = . + .3;

v,'̂  and yf represent outputs under decisions A and B. respectively.
From (9) and (10) it is obvious that y^ - \ ^ >f, y^ = y^ - I, and
_yA ^ ,̂B xhei-efore, the mean perceived ability of the manager /?(,.
t. = 1,2. will be the same irrespective of the manager's decision.
Hence, by proposition 1, the wage policy is independent of the man-
ager's decision. The following proposition summarizes this argument.

PROPOSITION 2: Under full information, the manager is indifferent
between decision A and decision B.

In other words, as long as the NPV is the same, the manager is
indifferent between cash flow patterns resulting from decisions A and
B. The stockholders are also indifferent between these two decisions.
This result is in conformity with the conventional result that NPV is the
optimal capital-budgeting criterion.

Next, consider the situation where only the manager knows the deci-
sion that he has taken. The stockholders can observe only the output.
Since the stockholders are interested in maximizing their expected net
profits (expected gross profits - expected wages), they would like the
manager to make the decision that results in higher profits to them. In
other words, they would like the manager to make the decision that
would minimize his expected total wages since the total gross expected
profits are the same for both decisions. However, since they cannot
observe the manager's decision, they cannot control it directly. They
can influence his decision only by providing him with suitable incen-
tives. They are also constrained by the competitive labor market: they
have to pay the manager his mean perceived ability (proposition I).
Therefore, the stockholder's problem is to choose a wage schedule that
would meet the requirements of the competitive labor market and pro-
vide the manager an incentive to make the decision that would mini-
mize the expected wage bill (or maximize the expected net profits). To
be more specific, if the stockholders desire the manager to make deci-
sion A, they would select a wage policy according to the following
optimization program:^

PROGRAM A:

Min £o

7. This line of reasoning was suggested by the referee.



such that

Ail expeetations are eonditioiial on the oiaoager s iiee?MOf!. r,qualioii
(I I) is Ihe incentive eonslraint: fhe optimal wage policv sFuHild eiisnrc
(hal the managerN expected utilin' is maximized if he makes decision
A, Equation (12) represents [he conipethive labor market conNiiaini: ia
each period the oiaoagcr's wages nuist be equal to his mean perceived
abilily.

On the other hand, if the stoekhoklcr^ waiii the mana^zcr to mspie-
menl decision B. they would seleci the wage policy aceordnig lo pro-
gram B. which v< obiained by trUerchaaging A and B m program A,
Since the stockholders want to minimize ihc cxpeelcd vvage bill, they
would want to choose the program whose solution resulls in lower
expeetcd total wages. In order to find oal ihe decision Ihc sK>cKhoklers
would prefer, we need the rcsuhs of Ihe following leoimas,

IJ'MMA I: Ixl in.is,,, s^^) represent Ihe nianagerN perceived ahilily
when he hah laken decision .v,,, and the stockholders are evalualnig him
on the basis thai he has taken deeision s,. where v,., A,,, ( |A. B;,'̂  Then.
m|(-- A) > m|(-. B) and ns4.\ A) •• IH^'*- B)

PROOIC [f-%, - A, Ihe manager wilt he evaluated aeeordmg lo the
following equahoos: V| I - a •• (-{-}:• - ^^ ' '̂f~ ^ "̂  -•- -̂ - '̂̂ '̂ '̂ î
equation (5). therefore.

where yilS/r.) '̂  l^ '̂ ouipiil in period f. f -
manager 's decisitsu v,,,. Clearly,, /« | (A. Al >

If. on Ihe Olher hand, s, - B, the inanagci
inii to the foHowing equations: v̂  • n - e

2, UN a Function ol ttu
iA. B) and n!^-,iA. A) -

ill be evaluated accorti

S, "fhi-. !H!!aUor5 nusL

pH5griin: A ' ( H ' ) ihiv d e
n u l a i i o n , i?5 pj'oiirarn Ai
ihc exDCCiauens ase c o

A UJC dv^pondcncc of fhe mea
kler ' s basi-. ufcviih^iliun c^p
emienct: h.-is heen sonKnt-h:i

) i5r A ' l B ' j . the s' .ockbolder'
khuointl sin iiic nia!iai;er'^ d

i!. In spscsfyins nrous'iini A

of c\alu;t!Ki
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Using (5) again we get

(B

H1.2\D, S,n)
) + l>'i(i'm)

r

+ r

+ >'2(-V,,.) - Ik

317

(15)

(16)
o + 2r

As before, m,(B, A) > mi(B, B) and nijiB. A) = m2(B, B). Q.E.D.
LEMMA 2: mi( A, •) < m](B, •) and m2(A, •) = m2(B, •)-

PROOF: From (13) and (15), mi(A, s^,) < m](B. .v,«). From (14) and
(16), m2(A, .v,J = m2(B, .v,J. Q.E.D.

From lemmas I and 2, the next proposition follows.
PROPOSITION 3: The stockholders would choose program A. In other

words, they would prefer the manager to implement decision A.
PROOF: Consider the following programs:
PROGRAM A':

Min

such that

for all >•', and for 5 =̂  0. 1, 2.
PROGRAM B ' :

L ; - _ 0

such that

for all v', and for s = Q, I, 2. Programs A' and B' are obtained by
removing the incentive constraints from programs A and B. respec-
tively. The optimal solutions to programs A' and B' arc given by prop-
ostion I, which states that the wage in any period will be the mean
perceived ability in that period: m^iA, A) for program A' and m,(B. B)
for program B'. From lemma I it follows that the optimal solution to A'
is a feasible solution to program A; that is, it also satisfies the incentive
constraint (11). Hence it is optimal for program A. From lemma 2 it is
clear that the optimal solution to program A' is strictly less than that of
program B'. Thus, solution of program A = solution of program A ' <
solution of program B' < solution of program B. Q.E.D.

Therefore, in equilibrium, the cash flow pattern with a quicker re-



(urn. Ihat i^, lower payback period. K cho^en. The intuition behind Ihe
preference for n quicker rcUirii is simple. Choiec of sueh a eash flow
prcsumahty enhances the manager's r'cpulation caiiier; ihat is.. he
hopes !o aehieve a higher repfit;stii)[i early. And sine: the effeets of this
repuUUion iingois oo Oveaiise lus wages are depcndeni oo pas! perfor-
maoce). he is able to enjoy Ihe benefits for maiiy periods into Ihc
ryturc. All this ean happen only ifthe stockholders are fooled. Bit! (hey
arc noi, as they know how (he manager will behave anti make allow-
ances for !t when evaliiatiog his pcfforisianee. Nevertheless, the man-
ager is foreed lo act hi Ihe way he is expected io aet. since any devia-
tion would only make fiim worse off. To see Ihis, suppose he lakes
decision B. The stockholders are evahiating him oo the basis Ihal he
has taken decision A, and when they see the firsi period returns fall
short of their expeetatfons. they attribute the poor pcribrmance to ihe
manager's (injabiliiy: his reputation h runied and his wage is iowercd-
Thc manager is t̂ f course eompensaled in Ihe seeond period when the
stockholders reali/e an ynexpeeted bonus., which (hev altribiue lo
the nianager's abihty. This restores his damaged reputation and for
the purpose of future wages he is back on even keel. Bui Ihe damage
done in Ihe earlier perRnl eannol be reefiiied. 'fhcrefore even though
[he manager does Eiot reali/e any aelual gahis hy taking tleeision A.
he IS forced to take it. Similarly, stockholders alw'ay^ evaluate him on
the basis of deeision .'\. for they slaod to lose if Ihey evahiaie him
on a diffcreol basis.

Reeeotly Hoimstroo^ and (\)sta (I984i have suggested Ihat risk
averse managers might wish lo avoid projeeis thai resiili in the revision
of fheir (ufiknown) abihty. Wilh updating, the mean peree^ved abilit)
follows a randon^ path with nondeercasingexpcelcd vahie (llohnstrom
ami C<?sta 1984. eq. 112|). Sinee Ihe expeelcd value of Ihe mean per-
eeived abihiy is noodecreasing. there is value lo learning or updating.
However, sinee the mean pereeived ahshiy follows a random path,
there are eosts to learning for a risk-averse manager. I'hns. dependnig
on ^he <1egrce of his risk aversion- the tnaoager may prefer m^ updating
al all. Holmstrom and Costa i:onjeetiire that this possible aversion to
ypdaiing may lead niauagcrs to ehoose projects thai yield ail theii eash
flows in later periods. One reason the maoagei" in our nioilel doe-- not
have sueh ineenlives is simple: Ihe updating proeess is ihe same, irie-
speclive of whether he takes deeiMOo A or B. This is heeause hoth
projeets have the same nsk ir,i. Also, Iheiv^ is an important differenee
between onr models regarding the deeision set of the inanager. hi our
rns>dei, Ihe only decision the manager has to make is Ihe projeet ehoiee
at the beginning of Ihe hrst period. In [he Holmstrom-Costa mode! he
has to make similar deeisions at the beginoiog ofcaeh penod-- ra other
w\>rils. diey are eousideiing a series t>f projeet--. It'in ihe Halmstrom-
Costa model krxample 1) the managei's ouly deeision is in aeeept or
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reject the project in its entirety (as against doing so in each period),
then his incentive to reject is reduced dramatically. If he rejects, he
gets nothing in the second period, while if he accepts, he expects to get
his first period wage. Third, the unobservability of the project choice
by the market reduces the manager's incentive for choosing projects
with later cash flows. If the market cannot observe the project choice,
they do not know whether poor returns are a result of the manager's
(in)ability or due to the fact that he has chosen a project with later cash
flows. This will lead to unfavorable updating of the manager's ability.
This is the primary reason why managers scramble to show quick
resuhs.

IV. Generalization and Extensions

In the last section, in order to illustrate the conditions under which
corporate managers will choose projects with lower payback periods, it
was assumed that the production function y was additive in its compo-
nents n and e^ and that the random term e, was distributed normally.
These assumptions were made for expositional reasons, in this section,
it will be shown that a wide variety of production functions and distri-
butions will reproduce the results obtained in the last section.

Before deriving the sufficient conditions that the production function
and the distribution of c, have to satisfy in order to produce the result
that a dollar today is worth more than a dollar tomorrow, a few terms
need to be defined.

Let X G /?'" be the observations from a distribution with an unknown
parameter/*. Let/(.v|/7) be the conditional density of probability mass
function on R'" when P takes on a particular value p.

DEFiNTTroN:'̂ ' Observation x is more favorable than observation >' if
for every nondegenerate'^ prior distribution G of p. G{.\x) stochas-
tically dominates Gi.\y) in the strict first-order sense, namely, G(p|.v)
< C{p\y) for all p, and G(p\x) < G(/?|v) for some p.

DEFINITION: Let .v, >' e R. Let p and // be two realizations of the
unknown parameter P with p' > p. Then the densities [f{.\p}] have the
strict monotone likelihood ratio property (MLRP) if for every -V > y

fi-^p) _[(y\p)_
fi.x\p'} fiy\p')

The next lemma is useful in proving the central result of this section.
This lemma states the conditions under which "more is better." The
proof is given in Milgrom (1981).

9. The lerminology is borrowed from Milgrom (1981).
10. A distribuiion is degenerate if it assigns probability one to a single point, if nol, it



IJ :MMA 3: The i amity ot'don^ilies \fi. \pi\ has (he ^iricl MLRP if and
<inly ll'x '• V intplics lh;u .v is inoro favorable Ihaii w

Now we Uirn to the centra) revolt î f this sectioii. I,el v,. - xiji. e j ,
t I, 2. , , . / / ' . be the pRKluciion funetioo. As before, n is the abililv
of'[he manager, whieh i^ unknown to himself aN well as Ihe stockhokl-
crs . Let r.. be jodcpeiHieni rcali/alioiis of (he raodoiii vaiiable e, I ,ei /;
("" R^" be [he pacanieler vector of the distrihytioii of r . The tiislrihiitioii
of e and the parameter p are assiuned io he public knowledge. There-
fore,, the outputs y,. / - ] , 2, . , . . 7. may be considered iodcpcndenl
reali/.atKsns of ihe raiKloni variable ( Y\fi.. p). Deeisions A and B are
defined as before.

i Let V be a monolonicatly increasing fimcti(*n o f / i . for any given
vahie of ('-;, / - K 2 7'.

Suppose Ihe family of dislribuSioos of Ilic random va^iable^ |) Y!/h
. n G R\, with probability mass fuiieli(Mis or densities \f{x\n. p), a C
has the following properties:

A syflieieot siatislic for a ol IT\C\1 Jimeiisioii (independent of ihe
number of observations) of the form i j . . , v,.
Stnel MLRF wills sespeei to tire siiflicient stalistie 1; iV: m the
following sense:
Let iV',. , , . . V.) and (vj- - - • , y? be two ;>els of observations.
Let V; -" 1 ; .V, and y/ •- i / ly,'. rhen, for evcr> \\, ;- yl and

fiy/ln', ;>t , p}

cn. the equilibrium proieet choice will be

It is easy to see that Ihe MLKP eonditii>n is also a necessary one.
The eondition abotit (he siiflkient statistie IN iioi a necessary one- and il
is Lurly easy to construct exainplcs to show this.^^

A iiuinber of well-known distributions satisfy conditions n and iii in
the proposiliors above. Some examples , other Ihan [he ni>rmal dist? ibii-
tion. are ihe Benioiilli distribution, the Poissoo distribution, die expo-
ueolial distribulion, aod She negative binomial distrihulion,

ll hatl been assumed so fai' that decision A yielded an ;HldUional
dollar in period I and decision B in pesiod 2, All (he resnlts above will
still hold if deeisit>n A yielded the additional dollar ni period / and
decision B yielded Ihc additional dollar in period / • s- By renumber-

n , ( ^.insKit'i" tlie p ^ o d u c h u i i hu!i:f<(in v, /•• ! ^, u h i ' r c i',. is uii i l 'oinily i.h\|jibi(k*d
i-vtT i .'I, Ol Tht^ ^-ofijug^ik' famHy of f i i s t r ibni io i is foi s a n s p i e - (yom u umtorm J i ^ t r ibu -
f!on K t h e PiifCio (ii.mtK, If -cim (x- shoLvri ihaK evc i i Uunigls t h e suiTk-ieni ^SaU^ni. >i! !hin
c , \ iunple d o c s nol •••.uus'iv c o n d i t i o n is of pFopos ihu i i -1. ihi- T!.»i;ii;i;»- w HI --aVi •.•h'jo-<c thv
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ing the time scale (with period / - 1 as period 0), it can be shown that
an extra dollar in period t is preferred to an extra dollar in period / + 1.
It is also clear that this argument is transitive over time. Hence an extra
dollar in period t is preferred to an extra dollar in period / + .v.

The only difference between decisions D,{A) and /),{B) was the tim-
ing of the extra dollar. This can be generalized to some extent. Suppose
D,(A) and D,iB) are defined as below.

with strict inequality for some s < T.
The first equation assures that the NPV of the two decisions is the

same. It is clear that decision A is preferred to B. This is again because
by taking decision A the manager can be assured that his mean per-
ceived ability, and hence his wage, in each period will be at least as
high as would result from decision B.

V. Conclusions

The object of the paper was to investigate whether there is any eco-
nomic rationale for the use of payback criterion as a capital-budgeting
technique. It was found that when ownership and control of a firm are
separated the manager of the firm has an incentive to make decisions
that yield cash flows earlier in time, when the owners cannot observe
the decisions.

While this paper clarifies an important issue concerning payback,
namely, the preference for quicker returns, it does not address the
other issues. For example, how is the cutoff date determined by the
firms? What factors are involved in its determination? Also, the paper
rationalizes the use of the payback criterion only in firms where own-
ership and control are in different hands. Presumably, some owner-
managed firms also use payback. My theory does not explain this.

Appendix A

Proof of Proposition 4

Because the production function is not additive, the optimization program tor
the wage policy given in Section II must be rewritten as follows:

max £•(, / h' t/fw,)
d • ' - — '



i e c i t o

It will be shovMT ihat, g i \ en conditit^ns i iii. IIR- [lianager is stricilv better a((
Utking decision A if she s loekholdcrs evalualc him on tlie basis uf decision B.
Ooce this t> shown, following die line of the proof for lemmas i and 2 and
pr(5posilion 3 it is easy to show Uiat A is the equiisbrium project choice

In period 1. decision A resiills la higher cash flov^^ thai? decision B, •\s [he
stockhoklers are nsing decision B as their basis, the liigher cash t1ou is atCnb-
uicd to the manager ' s ability. Bv condition iii and lemma 3. Ihe posierior
distiibutitsn of i-j m period 1 v,.hen decision A is lakeo. 6',vi(?| vi""). dominiites ihc
poslerioj' distribution of ii in period I wtien decision B is taken, (^V t̂'/r vf). in ihe
siiiet first-ordei sense of slochaslic dominance.

Let us denote by A/ty.viie:) the enmnjative distrit^iuiion funciion of ibe
second-period ontpyi v- as assessed bv siocklmlders. g)ven the ennuilahve
oiUpul V. up lo and including period I -dud tbe uusdooi disiurbanee term c;.. I he
only unceiiainty involved in ilns distrifuHion is dne io ii. If the manager takes
decision /. / A. II, we denote ihi-- disirihoiion lunetii>n by Mi v> v^. r^ j . Noie
that by condition u. the distribution function Al will be ibe sa;ne in-cspeciuc of
Ihc decision taken. ! of any reali/.aiion )'f i4 Uie landon^ uiri.ibie -.:. we ha\ i.

prl \ . • V' .\ '

by condition i.

S i n c e ( / \ O i v i ' ' ) s t o c h a s t i e a i l y d o m i n a t e s i^,i,s ,\f\ \n i h e - . i r i c i f n - s t - o r d c r - ^ c

i w i i h s T r i c i i n e q n a f i t y f o r s o m e i ? ) .

onicA s e n s e o l s i o e h a s i i c d o o i i n a n c c f o i a l i r c a h / a t i v > n s o l ' e ; . T h i s i m p l i e s t i K t

/ : l v - . y i ' . ,'<} • k{y<.\''^. >;••) l o r a l l r e a l i z a t i o n s oi ^ .. H e n c e . / : i v - \ '^i '

Hi s ^ ^ y f K S i n c e y ^ - • \ -" . ( i •^ir, y > i ( ^ , l ' i ' } • • ' ' : . H e n c e ! \ i \ , } ••}} / : ( v^ \\'^!

F r o m she p i o o f o f p i ' o p o s i d o n I it is e l e a r iU.it t h e wisge p o l i c y ir,

/ : ! V, i I V;) is o p t i m a l l o r i h e j . ; enend p K > d u c u o n functK*n v, via, (%) where c,'

a r e m d e p e n d e n t l y a iu i i u e n l i c a l i y ( .hs i r ihuted a c c o n h n g io s o m e dls ( r ih i j i io i

f u n c t i o n . A s b e f o i e . lei w'' a n d wl'' ihc wuszes in f)eriod / if t h e n iana j t e r t j k e '

d e e i s i o n A a n d dee i - i ion B, !espi_'cti\ el> , TJ ien , e i e a r b . 'I'' • *c!̂  a n d '••'' s» '•'•

H e n c e ihe niasKii^ta is sEiicilv f ie i ter off u^kititz d e c . s i o n ,-\,
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Appendix B

Proof That the Manager Prefers Project A Even When Firms Are Com-
mitted to Long-Term Contracts

When firms are required lo offer long-term contracts to their managers (who
are not bound by them), program A gets modified. Instead of equation (12), we
have the following constraints:

(BI)Es I X '4H',(y)]|A|

for a l l / and for .v - 0, I. 2.

(B2)

Equation (BI) states that the firm cannot make positive expected profits in any
period. This is different from (12), which implies that the firm should make zero
expected profits every period. Equation (B2) is required to make the contract
efficient. Programs B, A', and B' are also accordingly modified. From Harris
and Holmstrom (1982). the optima! wage contract for program A' or B' is

KV = maxim, - z.(h,)]. (B3)

Since h, moves deterministically over time, z, is independent of the manager's
decision. Lemmas 1 and 2 still hold. From lemma 2 and (B3) it follows that the
manager's wage in any period t under program B' is at least as great as that
under program A' under all histories _v', while it is strictly greater on a set of
positive measure. From lemma I it follows that the optimal wage contract for
program A' is also feasible, and hence optimal, for program A. The rest of the
proof follows that of proposition 3.
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