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SEQUENTIAL VOTING WITH 
ENDOGENOUS VOTER FORECASTS 

DENNIS EPPLE 
JOSEPH B. KADANE 

Carnegie Mellon University 

TWle investigate a sequential voting model in which voters'forecasts 
of outcomes on future issues are determined endogenously. Voters are assumed to make 
decisions in an environment in which future outcomes are uncertain. The uncertainty 
arises from two possible sources. Voters may be uncertain of other voters' preferences. 
In addition, events that occur before future issues are decided may affect voters' 
preferences on future votes. Information available to voters at each point in time is 
characterized. An equilibrium to the voting problem, if one exists, is one for which the 
outcome on the issue currently being decided and voters'forecasts of outcomes on future 
issues are determined simultaneously. We show that an equilibrium exists under a par- 
ticular voting institution and characterize voters' forecasts for this equilibrium. 

S everal recent studies 
have investigated the properties of major- 
ity rule voting processes when issues are 
voted on sequentially. The motivation for 
this approach is twofold: (1) to investigate 
the role of institutional structure in influ- 
encing outcomes and (2) to determine 
whether problems of nonexistence of 
equilibrium in multidimensional voting 
problems may be overcome by assuming 
a particular structure for voting decisions 
(see Denzau and Mackay 1981; Feld and 
Grofman 1987; Kramer 1977; Plott 1967). 

Denzau and Mackay (1981) show that 
existence of equilibrium and the proper- 
ties of equilibrium when it exists depend 
not only on voters' preferences but also 
on their expectations about outcomes of 
future votes. In particular, they show that 
an equilibrium may fail to exist if voters 
have perfect foresight expectations. More- 
over, when preferences are such that an 
equilibrium exists with perfect foresight 
expectations, the equilibrium will general- 
ly differ from the one that would prevail 

under myopic expectations. Their analy- 
sis and subsequent analyses (including the 
present one) assume voters have weighted 
Euclidean distance (Enelow and Hinich 
1984) preference functions. 

Enelow and Hinich (1983) study an en- 
vironment in which voters forecast out- 
comes on future votes with error. They 
show that voter preferences on each issue 
are single-peaked if each voter's forecast 
of outcomes on future votes does not 
depend on the outcome currently under 
consideration. Enelow (1984) shows that 
this result can be generalized. Preferences 
are single-peaked if voters' forecasts of 
outcomes on future votes depend linearly 
on the issue currently under considera- 
tion, and the variance of their forecasts 
does not depend on the outcome of the 
issue currently being decided. 

Enelow and Hinich (1983) and Enelow 
(1984) take voters' forecasting rules as 
given exogenously, that is, outside the 
model. However, in light of their results, 
it is natural to ask whether the sequential 
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voting model can be augmented by infor- 
mational assumptions that permit voters' 
forecasting rules to be derived endoge- 
nously, that is, within the model. That is 
the problem studied here. We assume that 
voters are in an environment in which 
future outcomes are uncertain. The uncer- 
tainty arises from two possible sources. 
Voters may be uncertain of other voters' 
preferences. In addition, events that occur 
before future issues are decided may affect 
voters' preferences on future votes. We 
characterize information available to 
voters at each point in time. If there is an 
equilibrium to the voting problem, it is 
one in which, for each issue, the outcome 
on that issue and voters' forecasts of out- 
comes on future issues are determined 
simultaneously. We show that an equilib- 
rium exists under a particular voting insti- 
tution, and we characterize voters' fore- 
casts for this equilibrium. 

We know from Denzau and Mackay 
(1981) that there are conditions under 
which equilibrium will fail to exist when 
voters have full information and voters' 
forecasts are endogenous. Hence, it is 
natural to expect that there will be condi- 
tions under which existence of equilib- 
rium will fail when voters make endoge- 
nous forecasts with imperfect informa- 
tion. In addition to studying a class of 
problems for which equilibrium exists, we 
indicate the problems that arise in at- 
tempting to extend our analysis beyond 
that class. 

A model with endogenous voter fore- 
casts is important for the following 
reasons. Over time, voters are continually 
receiving new information about the pref- 
erences of constituents or other voters 
(opinion polls), the state of the domestic 
economy, international events, and a 
variety of other factors that may affect 
their preferences about issues yet to be 
decided. A model with endogenous voter 
forecasts can provide insights into how 
voters use information and how voters' 
forecasts and the associated voting out- 

comes change as new information be- 
comes available. Hence, a model with 
endogenous voter forecasts can provide 
valuable insights into the role of informa- 
tion in political decisions. 

In a model with sequential voting, 
voter forecasts play a central role in deter- 
mining the sequence of outcomes. If voter 
forecasting rules are taken to be exoge- 
nous and permitted to change in arbitrary 
ways between votes, the potential for 
testing the model is quite limited. Any se- 
quence of observed outcomes could be ex- 
plained by a suitable choice of parameters 
in voters' forecasting rules. Hence, for- 
mulating a model of how voters' forecasts 
are determined is an important part of the 
overall goal of modeling outcomes when 
issues are decided sequentially. Hence, we 
believe that making voter forecasts en- 
dogenous is the next logical step in 
building on the insights of Denzau and 
MacKay (1981), Enelow and Hinich 
(1983), and Enelow (1984). 

Having argued that forecasting rules 
should be made endogenous, we still have 
a good deal of latitude in modeling the 
way in which forecasts are formed. For 
example, we might simply assume that 
voters choose forecasting rules before the 
first issue is decided and adhere to those 
rules regardless of new information ob- 
tained as time passes. Alternatively, we 
might assume that voters adjust adaptive- 
ly, changing the coefficients in their fore- 
casting rules in some prescribed way 
when the outcome they observe differs 
from their ex ante forecast. These and 
similar approaches have the shortcoming 
that voters can make systematic errors 
without revising their approach to the 
forecasting problem. 

Our approach is based on the assump- 
tion that voters use their knowledge of the 
way in which issues are decided to fore- 
cast future outcomes. Implementing this 
approach requires us to be explicit about 
what information voters have at each 
point in time about their own preferences, 
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the preferences of other voters, and other 
factors relevant to the voting decision. 
Given this information and their knowl- 
edge of the way in which issues are de- 
cided, voters can then forecast future out- 
comes. Their forecasts thus make use of 
all information available to them. 

The Model 

A series of T 2 1 issues are to be de- 
cided sequentially by N voters. The out- 
come on each issue is determined by a 
voting procedure detailed below. Once an 
issue is decided, it cannot be reconsidered. 
Decisions are implemented and consump- 
tion occurs after all issues have been 
decided. The order of voting on the issues 
is fixed. 

Individual voters are endowed with pri- 
vate information, Xj, about their own 
preferences. This information is drawn 
from a distribution f(4). In developing 
our analysis, we assume that the distribu- 
tion f(.) is known to all voters. In our 
remarks, we discuss the implications of 
relaxing this assumption. After the out- 
come on each issue has been determined, 
new information may become available. 
Let wt be the new information received 
after issue t is decided, and let w = 
(W1, 02, * * A wT). It is common knowl- 
edge (Aumann 1976) that co is drawn from 
the distribution g(co), and the draw itself is 
observed by all voters. Preferences over 
the T-dimensional vector of outcomes 0 
are given by 

u(O; 4i, co) = 

-(0- x(i, co)]'A[0 - x(Oi, co)], (1) 

where the vector x(Oi, co) is the voter i's 
ideal point, and A is a positive-definite 
matrix of salience weights. The functions 
x(e) are common to all voters. 

The following are two examples of 
special cases conforming to the above 
structure. 

Example 1 

A set of N voters is selected at random 
from a population in which individuals 
have different ideal points. The distribu- 
tion of ideal points, Xj, in the population 
is given by f(4). There is no common 
shock to preferences. In this example, 
X(Oi, c) = fir 

In this example, the uncertainty about 
future outcomes arises because voters do 
not know the preferences of other voters. 
However, from knowledge of the distri- 
bution of preferences in the population, 
they will be able to form a forecast of out- 
comes on future votes, as we show below. 

In many settings, the outcomes on 
future votes will be uncertain not only 
because voters are not entirely sure of 
other voters' preferences but also because 
events that may occur before the future 
votes are decided may affect preferences 
over future outcomes. A heightened or 
diminished level of conflict elsewhere in 
the world may affect willingness to spend 
for defense. New information about trade 
deficits or surpluses may affect pref- 
erences for protectionist legislation. The 
emergence of a recession may affect will- 
ingness to fund unemployment compensa- 
tion programs. Disruptions in the supply 
of oil from abroad may affect willingness 
to spend resources to develop technolo- 
gies for alternative energy sources. The 
next example illustrates how uncertainty 
about future events might be captured in 
the structure presented. 

Example 2 

A set of N voters is drawn at random 
from a population with direct utility 
function 

U(O, qj; zi, A) = 

-(- zi)'A(O - zi) + qj, 

where 0 is publicly provided goods, qj is 
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consumption of private goods, and zi and 
A are preference parameters. The publicly 
provided goods 0 will be financed by a 
proportional income tax. Thus, 

qi = yi(l - r), (2) 

where yi is i's before-tax income and T is 
the tax rate. Suppose there are two public- 
ly provided goods and let 01 and 02 be 
funds spent on these two activities. The 
public sector budget constraint is then 

TY= 01++02 (3) 
where Y is aggregate income. Suppose i's 
relative position in the income distribu- 
tion is given by 

Yi = ki + &i., (4) 
Y 

where a is a common shock to income 
(associated with, say, fluctuations in the 
aggregate economy), e is an individual- 
specific variable reflecting the sensitivity 
of individual i's earnings to business fluc- 
tuations, and ki is an individual-specific 
variable reflecting the individual's posi- 
tion in the income distribution in the 
absence of shock 5. Here Eki = 1 and Lei 
= 0. 

Solve equation 3 for r, substitute the 
result into equation 2, and replace yi/Y by 
the right-hand side of equation 4 to yield 
an indirect utility function of the form in 
equation 1 (up to an individual-specific 
additive constant) with ideal points: 

A-1 I 
Xi = Zi -(ki + Her) A e', (5) 

2 

where e = (1, 1). In this example, 4i = 

(ki, ej, zi), co = (6, Y), and x(Oi, co) is 
given by equation 5. The example illus- 
trates how fluctuations in the state of the 
economy a and Y affect voters' ideal 
points over issues. 

Analysis of voting with incomplete in- 
formation poses difficulties not encoun- 

tered in models with full information 
(Ordeshook and Palfrey 1988). In order to 
characterize equilibrium in the sequential 
voting problem, we assume the following 
voting procedure is employed. When an 
issue is considered, each voter submits a 
proposal vs E R. The outcome on the issue 
is 

medtvii. 
i 

We call the proposal that i submits i's 
vote. On each issue each voter observes 
the outcome. Our results do not depend 
on whether voters observe the proposals 
made by other voters. Hence, the results 
apply to either secret ballot elections or to 
elections where all votes are revealed. 

This voting procedure clearly does not 
capture the richness of information trans- 
mission and agenda formation in commit- 
tee decision making (Austen-Smith 1988). 
However, this approach permits us to 
sidestep some of the complexity of models 
of agenda formation. The procedure 
proves to be a useful vehicle for gaining 
insights into models such as the sequen- 
tial-voting model we study. 

In this model, a player i's strategy maps 
the history of the game (the outcomes on 
past votes) and player i's type (the vector 
cs) into a vote on the current issue. We 
consider the Nash equilibrium that 
emerges by solving the model using back- 
ward induction. It is a property of our 
model that a voter's optimal decision at 
each stage of the game is the same regard- 
less of the voter's beliefs about other 
voters' types (i.e., the It's of other voters) 
at that stage of the game. Hence, we do 
not need to make any particular assump- 
tion about how a voter updates beliefs 
about other voters' types as the game pro- 
ceeds. It is natural to assume, however, 
that beliefs are updated using Bayes's rule, 
in which case, our solution to the game is 
a sequential equilibrium (Kreps and Wil- 
son 1982). 

We next present some definitions and 
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results that prove useful in the analysis to 
follow. 

DEFNITION. For utility function Uli(,) for 
voter i, v* is a dominant strategy if 

Ujj(medfvt* v-jl) 2 Uli(medtvi, v-ij) 
for all vi, v-i. (6) 

Here vi is i's vote and v-f is the vector 
of votes by all other voters. 

THEOREM 1 (Black 1958). If U11(.) is 
single-peaked, i has a dominant strat- 
egy, vi = Argmax U1i(x). 

x 

COROLLARY. If vj = vi(e) for j * i, where 
e is a random vector and U1i(e) is 
single-peaked, v7 = Argmax U1j(x) is a 

x 
dominant strategy for i regardless of 
the process that generates e. 

Proof. Since v satisfies equation 6 for all 
v-, it follows that E U1i(medfv , v #(e)J) 
a E U1i(medfvi, v-i(e QED 

LEMMA 1. If y is a random variable that 
emerges when all players follow their 
equilibrium strategies in the future, i 
expects all players to pursue their equi- 
librium strategies in the future, and i's 
utility over present and future out- 
comes can be written 

Uj(medjvlj, V2We, * * ,vn(6)1, y) 

= Uli(medfvl, v2(e), . .. , vn(e)j) 
+ U2i(Y) 

where U1i(e) is single-peaked, then v{ 
- Argmax Uji(x) is i's best proposal 
for thexcurrent issue. 

Proof. Obvious extension of the corol- 
lary. QED 

To illustrate the essential features of 
our analysis, we begin by solving 
Example 1 for the case in which only 
two issues are to be decided. For nota- 
tional convenience, let xi = x(+ ) = i . 

At the time that issue 2 is decided, 

the outcome on issue 1, 01 is known. 
With 01 given, the utility function in 
equation 1 is concave in 02 and, hence, 
single-peaked. By the corollary to 
Theorem 1, i's dominant strategy is to 
vote the value that maximizes equation 
1 with respect to 02. Voters i's most 
preferred outcome on issue 2, given 
outcome 01 on issue 1, is found by set- 
ting the derivative of equation 1 with 
respect to 02 equal to zero and solving 
to obtain 

Ve = ajO + ji, (7) 

where 

a =-(a2/a22) (8) 

and 

Pi =- X1i + X2ij (9) 

The median outcome of the period 2 vote 
is then 

02 = med(a01 + pi). (10) 

Since a and 01 do not depend on i, this 
may be rewritten as 

i2 af + med As 11 

Now 02 is a random variable, the dis- 
tribution of which is derived from the dis- 
tribution of the xi. The voter's first-period 
optimization problem is obtained by in- 
serting 02 in place of 02 in equation 1 and 
taking expectations. Voters have differing 
information (each voter knows his or her 
own preferences but not the preferences of 
others). Hence, the perceived distribution 
of future outcomes conditional on the 
information each voter has may differ 
across voters. In light of the results 
of Enelow and Hinich (1983) and Enelow 
(1984), it is interesting to observe that the 
mean of 02 is linear in 01. 

It is also of interest to note how the 
structure of the voting problem affects the 
forecasting equation 11. In particular, 
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from equation 8, the coefficient of 01 in 
equation 11 is determined by elements of 
the salience matrix A. Also, the random 
component in equation 11 arises from 
voters' uncertainty about other voters' 
preferences, as is evident from equation 9. 
Hence, the distribution of voter forecasts 
in this example is determined by the dis- 
tribution of voter preferences through 
equation 11. 

Voter i's most-preferred outcome on 
issue 1 is obtained by choosing vi to 
maximize: 

-E[all - (aa22/a22)](0j -Xl)2] 

- Ea22[ - X2i- (au2a22)X1j22, (12) 

where the expectation in equation 12 is 
taken conditional on information avail- 
able to voter i and 

a = med 9j. 

In particular, voter i knows f(e) and g(.) 
as well as his or her own preferences. The 
second expression in equation 12 does not 
depend on i's vote on issue 1. The first 
expression in equation 12 is single-peaked 
in 01. Hence, Lemma 1 applies. Voter i's 
most-preferred outcome on issue 1 is v* 
= x1j, and the outcome on issue 1 is 

01 = medfx1ij. (13) 

In this example, the outcome on the 
first issue to be voted on (issue 1) is simply 
the median of the most-preferred values 
on that issue (equation 13). By contrast, 
the outcome on the second issue to be 
voted on (issue 2) depends on the outcome 
on the first issue (equation 11). Thus, the 
order of voting will often matter. It fol- 
lows that the sequential voting outcomes 
need not be the same as outcomes ob- 
tained if the issue space were rotated so 
that voters' salience weights in the rotated 
space were diagonal. In the rotated space 
voting outcomes would be invariant to 
order while in the original space outcomes 
will often depend on order. 

We now generalize to the case of an 
arbitrary number of issues. We will make 
use of the following linear algebra result. 

LEMMA 2. Consider the quadratic form 

Q(Y, Z) = [(Y - Ay), (Z -Az)] 

where 11 is nonsingular and 12 = 

121. This quadratic form can be re- 
written 

Q(y, z) = (y - d)'E1l(y - d) 
+ (z- uZ)'22(z - Az), 

where 

d = y- E11'-'En(Z -z) 

and 
22 = E22 - E21E11-E12 

Proof. Substitute d and 22 in the sec- 
ond expression. Straightforward algebra 
yields the first expression. QED 

Lemma 2 has a statistical interpreta- 
tion. The first expression for Q(y,z) 
appears in the exponent of a jointly nor- 
mal distribution for (y,z), with mean 
(Ay, Iz) and covariance matrix 

11 En 

L21 ad 

The second expression for Q(y, z) appears 
in the exponent of the marginal distribu- 
tion for z and the conditional distribution 
of y, given z (see, e.g., DeGroot 1970, 
54-56). 

For simplicity, we present our proof for 
the case in which there is no common 
shock, w. When the proof is complete, we 
indicate how the result can be generalized 
to include the common shock. We next 
present several definitions used in proving 
our major result. 
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Define matrices Bs, s = 1, 2, . . ., S 
recursively as follows: 

Bs = A 

Bs-' =B B2Bs~l(Bs )-'Bs~ 

s =2, ...,S 

where 

21 22l 
B 

BI, has dimension 1 X 1, B2, has dimen- 
sion (s - 1) X 1, B 2 has dimension 
1 X (s -), and Bs2 has dimension 
(s-1) X (s-1). Note that B' = Bk,. 
Hence, define B2, = BkI = B I = 0. 

Let 

eS = [Os? Os-l . . 0* , 01 , 

s 0, 1, 2, ...,S, where 00 0. 

Let 

Xis= [xis, xis-l. . X1, xiO], 

Vi,s=0,1,2, ...,S, 

where xio 0 Vi. Let 

mis = xi, + (Bs )-'Bs xj5s- 
Vi,s=1,2, .... ,S (14) 

m. = medmmij, s = 1, 2, ...,S (15) 

S-1 

Mis = s (mt - mt) B1,(Mt- Mit), 
o~~~~~~ 

Vi, s = 1,2, ... ,S-1 (16) 
5 =S 

Define the functions 

vis(e)S l) =Xis 
- (Bs) -' B-2(e-- Xis-l) 
Vi, s = 1, 2,.#. . , S 

v5(e1) )= med vis(e5-.), _ 

Note that v5(05-1) can be written 

vs(S-1) = 
-(Bs,) 1Bs Os-, 

+ med~xis + (Bs)-'BsXi.-,). 

Thus, using equations 14 and 15, 
vis(O,_i) and v5(05_-) can be written 

vis(0s-l) =-(Bs,)-1Bs-, 
+mi5,Vi,s=1,2,...S (17) 

vs(OS-l) = -(Bs1) -' Bs2e5.- 
+ m., s = 1,2, ...,S. (18) 

Let 00 0. Solve equations 17-18 for- 
ward sequentially where, at each s > 0, 

ei = vjS(e.l), eS = v5( Os-i)v 

and, for s - 0, 

es = [,,, Os-l, * * , 08, 0oI 

where 6o 0. Then, 

o = -(Bs )-'Bs O5-1 + mi. (19) 
s = 1, 2, . .. I S 

Os = -(Bs1)-'Bs O,, + is. (20) 
s = 1,2,.. .,S. 

Define 

ViS(OS) = -(Os - Xis)'B5(0 - Xis) 

-Ms, s=1,2 ...,S. (21) 

THEOREM 2. Let voters have preferences 
given by equation 1 with x(Oi, w) = 
x(c) = xi, where xi is drawn random- 
ly from a distribution f(x). The form of 
the preference function and the dis- 
tribution f(x) are known to all voters. 
For each voter i, the vector of pref- 
erence parameters xi is private infor- 
mation. If issues are decided sequen- 
tially by the voting procedure we have 
adopted, an equilibrium exists. The 
equilibrium sequence of individual 
votes and the sequence of vote out- 
comes are given by equations 19 and 
20. When voting on issue s with arbi- 
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trary history es5l, if voter i expects all 
voters to pursue their equilibrium 
strategies in the future, i's utility over 
outcomes on the current issue, Os, is 
given by equation 21 and i's voting 
strategy is given by equations 17-18. 

Proof. The proof is by backward induc- 
tion. Since Mis = 0 and B5 = A, i's utility 
over outcomes on issue S, given history 
eS-,, is given by Vis(OS). From Lemma2 
and equations 17-18 and 21, this can be 
rewritten 

-[Os - viS(eS-j)]'B[s[Os - v(-) 
-(eS1 XiS-1)'(B) 2- 

(s~- Xis1) - Mis. (22) 

The first expression in equation 22 is 
single-peaked in Os, and the remaining 
terms do not depend on Os. By the corol- 
lary to Theorem 1, voter i has a dominant 
strategy when voting on issue S, namely, 
the strategy that maximizes equation 22 
with respect to Os. The maximum is given 
by vis(OS-1), defined in equation 17. 

Continuing the induction argument, let 
voter i's utility function at issue s < S for 
arbitrary history e,1 be Vi,(e5-1). Us- 
ing Lemma 2, rewrite this function as 

--[ - vs(Os-1)1'B' [O5s - vs(es-1)] 
-(Es5. - X1s5j)'(Bs )-I 

(OS - Xis-1) - Ms. (23) 

The first term in equation 23 is single- 
peaked in O0. The second term is a con- 
stant known to i at the time that the vote 
on issue s occurs. The third term, M&, is 
defined in equations 14-18. When choos- 
ing a vote on issue s, i wishes to choose a 
vote to maximize the expected value of 
equation 23 conditional on i's informa- 
tion set, which includes the past history of 
votes, es-,, i's own ideal point X&s, and 
any other information that may have 
been revealed to i prior to submission of 
the vote on issue s. Let I1 denote this in- 
formation set. Now E(M &I Iis) does not 

depend on i's vote on issue s. That is, 
knowledge by i of his or her own vote on 
issue s reveals no information about Mbs 
not already provided by knowledge of I&. 
Hence, only the first term in equation 23 
is a function of i's vote on issue s. Since 
the first term is single-peaked in OS, 
Lemma 1 applies, and i chooses the vote 
that maximizes the first term in equation 
23 with respect to ES. Hence, i's vote is 
given by equation 17, and the vote out- 
come on issue s by equation 18. 

Substituting the vote outcome v5(O5-1) 
for Os in equation 23 and noting that 

vS(OS-1) - v&(Oe.-1) = M.-Mi", 

we obtain that i's induced utility function 
over eO.1 is Vi-.(Oe-9) as given in equa- 
tion 21. This completes the induction 
argument. 

The claim that equations 19-20 give the 
equilibrium sequence of votes and vote 
outcomes then follows by solving equa- 
tions 17-18 forward sequentially as was 
done in defining equations 19-20. QED 

Remarks 

The equilibrium characterized in the 
theorem is the unique backward induction 
equilibrium. 

The proof can be extended to the case 
where there is a common shock, a, in the 
following way. Replace xi in the theorem 
with x(?,, w). Interpret the expectation 
operator at each step of the proof as the 
expectation conditional on elements of the 
vector X = (co1, W2, . . . , wT) that have 
been revealed to date. The steps of the 
theorem can simply be repeated with 
these changes. 

The discussion indicates why the proof 
remains valid when a common shock is 
introduced. However, the introduction of 
a common shock raises an interesting 
issue. All voters know that common 
shocks will occur before the sequence of 
votes. They know that the realizations of 
those shocks will affect their preferences 
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over voting choices. One strategy that 
voters might adopt is to propose policies 
that are contingent on the realizations of 
the common shocks. There are many pro- 
grams that have such contingencies. 
Social security benefits are indexed for 
inflation, expenditures for unemployment 
compensation are contingent on the num- 
ber of people who are unemployed, disas- 
ter relief expenditures are contingent on 
the occurrence of disasters, and so on. An 
interesting problem for future research is 
to investigate the possibility of introduc- 
ing contingent policies as objects of voting 
in a sequential voting framework. 

In the model we have considered thus 
far (with or without the common shock to 
preferences), voters have differing fore- 
casts of future outcomes because they 
have private information about their own 
preferences that may not be available to 
others. If voters have private information 
about the distribution of other voters' 
preferences based on private opinion 
polls, eavesdropping in legislative cloak- 
rooms, and so on, this would provide a 
further reason for heterogeneity of voter 
forecasts. However, the results of the 
theorem would still hold. In the proof, 
expectations for each voter are taken to be 
conditional on the information held by 
that voter. If voters have private informa- 
tion about other voters' forecasts, the 
coefficients on past outcomes in voters' 
forecasting rules would still be common 
across voters, while the distribution of 
voter forecasts would continue to differ 
across voters. 

In deriving our results, we have 
assumed that voters have imperfect 
knowledge of voters' preferences but that 
they know the distribution f(.), from 
which ideal points are drawn. Models in 
which agents' subjective beliefs about 
relevant probability distributions are 
assumed to conform to the objective dis- 
tributions were first introduced by Muth 
(1961). He proposed calling expectations 
formed using this assumption "rational 

expectations." McKelvey and Ordeshook's 
(1985a, 1985b) investigations of forma- 
tion of voter expectations also uses the 
rational expectations approach. 

The rational expectations approach 
implies that an outside observer who 
wants to study the behavior of voters can 
use the actual distributions of relevant 
random variables to predict voters' fore- 
casts. In this way, a link is provided from 
the theory to actual voter forecasts. This 
is not the only way that such a link can be 
made. However, as we argued in the in- 
troduction, it is essential that some link be 
made if the model is to generate implica- 
tions regarding voter forecasts that may 
potentially be tested. The rational expec- 
tations approach has proven to be a fruit- 
ful approach to generating testable impli- 
cations in other contexts (Lucas and Sar- 
gent 1981). 

For an equilibrium to exist, however, it 
is not necessary to invoke the assumption 
of rational expectations. The proof is 
valid as long as voters know that the 
salience matrix (A in our model) in other 
voters' preference functions is the same as 
their own. It is not necessary that voters' 
subjective assessments of the distribution 
of ideal points be the objective distribu- 
tion, voters may make systematic errors 
in predicting outcomes on future votes. 
However, it is still the case in our model 
that it is a dominant strategy for each 
voter to vote his or her ideal point on each 
issue. Thus, in the case where there is no 
common shock to preferences, systematic 
errors in voter forecasts will not affect the 
sequence of outcomes. If there are com- 
mon shocks to preferences and voters' 
subjective assessments of the distribution 
of the common shock differ from the ac- 
tual distribution, an equilibrium will 
exist; but the sequence of outcomes will, 
in general, be different from the sequence 
that emerges when the distribution of 
shocks is common knowledge. 

An important assumption that we have 
made is that the salience matrix, A, in 
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voter preferences (equation 1) does not 
differ across voters. This assumption is 
not easily relaxed. To see why, suppose 
that matrix A is indexed by i. When the A 
matrix is indexed by i, the simplification 
obtained by writing equations 17-18 as a 
linear function of past outcomes with 
weights common to all voters is no longer 
available. This is a critical step in the 
proof. Problems of nonexistence of equi- 
librium in Denzau and Mackay's (1981) 
analysis of the perfect forecast case arise 
only when the salience matrix A differs 
across voters. Thus, variation of the A 
matrix across voters continues to pose a 
problem for sequential voting models 
with endogenous voter forecasts. Finding 
a way to relax the assumption that all 
voters have the same salience weights is 
an important issue for future research. 

Our model has the property that voters 
have a dominant strategy on each vote, 
and our analysis relies heavily on this 
property. It would be interesting to inves- 
tigate different voting games, in particular 
when dominant strategies are not present. 

Conclusion 
Building on the work of Denzau and 

MacKay (1981), Enelow and Hinich 
(1983), and Enelow (1984), we have pre- 
sented a strategy for deriving endogenous 
voter forecasts when sequential voting 
occurs under conditions of uncertainty. 
Our approach assumes that voters use all 
available information in making their 
forecasts. In addition, we assume that 
voters know the distribution from which 
preference parameters are drawn. Voters 
then deduce the distribution of outcomes 
from their knowledge of this distribution 
and their knowledge of how decisions are 
made. Hence, if the voting sequence were 
repeated with a new draw from the dis- 
tribution of voters for each sequence, the 
ex post distribution of outcomes would-be 
the distribution voters use in making their 

forecasts. It is in this sense that voters 
in our models do not make systematic 
errors. 

It is natural to be somewhat skeptical 
about voters' ability to gather and process 
the information required to behave in the 
fashion assumed in our derivation of en- 
dogenous forecasts. Indeed, this issue 
arises in most rational expectations 
models. One response to this criticism has 
been the argument that voters behave "as 
if" they are following the strategy that we 
characterize in our analysis, whether they 
perform detailed computations or not. 
Attention has recently been devoted to 
the question of assessing whether individ- 
uals using simple forecasting strategies 
may "learn" the forecasting rules that 
emerge in the rational expectations for- 
mulation (Marcet and Sargent 1989). This 
is one avenue for addressing the concern 
that an analysis such as ours presumes too 
much of voters. An alternative strategy is 
to attempt to characterize how the infor- 
mation that voters have or use falls short 
of that assumed in our analysis. As we 
indicated, an equilibrium will exist in our 
model in cases where voters' beliefs about 
the relevant probability distributions do 
not conform to the actual distributions; 
but their forecasts will be systematically 
in error and the sequence of outcomes 
may differ from that in the case where the 
actual distribution are known. Thus, 
departing from the rational expectations 
assumption does not pose a challenge for 
proving existence of equilibrium but 
rather for deriving potentially testable 
propositions from the theory. 

Note 
Support for this research was provided by ONR 

Grant no. N00014-85-K-0539 and NSF Grant SES85- 
20003. We have benefited from discussions with 
David Austen-Smith, Jeff Banks, James Enelow, 
Melvin Hinich, Mark Kamlet, and Barton Lipman. 
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