
The Architecture of Economic Systems: Hierarchies and Polyarchies

Raaj Kumar Sah; Joseph E. Stiglitz

The American Economic Review, Vol. 76, No. 4. (Sep., 1986), pp. 716-727.

Stable URL:

http://links.jstor.org/sici?sici=0002-8282%28198609%2976%3A4%3C716%3ATAOESH%3E2.0.CO%3B2-9

The American Economic Review is currently published by American Economic Association.

Your use of the JSTOR archive indicates your acceptance of JSTOR's Terms and Conditions of Use, available at
http://www.jstor.org/about/terms.html. JSTOR's Terms and Conditions of Use provides, in part, that unless you have obtained
prior permission, you may not download an entire issue of a journal or multiple copies of articles, and you may use content in
the JSTOR archive only for your personal, non-commercial use.

Please contact the publisher regarding any further use of this work. Publisher contact information may be obtained at
http://www.jstor.org/journals/aea.html.

Each copy of any part of a JSTOR transmission must contain the same copyright notice that appears on the screen or printed
page of such transmission.

The JSTOR Archive is a trusted digital repository providing for long-term preservation and access to leading academic
journals and scholarly literature from around the world. The Archive is supported by libraries, scholarly societies, publishers,
and foundations. It is an initiative of JSTOR, a not-for-profit organization with a mission to help the scholarly community take
advantage of advances in technology. For more information regarding JSTOR, please contact support@jstor.org.

http://www.jstor.org
Mon Mar 10 11:05:22 2008

http://links.jstor.org/sici?sici=0002-8282%28198609%2976%3A4%3C716%3ATAOESH%3E2.0.CO%3B2-9
http://www.jstor.org/about/terms.html
http://www.jstor.org/journals/aea.html


The Architecture of Economic Systems: 

Hierarchies and Polyarchies 


This paper presents some new ways of looking at economic systems and organiza- 
tions. Indiuiduals' judgments entail errors; they sometimes reject good projects 
and accept bad projects (or ideas). The architecture of an economic system 
(i.e., how the decision-making units are organized together within a system, who 
gathers what information, and who communicates what with whom) affects the 
errors made by indiuiduals within the system, as well as how those errors are 
aggregated. 

There is a widespread belief that the per- 
formance of an economic system or organi- 
zation is influenced by its internal structure. 
In this paper, we present some new ways of 
looking at the relationship between perfor- 
mance of an economic system and certain 
aspects of its structure, whch we refer to as 
its architecture. The archtecture (like that of 
a computer or electrical system) describes 
how the constituent decision-making units 
are arranged together in a system, how the 
decision-making authority and ability is dis- 
tributed within a system, who gathers what 
information, and who communicates what 
with whom. 

The two specific architectures studied in 
this paper are called polyarchies and 
hierarchies. We think of a polyarchy as a 
system in which there are several (and possi- 
bly competing) decision makers who can un- 
dertake projects (or ideas) independently of 
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one another. In contrast, decision-making 
authority is more concentrated in a hierarchy 
in the sense that only a few individuals (or 
only one individual) can undertake projects 
while others provide support in decision mak- 
ing. These two architectures are suggestive 
of a market-oriented economy and a bureau- 
cracy-oriented economy, respectively. 

The aspect of organizational performance 
on which-we focus 1s the aualiti of decision 
making. All individuals make er>ors of judg- 
ment: some projects that get accepted should 
have been rejected, and some projects are 
reiected that should have been acce~ted. 
u;ing an analogy from the classical t6eory 
of statistical inference, these errors corre-
spond to Type-I1 and Type-I errors. 

How individuals are -arranged together 
affects the nature of the errors made by the 
economic system. For example, in a market 
economy, if one firm rejects a profitable idea 
(say, for a new product), there is a possibility 
that some other firm might accept it. In 
contrast, if a single bureau makes such deci- 
sions and this bureau reiects the idea. then 
the idea must remain unused. The same, 
however, is also true for those ideas that are 
unprofitable. As a result, one would expect a 
geater  incidence of Type-I1 errors in ipoly- 
archy, and a greater incidence of Type-I 
errors in a hierarchy. 

The costs of acquiring and communicating 
information (leading to misjudgments by in- 
dividuals) are the central features of the 
technology underlying our analysis. These 
costs include the direct costs (time and re- 
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sources) and the indirect costs that result 
from the inevitable contamination that oc-
curs in the process of information communi- 
cation. Communication, like decision mak- 
ing, is always imperfect. No individual ever 
fully communicates perfectly what he knows 
to another. 

Another important feature is the limited 
capabilities of individuals to gather, absorb, 
and process information within a limited 
amount of time. This is why organizations, 
groups of individuals, may be able to do 
more (make better decisions) than any single 
individual. But the fact that communication 
is costly and imperfect means that an organi- 
zation with two individuals, each of whom 
can process a given amount of information 
in, say, a month, is not the same as a single 
individual who has the capacity of processing 
twice that amount of information withn the 
same time period. 

The paper is organized as follows. In Sec- 
tion I, we present a simple model of the 
decision structure withn a polyarchy and a 
herarchy. In Section 11, we assume that the 
nature of an individual's errors and the mix 
of available projects is exogenously specified, 
and analyze how changes in these exogenous 
features influence the relative performance 
of the two systems. In Section 111, we discuss 
the collection and processing of information 
in the two systems. In particular, we show 
how (Bayesian) screening rules are de-
termined, and how the two system's per-
formances compare with these endogenously 
determined individuals' errors. Section IV 
discusses briefly some extensions of the anal- 
ysis, while Section V discusses alternative 
interpretations and a.pplications. Proofs of 
most results are omitted for brevity; these 
are available in our 1985a worhng paper. 

I. The Basic Model 

The problem facing the economic systems 
under study is to choose which of a set of 
projects to undertake. Each project has a net 
benefit, x,' that can be positive or negative. 

'This scalar valuation includes all relevant benefits 
and costs. Also. we are assuming that the interproject 

There are N available projects. The density 
function of projects is given by g(x). 

The task of individuals within the organi- 
zation is to evaluate ("screen") the projects. 
We assume that the only feasible communi- 
cation is whether the project is, in the judg- 
ment of the evaluator, "good" or "bad," 
that is, whether it should be accepted (or 
passed on for further evaluation) or rejected. 
(For now, we can think of a screener as a 
black box that flashes a light when it deems 
a project to be good.) The probability that a 
given individual judges a project to be good, 
p ,  is a function of its quality. We call the 
function p ( x )  the screening function. It can 
take any form, provided 12p(x)  2 0, for all 
x, and the strict inequalities hold for at least 
some x. 

Two properties of the screening function 
are of special interest. The first is its slope, 
p , ( ~ ) . ~We assume p,(x) is positive, that is, 
a project with hlgher profit has a higher local 
probability of being accepted by a screen. 
Further, if p and p1 represent two screens, 
and if p,(z) > pi(z), then we refer to the 
former screen as locally more discriminating 
at x = z. The second important property of 
screens is the level of p(x) .  If p(z)  > ~ ' ( z ) ,  
then we call the former screen locally slacker, 
and the latter locally tighter, at x = z .  An 
example is the linear screening function, for 
which p ( x )  can be expressed as 

where p = E[x]  is the mean of the initial 
portfolio. Clearly, a higher p(p).and p, im-
ply globally higher slackness and discrim- 
inating capability. 

If screening were perfect, then the archi- 
tecture of a system has no effect on its 
output because all projects with x > 0 would 

externalities are not significant (i.e., the profit from one 
project does not depend significantly on whether some 
other projects are undertaken or not), and that there is 
no restriction on the number of projects that can be 
un!ertaken. 

-A letter subscript denotes the variable with respect 
to which a partial derivative is being taken. 
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1); those that are accepted are forwarded to 
the higher bureau (bureau 2) and others are 
discarded. The projects selected by the sys- 
tem then are those which are selected by the 
higher bureau. Drawing an analogy from the 
design of relay circuits, the screens are placed 
in series in a hierarchy, whereas they are 
placed in parallel in a polyarchy. 

In a polyarchy, the probability that a proj- 
ect that goes to the first firm is approved is 
p(x) .  It gets rejected with probability 1-
p(x) ;  the probability that it then gets ap- 
proved by the second firm is again p(x) .  

bureou 1 bureou 2 Hence the total probability of acceptance is 
:;:;a,lo 0-0-0-Q aroll0P ( X >+ (1 - p(x ) )p (x )  = p(x)(2 - P(x)). 

be accepted and those with x < 0 would be 
rejected; that is, p (x )  = 1 if x > 0, and p (x )  
= 0 if x I0. Without perfect screening, the 
architecture of the economic system de-
termines the conditions under which a proj- 
ect gets selected and, hence, it affects the 
system's output. In the following simple 
model, we consider a polyarchy consisting of 
two firms, and a hierarchy consisting of two 
bureaus. 

The decision process in a polyarchy and 
a hierarchy are depicted in Figures 1 and 
2, respectively. In a polyarchy, the two 
firms screen the projects independently. For 
specificity, one may think of projects arriv- 
ing randomly (with probability one-half) at 
one of the two firms. If a particular project is 
accepted by a firm, then it is no longer 
available to the other firm. If the project is 
rejected, then it goes to the other firm where, 
once again, it can be accepted or rejected 
(but firms cannot tell which of the projects 
that they are evaluating have been previously 
reviewed). Neither firm screens the same 
project twice, so that a project cannot cycle 
back and forth between firms. The portfolio 
of projects selected in a polyarchy therefore 
consists of the projects accepted separately 
by each of the two firms. 

In contrast, in a herarchy, all projects are 
first evaluated by the lower bureau (bureau 

Similarly, in a hierarchy, the probability that 
a project is approved by the lower bureau is 
p(x) .  The probability that the same project 
given to the higher bureau is approved is 
again p(x) .  Hence, the probability of a proj- 
ect being approved is p2(x). 

The probability that the project x will be 
accepted in the system s is denoted by f "(x), 
where the superscripts s = P and H repre-
sent a polyarchy and a hierarchy, respec-
tively. If individuals' decisions are indepen- 
dent across screens and projects, then 

In the comparison of the two systems be- 
low, we assume that both systems face the 
same set of available projects, and that they 
have the same screening function. The latter 
assumption is dropped in Section -111. 

11. Comparative Performance with 
Identical Screening Functions 

We investigate two questions in t h s  sec- 
tion: what is the relative performance of the 
two systems, and how is it affected by the 
properties of the available project portfolio, 
and the screening function? 

A. The Size of Final Portfolios 

The proportion of the initial portfolio 
selected by the two systems, n" is just 
jf "x)g(x)dx = E [f 7.Denoting the differ- 
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ence in these proportions by An,  we find that3 

since, from (2), f - f = 2p(x){ l -  p (x) )  
2 0 for all x, and it is strictly positive for 
some x. 

PROPOSITION 1: A polyarchy selects a 
larger proportion of the available projects than 
does a hierarchy. 

The reason behnd this result is intuitive. 
Consider a hypothetical situation in which 
the second firm in a polyarchy does not 
exist, and the higher bureau in a hierarchy 
does not exist. The proportion of projects 
accepted in the two systems would then be 
the same, namely, E[p(x)] .  Since the sec-
ond firm accepts at least some projects, and 
since the higher bureau rejects at least some 
projects, the actual proportion of projects 
accepted in a polyarchy must exceed that in 
a hierarchy. It is also obvious that this result 
holds for good as well as bad projects. Fur- 
ther, the result does not depend on how one 
defines good vs. bad projects, provided there 
is some probability that a screen will accept 
at least some good and some bad projects. It 
immediately follows that: A polyarchy accepts 
a larger proportion of good as well as bad 
projects compared to a hierarchy, no matter 
how one dejines good and bad projects. There-
fore, the incidence of Type-I error is relatiue- 
ly higher in a hierarchy, whereas the incidence 
of Type-II error is relatively higher in a 
polyarchy. 

The above result suggests that there may 
be circumstances in which a polyarchy per- 
forms better than a herarchy (when it is 
more important to avoid Type-I errors) and 
other circumstances in whch a hierarchy 
performs better than a polyarchy (when. it is 
more important to avoid Type-I1 errors). 

To determine the impact of initial port- 
folios on the size of final portfolios, note 

'Here as elsewhere, N ,  the number of available 
projects plays no role, and we therefore suppress it. The 
variables representing the performance of a system are 
thus normalized by the number of available projects. 

from (2) that f y x )  is increasing in x. Ad- 
ditionally, f '(x) is concave and f H(x) is 
convex in x, if the screening function is 
linear. Therefore, the standard properties of 
statistical dominance (under an assumption 
that the end points of the projects' distri-
bution are fixed) yield the following result. 

PROPOSITION 2: A worsening in the initial 
portfolio in the sense of first-order stochastic 
dominance leads to a smaller proportion of 
initial projects being selected in both systems. 
With a linear screening function, a mean-pre- 
serving spread in the initial portfolio leads to a 
smaller proportion of initial projects being 
selected in a polyarchy, and a larger propor- 
tion being selected in a hierarchy. 

These results can be seen in Figure 3. As 
shown, f and f are concave and convex 
in x, since p ( x )  in linear. n" is the area 
above the x-axis bounded by the product of 
f" and g. Naturally, this area corresponding 
to f is larger than that corresponding to 
f H ;  and this area enlarges, for both a poly- 
archy and a hierarchy, if the density weight 
shifts from lower x to higher x. Also, if the 
density weight shlfts from the mean to the 
two sides, due to a mean-preserving spread, 
then the area representing n" decreases in a 
polyarchy and it increases in a hierarchy. 

Straightforward calculations allow one to 
ascertain how n 5 s  influenced by changes in 
the two parameters of the linear screening 
function. We find the following. 

PROPOSITION 3: With a linear screening 
function, a higher slackness in screening 
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(p ( p ) )  raises the proportion of projects 
selected in both systems. And, a higher dis- 
criminating ability in screening (p , )  lowers 
the proportion selected in a polyarchy, whereas 
it raises the proportion selected in a hierarchy. 

B. Pro@ in Alternative Systems 

Two Types of Projects. In the case where the 
set of projects to be reviewed consists only 
of two types of projects, we can obtain a 
complete characterization of the conditions 
under whch the (expected) output is hgher 
under polyarchy or herarchy. The initial 
portfolio is represented by the return on 
good projects, z, > 0; the return on bad 
projects, - z, < 0; and the proportion of 
good projects, a .  The screening function is 
characterized by the probability that a good 
project gets accepted, denoted by p ,  = p(3,), 
and the probability that a bad project is 
accepted, denoted by p, = p ( - z,). If Y" 
E[xf" denotes the output, and AY = Y P -
y H  denotes the difference between the out- 
puts of the two systems, then 

where a = z1a/z2(1 - a )  is a summary repre- 
sentation of the quality of the initial port- 
folio. 

An improvement in the initial portfolio in 
the present model is represented by a larg- 
er a (i.e., a larger a or a larger z,/z2). It 
follows from (4) that a worse initial portfolio 
implies that the relative performance of a 
polyarchy, compared to a hlerarchy, is worse. 
T h s  is simply because the relative advantage 
of a hlerarchy is in rejecting bad projects, 
whereas the relative advantage of a poly-
archy is in accepting good projects. If the 
initial portfolio worsens, then the former 
advantage becomes increasingly more im-
portant and the relative performance of a 
herarchy improves. However, we must cau- 
tion that the probability that a project is 
accepted or rejected by a screen (i.e., the 
rules for project acceptance and rejection), 
might be affected by the mix of available 
projects, among other things. One might sus- 

pect, for instance, that if there was a large 
proportion of bad projects, screening would 
become relatively tighter in a polyarchy, and 
this might improve its relative performance. 
Endogenous screening functions with such 
properties are discussed later. 

The above expression also allows us to 
demarcate the parameter space into two re- 
gions: one in which a polyarchy has a hgher 
output than a hierarchy, and the other in 
which the reverse holds. 

Figure 4 summarizes the results. We are 
concerned only with the area below the 45" 
line, since screens have some discriminating 
capability; that is, p ,  > p,. 

First consider the case where the initial 
portfolio is moderately good; that is, a =1. 
This happens, for instance, if the initial 
portfolio has equal number of good and bad 
projects ( a  =1/2) and if the gains and losses 
from the two types of projects are symmetric 
(zl  = z,). In this case, a polyarchy has a 
higher output if 

In Figure 4, thus, a polyarchy performs better 
in the area ODA and the reverse holds in the 
area ADB. 
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This result has a simple explanation. Re- 
call that (1 - p,) is a screen's Type-I error, 
the probability of rejecting a good project; 
and p, is a screen's Type-I1 error, the prob- 
ability of accepting a bad project. Now, if a 
screen is more likely to reject a good project 
than to accept a bad project, that is, if ( 5 )  
holds, then it must be the case that a poly- 
archy (whch gives a second chance to the 
rejected projects) would do better. 

If the initial portfolio is worse, that is, 
a <1,then, from (4), we find that the param- 
eter space is separated by a hyperbola like 
OEA, which is inside the region ODA. 
A polyarchy has a higher profit witlun the 
region OEA, and the reverse holds outside 
of it. The region OEA shrinks as the initial 
portfolio becomes worse, and it coincides 
with the line OA if a = 0. The opposite 
case, in whch the initial portfolio is better 
(i.e., a >1) has a parallel implication. A 
polyarchy then has a lugher profit outside 
of the region AFB, and the reverse holds 
inside it. 

There is another way in which the results 
can be seen intuitively. Suppose that we 
subjected each project to two screenings. 
Clearly, if both screens indicated that the 
project was bad, the project should be re-
jected, and if both indicated that the project 
was good, it should be accepted. A tradeoff 
arises in those cases where there is a mixed 
review. Whether a project with a mixed re- 
view should be undertaken depends on the 
profit from such a project. The probability 
of a good project getting a mixed review is 
2p1(l- p,), while the probability of a bad 
project getting a mixed review is 2p,(l- p,). 
Hence the expected ~ ro f i t  from projects with 
mixed reviews is the same as (4). Now, if it 
turns out that the expression (4) is positive, 
it means that projects with mixed reviews 
should be accepted; this is precisely what 
polyarchy ensures. Similarly, if it turns out 
that (4) is negative, it means that the projects 
with mixed reviews should be rejected, and 
this is precisely what hierarchy ensures. 

A General Project Portfolio. Before conclud- 
ing this subsection, we briefly consider an 
initial portfolio consisting of a continuum of 
projects. Recall from (2) that f - f = 

2 p ( l - p). Then, AY = 2E[xJ,], where J, = 
p(1- p) .  To determine the effect of a change 
in the initial portfolio, we note 

Since J, can be either a concave or convex 
function of x, the effect of a mean-preserv- 
ing change in the initial portfolio is, in gen- 
eral, ambiguous. If the range of x is small, 
however, then using (6), we obtain 

Hence, if p IJ.  0, and p(p)  < i, then a poly- 
archy has a larger output than hierarchy; 
further, an increase in the variance of the 
portfolio improves the relative performance 
of polyarchy, regardless of the value of p. 

When the screening function is linear, then 
additional comparative statics results can be 
easily obtained. For instance, if the initial 
portfolio contains projects symmetrically 
distributed around zero mean, then a poly-
archy performs better or worse than a 
hierarchy depending simply on whether p(p)  
is less than or more than one-half, that is, 
whether the screening is tight or slack. A 
higher mean or a greater negative skewness 
of the initial portfolio, on the other hand, 
improves the relative performance of a poly- 
archy. 

111. Endogenous Screening Rules 

The individual decision makers in the 
above model can be interpreted to be Bayes- 
ian, with each of them receiving a binary 
(imperfect) signal concerning the quality of 
the projects. More generally, individuals ob- 
serve a much richer set of signals that they 
have to interpret; they have to decide, in 
other words, under what conditions they will 
recommend that the project be undertaken. 
Assume, for instance, that the project eval- 
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uator observes 

Project evaluators use reservation levels for 
screening: a project is accepted if its ob- 
served profit is above the reservation level, 
R ,  and it is rejected ~ therwise .~  Assume 6J is 
distributed independently of x and denote 
the distribution function of B by M(B) and 
its density by m(B). The screening function, 
then, is given by 

The above expression yields p, 2 0, and pR 
_< 0: the probability that a project is accepted 
by a screen is increasing in the quality of the 
project, and it is decreasing in the reserva- 
tion level. Increasing R increases the prob- 
ability of a good project being rejected 
(Type-I error) and decreases the probability 
of a bad project being accepted (Type-I1 
error). The reservation level R is chosen to 
balance off these errors. 

In a polyarchy, denote the two firms by 
superscripts i and j. For firm i ,  R' is the 
reservation level, p' E p ( x ,  R1) is the screen- 
ing function, and YIP denotes the output; 
then 

We now turn to a comparison of the 
reservation levels under the two systems, and 
using these results, to a comparison of per- 
formance. The reservation level in a her-
archy, R H,maximizes Y = E [ x p 2 ] ;that is, 
it satisfies 

4The optimal policies can be characterized in terms 
of a single reservation level only if some mild regularity 
conditions are satisfied by the nature of the error terms. 

To emphasize the independence (and 
potential competition) between the two firms 
in a polyarchy, we assume that their reser-
vation levels are determined without coord- 
ination. We focus on the symmetric Nash 
optimum; from (lo), the corresponding 
reservation level, R*, is characterized by 

As a benchmark, we also note that in the 
case of a coordinated polyarchy (where the 
reservation level for the firms is set to maxi- 
mize the combined output yP), the reserva- 
tion level, RC, is obtained by equating 

to zero. Using expressions (11) to (13), one 
can show the following: 

PROPOSITION 4: RC> R' > R ~ .That is, 
the screening in a polyarchy is more conserua- 
tive than that in a hierarchy, but less conserua- 
tive than that in a coordinated polyarchy. 

This result has an intuitive explanation. 
While in a hierarchy, the lower bureau knows 
that its decisions are rechecked at the upper 
bureau; and the upper bureau knows that all 
projects it receives have been checked at the 
lower bureau; in a polyarchy, each firm 
knows that its decision will not be rechecked; 
and to make matters worse, it knows that the 
set of projects which it is examining includes 
many that have already been examined 
elsewhere, and have been rejected. This con- 
servatism is reflected in market economies 
by firms insisting on a high "expected" re-

5 ~ o  (1 p ( x ) ) / p ( x ) ,show this, we define c ( x )= -

and observe that the turning points as well as glob-
al maximum of c (0 )YH are identical to those of Y H  
for any constant c(O), and that d(c(0)Y" - YP)/d i?= 
2 Expp, [c(O) - c ( x ) ]< 0 ,  since c,(x)  < 0 and pR < 0. 
Assume to the contrary: that RH> RC. Then from 
Y; > c ( O ) Y ~ ,it follows that Y P ( R H )- YP(i?') 2 
c ( 0 ) { Y H (  R H )  - Y H (  R C ) ] .  The left-hand side is nega- 
tive and the right-hand side is positive. This contradic- 
tion establishes that RC > RH.The uncoordinated poly- 
archy can be thought of as maximizing Ex[2p- . sp2] .  
The result that RC > RP > R H  follows along exactly 
parallel lines to our proof that RC > RH.  
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turn in order to undertake a project. For 
example, firms often have a decision rule 
that only projects with an expected return in 
excess of 20 percent be undertaken, but 
the actual average returns are considerably 
smaller. Firms know that to attain the 
required return. they have to set high 
reservation levels. Our analysis also shows, 
as one would expect, that firms in an unco- 
ordinated polyarchy do not take into account 
the negative externality that they exert on 
one another (i.e., each firm worsens the 
portfolio which the other firm faces) as much 
as they would were their reservation levels 
coordinated. 

Comparative Statics of Reservation Levels. An 
immediate implication of (11)-(13) is the 
following. 

PROPOSITION 5: An unambiguous in-
crease in the relative proportion of bad proj- 
ects increases the reservation levels under 
both hierarchy and polyarchy. That is, if 
d g ( x ,  P) /dP  >< 0 as x 3 0, then d R T / d p  > 0 
for s = P,  H ,  and C.  

Thus, a worsening of the portfolio of 
available projects leads to tighter screening 
(lower probabilities of acceptance). 

Another critical determinant of the res-
ervation levels is the quality of information 
based on whch projects are selected. Intui- 
tively, we would expect a worsening of the 
quality of information to lead to hgher res- 
ervation levels. For simplicity, let the noise 
associated with observing a project depend 
on x. Now consider a new distribution of 13, 
which first-order stochastically dominates the 
original distribution for x < 0. Because with 
the new distribution, we are more likely, at 
any reservation level, to accept a bad proj- 
ect, we refer to the new information as noisier 
than the original. It is easy to show 

PROPOSITION 6: If the screening is tight, 
noisier information induces an increase in the 
reservation level of a hierarchy.' 

"This definition of an increase in noise is not the 
standard one in the statistical decision literature. Under 

Comparison of Performance. Because the res- 
ervation levels are set differently in the dif- 
ferent systems, the individuals' Type-I and 
Type-I1 errors are different; t h s  makes the 
comparison of the system performance more 
difficult than that in the previous section. 
We present three sets of results, focusing on 
the special case where there are two types of 
projects. 

(a) Suppose a polyarchy has a larger 
output than a hierarchy when both systems 
use the hierarchy's (optimal) reservation 
levels. Then clearly, a coordinated polyarchy, 
using its reservation levels, will perform even 
better. Moreover, if Y P  is locally a concave 
function of R,' then Proposition 4 implies 
that an uncoordinated polyarchy using its 
own reservation levels, will also outperform 
hierarchy. 

Thus, when a =1,  and the reservation levels 
for hierarchy are such that the screening prob- 
abilities fall within the area ODA in Figure 4, 
then the output o f a  polyarchy is larger. By the 
same reasoning, whenever the reservation 
levels for polyarchy are such that the screen- 
ing probabilities fall within the area ADB, 
then a hierarchy has a larger output. Analo- 
gous interpretations apply when a # 1. Note 
that one cannot reach a verdict on the rela- 
tive performance (using this approach) if 
hierarchy's screening probabilities fall within 
A D B ,  or if polyarchy's fall within ODA. 

When will hierarchy's screening probabil- 
ities be such that at those probabilities, poly- 
archy outperforms hierarchy? First, consider 
the case where a is slightly less than unity. 
Then, p ,  = p, = 0 if we observe a completely 
uninformative signal. By continuity, using 
the above results, if the signal concerning the 
quality of the project is suflciently bad, then 
polyarchy outperforms hierarchy. T h s  is a 

the stated conditions, for all values of x < 0. p ( x . R )  is 
increased for all R .  while p , ( s R )  is decreased at the 
optimal R .  provided only that the error density func- 
tion for large 0 is increased. This result establishes that 
each local maxlrnum to Y" is shifted to the right. To  
ensure that the global maximum is reduced, we need to 
assume either concavity. or to impose somewhat stronger 
conditions on  how the distribution of noise changes. 

'That is. YL,  < 0 within the region R" < R < R". 
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somewhat surprising result: one might have 
thought that with poor information, the sec- 
ond screening provided by hierarchy would 
be more valuable. But the reservation levels 
adjust so much, the resulting screening is so 
tight, that the second chance provided by 
polyarchy is more important than the second 
review provided by herarchy. 

Next, note from Proposition 5 that an 
improvement in the portfolio (i.e., an in-
crease in a )  leads to larger acceptance prob- 
abilities. Our earlier analysis, on the other 
hand, showed that a larger a increases the 
range of p ,  and p, withn which polyarchy 
dominates a hierarchy. We therefore ascer-
tain conditions under whch, nonetheless, it 
can be established that polyarchy performs 
better than a hierarchy. For this, the internal 
optimum in a hierarchy, ( l l ) ,  is restated in 
the present case (where the initial portfolio 
consists of only two types of projects) as 

Now define k 5 [m(RH- zl)/M(RH - zl)]/ 
[ r n ( ~ ~+ z ~ ) / M ( R  + z2)]. Using (4), then, 
the following can easily be established. 

PROPOSITION 7: If k II, polyarchy per- 
forms better than hierarchy. 

To see what is entailed, consider the case 
where m(6) is unimodal and a is large, so 
that reservation levels are low, sufficiently 
low that R + z, and R - z, are below the 
mode. Then k < 1 provided that for R - z, 
< 6 < R + z,, m(O)/M(B) is increasing in 6 
(i.e., m, > m2/M). Analogous results can be 
derived illustrating conditions under whch 
at polyarchy's optimally chosen screening 
probabilities, hierarchy outperforms poly- 
archy. 

(b) We can derive an alternative, some- 
what weaker set of sufficient conditions un- 
der which one or the other system performs 
better by taking into account the fact that 
screening is tighter in a polyarchy. Let a 
polyarchy choose its reservation level such 
that the (expected) number of projects it 
undertakes is the same as that chosen opti- 
mally by a hierarchy. This is clearly not 
optimal, but if we can show that with t h s  

nonoptimal reservation level, polyarchy per- 
forms better than hierarchy, then a coordi- 
nated polyarchy will surely perform better 
with reservation levels optimally chosen. 

If RT  denotes the reservation level at which 
a polyarchy chooses the same number of 
projects as that chosen by a hierarchy using 
reservation level R", then R T >  R". For 
brevity, we also define mP(x) m(RT- x), 
and m H ( x ) = m ( R H - x ) ;  M P  and M H  are 
defined analogously. Now, the above poly- 
archy performs better than hierarchy if the 
aggregate screening function is more dis-
criminating for the former; that is, iff: > f:' 
in the relevant range8 (equivalently, if 
m 'M > m H(l - MH)). Thls will be true if 
the screening is very tight (in which case M H  
is close to one), provided only that the dif- 
ference between mP and mH is not too 
large. whch, in turn, will be true provided 
m, is not too large. Moreover, with very 
tight screening, R P  = RC (i.e., the externality 
effect becomes negligible). It follows there- 
fore that (under the conditions stated above) 
a hierarchy is outperformed by a coor-
dinated as well as an uncoordinated poly- 
archy. 

Much weaker conditions are required to 
establish the above result if RT is not much 
larger than R". A sufficient condition in this 
case is that the screening is moderately tight, 
that is, a screen's probability of accepting a 
project is less than one-half.9 

(c) We have investigated in detail the 
case of uniform distributions of errors, with 
mean zero, for the case of symmetric proj- 
ects (z ,  = z,). In this case: A polyarchy has a 

'The probability that a project is accepted by a 
polyarchy is f  ' (R ' ,  x )  = 1- M 2 ( R T -  x ) ,  where x = zl 
and - r2  for good and bad projects, respectively. The 
corresponding probability in a herarchy is f  H ( ~ H ,  x )  
= ( 1- M ( R H- x)12 . With the same number of proj- 
ects being accepted in the two s stems, polyarchy 
performs better if f ( R 2 , )  > f R z )  or, if 
f ' (  RT,- r 2 )< ( f  H ,  - z2) .  An equivalent condition is 
f P ( R T ,  z l )  - f P ( R T ,  - Z 2 )  > p f H ~ , f l ,  -Z 1 )  

f H ( ~ f l ,- z 2 ) ,w h c h  is satisfied if f,  > f, in the rele- 
vant range. 

his is because if R T -  R H  then the required 
inequality (see fn. 8), f  ' ( R T ,  :,) - fP(R7' ,- r 2 )  
f  H ( ~ f l ,  z l )- f H ( R H ,- r 2 ) , is satisfied provided M is 
larger than 1/2, within the range R" - r,  to RT+ z2 .  
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higher (lower) projit than a hierarchy if the 
proportion of good projects in the initial port- 
folio is less (more) than one-half. Obviously, 
if one hypothesizes that unprofitable ideas 
typically outnumber the profitable ones in a 
portfolio, then the present example suggests 
that a polyarchy is a superior institutional 
arrangement. 

Remarks: 
( i )  The assumption of limited communica- 

tion plays a critical role in our analysis. We 
assumed that firms in a polyarchy cannot 
(do not) communicate at all, and the bureaus 
in a hierarchy communicate only binary sig- 
nals (whether they think a project is good or 
bad); they cannot communicate their actual 
information concerning the characteristics of 
the projects. We believe that although the 
extent of information sharing varies under 
different circumstances, it is seldom perfect, 
and our model has been constructed to cap- 
ture the consequences of this. 

(i i)  The architecture of the economic sys- 
tem itself conveys some information to its 
constituents, which they use in setting deci- 
sion rules. For example, in our analysis of 
polyarchy, in which the firms do not share 
any information with one another, each firm 
knows that some of the projects it receives 
are those rejected by the other firm and, 
consequently, the portfolio of projects faced 
by a firm is not an exact replica of the initial 
portfolio, but has been modified by the other 
firm. T h s  implicit information is partly used 
in determing optimal reservation levels. 

IV. Extensions 

The basic components of our model are 
the screening function, the distribution of 
available projects, and the system's architec- 
ture, with its associated decision rule. Each 
of these components can be generalized (as 
we have partly done in our referenced 
papers). In the preceding section, we endog- 
enized the screening function, given the 
available information. By allocating more 
resources to information acquisition, more 
informative signals can be obtained. The 
level of spending on information acquisition 
withn each level of the hierarchy (by each 

firm within a polyarchy) must then be en- 
dogenously determined. In general, the levels 
of expenditure at each level of the hierarchy 
will not be the same: a hgher quality screen- 
ing at the lower bureau improves the port- 
folio to be evaluated by the hgher bureau, 
but it also costs more because a larger num- 
ber of projects are evaluated at the lower 
level. Similar issues arise in the assignment 
of individuals of differing abilities within a 
herarchy (in the present paper all individu- 
als have the same ability). The architecture 
of a system may also influence the mix of 
available projects because the likelihood of 
acceptance for projects of various types may 
well affect research incentives. 

Alternative "archtectures" that we have 
investigated include committees; that is, 
groups of individuals of different sizes who 
use particular decision rules (for instance, 
majority voting) to approve projects. (The 
decision-making units investigated in the 
present paper can be viewed as the limiting 
case of committees of one.) These polar ar- 
chitectures, in turn, can be viewed as build- 
ing blocks for complex organizations and 
economies whch  are mixtures of herarches, 
polyarchies, and committees. 

We can also investigate the consequences 
of alternative decision rules. We have fol- 
lowed the natural presumption that a project 
is not undertaken unless it is approved by 
the organization; withn a hierarchy, by both 
bureaus; within a polyarchy, by at least one 
firm. We could, of course, imagine quite 
different organization of decision making: 
for instance, a hierarchy in which all projects 
are accepted except those whch get vetoed 
by both bureaus and a polyarchy in whch a 
project is accepted unless vetoed by one of 
the units. 

We refer to organizations operating ac-
cording to the veto rule as a veto hierarchy 
and polyarchy, in contrast to those we have 
analyzed earlier, whch we refer to as an 
acceptance hierarchy and polyarchy. It can 
be easily shown that, in the absence of costs 
of coordination: An acceptance polyarchy 
(hierarchy) is equivalent to a veto hierarchy 
(polyarchy ). 

Note, however, that the coordination re-
quirements may be markedly different de- 
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pending on the architecture and the nature 
of decision rules. For instance, an accep-
tance polyarchy does not require any infor- 
mational coordination among its constituent 
units; a firm does not need to inform other 
firms concerning the projects it has accepted 
or rejected. T h s  is an important aspect of 
the independence of firms within market-like 
systems, which we stressed earlier. In com- 
parison, in a veto polyarchy in whch one 
unit can veto a project from being under- 
taken, each unit must inform other units 
whlch projects it has rejected. Similarly, in a 
veto hierarchy the lower bureau must send 
all projects to the higher bureau. If there are 
significant costs to informational coordina- 
tion (significant noise in information trans- 
mission), then it is clear that an acceptance 
polyarchy may have an advantage over other 
organizational forms. 

V. Applications and Conclusions 

Our analysis has focused on alternative 
ways of structuring decision making that 
might be applied to any organization. The 
comparative statics propositions indicate the 
"objective" circumstances under which each 
form might be observed, if the choice of 
organizational form is being made explicitly 
or implicitly. Not only is such a comparative 
view relevant to corporate decision malung, 
but also to decision making within the pub- 
lic sector: for instance, to on-going con-
troversies over the organization of the 
military (three branches, more or less in- 
dependent, or one unified armed force). Sim- 
ilarly, alternative political structures (with 
their systems of checks and balances) can be 
viewed as alternative architectures to bal-
ance the consequences of different types of 
human errors. 

An important application of our ap-
proach, as we indicated in the beginning, is 
in the comparison of alternative ways of 
organizing economic systems, the polyarchi- 
cal structure capturing certain central ele- 
ments of market economies, the hierarchical 
structure those of the more centralized econ- 
omies. The organization of decision making 
(and the corresponding errors, costs, and 
consequences) has played little or no role in 

some of the most important previous work 
in this area. There is clearly more at stake 
in the choice of an economic system than, 
for instance, a comparison of alternative 
algorithms for arriving at a once and for 
all allocation of society's resources, that 
was emphasized in the L a n g e - ~ e r n e r - ~ a ~ l o r  
claim of equivalence between price-guided 
socialist economies and market economies. 

There are many aspects of the comparison 
of alternative systems with which we have 
not dealt adequately here, but whch we 
believe can be incorporated into our frame- 
work, and whch we hope to address in the 
future: for instance. the view that better 
incentive mechanisms can often be designed 
within decentralized economic systems (see 
Barry Nalebuff and Stiglitz, 1983), and the 
claim that centralized economic systems Dro- 
vide a better framework for dialing kith 
externalities (which we have explicitly ex-
cluded from the analysis);1° the view that a 
decentralized system's performance is less 
sensitive to the quality of the key decision 
makers; the view that natural selection 
mechanisms work more effectively in de-
centralized economics, and the view that de- 
centralized structures provide greater stimu- 
lation for innovation. 

Our analysis has, however, cast light on 
several other aspects of the debate con-
cerning the relative merits of polyarchies vs. 
hierarches: advocates of polyarchies point 
out that a good project has many opportuni- 
ties of being accepted in their system, 
whereas critics contend that polyarchies fail 
to provide adequate checks against incom- 
petent decision malung. Critics of heirarchi- 
cal structures claim that there are hlgh costs 
to providing these checks; there are direct 
costs of additional evaluations. and there are 
indirect costs because good projects get re- 
jected in the process of ensuring that bad 
projects do not get undertaken. Advocates of 
polyarchies point further to its virtues in 

''In addition, we have assumed that only one firm 

can undertake a project. The inefficiencies which arise 

when many firms undertake similar projects within de- 

centralized systems have been a source of criticism 

leveled at these systems. 
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economies of communication. There is a 
grain of truth in each of these views. In this 
paper, we have provided a framework within 
whlch one can assess the circumstances un- 
der whch  the grain of truth in one view is 
greater than that in the other. 
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