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01 INTRODUCTLON

ne can think of the managers of a firm as having two conceptually
geparate functiﬁns. One of these functions could be called bureaucratic and
involves coordination and record keeping, e.g9. ensuring that components arrive
on-site at the right time, that the payroll is met.on time and that contracts
with customers are recorded and monitored. The other function is more
strategic than bureaucratic and involves decision making such as whether to
launch a new product, whether to invest in new plant, or whether to make an
acquisition or a divestiture and so on. It is this latter function that this
paper will deal with and so the management of the firm will be modeled as a
decision-making organizatian. Given this view of management one would like to
know how the owner(s}! of a firm would structure management; how many managers
would be hired, will the managers be organized hierarchically, what decisian-
making procedurgs and rules will be used? This paper attempts to provide some
answers to these questiaons,

Critical to our analysis of the structure of management is the assumption
that managers are fallible and thus make honest decision errors. ! More
specifically, we study the following problem: A firm is prasented with a
sequence of projects each of which may either be profitable or not.
Unfartunately, the owner(s) af the firm is not able to distinguish ex ante
whether a particulaf praject is prafitable or not. The owners therefare hire
managers who evaluate the profitablility of the proposed project. Although
each manager’s opinion is informative it is not perfectly so, i.e. each
manager is fallible. Plainly, because managers’ project evaluations are
ERERERERERERER

L See Sah and Stiglitz (1984, 1985) for an analysis of same of the
implications of fallibility.
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patentially error ridden the owners of the firm must decide upon the number of
managers who should review the project and an how the apiniaons of the managefs
should be aggregated into a final decision abaut the project.

This approach to the optimal size and structure of management
organizatiaons has several interesting features. First of all it treats the
managers as a qroup ar organization rather than the individual manager as the
decision-making unit. Indeed, the aoptimal decisian rule will usually reguire
several managers to review the project and will specify haw the resulting
opinians shauld be aggregated into a decision., 8econdly, organizing
management so a3 tao make optimal decisions gives, in a very natural way, both
a theory of the optimal size of management and of its hierarchical
arganizatiaon. Finally, this approach can potentially tie the size and
organization of management directly to parameters of the decision-making
technology, the product market and the market for managers. Thus, far
ewample, the decision-theoretic approach permits us to analyse the impact of
monapolizing the output market on the structure of management, It alsa
enables us to study the impact of a parametric rise in the price of managers
an the size, configuration and number of the management teams that will
compete in the product market. This integration af market and firm structure
is both navel and, perhaps, the greatast benefit of follawing the
decision-theoretic approach adopted in this paper.

The main conclusions of our analysis can be briefly summarized as
$0llaws., First, we find that an optimally designed management crganization
uses managers sequentially and that these managers form a (stochastic)
pyramidal structure. Secandly, the apinians af the managers concerning a
propased project are aptimally aggregated through, in the case studied, a form

af qualified majority voting where the majoritiess needed for acceptance and
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rejection may differ. Thirdly, we find that, although the response of these
optimally chosen majorities top parameter changes are fregquently ambiguous,
they in general ¢hange as one would expect, e.q. an ingcrease in the wage paid
to managers reduces these majorities and thereby the expected number of
managers that will be used to evaluate the praject. 0On the other hand, an
improvement in the quality of screens increases these majorities. However,
because the precision of the screens has increased these majorities may be
reached faster and so the expected number of screens used falls.

Fourthly, when the firms, viewed as consisting of management teams, are
embedded in a market for managers in which the supply curve is upward sloped,
these changes in parameters effect both the number and size of the optimal
management arganizations in that market. Thus, for instance, a rise in the
payoff from doing a good project will raise the number of firms in the
industry and lower thé equilibrium size of the management organizatian,
Finally, if the industry is monopolized the monopolist will use fewer
management organizations but each organization may be either smaller or larger
than the firms in the competitive industry. In addition, even when each
screening organization is smaller and so less efficient than the carresponding
campetitive firm, the monopolist may still make more efficient decisiaons
because it will not, unlike the competitive industry, resample previously
rejected projects.

Before proceeding With our analysis, we should point out some limitations
of the maodel developed here. First, we abstract from the standard incentive
problems that form the core of the principal-agent approach to the internal
structure of the firm. In recent papers, Sah and Stiglitz (1984, 1983) and
Arraow (1985) provided cogent reasans for the analytic approach adopted here,

We are not suggesting that incentive issues can be ignored in firm
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organization, Indeed, we regard our analysis as complementary to, rather than
a substitute for, the pfincipal-agent approach. However, error making is at
least aﬁ camman as principal-agent types of problems and has consequences for
the owners of firms that ar? patehtially at least as great as those stemming
from the possibly incorrect incentives faor the managers.

Second, we do not specify the source of the projects that are evaluated
by the managers. Thus we abstracf from the important managerial or
entrepreneurial function of finding a source of such projects., 0Our focus here
is on the evaluative function performed by managers once the projects have
been generated.

Third, our-view of how these evaluations are performed is also quite
simple., For example, we abstract from the possibility that the decision
procedure may involve individual managers meeting in committee to "hash-out"
the merits of a project. Such procedures seem to occur when different
managers have different areas of expertise. We abstract from this potentially
interesting complication.

Finally, even though the management structures derived in this paper are
{stochastically) pyramidal, they are not hierarchical in the sense that
managers at higher levels perform different functions from those at lower
levels, However, using the approach developed here, meaningful hierarchies
can be generated endogenously if, for example, managers differ in their
evaluative skills, (See Bull and Ordaver, 1983).

Despite these limitations, the analysis developed below sheds important
light on the role of decision-theoretic concerns in structuring organizations.
It also points the way to further analytically tractable extensions of our
simple madel.

The paper is organized as follows. Section | models the problem facing
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an individual entrepreneur who has to choose a management size and structure
and then goes an to carry out some camparative static experiments on that
problem. The following section embeds the firm in a competitive industry and
enables us to show the link between firm and market structure., Section 3
considers how a monopoly would organize its management., There we also compare

a4 monapolized and a competitive industry. Section 4 contains some concluding

camments.

1: THE FIRM‘S OPTIMAL MANAGEMENT ORGANIZATION

A: Preliminaries

An entrepreneur has a proposed investmant project that has been drawn
randomily from & populatiaon af projects containing twa types of praojects, good

and bad. The proportion of good projects in the population is “0

and is know
to the entrepreneur, If the entrepreneur decides to accept and carry gut the
project his payoff will be P»0 if the project is good and -H, H>0 if it is
bad. If the entreprenesur rejects the praject then the payoffs are -J if it is
good and K if it is bad where J,K20. Given these payoffs the entrepreneur has
an incentive to examine the project before deciding to accept or raeject it,
The entrepreneur can hire "screens® to use the terminclogy of Sah and Stiglitz
{1984). These screens can be thought of as managers. The screensg are
identical and can be hired at a cost c¢>0 to praovide apinions as ta the type of
the project. These opinions have a probability p & (1/2,1) af being caorrect.
Thus the screens’ opinions are infarmative but subject tg error. The problem
faced by the entrepreneur is, then, to chogse how many screens or managers to
hire and what acceptance/rejection decision rule to adopt.

The entrepreneur’'s prablem is the choice of an optimal statistical



experiment. Each screen’s opinion is a realization af a Bernoulli trial with
a parameter & € {p,l-p}, We will assume that the screens farm their opinians
independently and so the cpinions aof n & {0,1,2,..} screens form n
realizations from n identical and independent Bernoulli trials. From these n
observatiaons the entrepreneur can estimate whather the parameter af those
trials was p, i.e. the project is good, or i-p, i.,e. the project is bad.
While more cbservations would reduce the probability of making a false
inference abgut @, the marginal cost of additional cbservations (managers) is
positive and so the entrepreneur is faced by a true optimization praoblem,

It can bhe shownz that the Bayes sequential decision problem facing the
entrepreneur has as a solution a procedure which consists of a (Bayes!
decision rule and a stopping rule. The decision rule ia particularly simple,
Let n" denote the entrepreneur’s posteriaor probability that the proposed
project is good after receiving n opinions. The optimal decision rule if he

makes an accept/reject decision at that point ia simply to choose,
Max (r"P - (1-1MH, -1"J + (1-r")K} (1.1)

Denote the expected payaff from following this decision rule at n by potun).

This is called the Bayes decision risk of making an immediate decision at n.3

Notice that it only depends on n through the effect of n on the posterior.
ERAEXERRRERRRE

2 See, for instance, Berger (1980) Corollary 7.1.

3 The statistical decision literature always expresses payoffs
in terms of losses rather than gains., Hence, the Bayes decision
risk is the minimized tacross decision rules) expected loss of
making a decision at n. We have cast everything in terms of
gains to make the exposition congruent with the way problems
are usually discussed in economics. So for us the Bayes
decision risk is the maximized expected payoff from making a
decisian at n,
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The stopping rule is more complex. Let pm(n") be defined by,
pmtw") = Max {potwn),p*(n")}

where p*(n") is the minimum Bayes risk (maximum expected payoff) across
decision procedures which take at least one more observation. The sptimal

stopping rule can be expressed as, stop sampling at the first n such that,
ppln) = 2% )

This rule, because of its dynamic programming formulation, is often very
difficult to solve for explicitly. Fortunately, for the problem analysed here
the rule is tractable., Figure 1.1 plots potn") and p*(w“). The latter can be
shown to be convex, centinuous and to take on values of K-c and P-c at n"=0
and 1 respectively.4 [f there exists an interval of w, (7',w’ '}, in which
p*(w“) is above po(nn) and “0 lies in it, then the entrepreneur will hire
screens., Moraover, the entrepreneur will continue to hire screens (sampla}
until the first time his posteriar probability that the project is goad leaves
{(n*,m’’)., His optimal decision rule implies that if his posterior crosses
m‘{n’’) he will reject {accept! the praoject.

The Bayes sequential procedure for the entrepreneur is, then, the
stapping rule described above together with the decisian rule given in
equatian (1.1)5 In this case the optimal procedure can be formulated quite
simply as a sequential probability ratio test (SPRT) of the following form.
Let z, be the log of the likelihoad ratio of the i th. screen®, i.e z; 3

1
ERERRBRRERRRES
4 See Berger, 1980, p.332, Lemma 1.

: For a formal proof of this see Theaorem 8, Berger (1980).
Let L denote the opinion of the screen. The likelihood
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Inf{t-p)/pl

-z, if the opinion is that the praoject is bad and z, =

Infp/ti-p)]

in

2 otherwise. Let n)>0 be the number of screens that have given
opinions and let Z(n} be the sum over the n screens of Zi» The SPRT is,

1f Z(n)_>b stop sampling and reject the project

if Z(n)_<-a stop sampling and accept the praject

otherwise hire another screen.
In this procedure,

0

-2 = Inl(t-n 20707 (1-29)1

b= tnlit~12%/n’ (1-19) 1.

Thus the decision rule is nothing more than a gualified majority voting system
thaugh one in which the majorities needed to accept and reject a proposed
project will usually be dif+erent.7 In Fiqure 1.2, we plat two hypothetical
paths of opiniaons, one leading to rejection of the projeact and the other to
acceptance,

The preceding analysis has already produced two important findings about
the optimal management organizatian. First, we have saen that the project
Will be reviewed sequentially and so the management team will be structured
hierarchically in the sense that the project proposal will he evaluated by one
manager and then passed up to another manager and so on until a decisian is
made, Notice that the stopping boundaries -a and b may be greater in absolute
value than z. Let the minimum of the absolute values of the two boundaries be
koze. If k0>1, then the entrepreneur can let ko screens initially evaluate the
ITTTTTTTEY P YT I
ratio of @, to 8, given the ith. screen’s apinion is L =
;(KARBITIF xiie . . _

n important empirical questian not pursued here is whether,
in fact, firms use different majorities far acceptance and
Eejectiun of projects.

[t is-easy tao shaw in this case that the cptimally chaosen
boundaries will be intager multiples aof z.
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project simultaneously without vialating the Bayes procedure because at least
ko @valuations will have to be carried out before it becomes optimal to make a
decision. In this case the team 1§ structured in a hierarchical pyramid with
3 base size k,. The size of the second tier will depend an the outcome of
these first kg screenings. The log likelihood ratio after these screenings is
Z(ko). Denating the minimum of the absolute values af [-a—Z(ko)] and
th-Z(ko)J by k1 we see that the size of the second tier of the management team
will be equal ta kl’ i.e. the minimum number of additional evaluations needed
betare it could possibly be optimal to decide on the project. This process
can then be repeated to get the gsize of the subsequent tiers. Thus, both the
number af tiers in the organization and their gize are stochastic. f(+f coursa,
this characterizatian of the internal structure does not carry aover to cases
when the entrepreneur must precommit to the structure and number of screens.

The second fact about the optimal team is that no single wanager is the
decisiaen maker except in the degenerate case wheres b=z and -a=-z, Each
manager praovides an opinion and the arganization provides the decision. The
decision rule aqgregates the individual maragers’' opinians via a simple vating
mechanism that uses a qualified majority rule though the precise nature of the
qualifications depend on whether the decision is to accept or reject the

palicy.

B: Optimization

We examine next the precise dependency of the expected size of the
optimal management team and the accuracy of its decisions on the parameters of
the entrepreneur‘s problem. Farmally, the entrepreneur’s problem is to choose

a and b so as to maximize his expected payoff, rim,d). Thus,9

FERXERERRRERRF

? To ease natation, from naow on we will dencte the proportion



Max ri{m,d) = n{p - H(GOJ(P+J) = CEGND +

a,b

{1=-m[-H + 3(91)(H+K) - CEIN]

10

(r.2y

where f(8) is the probability of rejecting the project conditional on the

value of 8 and EON and EIN are, respectively, the expected number of

screenings prior to a decision being made conditional an 8, or 01. More

precisely it can be shawnt?

e? - |
A(0) = PPt
e -1
ehtea - 1}
Bll) =2 ~m——emwmne-
ea+h -1
EON = -1 [-a + (a+b} Bt ]
2{2p~1}

EIN ) 1 [-a + (a+h)f(1)]

2 (2p-1)

Equations (1.,3a) and (1.3b) show that §(1)

that the A4 and EN terms are equal to

(1.3a)

(1.3b)

1.3¢c)

(1.3d)

> 8(0) which means that if the

firm follows the Bayes procedure the probability that it will reject a bad

project (accept a good project) is greater than the probability that it will

reject a good project {accept a bad praject).

The probabilities of rejectian

depend on both a and b in ways that are intuitively sensible, If a (the

ERERERFRERRERE

us the population of the projects that are goo by m rather than

10" gee Berger (1980), pp. 341-342.
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majority needed far acceptance) is raised the probability aof rejecting either
kind of project rises while raising b (the majority needed faor rejection}
raises the probability of accepting either kind of praoject,

The expressions faor the expected number of screenings, (1.3c) and (1.3d)
are, unfortunately less transparent, Certainly raising a or b or both will
raise the expected number of screens used no matter whether the project is
gocd or bad. However, ranking the relative sizes of EON and EIN is difficult
except in the case where a=b. In this éase EON = EIN. When a is close to b
then it can be shown that if b>a, a good project will be expected to be
screened more often than a bad pfcject while if b<¢a this is reversed.

Turning now to the necessary conditions for the optimum chaice af the

stopping bounds we have

ry = ~mMP+NA,10) + (}-w)(K+H)ﬂa(1) - (1.4a)
cr -1 + {0y + (a+b)Ba(0)J +
zi(2p~-1)
cli-m [=1+ B{1) + (a+d)A (1)] ¢ ©
z(2p-~-1}
Fy = -n(P+J)ﬂb(0) + (1-n)(K+H)Bb(1) - {1.4b)
ct [A(O) + (a+b)ab(Q)] + cll-m) (A1) + (a+b)Bb<1)] ¢ 0
z(2p-1) z(2p=~1)
ar, = bry = 0; asb 2 0 {{.4c)

ln Appendix | we collect all the relevant partial derivatives., Regarding rav
we note that the only positive term in the whole expression is
(1=m) (K+H) A, (1}, Increasing a raises the expected number of screens that will

be hired and so expected screening costs. It also lowers the probability of



TABLE 1.1

COMPARATIVE STATICS

____________________ IR |
da/dg - - -/+
ar
db/dc - - +/=
da/d(P+J) ? -
db/d(P+J) ? +
da/ad (H+K) 7 +
db/d (H+K) ? -
da/dp + + /=
or
db/dp + + =i+
da/dw ? -



12
accepting a goad project. The only benefit from raising a is that it raises
the probability of rejecting a bad project. Thus, unless the cost of
accepting a bad project relative to rejecting it, (K+H!, is substantial, the
optimal a will be zero and no screening will accur.

With respect to Fpo the only positive term is -w(P+J)ab(OJ. ARgain,
increasing b raises expected screening costs and raises the probability of
accepting a bad project. Itse only positive effect on expected profits is
through laowering the probability of rejecting a good project and so unless the
cost of rejecting a good project relative to accepting it, (P+J), is high, b

will be set to zero and no screening will take place.

C: Camparative Statics

Therea is, of course, no hope for solving (1.4a) and ({.48) explicitly far
the optimal bounds a and b, However, additional insight into tﬁe problem can
be agbtained by analyzing the comparative statics effects aof changes in some of
the underlying parameters. Such caomparative statics exerciges are also
valuable because they produce testable hypotheses about the responses of
management organizations tq changes in the envirgnment in which they aperate.
It turns out, unfortunately, that at the level of generality used in this
section there are only a few unambiquous predictions that can be made.

The comparative statics results for the firm are presented in Yable 1.1}
below. (See Appendix ! far the calculations). Table 1.! demonstrates the
importance of the cross partial of the expected profit function in the
caomparative static caleculations. It is therefore worthwhile explaoring why

Fap ©20 be of either sign. Fap €an be written as
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Fab = -W(P+J)Bab(0) + (1-n)(K+H)ﬁab(1)

- c“Eab,ON - C(l-")Eah,lN (1.58)

Fram (1.3) We see that the sign of Fab depends, in part, on the signs af thne
cross partials of the rejection probabhilities an the one hand and those of the
screen demands, EON and EIN, an the other. We can view the entrepreneur a;
employing a management organization as a technology ar praduction function
that use a and b as "inputs” and produces twa "outputs" ar products. These
are accuracy in accepting good projects, [1-4{0)}1, and accuracy in rejecting
bad projects, f(l). A little calculation shows that 3ab(0) < 0 and Babtl) }
0. Thus a and b are complements in the praduction af bath outputs. Expected
revenue is linear in the two outputs. However, unlike the traditional theory
of the firm, costs, or here expected costs, are nat linear in the two inputs.
In fact it can be shown that Eab,ON 7 0 and Eab,lN > 0. Thus the two "inputs"
are also complements in the expected cast function. Heuristically then, ane
can say that rap is more likely to be positivetnegative) the higher (lower) is
the degree of complementarity between a and b in producing accuracy relative
to their complementarity in the expected cost function.

From Table L,! we see that the values of Fab that give ambiguous signs
for the camparative statics differ across the set of parameters. Notice that
when ¢ and p are changed, the parameter change has no effect on the relative
impacts of marginal changes in a or b on either the accuracy of the acceptance
and rejectihn decisions nor on their relative marginal impacts on the expected
cost of screening. Thus these parameter changes give no direct incentives to
substitute a for b or vice versa. The direct impact of these parameter

changes is just to change the marginal cost of accuracy. In the case of a
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rise in ¢ which raises the expected cost of accuracy at the margin, the
entrepreneur wishes to respond by lowering the ekpected number af screens
used., [f he attempts to do this by laowering b(a), then, with rab>0 this will
lawer the marginal product of a(b) providing an additional reasan to lawer
atb). If rabCO, then lowering b(a) might raise the marginal product af a(b) by
enough to actually induce a rise in a(b). WNote, however, that both a and b
will not rise. In addition, as c rises the demand for screens falls even if
rab(o.

Similar reasoning applies to p. An increase in p represents neutral
technological progress in decision making and the entrepreneur will increase
the accuracy of the decisions by raising a or b. If rab>° then a rise in b
will inducg arise in a and vice versa., However, if rab is sufficiently
negative it may be optimal to reduce gne (but not both) of the bounds.

Unlike ¢ ar p, a change in n does change the relative marginal impacts of
a and b on both accuracy and the expected number af screens that will be used.
As a rise in ¥ raises the proportion of qood projects, it shifts weight antg
the costs aof erroneously rejecting good projects and the expected cost of
screening good projects. These costs can both be reduced by lowering a and
raising b and pravided rab<0. these changes will reinforce each other.

Changes in (P+J) and (H+K) clearly change the relative costg af type ane
and type two errors and sa the marginal impacts of a and b on the pragranm.
Note that these changes do not make screening more or less costly and s0 do
not give rise directly to a change in the marginal cost of both types of
accuracy. Their direct effect is simply to induce a substitution between a
and b. Raising (P+J) raises the relative value of accuracy in accepting goad
projects and so gives rise to an incentive to lower a and raise b. Praovided

rab<0, these changes will reinforce each other by systematically driving up
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the marginal praduct af b and lowering that aof a, If on the other hand r_, >0,

ab
then one might get ‘perverse’ results. A similar argument applies to the

comparative statics for (H+K),

D: Some Special Cases

In order to sharpen our comparative statics results we postulate a rather
special case of project screening abilities. In particular, assume that the
screens are able to detect a good project with certainty but can detect a bad
project anly with some probability p which lies in the open interval (0,1},
Thusy in this case the errors of the screens are one-sided. The screens only
cammit Type 1l errors., The reader can easily work out the polar case when the
screans commit anly Type I erraors.

With this information structure the Bayes procedure is to choose a
.maximum number of screens, n, and to have the screens review the project
sequentially., The optimal stopping rule is to stop the first time a report of
‘bad’ is received or at n if no bad reports have been received., I[f screening
stopped because of a bad report then then optimal decision is to reject the
project while if screening stopped uithoyt a bad report the optimal decision
is tao accept the pruject.11 The advantage of this screening technology fram
our point of view is that it reduces the cheice variables of the entrepreneur
“to one. In terms of the more general model of the previous section this
change in the screening technelogy means that each screen has been given a
veto power and so no majority is needed to reject a project while the optimal
acceptance majority, a, is now just n.

FRRERRRERRRRNE
1 14 n was chosen so that the optimal decision at n was to
reject then clearly the propased project will be rejected with

certainty and this procedure would be dominated by never
screening and rejecting all projects.
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Given this new screening technalogy the probability of rejecting a good

praject, A(0), is zero and so the expected profite af the entrepreneur become

{c.f. equation 1.2},
rin) = wlP = cnl + {1-7) (=K + (K+D)E1 - (1-;) "7 - CE(N} (1.6)

where [l-ti;p)“] is A{l), the praobability of rejecting a bad project. The
entrepreneur’'s problem is to maximize (l1.4) by the choice of a nonnegative
integer n. A little calculation shows that this problem is concave and that a
necessary condition for it to be optimal to screen at all is that [{l-mip(H+K)
- cl] be positive., If this condition daes nat hald then the expected benefit
fram screeniﬁg once, p(H+K), does nat outweigh the cost, c, and so n=a0
dominates n=1, Given the concavity of the problem this means that n=0
dominates n»0 and so the entrepreneur will not hire screens,

Denote rin+l}-ri{n) by ain). Then,12
aln) = =wc +{l-m (H+K)p (1= -~ (1emci-p " (.7

The optimal choice for the entreprenesur will be ane of the two adjacent
integers to n*, the value of n for which A(ni=0. At this point the marginal
increase in expected screening costs (the sum of the terms in c in (1.7)) just
eguals the expected marginal reductian in the probability of erraneausly
accepting a bad project times the cost of such an error. Most of the

comparative statics for this problem are straightforward, (See the Appendix 1

XXX EL R LR X
12 " -
E\N = pEill-p)t 70 4 nit-p) "

i=1



Table 1.2

Effect of Parameter Changes on the {Jptimal Number of Screens

Type af Errars Made by Screens

Parameter Type 11 Type I
P 0 +
J 0 +
H + 0
K + 0
c - . -
'|'r - -
p +
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for details)., Raising w or c lowsrs Aln) and so results in a fall in n* while
a rise in {(H+K), by raising the marginal benefit from screening, raises a(n)
and so raises n*, A rise in the accuracy of the screens, p, lowers the
expected marginal screening costs should the project drawn happen to be bad by
increasing the probability that such a project will be detected early on in
the screening process. This causes n* to be raised. These comparative
statics as well as those far the case in which screens make only Type [ errors
are summarized in Table 1.2,

We turn naw to the task of embedding these management organizations in a

market equilibrium setting.

2: FIRM STRUCTURE AND MARKET STRUCTURE

As noted in the introduction, one of the advantages of the approach ta
gptimal management organizations in this paper is that management arganization
is intimately connected to market parameters and the performance of management
organizations, in turn, effects the long-run structure of the market as
measured by such standard indices as the concentration ratia, In cantrast,
the principal-agent approach to firm organization has yet to connect firn
structure and the nature of intra-firm relationships to such product market
features as the number of firms.13 There are many ways of tying the firm’'s
problem of organizing its internal structure to market parameters. For

FEREAEEEEERERE

13 A partial exception to this is Willig (1983) though even in
this paper the direction of causation is from exagenously given
product market conditions to management performance with no
teedback from the latter to the structure of the product
market, See, however, Fershtman and Judd (1984) and Vickers
(1983)., See also Nalehuff and Stiqlitz'tIVBS) who analyse
market competition as a vehicle for assessing management
perfarmance.
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example, thé payoff to carrying aut good projects could be made to depend an
the number carried out by the industry, Or the costs of carrying out any type
of project could be increasing for the industry in the number of prajects
being carried out. Alternatively the cost of hiring managers could be
endagenized.

Ideally we would like to analyse the links between firm and market
structure for the general model of the Section 1(b}, Unfortunately at that
level of generality no gualitative results are available. This is nat
surpriging gqiven the comparative statics results derived in the previagus
section. Each firm's expécted demand for managers ar screens {(denated by s)
is just nEON + (l-w)ElN.‘ At any given cost af screens this means that the
impact aof a.change in some arbitrary parameter x [other than p or wl on the
firm‘s expected demand far screens, i.e. thé expected size of its maﬁagement

organization, is given by,

ds = wn[3E,N.da + 2E,N.db] + (1-m){3E,N.da + 2E,N.db]
dx 5;0 dx EEO dx 3a1 dx 3b1 dx

Only in cases where the signs of da/dx and db/dx are the same can we hope to
gign dse/dx, A glance at Tahble i.1 contalning the comparative statics results
far the general case shows that anly for the parameter p, the precision of
individual screens, when Fab > 0 did this hold. Unfqrtunately, p also enters
directly into the expressions far EON and EIN which greatly complicates ds/dp
and prevents us from obtaining qualitative results.

The cause of these ambiguities is that the entrepreneur has two choice
variables carresponding to the majorities necessary for acceptance and

rejection of the project. As we would expect from production theory, in cases
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where there are more than one variable factors, very little can be said about
how these cholces vary with parameter changes unless the technology is made
quite specifie, In our case we cannat arbitrarily pick a decision-making
technolaogy for the entrepreneur. However, we are at liberty to specify the
abilities of the screens. This we have done in Sectian l{c}. The discussion
that follows maintains the assumptiaon that screens only make Type I or Type Il
errors but nat bath,

As mentioned earlier, there are two natural ways to close the models in
Section ! which will result in simultaneous determination of the structure of
the firm and the number of management teams in operation. One way is to focus
on the final product market and to assume that payoffs to accepted projects
decline in the number of projects accepted. Alternatively, one can focus on
therinput market and assume that the supply function of screens to the
industry is upwardsloping. In either case, the equilibrium number of
management teams will be determined by @ zero profit candition as long as

there is free entry. MWe deal with each method of closing the madel in turn.

A: Market Equilibrium: Preliminaries

In this subsection, we describe the equilibrium structure and number af
firms or management teams when the return from projects depends on the number
of projects accepted and the cost af screens depends an the number hired. In
principle, ane could make the returns on accepting good and bad pruiects
independent functiocns of the number of good projects accepted and the number
of bad projects accepted., However, to keep the analysis manageable we will
restrict ourselves to the case in which the payaff to accepting a good project
is declining in the number of good projects accepted anly and the payoff tao

bad projects is independent of the number of either kind of praoject accepted.
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Let there be a continuum of firms or entrepreneurs that could potentially
operate in the industry and let q represent the measure of firms that are
actually active in the industry. We will assume throughout that parameter
values are such that q¢l, that is that there is always a fringe of potential
entrants. Similarly, let there be a continuum of screens able to work in the
industry and let the ratio of the potential firms in the industry to the
potential screens be a¢l and let « be sufficiently low that for the parameter
values under consideration there will always be unused screens. The measure
af screens willing to work at a price of ¢ is 2. The supply of managers or
screens is a non-negatively slaoped function af the pricg of screens, C,
denoted by £ = ${c). The expected demand for screens by a representative firm

or the size af a firm's management hierarchy, s, is given by,

*

s = m* o+ (l-w)[p;i(l-p)i—l + nt-m ™ (2.1}
i=1
Given the continuum of firms, the actual demand for screens by the industry,
§, 18 just asq(l.

Let there be continua of both types of projects and the parameters of the
model be such that the supply of neither kind of project is exhausted. We
assume that each management team can examine ane project per period and so the
measure of good projects accepted each period is proportional to the mesasure
of teams in operation times the probability of accepting a goad project.
Without loss of generality we can set the factor of proportionality to one.
Denote the measure of good projects accepted by v.

The inverss "demand" function which relates the net benefit of good

projects to the number accepted is denoted by D(vjz) where z is a shift
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parameter. D <0 and Dz>0' The expression for v and its equilibrium level

depends on the screaening technalagy:
qm it Type Il errors anly
v = {(2.2)

qn[l-(l-p)"] if Type I errars anly

The conditions for market equilibrium are,

P* = DivYyz) (2.3a)
asq = Jlc} (2.3b)

and
rintP¥ et 20 (2.3c)

The first of these canditions is that supply must squal demand far gqaad
projects and the second is that supgly and demand far screens must be equal.
The third states that in an equilibrium with free entry, competitive firms

must earn zero expected profits,

B: Market Equilibrium with Decreasing Payoffg.

Here we investigate the structure of market equilibrium when the supply
of screens is perfectly elastic. Our main interest is in the effects of
changes in the underlying parameters on the equilibrium size of the management

teams and on the equilibrium number of active firms (teams) in the industry.
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Table 2.1

Impact of Parameter Changes on Competitive Equilibrium
Firm Size and Number of Firms when the Payoff to a Good
Profit is Endogenous.

s* q*
P ? +
T 2? 20 as (acn/cp)—l < 0
Z 0 +
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In the case when v = gm, the comparative statics are particularly simple.
The relevant comparative statics effects are given in Table 2.1, A
diagramatic analysis is provided in Figure 2.1, There, P is the minimum
payoff from accepting a gaod project that will yield a firm non-negative
expected profits at the aptimal.chnice of n. Thus for P(P, the supply of good
projects is zero, For P>P the supply of qood projects will be boundad only by
the supply of screens which we have assumed to be sufficiently large never to
be reached. Thus the only equilibrium value for P is P. An increase in p,
screening precision, makes screening cheaper, i.e. the cost of information
falls, This causes each firm to raise tha maximum number of screens it is
willing to use, n*. The firm’'s expected demand for screens may or may not
rise as a result of this., 0©n one hand if the project is goad the firm will
use mare screens but on the other hand it will detect bad projects earlier oan
average. MWhich effect dominates depends ﬁn the specific valuas aof the
parameters. The increase in p will definitely rasie expected profits and so
will shift P down and v up. Since w stays constant this means that q' must
also increase, i.e. there is entry into the market. An increase in z, that is
a shift up in the demand function, leaves the supply function unaffected and
so results in a2 rise in q* but leaves the size of the management team
uniffected,

The effect of a change in w is more complicated. From the zera-profit

condition we have
dP*rdn = -r _/r
TP

Hence,
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' -1 .-l
q + wdq/dm = -(rH/rP)[dD (,)/dvl
a q(cH/uP)e

where 7., (i=ﬁ,P) is the elasticity of the expected profit function with

respect to i and ¢« is the elasticity of demand for good projects., Hence,
(dg/dm) (w/g) = s(awlapl - 1.

This is more likely to be positive, and hence entry more likely, if the demand
function is highly elastic, for ex;mple.

Calculations of the effects of a change in a parameter other than p on
the optimum size of the screening unit are fairly straightforward because a
change in P* induced by the parameter change has no impact on n* when screens

make only Type Il errors.

C: Market Equilibrium with an Increasing Cost of Screens

To isolate the consequences of an imperfectly elastic supply of screens,
we assume that the demand for good projects is perfectly elastic. We are
interested in how the competitive egquilibrium values of g and s, q* and s*,
respand to parameter changes, i.e. changes in P, H, K, p and n. BDBecause the
zera expected proafit condition (2.3c) must hold in equilibrium, we can
establish immediately the impact of a parameter change on the equilibrium
level of ¢. It can be shown that expected profits are increasing in P, K, n
and p independently of whether the screens make only Type [ or Type Il errors.
Thus, to maintain zero expected profits, c* will increase with P, Ky, m and p.

In the case where screens make Type | errors profits are decreasing in J and



Table 2.2

Elasticities of the Firm's Expected Demand for Screens

Type of Error Made by Screens

Elasticity I 1T
“sc - -
Igp + 0
Oeg + 0
9SH 0 +
ISk 0 +
Isn ? ?
g ? 2
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independent of H., Canversely, when the screens make Type II errars expected
profits are independent of J and decreasing in H. Thus if the screens make
Type 1 (Type 1I) errors ¢* will nove inversely with (be independent o#) P and
be independent of {move inversely with) H., Denote the elasticity of c* with
respect to a parameter x by Hoy

Knowing the signs of ey enables us to determine the behavior of the
equilibrium firm size, s*. Denote the elasticity of s' with respect to i,

i=P,K,HyJyc, by e ;. Then it can be shown that,

e_. =g¢ {2.4)

.+
s1 Sl USCH

ci

where 0 18 the elasticity of the firm‘s expected demand for screens, s, with

respect to |{. Nate that csc(o for both types ot screens. The sign of Gg; Can
be found fram dn*/di and ds/dn. These elasticities are shown in Table 2,2.

Coansider the elasticities in the case where screens make Type II errors. Thesea
signs follow immediately from the comparative statics af Section 1(c) with the

exception of the amhiguous sign of o Althaugh dn'/dnco, T enters the

s’

expression for s directly and in an offsetting manner with the result that the

sign of ¢ is indeterminate,

s§T

Combining the signs of ¢

and Bei gives the sign of e Given

si' s¢ 5i°"

that 0,.<0, only when g ; and Kci have opposite signs will we be able to

obtain a definite sign for e Thus, for example, when screens make Type II

s5i*
errors a rise in H will directly raise n* (an*/300) and lower expected
profits, The latter implies that c* must fall to bring expecte& proftits up to
zero which in turn will further increase n*. Thus n* will rise and with it
s*. The results for the sign of e, are shown in Table 2.3.

Given the impact of the parameter changes on s* we can derive the impact



Table 2.3

Effects of Parameter Changes on Equilibrium Firm Size
* *
(s ) and The Equilibrium Size of the Industry (g ) When

Payoffs are Exogenous

Errors made by screens

Parameter Type 1 Tyvpe 11
g% g* s* q*

P ? ? - +

J + - 0 0

K - + ? ?

H 0 0 + -

p . ) 2 2

=
=)
")
"~
)
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an q* by differentiating (2.3b), Letting 920 denote the elasticity of the

supply curve of screens and ¢ be the elasticity of the measure af firms in

qi
the industry at equilibrium with respect to parameter i, then (2.3b) implies

'qi LT + L (2.3)

Wwhen i and es} have the same sign we can state definitely the impact of the
parameter on the number af firms in the industry, These results are shown in
Table 2.3, #When the signs of these two elasticities are not the same then
qualitative results are not available. However, (2.3) shaows that the larger
is the elasticity of the supply of screens, p, the more important will be the
impact of Mg The intuitiaon for this is as follows., If for a particular
parameter, x, esx>°' that is the firm size rises with x, then at the ariginal
q' the demand for screens will rise and with it c*, The size of the rise in
e® will obviously depend on the elasticity of the supply function 0f screens.
[ the increase in x raises expected profits at the original ¢t then we know
that at the new equilibrium ¢t must be higher., However, if 5 is small, the
rise in s" may already have driven ¢ above its new equilibrium value and so
there will have to be exit from the industry to achieve the new equilibrium.
Alternatively, if the supply curve of screens is highly elastic, the rise in
s* Will have had a minimal effect on c and so there will have to be entry in
order to drive ¢ up and expected profits down to zera, i.e. entry will occur
when ”cx>0'

The results in Table 2.3 show that in all cases in which qualitative
results are available, entry will be accompanied by a decline in the optimal

size af the management organization. Take the case of screens that make Type

Il errors. These results suggest that, for instance, a sudden increase in the
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demand for the output that will come from daing a good project (e.g.
discovering an o0il well) will, as one would expect, lead to entry into the
industry in which such projects can be found {prospecting) but will alsa
result in a smaller equilibrium size of the management hierarchies in the
industry. Converssly, a rise in H will cause exit from the industry and a
rise in equilibrium management size.

Our model seems to be consistent Wwith observed behavior. Again assume that
screens make Type Il errors. Cansider a firm that {g about to launch a new
product. The reception aof a new praduct is, in this industry, hard to predict
and extreme in the sense that either there will be a very large demand for the
product or 2ero. MWamen‘s fashion clothes or a new brand of beer might be
examples, Naow consider two different cost enviraonments. 1In one there are
large fixed costs of production but these fixed costs are not sunk. This
means that while the profits if the product is successful (the project is
‘good’) are large (P is big}, the losses from an unsuccessful product will be
small (H small} because the fixed costs, e.g. the lease on a factary, can be
avoided. The aother cost environment is one in which the fixed costs are sunk
costs, e.g., specialized capital equipment, specialized R ¥ D, large-scale and
long-lived advertising. Although this leaves P unaltered it raises H, the
"doawnside" risk. The model in this paper predicts that the industry
equilibrium under the second cost environment will have management hierarchies
larger than those in the industry equilibrium under the first cost
environment. This seems to be consistent with what we observe, e.g. the small
.management hierarchies in the waomen’s fashion industry compared with much
larger hierarchies in the consumer goods industries. A corollary of this
prediction is that decisions on product launches will take longer in the large

sunk cost industries which also seems to be correct though, of course, many
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other factors are also involved,

Finally, we might note that the analysis above also tells us how
management perfarmance will change between industry equilibria. Given the
ability of the screens, the appropriate measure of the technical quality of
the perfarmance of the management hierarchies is the probability that they
Wwill reject a bad project, i.e the size of ﬂ(l).14 The derivative of A(1) with
respect to n is positive and so the impact of a parameter change an the
industry equilibrium level of management performance has the same sign as the
impact of the parameter change on the equilibrium level of n* and go, except
for changes in p, s*. From the results for s* we can see that a rise in H
raises the industry equilibrium perfarmance of firms’ managemants while a rise
in P lowers management performance. Changes in the remaining parameters have

ambiguous effects an equilibrium management performance.
3: THE MONOPOLY FIRM

The previous section showed how an industry’s structure and the
management arganizations used were jointly determined by the decisian making
technology available and the payoffs facing the firms., In this section we
explaore the impact of a lack aof cumpetitian between firms on the size an
performance of the management hierarchies used. We do this by replacing the
set of potential firms by one #irm that can sat up many establishments. The
screens make anly Type Il errors and the supply of these screens is perfectly
glastic at a cast c>0, The payoff to doing a good project is endogenous and
ERRERERERAERRR
1% 1In the case of screens that make Type I erraors the

appraopriate measure is the probability that the firm 2111 carry
out a good project, [1-4(0)]. This is increasing in s .
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given by P = D(vj;z) as in the previous section where v=ngq., Absorbing w inta
the functional form, P can be expessed more compactly as figl whare §'{g)<0,

Using the notatian of the previous section we know that the':ampetitive

c c

equilibrium levels of g, 3 and n, denoted by qc, 8- and n- respectively,

satisfy

alny = 0 {3.1)

rin} a 0 (3.2)

The monopolist maximizes expected profits, qri{n), and so his first order

conditions are,

gal{n} = 0 (3.3

réin) + mf'i(gqlq = 0 ‘ (3.4)

Denote the manopolist‘s aoptimal choices by g™, s" and n™. Given that P daes

nat enter aA(n), we see immediately from (3.1) and (3.3} that n™ = n® and sa

s" = s, Denate by 5 the optimal value s¢ = 5% Using the fact that n" a

n® in (3.2) and (3.4) shows that q™ ¢ g, Thus in the case where the payoff
ta good projects is endogenous but the cost of screens exogenaus, the effect
of monopalizing the market is just to cut back aon the number af screening
establishments but to leave their size, and so their decision making

139

efficiency, unaltered. It can be shown, however, that minor alterations to

EERERREER AR IR

13 The same result occurs when the firm is a monopsenist in the
market for screens and faces exogenous payoffs to projects.
See Appendix 2 for details.
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haw the payoff of projects is endogenized can lead to variations in the size
and so efficiancy af the monopolist’s screening establishments. For instance,
assume that the monopolist faces an increasing convex cost of carrying out
projects because of a less than perfectly elastic supply curve of a factor of
production. This means that the net payoff of accepting either a gaod ar a
bad project ig decreasing in the number of projects accepted. Then in this
casg the manopalist will choose a team of screens for each establishment that
is larger than those chosen by firms in the competitive equilibrium. 5See
Appendix 2 for details,

We now caonsider in more detail the case where the payoff to a gaod
project is endagenously determined. We maintain the assumption that this
payoff depends aonly aon the number of good projects that have been accepted, In
addition, assume that the inverse supply curve of screens is linear with a
slope b20 and let it pivot around the competitive eguilibrium demand for

screens when baQ, (E,qCE). Thus the inverse supply curve of screens is

c = q°% + blgs - g5} (3.9

The compaetitive equilibrium is invariant with respect to b as can be seen fram
(3.1) and (3,2) but the same is not true of the monapolist’s chaices. His

first arder conditians are naow

qlain) - sgbis/3inl = 0 {3.8)

2

rin) + w¥'(glg - s°bg = 0 (3.7}

Totally differentiating (3.4) and (3.7) and evaluating the resulting
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differentials at b=0, and sa q" 5, gives

S (3,8)
db rlfUgMri+s g™ + §7(gMg™

dn q"sis/n(2q™ - q©
mm & e {3.9)
db a2 (n)

By the concavity of the manopolist‘s problem the denominators of (3.8) and
(3.9) are negative and so both dg/db and dn/db take the sign of Iqu-qc).
The fact that whether monaopolizatiaon raises or lowers the size of the
management team should hinge on the sign of (2qm-qc) at first looks strange
but is, in fact, to be expected. The intuition behind this result is captured
in Figure 3.1. Hold s fixed at 8. The price of screens then becomes a
function of q alone and so the horizontal axis measures g. In the case where
b=0, the cost of a screen is ¢ and the expected cost of a screening
establishment is cs and is independent of g. This is shown by curve 5. The
expected revenue of such an establishment is nf(g) -~ A(S) where A(s) is
(1-w) {-H + (H+K)E1—(1-p)"]}. Curve R an the Figure represents such a revenue
functian, At the competitive equilibrium the expected cost of a screening
establishment must equal its expected revenue, i.e. 5=#R. In contrast the
monopolist sets marginal revenue equal to marginal cost which when b=0 gives
MR=3R/4g=S. MWhen b becaomes positive, and so the cost function hecomes §' far
instance, then the marginal cost. functien(MC}, because of the linearity of the
cost function, crosses § at qc/2. The monopolist, if he were restricted to
keep s=s, would choose q=a, at the point where MR=MC, Say this intersection

occured at S5=MC then a=qm and qm=qc/2. Moreover, at that constrained
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equilibrium the shadow cost of a screen to the monopglist is just ¢ and so
even when the monopolist is free to choose 5 he will in fact choose s»*g anﬁ
s0 g=q", Alternatively, as is the case in Figure J.1, MR=MC might occur at a
value of q less than q". Note that this implies that qM is greater than qc/2,
i.e where MC=a3. In this case at a the shadaw cost of a screen to the
monopalist is greater than € and so when the monopolist is free to choose any
s he will choose an s less than s.

Whether q™ is greater than or less than qc depends on the concavity or
convexity of f(q). (5ee Appendix 2 for details), If f‘'(q}=0, that is f(qg) ts
linear then qm=qc and so dq/dbadn/dba0, In terms of Figure 3.1, in this case
R is linear and so MR cuts 5 at qc/2 and so qm-qc/2. ARlternatively if
£7/1q1¢0, then q"¢2q° and the optimally chosen s will be less than & So in
this case the monopolization of the market when b>0 not only lowers the number
of establishment and so the number of projects reviewed per period but it alseo
reduces the size of the management teams in those establishments. This
implies that the decision making efficiency of the monopalist’s establishments
will be less than those of the competitive firms. Thus along with the usual
welfare loss from monopolization associated with reduced output, in this case
there is another distartion caused by an excessive praportion of accepted bad
projects,

The mast interesting case, is perhaps that when f'‘(g)20. In this case
q"»q%/2 and so dq/db and dn/db 0. Here monopolizatian leads to the usual
reduction in the number of establishments and sa output. However, it alsa
leads ta an increase in the size of management teams. Moreover, this increase
in teanm s;ze will raise the proportion of accepted projects that are good,
i.e. the monopolist‘s establishments will make fewer errors than the

campetitive firms,
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There is an additional aspect of monopalizatian of the market that is
peculiar to this decision-theoretic approach to the internal structure ot the
firm. So far in the analysis the composition of the poal of projects, the m,
has been treated as exogenous. A more complete analysis would allow for the
fact that the managément gtructures adopted by the firms affacts tha numbar of
projects screened and the composition af the projects withdrawn from, and
returned to, the pool.16 With the screening technology of the previous
section, while all qoad projects that ara screened will be accepted and sa
withdrawn from the pool, only some of the bad projects screened will bhe
accepted and withdrawn. Those bad projects that are screened and rejected are
returned to the pool and may be sampled again by another +irm.17

Such multiple sampling of projects is a social waste., I+ projects that
had been rejected once could be costlessly labeled as ‘used’ then this waste
could be avoided. waever, such labeling is costly and in a competitive
industry it is hard to see who has the incentive to carry it out. Consider,
for example, the project being a patent for a praduct that has not yet been
fully developed. A firm leases the patent, carries out the necessary R & D
and concludes that the patented product cannot be Converted into a marketable
commodity. Neither the firm that leased the patent nor the patent owner have

FHERERLRRERERE

16 1n fact, one of the driving forces behind the Sah-Stiglit:
analysia of comparative economic systems is the assuptian that
in a competitive economy rejected projects have a second chance
of being reviewed. Such a second chance is, of course, a
social waste unless firms adopt suboptimal rules for accepting
?5 rejecting projects.

Similar concerns arise in the case of the general screening
technology of Section 1, In that case good projects can also be
returned to the pool. However, the mix of the returned projects
will be worse than that in the pool. As the firm will set
different values of a and b, and so have a different
composition of rejected projects, if it isa a monopolist rather
than a competitive firm, market structure will effect the
quality of the pool of projects.
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an incentive to reveal the fact that the patent has been 'rejected’ befare
‘should a new firm wish to try out the patent. A monopolist, however, has a
direct incentive to keep track of which prajects its establishments have

reviewed and rejected. ﬁnnseqﬁently, the pool of projects that it samples

from will not be polluted by such rejected prnjects.la

Thus the
inefficiencies caused by the lack of project reputations in a competitive
market can be avoided in a monopolized market and this efficiency gain must be

set against the traditional welfare losses caused by monopolies.

49: CONCLUSIONS

This paper examines the infernal structure of firms from a
decision~-theoretic viewpaint, Firms employ managers to make strategic
decisions such as investment decisions, new product decisions, acquisitions
etc.. The firm sets up a management organization and this arganization rather
than the individual manager makes the decisians. The firm must choose both
the size of the management organization and the decision rule it will fallow,
Decisions will optimally be made by a sequential review of the project at hand
and the optimal rule for deciding to accept or reject the project is a
qualified majority voting system where the majorities needed for acceptance
and rejaciian will ususally ditffer.

Tha decision-theoretic approach leads to a number aof testable predictians
pertaining to the optimal structure of management as a function af various
parameters gf the madel. For example, our analysis predicts that, cet. par.,

EEEERREXEERNER

18 Alternatively, the "project" could be a warker or manager
who is being considered for a particular task., Neither the

firm considering employing the persan nor the person himself
has any incentive to reveal the negative outcame af the test.
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industries in which the qualities of projects are easier to detect will use
smaller mahagement organizations than other industries and will contain a
larger number of such organsizations, Thus the size and structure of
management organizatiaons is affected by screening technolagy and this in turn
effects the market structure in terms of the number of firma., The optimal
structure of management and the market equilibrium structure are, therefaore,
interdependent. )

0f caurse, the link running from market competition to internal
efficiency of the firm has lang been recognized through the concept of
Liebenstein’s X-inefficiency. The decisian-thearetic structure shaws in
addition that the structure of the product market is also dependent on the
internal structure of the firm, Unfortunately, this important, if not
unexpected, insight cannot be pursued very far in & context in which the
sequenfial probability ratio test (SPRT) is the aoptimal decision procedure
because the SPRT rapidly becomes analytically intractable. Hence, the next
step is to deal with environments in which the optimal decision procedure is
samewhat simpler, e.9., a fixed gample size. Furthermore, firms do appear to
precaommit to a certain maximum number of managers in the shart-run which
suggests an environment that generates a fixed sample size as an optimal
praocedure.

The benefit of such a move would be to provide more clear cut comparative
statics results and alsa tao ena@le the firm to be embeded into more complex
markets such as oligopolies, 1In particular, this move wauld allaw us to
investigate some of the welfare issues raised by Sah and Stiglitz (1984
cancerning the relative merits of more or less hierarchical decision making,
It is crucial in such comparigsans that ané only compare aoptimally arganized

decision making organizations so that one can distinguish between the effects
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of hierarchical decision making per se and suboptimal decision making
organizations,

Perhaps the most important future task is to merge this analysis af the
implications af error prone decisian makers with principal-agent
considerations. This promises to be a complex undertaking for several
reasons, Perhaps the prime complication is that the management organizatian
as a whole produces decisions and so one runs into the usual problems of joint
praduction in a pringipal-agent setting. These are further complicated by the
fact that the firm wishes the managers to pravide independent opinions., This
means that tying an individual mahager's payment to his opinion and the
gutcome of projects will have the unfortunate consequence of encouraging Rim
ta use other managers’ opinions in forming his own. The resulting bandwagon
effects considerably reduce the information content af the opinions and so the
guality of the organizatian’s decisians. Haow ta kesep the infarmation content
of opinions high, i.2. making managers behave noncooperatively, while
praviding the correct incentives to be accurate seems to be a difficult

problem,
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APPENDIX 1

1y Partials relevant to L.4a and 1.4b

A 10 = [1-8(0)1e 3/(a%-e"%) > 0; B (1) = —li-g(1)1e /e P > 0
By (0) = ~e %4101/ (eP-e") < 0; B0t = Bl11e™%/(e™%-e?) < 0
N [1-8(0) 1 {1+arb-2?*0) IE N ~[1-8¢1 11423 0 asn-1]
m——— @ eeeseseee—— T > 0y mmmm o= STy T T >
3a z(2p-1) (2277~ 1) 3a z(2p-1) (e¥"P-1
AN 8(0)(e?*Pr1-a-b3-13 3E N “A() ([1+a+bl-e2*D)
e B e > 03 2 m—mm—e— e > 0
It 2(2p~1) (e?¥0-1q) ab 2(2p-1) (1-3*P)

2: Comparative statics for the general case

First we need to sign the second partials.

—(1-8(0) 1 (1+e2%D) BLO)
B..(0) 8 =e—mm—me———mmee 0y Bpp(0) = —mmmmmmms >0
aa TLALIPRY: (gd3th-1)?
abt1>c1+e°*b) ﬁatlitea+b+ll
B (1) = =smm—————m—a— 20, By, (1) = ~Semmmmemmeee <0
b 1-g3*0 y T
P TICIETS e Pr2ainy-11
A.,00) 5 —mmmm—mmmmmmm €0, B (1) 3 =mmmmmmm—mm—e >0
ab (e2t0.q)2 ab (1-e3%h) 2
IEN -1 B (0112 (1-a-b)-11 ﬁ(0)9a+btl+a+b-ea+b]‘
T . T S —— >0
3ab  z2(2p-1) edtby (ed3*b.y)?
3N 1 Ba(l)[1+a+b-ea+h1 8011 {1-[1-a-b1e?*d)



From the S0C we know that the determinant of the Hessian, (r_.r., -r 2), is
- aa hb " ab
pasitive and so

sign da/dc = sign -racrbb-l-rbcrab which is negative if rab>0.

sign db/dc = sign raafhe ¥ r p which is negative if rag 0.

acra

sign da/d(P+J) = sign “FopTaped) ¥ TabTB(P+) which is negative if ran<o.

sign db/d(P+d) 31Q0 =r Fopsd) ¥ Ta(p+y)Tap Which is positive if r . <0,

sign da/d(H+K)

sign FaH+k)The * Tab"h (H+K) which is positive if rab<°'

sign db/d (H+K) + FatH+i) Tab which is negative if rab<°'

$197 ~Fy ek Taa

sign da/dn = gign “farTob ¥ "or’ab which is negative if rab(o.
sign db/dw = sign Tonlaa | Fanab which is positive if rab<0.
sign da/dp = sign -raprbb + rbprab which is positive if rab>0.
sign db/dp = sign -rbpraa + raprab which is positive if rab>0.

[a]

31 Comparative statics for the firm using one-sided screens

A: Type II errars

{1.7) is darived as faollows:
Aln) 3 -wc 4+ (1-m) (H+K) ¢= (=p) " hant-p ™

—ctt~-mp i+ (1-p) "etn+ ) (-p M lon-p ™
Aln) = ~mc + (1-m {(H+K) (1-piM (1-1+p)

—c{1=-mr{~({1-pintl-pin+p(l-pin+{n+l) (1-pin+l}

aln) s —me + (1-1) (HeKIp (L= = c(1=m ¢=n(1=p) "ot Mo tne ) (1-p ¥ hy

AlR) = =mc + (1-m (HHKp (- = ct-m ¢=-p " hept-p™ = (1.7
First differencing (1.7) gives
ain) = - (1-mp2(1-p) "(H+K) + (1-mp(1-p) "c

which takes the sign of c-p{(H+K) but this must be negative for any screening
to be optimal, '

sign dn/dr = sign 2473w = (1-p)"lc-p (H+K) = (1=-p) "M1¢D



3

sign dn/dH pti=m) (1-p)" »0

sign 3a/dH

sign dn/dK = sign dn/dH.

sign dn/de = sign 3a/dc = -m-(i-w}(1-p)" <O

sign dn/dp = sign &A/dp = sign -pn{H+K}+(1l-p) (H+K)+cn which is positive
because crp(H+K) in order for screening to be aptimal.

dn/dP=dn/dJ=0,

B: Type | errors

In this case
Atn) = np(l-p)n(P+J) -~ {1-mc -mc(i-p "
All the comparative statics are the same in this case with the exceptions that
dn/dH=dn/dK=0 and both dn/dP and dn/dJ are positive,
APPENDIX 2
1: Pure Manapsaony

Here the payot+s are exogenous and so the monocpsonist’s first order
conditions are

2

wrt. n: qatn) = g saw’lagsltis/in = 0 (AJ. 1)

wrt. qi rin) - gsap‘(aqs) =2 0 (AS.2)
Substituting (AJ.2} into (AJ.1) gives
qfain) - r{n}3s/3n] = 0 {A3.3)

At the competitive equilibrium values of n and q (AJ.J) is zerc while (AJ,2)
is negative provided ¢’'{aqs)>0. Thus the manopsonist chooses the compatitive
n and a2 q less than the competitive value gf q.

2: Increasing convex cost of doing projects

The cost of doing any kind of project is increasing and convex in the
number of projects done, that is in qlrm + (l-nitl-p)"l. This means that the
payaff to duinﬁ 2 good project is given by P = #(A) where A =
qlw+(1-mw)(1-p)3"1) and #(A) is increasing and concave in A, Similarly the
negative of the payof+ to doing a bad project is given by H = g{A} which is
increasing and convex in A,

Using the notaticon of the previcus section we know that the competitive
equilibrium levels of q, s and n, denoted by qc, st and n® respectively,
satisfy

(1-m) (H+k)p(1-p " - €3s/9n = 0 (A3.4)

rin) = 0 {AJ.3)



The monopalist maximizes expected profits, qrin), and %o his first order
conditians are,

qlnf, - (l-ﬂ)(l-p)nqn + (1-m) (HeK)p(1-p) " - Cas/dn) = 0 (A3, 6)
LTI LI q(l-u)(l-p)nqq a 0 (A3.7)

Evaluating (A3.4) and (A3.7) at g%,n® gives
LI (1-m (1-p) g > 0 (A3.8)
M- (-m (i-pd"g <0 (A3.9)

q q

Denoting the monopolist’s optimal chaices by qm and n™ we see from (A3.8) and
{AJ.9) together with tha concavity and canvexity of, respectively, f(.}) and
g(.) that g™q® and n™n®.

3: Relationship between manapolist’s and competitive q's
When b=0, (3.2) can be written as

7f(q") ~ A(3) = 0, AL3) >0 (A3.10)

Similarly, (3.4) becomes

7fiq™ - A(8) + ' igMaq™ = 0 -(AS.II)
and so

£0g%) 2 £(g™ + f:(qMq" ' (A3.12)
If we take a secand arder Taylar approximation araound flqm) wa see that
£49) ~ 4™ + £7(qM(q%-q™ + #7/(a™ (g%-q™ %/2 (A3.13)
Comparing (A3,13) with (A3.12) and recalling that q°>q™ we see that
if $#:7¢q™ = 0, then qgMaq/2

if $2°(q™ > 0, then q™q°/2
if $77(a™ ¢ 0, then q™q%/2





