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1.1 Preferences and Beliefs 

Political economy and social choice both have their origins in the Eighteenth 
Century, in the work of Adam Smith (1759, 1776) during the Scottish En
lightenment and in the work of the Marquis de Condorcet (1785) just before 
the French Revolution.2 Since then, of course, political economy or economic 
theory has developed apace. However, it was only in the late 1940's that social 
choice was rediscovered (Arrow 1951; Black 1948, 1958), and only relatively 
recently has there been work connecting these two fields. The connection be
tween political economy and social choice theory is the subject matter of this 
volume. 

Adam Smith's work leads, of course, to modern economic theory-the anal
ysis of human incentives in the particular context of fixed resources, private 
goods, and a given technology. By the 1950's, the theorems of Arrow and De
breu (1954) and McKenzie {1959) had formally demonstrated the existence of 
Pareto optimal competitive equilibria under certain conditions on individual 
preferences. The maintained assumption of neoclassical economics regard
ing preference is that it is representable by a utility function and that it is 
private-regarding or "selfish". The first assumption implies that preference is 
both complete and fully transitive, in the sense that both strict preference ( P) 
and indifference (J) are transitive (thus for example if a: and yare indifferent 
as are y and z, then so are a: and z). The private-regarding assumption means 
that each individual, i, has a choice space, X;, say, on which i's preferences 
are defined. In some sense the collective choice space, X, is a subset (with 
appropriately defined feasibility constraints) of the Cartesian product II; X;. 
Abstractly, the market is characterized by the existence of an equilibrium map
ping E : X X D --+ X. Here D is an appropriate domain of preference profiles 
(defined perhaps by D = 

II; D;, where D; is used to characterize the set of 
permissible preferences fori). A point x within X in the domain of E describes 

1 Some of the arguments presented in this introductory chapter are based on research 
supported by NSF Grant SBR-94-22548 and presented at the 2nd International Meeting of 
the Society for Social Choice, Rochester, New York, July 1994. lain McLean has been very 
helpful in sharing with me his published and unpublished work on Condorcet's manuscripts. 

2 A secondary theme of this introduction is the interplay of ideas between Smith, Con
dorcet and the Founding Fathers of the American Revolution. In this connection it is worth 
noting that Smith and Condorcet met in Paris in 1787 and that Sophie de Condorcet trans
lated Smith's Moral Sentiments in 1795 (Badinter and Badinter 1988). N. Schofield (ed.), Collective Decision-Making: Social Choice and Political Economy
© Springer Science+Business Media New York 1996
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the initial allocations or resources of each of the individuals. This neo-classical 
equilibrium map should be viewed as a method of individual preference ag
gregation. That is, the model posits a certain form of rational behavior on 
the part of economic agents, where these agents are individuals rather than 
collections of agents. The natural generalization of the neo-classical model is 
non-cooperative game theory, the more abstract study of individually rational 
behavior. Both the neo-classical economic model and non-cooperative game 
theory are aspects of what I shall call the Nash Research Program, in honor 
of the key concept in this program, namely the Nash (1951) equilibrium. 

Although the early proof of the existence of competitive equilibrium in the 
neo-classical model depended on the assumption of fully transitive preferences, 
later results by Bergstrom (1975), Gale and Mas-Collel (1975), Sonnenschein 
(1971) and others were able to weaken the assumption on preference by using 
a general theorem by Fan (1961). Fan's "fixed point" result considered a 
"strict" preference correspondence P : X -+ X on a topological vector space, 
X, and showed that if X was compact and P continuous then P would exhibit 
an equilibrium E( P) = { x E X : P( x) is empty} as long as P satisifed the 
following "Fan condition": there is no x in X such that x belongs to the 
convex hull of P(x). In essence all equilibrium results on a topological space 
depend on this result (see Bergstrom 1992). It is also important to understand 
the consequences when the Fan condition fails; not only may there be no 
equilibrium, but there will exist cycles. That is if there is some x0 in X, such 
that Xo belongs to the convex hull of P(xo), then by continuity of P, there 
exists a P-cycle {xo,xl, ... ,xr} where xr.: E P(xr.:-d fork= l, ... ,r yet 
xo E P(xr)· 

In complex markets (for currencies, futures, derivatives, etc.) where the 
behavior of agents is driven not only by their preferences, but by their beliefs 
about the future behavior of prices, it is possible for the Fan condition to fail, 
and thus for there to be no equilibrium that can aggregate the agents' beliefs 
about the future. 

One of the current important research areas in game theory is to deter
mine how exactly preferences and beliefs interact. The "classical" formulation 
of Savage (1974) was to view preference as the primitive and to regard beliefs 
simply as probability assignments on acts to be deduced as the consequence 
of a utility representation of preference. However, there are many situations 
in which beliefs rather than preferences should be regarded as the primitive. 
For example, a collection of scientists, each with private information and a 
prior probability assessment of the truth of some empirical proposition, may 
pool their beliefs to generate a collective statistic of some form. Under certain 
"common knowledge" assumptions concerning the scientists' understanding 
of each other's modelling characteristics, the process of posterior probability 
assignment will converge (Aumann 1976; Geanakopolos and Polemarchakis 
1982; McKelvey and Page 1986). These results, and other related work I view 
as belonging to a research program concerned with the aggregation (or conver
gence) of individual beliefs. I shall call this the Aumann Research Progrom. 

One point that is worth emphasizing is that a Nash equilibrium, since it is 
an equilibrium in preferences, can be regarded as a compromise. However, an 
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Aumann equilibrium in beliefs, resulting from a process of belief convergence, 
gives an outcome (or collective belief) that is an agreement. Obviously enough 
these two types of equilibria can be very different. Our attitudes about the 
results of voting in a House of Representatives will depend on whether we feel 
the vote to be driven by conflicting preferences or by different judgments or 
beliefs about the best course of action. Recent technical results in game theory 
that attempt to model situations where both individual preferences and beliefs 
are involved suggest that, in general, the Fan condition will not hold at every 
point (x, b) in the collective action-belief space (Nyarko 1993; Nachbar 1995). 
Whether extreme indeterminacy (or chaos) can occur is, as yet, unclear. (I 
shall return later to the possibility of chaos.) 

Although work in the Nash-Aumann research programs provides some jus
tification for the use of the market to govern exchange of private goods, the 
results are not immediately applicable to political economies involving pub
lic goods. Such goods, of course, are both jointly produced and consumed, 
and the formal study of these processes lies in the domain of public finance 
and public choice theory. In a sense the key question in these disciplines 
is whether democratic political procedures, used to aggregate preferences for 
public goods, are compatible with market processes controlling the production 
and exchange of private goods. 

Two separate attempts to enlarge the domain of political economy were 
made in the late 1940's and early 1950's by Black (1948; 1958) and Arrow 
(1951). Black's (1958) book, in fact, reintroduced two aspects of the work of 
Condorcet (1785) to modern audiences. Condorcet's earlier work on proba
bility theory led him to what is now termed the Jury Theorem. Consider a 
society N = {1, ... , n}, or more particularly a jury, debating over a binary is
sue labelled {j, k}, say, where one of these two alternatives is true and the other 
false. For example we can interpret these options as the innocence or guilt of 
a defendant and without loss of generality suppose that k is truth (using k = 1 
to denote this). Each individual, i, on the basis of private information chooses 
(or votes for) either j or k. If we denote i' s choice by Xi, then it is possible, in 
principle, to assign a probability Pr(x; = 1) that i chooses the "true" option. 
Denote this probability simply by 11'ki. Now let 11'k be the average of { 7rk;}; that 
is the expectation of :X = k 2: Xi. Assuming that {Xi : i E N} are statistically 
independent, then it is possible to compute the probability Ck that a majority 
of these n individuals chooses the truth. Condorcet provided an argument 
that as long as each individual is enlightened (in the sense that 11'ki > ~) then 
the probability, Ck> that the jury chooses the truth (by majority) exceeds 11'k. 

In fact Condorcet made the additional assumption that 11'ki are all identical, 
and essentially used the binomial theorem to argue that, in the limiting case 
with n very large, the probability 6 approaches unity. However Condorcet's 
deeper intuition was correct, in the sense that even with variable {1r~c;}, as 
long as the choices are independent, and the average, 7rb is strictly greater 
than ! + 2~ then ~k > 11'Tc. Moreover ~k approaches 1 in the limit (Boland 
1989). Grofman and Feld (1988) have argued that Condorcet's Jury Theorem 
is one way to interpret Rousseau's notion of the "General Will" . A recent close 
study (McLean and Hewitt 1994) of Condorcet's writings argues that he did 
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indeed believe that the Jury Theorem captured the essence of the "General 
Will". 3 The last few decades have seen increasing attention paid to the Jury 
Theorem (Rae 1969; Schofield 1972; and the references in Chapter 19 of this 
volume). In contrast, Black's discussion of the Jury Theorem appeared to miss 
its significance, as might be inferred from his comment that "the probability 
of the correctness of a voter's opinion seems to be without definite meaning" 
(Black 1958: 163). However, in light of the recent realization that beliefs are 
at least as important as (but distinct from) preferences, it is perhaps appropri
ate to view Condorcet 's efforts in this direction as part of a distinct research 
program. It is clear that the structure of the Jury Theorem does not model 
individual choice as such, but is concerned with the collective outcome. For 
this reason I shall identify work which examines belief aggregation through 
collective, rather than individual, choice as part of the Condorcetian Research 
Program. 

Condorcet, in the Essai of 1785, was concerned to generalize the theorem 
to more than two alternatives and, in attempting to do this, he stumbled 
on what is now known as the "Condorcetian cycle". Suppose three members 
N = {1, 2, 3} of a committee have strict preferences on {x1 , x 2 , x3 } where, for 
example, 1 prefers x 1 to x2 to xs, 2 prefers x2 to xs to x1, and 3 prefers xs to x1 
to x2. Such a list P = (P1, P2, P3 ) of preferences for these individuals is called 
a profile. Using majority rule and taking pairwise comparisons the committee 
prefers x 1 to x2 to xs to x1 (a cycle). There is no majority motion (to use 
Black's term), since no alternative is unbeaten under majority rule. Black saw 
that if the preferences of the individuals were restricted in appropriate fashion, 
then Condorcetian cycles could not occur, and a majority motion could be 
guaranteed. For example, if we imagine the three alternatives to be ordered 
x1 > x 2 > x3 on a line, then restricting preferences to be "single-peaked" 
means that the above preference for the third voter violates the restriction, 
since the preference of xs over x1 over x2 is not singlepeaked, given >. 

More generally, suppose that all preferences are convex (i.e., for each in
dividual, i, the set of alternatives, Pi(x), preferred by i to x, is a convex 
set). If X is a compact interval on the real line, then this restriction guaran
tees existence of a majority motion (also called a voting equilibrium or core). 
However, if X is a compact subset of the plane R2 , then convexity of prefer
ence does not guarantee existence of a voting equilibrium. Figure 1 presents 
a two-dimensional case where each of three individuals have smooth convex 
preferences. In this case we can describe the preferences near the point x 
by the "gradient vectors" {pl,P2,Ps}, where Pi represents the most preferred 
direction of change for player i. It is evident that there exists a Condorcet 
cycle { x1, x2, xs} close to x. In fact, for any neighborhood V of x there exists 
a "local" Condorcet cycle contained in V (Kramer 1973). As Plott (1967) 
showed, the only possible situation that can guarantee that a point, x, be a 
core or voting equilibrium is when the point, x, is a "bliss point" of, say, in
dividual! (in the sense that P1(x) = 0) and the two gradients p2 ,p3 point in 

3 Note however that Condorcet's biographers, Elizabeth and Robert Badinter (1988) 
quote Condorcet: "Contrairement a la philosophie des nornbreux disciples de Rousseau, 
ce n'est pas la volonte generale, mais la Raison qui est le moteur du progres hmnain." 
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opposite directions. As Black realized, the likelihood that preferences satisfy 
this property can be viewed, in some sense, as "infinitesimal" (Black 1958: 
164). This intuition has been elaborated in a series of papers (see Chapter 8 
below) analyzing deterministic voting models of committees. The essence of 
these results can be quickly seen in Figure 1. 

p, 

Figure 1. The failure of the Fan condition in two dimensions. 

It is clear that, at x, the preferred set defined by majority rule and the 
profile P comprises three "win-sets" each one of which is associated with a 
single winning coalition. For example the point y1 is preferred by both player 
1 and 3 to x. The Fan Condition obviously fails at x, since the three points 
{y1,y2,y3 } are all preferred to x and x belongs to the convex hull of those 
three points. It is then easy to show that the voting equilibrium, E(P), is 
empty. To explore what can happen when the voting equilibrium is empty, 
let us use the gradient vectors {p;} to define for each pair {p;, Pi} a cone 
Pii, as in Figure 2. It is evident from this figure that P12 n Pl3 n P23 = 0. 
Suppose, on the other hand, for an arbitrary voting rule, V, that at every 
point x EX, the intersection pv(x) = n PM(x) is nonempty. Here PM(x) is 
the cone generated by the gradients {p; ( x) : i E M} at the point x, and the 
intersection is taken over the family of "decisive" coalitions (labelled D). Then 
the Fan condition is satisfied and the Fan Theorem implies that E(P) is non 
empty. This intersection condition, Pv(x) f. 0, is very similar to the condition 
of "no unlimited arbitrage" recently shown to be sufficient for the existence of 
a competitive equilibrium (Chichilnisky 1993, 1995) for an abstract exchange 
economy. For a voting rule, V, suppose that any subfamily V' of V consisting 
of at most v = v(V) coalitions, has a voter, i say, in common. (For example, 
if Vis majority rule, then v 2:: 2.) Then clearly at any point x E X, p;(x) 
belongs to Pv'(x), and so the intersection across V' is non-empty. By Belly's 
Theorem, if the dimension of the space is at most v- 1, then pv(x) must be 
non-empty, at every point x, and the voting equilibrium must be non-empty 
(Schofield 1984). Thus, in both general equilibrium and spatial voting theories, 
a certain intersection property of cones is sufficient to guarantee existence of 
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equilibrium. On the other hand, say "social diversity for 'D" is satisfied at x 
iff pv(x) = 0. (Chichilnisky, 1995, first used the phrase "social diversity" in 
this sense.) It can be shown that, for any rule 'D (satisfying v('D) < oo), if 
the dimension of X is strictly greater than a certain integer, w('D), (where 
w('D) ~ v('D) + 1), then "social diversity for 'D" is satisfied at nearly every 
point in X, for nearly every preference profile. But "social diversity" implies 
voting cycles. Thus the "Chaos Theorem" implies that ubiquitous cycles and 
non-existent equilibria are generic features of voting (McKelvey 1976; Schofield 
1978a; McKelvey and Schofield 1986; Banks 1994; Saari 1995). 

Figure 2. An empty intersection of the cones {p;j }. 

As intimated above, these models of committee voting based on preference 
are "deterministic". That is, it is assumed that voter i, in making a choice be
tween two alternatives { Xj, Xk}, say, chooses Xj with probability 1 iff i prefers 
Xj to Xk and either does not vote, or chooses both Xj and Xk with probability 
! each if i is indifferent between them. "Probabilistic" voting models, on the 
other hand, can be regarded as part of the Condorcetian program, since they 
posit that a voter, i, chooses x~c, say, with probability 7rki determined in some 
way by the beliefs (rather than the preferences) of the voter (see the various 
models in Enelow and Hinich 1984, Coughlin 1992). It is possible to formulate 
a probabilistic voting model based on Euclidean distance in the following way. 
Suppose voter i has an "ideal" point x; (or a point believed by the voter to 
be the correct choice). Let Oj = II x;- Xj II, Ok =II x;- Xk II . Then a quanta/ 
model (McKelvey and Palfrey 1992) assumes that 

(Here e stands for exponential.) 
Probabilistic voting models suppose that the two positions { x j, xk} are 

chosen by candidates {j, k} so as to maximize their respective expected vote 
{ 7rj, 7rk }. As the previous discussion of the jury theorem suggests, under the 
maintained assumption of independent voting, if candidate j maximizes ex
pected vote, 7rj, then this is tantamount to maximizing the probability that 
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j wins. Of course, the expected votes are functions of candidate positions 
and should be written (n'j(Xj,xk),n"J,(Xj,Xk)). A pure strategy Nash equili
brium (PSN E), (xj, xj;), is a pair of candidate positions that are mutual best 
responses, i.e., 11"j(xj,xi,) ~ 11"j(xj,xi,) for all Xj, with strict inequality for 
some Xj (and a similar definition for xi,). Under certain assumptions the Nash 
equilibrium satisfies xj = xi, where both candidates adopt the mean of the 
distribution of voter ideal points. 

In some sense the PSN E can be thought of as a "belief optimum", given 
the distribution of information in the society, and particular assumptions on 
the way individuals form judgments. The probabilistic model suggests that two 
party competition by candidates (whose sole motivation is winning) generates 
a political outcome that has the highest probability of being "correct." Of 
course, there are many implicit assumptions in this chain of reasoning, not 
the least of which is the assumption of voter independence. An oddity of 
the "quanta!" model is that even when candidate k chooses the ideal point of 
voter i (so that xk = x;), then the probability that i votes for k is less than 
1. This could be corrected by choosing a model where 11"ki = 8i/(8j + 8k)· 
Here if Xk = x;, then 11"ki = 1. In such a model, however, it is easy to show 
that the PSN E does not satisfy the convergence property xj = xi,. Instead 
the candidates diverge and, in a sense, adopt "equilibrium" policies that are 
attractive to different subgroups in the society. 

It should be obvious that representative politics involves both preferences 
and beliefs. Individuals have both beliefs about what is best for the society, 
and preferences that reflect their own particular economic or political interests. 
As long as voting reflects judgments alone, then it is possible to construct a 
model of probabilistic (or "Condorcetian") voting, such as the quanta! model 
described above, and conclude on this basis that two-candidate competition 
leads to a belief consensus. However if voting also reflects preferences, then it 
is difficult to see how the chaos theorem for direct democracy can be avoided. 

The inferences to be drawn for the design of political institutions can be 
very different depending on whether judgments or preferences are assumed 
to be the driving force behind politics. Condorcet 's writings (McLean and 
Hewitt 1994) suggest that he believed that political representatives would 
restrain their passions in passing judgment. As architect of the "Girondin 
Constitution" of 1793, Condorcet proposed a unicameral house of represen
tatives. However, this proposal was defeated by the Jacobins, and in March, 
1794, Condorcet was declared an outlaw and died in hiding. It is interesting to 
speculate on the indirect effect Condorcet may have had on the development 
of the political institutions of the United States. It is known (Randall 1993) 
that Condorcet, Jefferson (and Thomas Paine) were friends while Jefferson was 
American Minister in Paris during 1785-89. Moreover Jefferson and Madison 
corresponded regularly, and one can see a distinctly Condorcetian chain of rea
soning in Federalist X, written by Madison ([1787], see Bailyn 1993 for page 
references). 

In contrasting a Democracy (by which Madison means a direct democracy) 
with a Republic (or representative democracy), Madison suggests that the key 
difference is the "greater number of citizens and extent of territory which may 
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be brought within the compass of a Republican, than of a Democratic Govern
ment .... it is this circumstance principally which renders factious combinations 
less to be dreaded in the former, than in the latter" [Federalist X: 410]. Clearly 
there is a suggestion here that the greater extent of the Republic will induce 
"heterogeneity in beliefs". We may interpret this to mean that pairwise voter 
correlations in choices are low. If the choices of the voters or representatives 
are close to independent, then the Jury Theorem holds. One interpretation of 
this would be that no faction or majority capable of acting against the "per
manent and aggregate interests of the community" [Federalist X: 405] could 
persist. 

Notwithstanding this interpretation, Madison seems to have been opposed 
to Condorcet's view that a unicameral house of representatives is the optimal 
design for a legislature. While the "checks and balances" implicit in the U.S. 
polity make little sense from the Condorcetian viewpoint, they are sensible 
in terms of the deterministic voting model. The fact that the President and 
supramajoritarian coalitions in the Legislature both have veto power in the 
U. S. polity essentially means that the integer v(V), mentioned previously, 
is high. Thus a stable "legislative equilibrium" can exist (Hammond and 
Miller 1987). Unfortunately, if possible government policy has substantial 
redistributive components, then the underlying policy space may have even 
higher dimension. This suggests that legislatures will appear either to be 
"gridlocked" or "chaotic", depending on the dimensionality of the policy space. 

Although it is suggestive that there is a formal connection between "diver
sity of preference" and the lack of equilibrium in both the competitive model of 
the economy and the spatial model of committee voting, the work that we have 
just discussed gives little insight into the underlying relationship between the 
economy and the polity. The genius of Arrow's (1951) work in social choice is 
that it attempts, in some sense, to provide an integrated approach to collective 
decision making. While "Arrovian" social choice takes individual preference 
as the underlying primitive, the focus of the theory is on collective decision
making rather than individual choice (as was the case in the Nash research 
program). To emphasize this difference, I shall identify social choice theory, 
as well as deterministic models of voting, as part of the Arrovian Research 
Program. To remind the reader, Table 1 sets out this four-fold partition. 

Beliefs 
Preferences 

Table 1. 

Individual Collective 
Aumann 
Nash 

Condorcet 
Arrow 

One way to introduce social choice theory is to note that while the com
petitive economic model aggregates preferences, it does so on the restricted 
domain of private preferences. If the set of possible alternatives involves "pub
lic goods", then it can no longer be assumed that preferences are restricted in 
this fashion. 

Arrow adopted an unrestricted domain assumption, namely that the class 
of permissible preference profiles, D, consists of all fully transitive preference 
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orderings on the set of alternatives, X. In public economics it is often assumed 
that the choices available to society concerning the production of public goods 
can be valued in terms of a social welfare function-that is a preference that 
could, in principle, be defined in terms of a social utility, u, say. If this were 
possible, then standard economic techniques would be available to determine 
the optimal production of the public goods (given the relevant price struc
ture at points on the transformation surface between the private economy and 
the "public goods" polity). However such a social preference must be fully 
transitive, since social indifference, induced from a social utility, must also be 
transitive. Arrow also adopted what is now called the "binary independence 
axiom", namely that the social preference between any pair { x, y} of alterna
tives should be defined only in terms of the individual preference relations on 
{ x, y}. For example, the deterministic voting processes considered above obvi
ously satisfy this axiom. Arrow's impossibility theorem demonstrates that any 
social welfare function with unrestricted domain, satisfying the independence 
axiom and a unanimity or Pareto postulate, must be dictatorial (see Theorem 
1 of Chapter 2 of this volume for a precise statement). 

Of course, the requirement of full transitivity may be viewed as excessively 
strong. A weaker condition is the existence of a social decision function, u, 

namely a way of defining a transitive strict social preference for every pref
erence profile in the domain D. (Notice that the social indifference is no 
longer assumed to be transitive.) With the binary independence axiom and 
unrestricted domain, the social decision function must be oligarchic. In other 
words, however the function u is defined, there will exist a family of u-decisive 
coalitions, labelled V<7. If all members of a decisive coalition agree on the pref
erences between two alternatives { x, y}, say, then that they collectively control 
the social preference on { x, y}. Transitivity implies that D <7 is oligarchic: if 
two coalitions A, B are both u-decisive, then so is their intersection, AnB. If, 
in addition, the social decision function satisfies the Pareto condition, then the 
whole society, N, must be u-decisive. This essentially implies that any social 
decision function, u, is determined by an oligarchy 8<7, where 8<7 is au-decisive 
group belonging to every coalition in 'Du. Of course the oligarchy could be the 
whole society, namely N. However, if it is necessay to restrict choice to some 
proper subset of the Pareto set for N, then this can only be done by choosing 
some proper subset ()<7 of N to be the oligarchy (see Kirman and Sondermann 
1972). If {i} = 0<7 for some i EN, then i is called an Arrovian dictatorfor the 
function u. 

A weaker rationality condition on u is that social preference be acyclic. 
This "rationality" restriction is sufficient, under fairly weak conditions, to 
guarantee existence of a choice, Eu(P), namely an alternative that is unbeaten 
under the social preference u(P). For example, if X is a finite set of alter
natives, or if X is a compact topological space and u(P) is a "continuous" 
social preference, then acyclicity of u(P) is sufficient to guarantee a choice 
(Walker 1977). However, to ensure acyclicity of u(P), it is necessary that u 
(or D <7) be collegial: that is to say there must be some individual i (called a 
vetoer) who belongs to every u-decisive coalition (Brown 1973). Suppose, on 
the contrary, that u, or D17 , is not collegial (i.e., there is no vetoer). To relate 
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this to the situation of voting discussed earlier, suppose there is a minim:al 
non-collegial subfamily D' of D17 • That is, D' consists of v + 1 = v(D17 ) + 1 
different coalitions, with nobody in common. By Nakamura (1979), if X is a 
finite set of cardinality at least v + 1, then it is possible to construct a profile 
{P1, ... ,Pn} = P on {x1, ... ,xv+d such that u(P) is cyclic. Furthermore, 
if X is a topological vector space of dimension at least v, then there exists 
a continuous, convex profile {P1, ... , Pn} = P on X such that u(P) is cyclic 
on X (Schofield 1984; Strnad 1985). Indeed, the previous results on voting 
games suggest that, with an appropriate topology on preferences, the social 
preference u(P) will be cyclic for almost all preferences. 

These abstract results on the cyclicity of the social preference function de
pend on particular assumptions on the nature of preferences and the topology 
imposed on preference profiles. For example, suppose Dn is the space of all 
continuous preference profiles on X endowed with the "Hausdorff'' topology 
(see Chapter 8 for definitions). Without the restriction to convex preferences, 
the results of Rubenstein (1979), Cox (1984a) and Le Breton (1987) imply 
that if u is non-collegial, then u(P) cycles "almost always". Similarly, if Ds 
is the space of all smooth convex preference profiles, endowed with a certain 
"smooth" topology (Schofield 1995a), and u is non-collegial, then u(P) will be 
cyclic "almost always" if and only if the dimension of X exceeds some integer 
w(D17 ), where w(D17 ) ~ v(D17 )+ 1. The term "almost always" refers to a sub
set D of Ds (or Dn, as appropriate) that is open dense with respect to the 
topology with which the space of profiles is endowed. Thus the results suggest 
that the subset Ds\D (or Dn\D as appropriate) on which u is acyclic must 
be nowhere dense in the relevant topology. We may say, in more abbreviated 
fashion, that if u is non-collegial then it is generically cyclic (whenever the 
appropriate dimension condition on X is satisfied). 

1.2 A Brief Overview of the Volume 

1.2.1 Social Choice 

Part I of the volume is devoted to abstract "Arrovian" social choice theory. 
Chapters 2 and 3 focus on determining whether the unrestricted domain as
sumption is crucial to the inference that a method of social preference aggrega
tion must be dictatorial or oligarchic. A key to the proof that a social welfare 
function must be dictatorial lies in the existence of Condorcet preference cy
cles in the class of permitted preference profiles. Le Breton and Weymark 
show in Chapter 2 that Arrow's Impossibility Theorem is valid for any social 
welfare function on "saturating preference domains". Such domains include 
preferences that are linear, strictly monotonic on the simplex, or those that are 
"Euclidean" (i.e., where y E P;(x) iff II y-x; II< II x-x; II, and x; is i's bliss 
point). To deal with the case of an exchange economy, Le Breton and Wey
mark consider the situation where each individual, i, has selfish preferences 
on a private choice space, X;, and the collective choice space X is Cartesian 
(X = II; X;). They show, under these assumptions, that there is an "Arrovian 
dictator" if the domain is "hypersaturating". Moreover this condition is satis-
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fied whenever individual preferences are continuous and strictly monotonic on 
the strictly positive orthant of Euclidean space. Public or "private" choice do
mains generically satisfy either the saturating or hypersaturating conditions. 
In other words, it appears that a preference domain, for either public or pri
vate goods, does not admit an Arrovian dictator only if it is "nowhere dense" 
in an appropriate topology on the space of preference profiles. Note that this 
result is similar to, but not directly comparable with the genericity result on 
voting mentioned previously, since the voting result assumed that there was a 
common policy space X on which all preferences were defined. 

Chapter 3 by Donald Campbell considers a continuous social decision func
tion defined on preference domains large enough to include ''free triples" (again 
these can be thought of as "Condorcet cycles"). Instead of assuming the 
Pareto condition, the social decision function, u, satisfies a weaker property 
of "non-imposition". It is also assumed that the space of alternatives, X, is 
a connected topological space. These assumptions imply that there exists an 
"oligarchy", Ou, except that, in this case, some members of the oligarchy may 
have their preferences reversed in the social ranking. Campbell shows that 
this result is also true in economic environments (that is when X is "Cobb
Douglas"). Finally Campbell shows that if Eisa social choice correspondence 
that maximises the social decision function, u, and E satisfies an indepen
dence axiom due to Plott (1973), then u must be oligarchic. He concludes by 
arguing that if u can be implemented by a game form (whether cooperative 
or non-cooperative) then it must satisfy the Plott independence condition. 
Consequently, if a social welfare function can be implemented then it is ei
ther dictatorial or constant, and thus cannot be used to balance efficiency and 
equity considerations. 

Whereas Chapters 2 and 3 deal with social welfare and decision functions, 
Chapter 4 by Yongsheng Xu reviews results on choice functions on universal 
preference domains. As noted above, acyclicity of the underlying preference 
relation allows the existence of a choice. A choice function, C, is a procedure 
for selecting a choice C(V) from any set V. Starting with a choice function C 
it is possible that the base relation Rc induced by C on pairs of alternatives 
gives C(V) as its choice on every set V. In this case C is said to be ratio
nalizable. Xu shows how rationality properties imposed on Rc are equivalent 
to "choice theoretic" properties on C. As a corollary it is possible to obtain 
an Arrovian impossibility result: when the choice function satisfies univer
sal domain, the Pareto condition, an independence axiom and strong choice 
theoretic properties, then it must be dictatorial. 

In Chapter 5 Donald Saari returns to the 1784 debate on voting procedures 
between Borda and Condorcet (see McLean 1995). Borda argued that his 
technique based on counting always gave a method of ranking a finite number 
of alternatives, whereas Condorcet contended that the "Borda" count was open 
to extreme manipulation. Saari uses abstract tools of social choice theory to 
define a "dictionary" for each method of voting-that is a correspondence 
between all possible sets of profiles and all social preference rankings based on 
weighting voting vectors. For example, under plurality the weighting system is 
(1, 0, 0), assigning one vote to the first placed alternative of any voter. Under 
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"Borda", the count (3, 2, 1) assigns weight 3 to the first placed and weight 1 to 
the third-placed alternative. A "word" ofthe plurality dictionary, for example, 
could be x > y, z > y, z > x yet y > x > z. Such a "word" clearly violates 
acyclity, transitivity, etc. Saari shows that almost any choice of weighting 
system gives the "universal" dictionary, where "chaos" (i.e., anything) can 
occur. The Borda dictionary, which excludes "paradoxical" rankings, is the 
exception. However, the Borda count violates the binary independence axiom, 
since there is generally no connection between the Borda choice using the 
Borda count on a set V and the choice on a subset of V. Saari's findings 
suggest that any weighting voting system satisfying binary independence, or 
one of the choice theoretic rationality axioms will be chaotic. Conversely, while 
the Borda count gives a ranking on any set, and has a restricted dictionary, it 
is not rationalizable and violates choice theoretic conditions. 

1.2.2 Elections and Committees 

The essays in Part II of the volume examine voting in committees and elec
tions. It is necessary to briefly distinguish here between these two kinds of 
voting procedures. In committee voting, the outcome is simply an alterna
tive (in a set X), and depending on whether the model is intended to reflect 
preference or belief aggregation, the equilibrium (if one exists) is that alterna
tive which is unbeaten (under deterministic voting) or which has the highest 
probability of winning or, at least, not losing (under probabilistic voting). 
Elections involve voting over candidates, and, to be formal, each candidate, 
j, should be described by a strategy set Wj, say. Obviously enough, part of 
a candidate's strategy will involve a declaration about intended policy (in the 
space X) and perhaps other choices on campaign expenditure (described by a 
set Cj, say). In general then Wj =X X Cj. In the Downsian (1957) model it is 
assumed that Wj = X for each j, and that the declarations can be interpreted 
as policy outcomes. A candidate, j, prefers to win (uj = 1, say) rather than 
lose (uj = -1). If it is assumed that voting is preference-based, then it is 
sensible for each voter, i, to choose sincerely (i.e., to choose candidate j over 
candidate k if and only if u;(zj) > u;(z~;) : here we use { Zj, zk} to represent 
the candidate "platforms" or declarations). Consequently the PSN E for the 
candidates (if it exists) is to choose the voting equilibrium, or core. If we 
let 1J be plurality rule, then the integer v(1J), mentioned in Section 1.1, is at 
least 2. Thus a PSN E can be guaranteed in one dimension if voters have 
single-peaked preferences. However, a fully developed model of elections must 
carefully specify the beliefs of voters (over the credibility of the candidates) as 
well as the preferences and beliefs of candidates. Such a model could involve 
aspects of all four of the research programs described in Section 1.1. 

Chapter 6, by David Austen-Smith, develops a framework to extend the 
Downsian model to the multi-candidate, multiple constituency case (that is, 
with more than two candidates and more than a single constituency or dis
trict). As in the Downsian case, Austen-Smith assumes that X is a compact 
subset of the real line, and that each candidate, j, can be identified with a 
declaration Zj. Crucial to the analysis is a legislative outcome function >. 
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that specifies the policy outcome ~ ( z1 , .•. , Zt) when candidates { 1, ... , t} are 
elected to the legislature. Under these assumptions, no voter chooses sincerely 
(Moulin 1980). Austen-Smith goes on to discuss an important paper (Austen
Smith and Banks 1988) that models an election with three candidates. On the 
basis of these earlier results, he shows existence of a "sub game perfect" Nash 
equilibrium { zi, z2, z3 }, for the candidates, given the distribution of voter bliss 
points {x1, ... , Xm}· In this model, given the declarations {z1, z2, za}, the vot
ers choose strategically, a majority government coalition M forms, adopting a 
policy ZM. Each member j of M receives a payoff bi- (zM- Zj)2 , while any 
"party" outside M pays an election cost. The justification for the policy term 
( -(zM- Zj ) 2 ) is that each government member is punished in future elections 
(either by not being re-elected or by facing diminishing electoral support) if 
"legislative outcomes fail to match electoral promises." The term bj describes 
the "perquisites" or ministerial payoff that party j receives as a member of 
the governing coalition. 

Notice that the terms "candidate" and "party" have been used more or 
less interchangeably in the above discussion. Clearly plurality voting systems, 
such as Britain's, involve candidates competing in different constituencies or 
districts, and parties deciding on overall policy objectives. Austen-Smith goes 
on to evaluate a number of multiple district models of two-party elections that 
attempt to address some of the questions raised by Robertson's (1976) work 
on British politics. A key assumption here is that party policy is a "selection" 
from the convex hull of the party's candidate's electoral positions. Under cer
tain conditions, two-party electoral competition across multiple constituencies 
converges on the median of the constituency voter medians. 

Austen-Smith's perspective is obviously based on the Nash research pro
gram. Even assuming that the policy space of political alternatives is one
dimensional, the analysis is extremely complex. Both voters and and candi
dates are assumed to behave rationally with respect to their policy preferences 
and to their beliefs about final outcomes. In a number of the results, the final 
outcome results from the unspecified collective behavior of political represen
tatives within the legislature. This is necessary in order to link the strategies 
of the players to final outcomes and thus to utility payoffs. In the cases con
sidered by Austen-Smith, X is assumed to be one-dimensional and voting is 
deterministic. The results from the theory of committee voting suggest that 
the legislative outcome will be well-defined. However the chaos results from 
spatial voting theory suggest, when X is of higher dimension, that legislative 
outcomes may be unpredictable. 

Cheryl Eavey, in Chapter 7, reviews the experimental literature on com
mittee voting, published in the period after 1978 once the relevance of the 
chaos theorem (McKelvey 1976; Schofield 1978a) was clear. In the case of a 
finite number of alternatives, using the "Condorcetian" procedure of binary 
comparison, it appears that the majority-rule voting equilibrium (or "core") 
does not perform well as a behavioral predictor. In experiments using the 
two dimensional spatial model with Euclidean preferences, it is necessary, of 
course, to distinguish between games with a core and those without one. The 
results by Fiorina and Plott (1978) and Hoffman and Plott (1983) strongly 
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support the core. However, later experiments by Eavey (1991) suggest that 
the core is an imperfect predictor. One reason for this may be that the core 
examined in these games was structurally unstable (in the sense that any small 
perturbation of the given utility function rendered the core empty). Figure 3 
illustrates this. 

The five vertices of this figure represent the bliss points { Xt, •.• , xs} of the 
five voters. Were x5 located on the line joining x2 with x4 , then it would be 
a core point. A small perturbation of colinearity produces Figure 3, where 
the core is empty. In fact the fifteen dots in this figure represent observations 
obtained in the Fiorina and Plott (1978) experiments. It is evident that the 
shaded star-shaped figure contains nine of the observations, while the other six 
observations are fairly close to the star. This star-shaped object is called the 
"heart" (Schofield 1995b) and has been proposed as a predictor for these voting 
games (Schofield 1978b). An alternative solution notion is the "uncovered 
set" (McKelvey 1986) of the majority preference correspondence P . (Again 
I do not distinguish between the preference profile P and the majority rule 
correspondence induced by P.) Define the covering correspondence, P of P, 
by y E P(x) iffy E P(x) and P(y) C P(x). The uncovered set is the choice of 
P, namely {x: P{x} = 0}. Because of the set inclusion, P must be transitive, 
so E(P) will be non empty under general conditions (Bordes, Le Breton and 
Salles 1992). In fact, it appears that the "heart" and the uncovered set are 
closely related, since the heart can be interpreted as the set oflocally uncovered 
points (that is x is in the heart iff there is some neighborhood V of x, such 
that for no y E Vis y E P(x)). 

Figure 3. The heart of a five-person committee showing the Fiorina-Plott 
(1978) observations. 

The heart is generally easy to compute; in Figure 3 it is the star "spanned" 
by the six "median" lines (for example the line joining x 2 and x 4 is median). 
Of the 55 observations over 5 experiments discussed by Eavey, I estimate 40 
(or 73%) belong to the heart. Since the uncovered set is a subset ofthe heart , 
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I conclude that the success rate of the uncovered set is precisely the same. 
Chapter 8 by Schofield attempts to integrate the two distinct models of 

elections and committee voting presented in Chapters 6 and 7. This chapter 
first defines the heart in spatial committee games, when voters have Euclidean 
preferences, and then argues that it can be used as a predictor of coalition 
formation in multiparty situations in Europe. Models of multiparty coali
tion formation typically assume that the list of party policy declarations or 
manifestos { z1, ... , Zn} coincides with the true bliss points, or most preferred 
policy points, { z 1, ... , Zn}, of the parties. (See for example Chapters 12 and 
13 of this volume.) In contrast, Section 6 of Chapter 8 considers a model 
of coalition bargaining among three agents in two dimensions when the core 
is empty, and the declarations of the parties are chosen through an equilib
rium process. Each party, i, makes an offer z; and coalition {i,j} forms with 
probability Pii, inversely proportional to II z; - Zj 11 2, adopting the outcome 
Zij = !{ z; + Zj ). The final outcome is a lottery across the three coalition 
possibilities. It is argued that, for every set of bliss points { z1 , z2 , z3}, there 
exists a P S N E, { zi, z2, z3} = z*, in the choice of declarations or offers. The 
PSN E, z*, results from the maximization of a von Neumann-Morgenstern 
expected utility function, U;, for each party, i. 

Just to illustrate, suppose the bliss points are actually colinear with 
{z1,z2 ,z3 } = {-1,0,1}. If each party makes a sincere declaration, (z; = z;) 
it is easy to compute that {P12,P13,P23} = H, ~' t}· Assuming Euclidean 
utility for party 1, so u1(z) =- II z + 1112 , then gives "expected utility" of 
U1{ { -1, 0, -1}) = -t+( -t·~)+( -~·1) = - 191. On the other hand, if 1 makes 
the declaration z1 = 0, then the coalition {1, 2} forms with probability 1, and 
party 1 has expected utility U1 = -1, resulting from the certain outcome 
z12 = 0. However, if z1 = ~, and the other two parties behave sincerely, then 
coalition {1, 2} forms with probability close to .73 and chooses the outcome 
z12 = -t· The calculation shows u1 ~ -.95. Clearly given {z2, za) = {0, 1), 
there is a best response zi, for 1 somewhere in the interior of the interval 
[-1,0]. Indeed there is a PSNE where all parties cluster in a neighborhood 
of the origin. In two dimensions this convergence need not occur. Although 
the conclusions of the model depend on the assumptions on coalition outcomes 
and probabilities, it is conjectured that the model is robust. 

The motivation underlying this model is to provide an explanation why 
parties do not in fact converge to a "central" point of the electoral distribu
tion, f. As we have noted previously, two-party competitive vote maximization 
models tend to give "convergent" PSN E. In the multiparty case (n ~ 3) if 
the electoral response to the party declarations, z, is represented by a random 
variable ef ( z) over ~n, then vote maximization by the parties leads, in equi
librium, to "coalescence" of some of the party positions (Nixon, et al., 1995). 
However, if parties are also concerned with the effect of their declarations on 
post-election coalition bargaining {that is on "coalition risk" as represented 
by a vector p(z) of coalition probabilities) then they should balance the "cen
tripetal" effects of electoral risk, ef (z) and the "centrifugal" effects of coalition 
risk p(z). 

The simple three-party model, proposed in Chapter 8, suggests that unique 
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P S N E exist in this more general electoral/ coalitional game. In particular 
if the policy space involves at least two dimensions, then the parties will, 
in equilibrium, make quite different declarations. This general model also 
suggests that if X is one-dimensional, or if government perquisites are far 
more important than policy preferences, then "Downsian" policy convergence 
occurs. 

Whereas Chapter 6 assumes that the policy space, X, is uni-dimensional, 
and the legislative outcome is a function of the vector, z, of party declarations, 
Chapter 8 models the parties' pre-election beliefs concerning the eventual out
come as random variables defined over a higher dimensional state space and 
determined by the choice of z. Empirical analysis, such as presented in Part 
III of this volume, or experimental work (McKelvey 1991) could indicate how 
these beliefs are generated and sustained. 

Chapter 9 by David Austen-Smith is a brief formal analysis of some of the 
properties of the heart. The heart of a committee is the equilibrium set E(P,P) 
defined by a certain preference correspondence Pv induced by the voting rule 
'D, and preference profile P. It seems that Pv is a sub-correspondence of the 
covering correspondence, so the uncovered set is contained in the heart. Pv 
is designed to capture the idea of efficient bargaining. Austen-Smith proposes 
two "refinements" of the heart, which under certain conditions, are subsets of 
the heart or of the uncovered set. 

1.2.3 Coalitions 

The six chapters of Part III of the volume examine coalition bargaining in a 
variety of multi-party parliamentary situations. 

Chapter 10 by Schofield and Wada uses the concept of the bargaining set 
to predict the ministerial payoffs among the factions of the Liberal Democratic 
Party (LDP) in Japan. The bargaining set assumes that the ''power" of each 
faction is determined by its ability to form coalitions with parties outside the 
LDP. The results suggest that the LDP is not a traditional party bound 
by common policy goals, but a loose coalition of "proto" -parties motivated 
primarily by the wish to gain ministerial rewards. The break up of the LDP 
in 1992 seems to provide some substantiation of this inference. 

Carreras and Owen in Chapter 11 closely examine the bargaining between 
the parties that occurred in the Euskarian Parliament in the period November 
1986 to January 1987, using an adaptation of the Shapley-Shubik power index. 

In Chapters 12 and 13 Grofman and his co-authors, Straffin and Noviello, 
use varients of Grofman's proto-coalition model to discuss coalition formation 
in Norway, Denmark and Germany. Their work is essentially based on the 
model of committee voting with Euclidean preferences. The general idea is 
that, given the profile {x1, ... ,zn} of most preferred party positions, then 
that winning coalition M which exhibits the least variance var {:c; : i EM}, is 
predicted to form. Clearly this rule gives a unique legislative outcome function 
(see Chapter 6). However the rule is of little value in predicting coalitions in 
Italy, where a wide variety of different governing coalitions may form after 
each election. To deal with this difficulty they propose a stochastic version 
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of the model (incorporating error terms) and show that the rule performs 
much better than a number of cooperative game theory concepts that have 
been employed. One difficulty that they do not deal with is the following: if 
indeed government formation is specified by a legislative outcome rule that 
depends on the party bliss points { x1, ... , Xn}, then parties will rationally 
choose declarations in an attempt to enter the governing coalition. This is a 
possibility that the Nash equilibrium model presented in Chapter 8 attempted 
to resolve. Nonetheless the results of Chapters 12 and 13 suggest that coalition 
formation in multiparty situations may fruitfully be modelled as a committee 
game, once the declarations and electoral responses are known. 

In contrast to the cooperative game theory approach proposed in the chap
ters just mentioned, Chapter 14 by Laver and Shepsle develops a competitive 
model of ministerial government. Essential to the model is the notion of policy 
jurisdictions. The authors show existence of a subgame perfect Nash equilib
rium allocation of ministeries. 

The extraordinary characteristic of Italian politics is the brevity of the 
average coalition goverment. Nonetheless a dominant party, the Christian 
Democratic Party (DC), was in every government from 1946 to 1992. Schofield 
(1993) has suggested that the reason for the DC's dominance in government is 
that (up to 1992) it was always a core party (in the sense of being located at the 
core of the spatial policy game). Mershon argues in Chapter 15 that the DC 
was able to manipulate goverment formation by controlling, and increasing, the 
supply of ministerial payoffs. Cooperative game theory based on the notion of 
transferable value (or payoffs) has suggested that minimal winning coalitions 
will generally form (Riker 1962). Mershon's work suggests this inference is 
invalid in situations where the number and nature of ministerial payoffs can be 
manipulated by a powerful actor. The decades-long manipulation of coalition 
payoffs by the DC may well have contributed to the breakdown of the party 
system in 1993. As Schofield (1993) noted, the DC lost its core position after 
the 1992 election, and with loss of control, the corruption that was associated 
with ministerial manipulation may have contributed to the collapse of the 
system. 

1.2.4 Political Economy 

The chapters in Part IV of this volume focus, in varying degrees, on the 
application of formal models of social choice and voting, to the analysis of 
government policy making. Implicit in both Chapters 16 and 17 is the as
sumption that different groups in the society have conflicting preferences for 
government choice, and varying degrees of power. Instead of assuming, as in 
the voting models, that preferences are heterogeneous and that many different 
voting coalitions are possible, the models described in these two chapters es
sentially assume a situation with two groups. Chapter 16 by Potters and van 
Winden reviews various classes of models on the interaction between interest 
groups and government: one describes the influence that groups have on gov
ernment; another uses campaign contributions as the mode of influence, while 
the information model concentrates on the strategic transfer of information 
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between groups and government. 
Rebecca Morton discusses and evaluates Rational Partisan Theory (RPT) 

in Chapter 17. In RPT, each party has a bliss point in a space of macro
economic policies involving inflation and economic growth, and it is assumed 
implicitly that voters also have differing trade-oft's between inflation and growth 
(or employment). Morton argues that it is crucial in these models to assume 
that there are random influences on voter preferences that cannot he predicted 
by parties or voters. It would seem that it is fundamental to these models to 
have a well-specified electoral model and to analyse more precisely the utility 
functions of the parties. For example, if we adopt the two party probabilistic 
model, then it would appear that parties would indeed tend to converge to a 
median voter position. 

On the other hand, if parties do make a trade-off between their policy 
preferences and the electoral response to their declarations, then one might 
expect divergent party platforms (Cox 1984h ). Of course, these inferences may 
only be valid in two party situations. RCT has made little effort to generalize 
the model to multiparty coalition situations, or to consider more carefully the 
basis of party motivations. It is evident that once an internally consistent 
model of electoral politics and party behavior is worked out, then this could 
be fruitfully applied to the analysis of macro-economic policy making. 

The last two chapters of the volume present applications of the Condorce
tian model, discussed above. As emphasized previously, making a choice be
tween two different candidates or party platforms has many of the elements of 
choosing which of two hypotheses are true. Though each of the two parties, 
say D and R, propose different policies before an election, both will attempt 
to give plausible justification for their policies (based perhaps on both norma
tive and efficiency reasons). The information received by a typical voter, i, 
say may be viewed as a message mi. If mi is far to the left then it would be 
reasonable fori to vote forD, and if m; is to the right to vote for R. 

Ladha, in Chapter 18, puts this in a simple context of deciding between 
two alternative hypotheses Ho, H11 where "Ho" could be interpreted to mean 
that D offers "better" policy options. Ladha supposes that each i chooses a 
critical value~>;, and selects H0 (or votes for D) whenever m; ::; "i• etc. Writ
ing Xi = 0 or 1 for i' s voting choice, the majoritarian rule selects H1 whenever 
L: Xi attains a majority. Ladha shows, under the assumption of voter indepen
dence, that the probability of "committing an error" approaches zero as the 
population size approaches infinity. Of course an alternative way to proceed 
is to perform the test using the sample mean ~ L: mi = m. However in actual 
voting situations the two hypotheses compared by the individuals may be very 
different, so it would he difficult to use 'ffi to compare hypotheses. The Con
dorcetian technique, discussed above, is based instead on the expectation and 
distribution of X= ~ L: Xi and may he thought of as a method for comparing 
hypotheses when there is uncertainty. Ladha's discussion suggests that voting 
may be a consistent technique for hypothesis testing under uncertainty. 

Ladha and Miller in Chapter 19 examine the validity of the Jury The
orem under dependence. In other words, they consider the situation when 
rij = Pr(Xi = l;Xi = 1) :f; 'lr(Trj (where, as above, 'lri is the probability that 
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individual i makes the true choice, so 11'; = Pr(x; = 1) and r;j is the joint 
probability that both i and j make the correct choice). Let r be the average of 
Tij· They show that, under certain conditions on r, the probability, {(n), that 
the majority makes the correct choice, exceeds 1f (the average of all11';) and 
approaches 1 as n--+ oo. They give an example where adding an "uninformed" 
voter can increase {(n). In their illustration, 11'1 = 11'2 = .8 and r12 = .6, so 
{(2) = .6 (since a majority requires two ayes). However, adding an informed 
voter with 11'3 = .4 who is negatively correlated (r13 = r12 = .2) increases the 
"accuracy" of the group to {(3) = 1. No matter what signals the three individ
uals receive, if they vote on the basis of their signals, then two voters always 
choose the correct hypothesis. Ladha and Miller go on to consider situations 
where "political" factions are characterized by high inter-group correlations, 
and show that, other things being constant, social accuracy is maximized when 
factions are all of equal size. Consequently there is a correspondence between 
the fragmentation (Rae and Taylor 1970) of the faction structure and social 
accuracy. In a sense this inference supports the reasoning attributed to Madi
son in the previous discussion and contradicts the theoretical argument for a 
link between fragmentation and instability. 

The discussion by Ladha and Miller suggests that in models of two party 
competition there may be a justification for using the expected vote 1f as a 
proxy for the probability, {, of winning. (See also Aranson, et a/. 1974.) 
However, attempting to extend the argument to more than two hypotheses 
(or parties or candidates) must face the problem of cyclicity that Condorcet 
could not overcome. Clearly there is still much work to be done to integrate 
Condorcetian or probabilistic electoral models with those of party competition 
in coalitional situations, and to extend this framework to a fully developed 
theory that can relate factionalism to the "efficiency" of government. 

The earlier work by Rae and Taylor (1970) provides an interesting empir
ical examination of Madison's thesis, by relating economic and political frag
mentation to a measure of "tyranny". However their measure of ''tyranny" 
is relative size of government and their finding of a negative correlation only 
hints at the complex interrelationships between economic diversity, fragmen
tation in beliefs, the electoral system, and government activity. Theoretical 
and empirical work of the kind described in this volume may lead, eventually, 
to a soundly based comparative political economy capable of addressing these 
questions. 
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