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Abstract

To analyze the advantages and disadvantages of the U.&lqutal primary system, we develop
a model in which candidates withftirent policy positions and qualities compete for the notiona
and voters are uncertain about the candidates’ valencs. sEliip generates twdfects, which we call
vote-splitting (i.e., several candidates in the same pglmsition compete for the same voter pool) and
voter learning (as the results in earlier elections helergto update their beliefs on candidate quality).
We analyze how dierent temporal organizations of primarig¢geat the trade-4b between vote-splitting
and voter learning: Sequential voting minimizes votettipd in late districts, but voters may coordinate
on the wrong candidate. Using the parameter estimatesnelbt&#iom the 2008 Democratic presidential
primaries, we conduct policy experiments such as replattiegcurrent system with a simultaneous
system or other proposed systems.
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1 Introduction

One of the fundamental questions in the analysis of politics is how the institutidhe @olitical system
influence election results and policy outcomes. An understanding of stetiiseshould ideally guide the
institutional designers (such as a constitutional convention) in their chbibe political system. Clearly,
this approach to institutional design generallffets from an important problem: Institutional arrangements
are often fixed in a constitution for a long term, so once we observe howtiaypar political system works

in practice, it has already become hard to change. In this article, we analparticular feature of the
U.S. political system that does notfier from this conundrum: The selection of candidates for the U.S.
presidential election by means of a sequence of elections within each pqiditgl the “primaries? is not
enshrined in the U.S. Constitution, and the structure of the sequencethalyachanged substantially in
the past and is likely to continue to be modified in the future.

The nomination process is one of the most controversial institutions of Ansecmatemporary political
landscape: Its sequential structure is perceived as inherently “Ub&iause it shifts too much power to
voters in early primary states. For this reason, many states have shiftegriheries earlier and earlier
over the last several election cycles, while the national parties have trétekioagainst this movement. For
the 2008 cycle, both the Democratic and the Republican National Committeerciheséhat prohibited all
but a few states to hold their primaries before February 5th. Florida ankiigdic violated these rules and
were punished by the DNC and RNC by taking away half of their delegatie abnventiorf. Similarly,
in 2012, the RNC punishes some states for holding their primaries at dalies #wm approved. Thus, it
appears that states have a strong interest in voting early, at leastenaigik such a punishment. Moreover,
if the national parties’ decisions reflect their interest in thiiency of the whole nomination process, then
the states’ “race to the front” appears to beffisgent. The main alternatives to the current status quo of a
sequential system that have attracted considerable support amongbuotientators and politicians are a
nationwide primary to be held on the same day, and a proposal by the Na&swdiation of the Secretaries
of State (NASS) for regional primaries. According to the NASS prop(ss¢ Stimson (2008)), lowa and
New Hampshire would always vote first, followed by four regional pringffer the East, Midwest, South
and West regions) scheduled on the first Tuesday in March, April,dfidune of presidential election years.
The sequence of the four regions would rotate over a 16-year cycleurlframework, we can analyze (i)
under which circumstances the temporal organization make®eaatice for who wins the nomination, and
(i) whether such a change is beneficial for voters from an ex-antélibatian perspective.

We argue that the primary system has to provide a trdfibetween two dferent and potentially con-

IDifferent states have their presidential nomination elections organized aspeitharies or caucuses. Since we are only
interested in the temporal organization of the entire nomination processillwia a slight abuse of terminology, call all of these

contests “primaries.”
2Throughout the primary process, the Democratic National committeetaveatened to take away all of Florida’s and Michi-

gan'’s delegates, but then reduced the size of the penalty to one-half.



flicting objectives, learning about candidate quality and voter coordinafiorbetter understand our basic
argument, consider the following — only half-fictional — example of a nominatomtest with three serious
contenders at the time of the first elections, whom we call C, E and O. Tdaeskdates dier in some
characteristics that are relevant for voters. First, candidate C hasexpe in Washington and would know
on day 1 where the light switches are in the White House, while candidated B ann as “Washington
outsiders” or “change candidates”. Suppose that, ceteris paribus,\8aters prefer a candidate with Wash-
ington experience, while others (the “change voters”) prefer an autsld addition, there is uncertainty
about the valence of each candidate. If the primary elections were toltdeegmultaneously in all states,
then it is quite plausible that C wins most states, as E and O split the change voter

In contrast, in a sequential system, change voters in states that hold therips after the first ones
can observe the early election results and vote accordingly; also, ictatipe of such coordination, the
trailing candidate may drop out early. For example, if O gets more votes thartte iearly elections,
then even voters with ranking > O > C may vote for O, because they have determined that E has no
chance of winning, and among the remaining relevant candidates, tHey @rdn this case, O will win the
nomination if a majority of the electorate prefers him to C.

Such voter migrations between candidates may be crucial for election owgcBoreexample, Moulitsas
(2008a) cites a Rasmussen poll for Missouri from January 31 (themestonducted with Edwards in the
mix) before the primary one week later. The preference numbers in thauRasn poll were Clinton 47,
Obama 38, Edwards 11, while the actual election results were Obama 49.®8nClin1, Edwards 1.7.
These numbers suggest that a majority of Edwards supporters migratédboaQafter Edwards dropped
out of the race. Similarly, in a ¥26-30, 2007 poll by Opinion Research Corp for CNN (cited by Moulitsas
(2008b)), 36% of lowa Demaocrats polled declare that Edwards wasstheind choice, 25% name Obama,
but only 11% name Clinton as their second choice. Since all three candidatesery close in terms of
first preferences, this suggests that most Obama and Edwards suppadéhng hespective other candidate
as their second preference. Arguably, analogdiects have arisen in the 2012 Republican nomination
contest, with Rick Santorum and Newt Gingrich vying for recognition as te@servative challenger” of
Mitt Romney and splitting much of the conservative vote for as long as botediaythe race.

The benefit of a sequential system in our example is that, in most districtshémge voters do not
split their votes, thus increasing the likelihood that a change candidate Vimere is, however, also a
disadvantage when voters are uncertain about candidate valenasditi@ong coordination on only one
or few initial elections raises the possibility that the weaker change candidates out on top, and if
such an early electoral mistake occurs, it cannot be corrected in thénmaghdistricts precisely because of
coordination resulting in candidate withdrawal. The objective of our modelpsovide a formal framework
for the analysis of the tradeffidoetween coordination and voter learning.



2 Coordination, learning, and the trade-df between them

Learning about candidate quality is a very relevant problem in presidipritizaries: While most candidates
are accomplished politicians such as governors or members of Congeegdew of them are already
household names for a truly national audience. Moreover, in additiorstaphievements, voters also care
about how candidates acquit themselves under the pressure of areingenpaign under the spotlight of
the national media. Thus, learning about candidate quality naturally meteeughout the entire primary
process. While, in principle, all voters agree on the desirability of nominatiegoest” candidate, imperfect
information implies that they may havefi#irent ideas about who the best candidate is, in particular early in
the primary process.

While some of the candidates’ characteristics can be thought of as pereedin the sense that all
voters agree that they want to nominate lestpossible candidate in those categories), there are also dif-
ferences between candidates that are better thought of in terms ofritaftidéferentiation. For example,
when candidates fier in ideological positions such as moderates and conservatives in thale@@iter-
ent voters have conflicting preferences even if all information abodidates is common knowledge. For
our purposes, it is immaterial whether the voters’ preferences ovéignssare “sincere” or follow some
strategic calculations based on the recognition that the nominee has to compgenieral election against
the nominee of the other party (for example, a very conservative, liuavisrse voter might actually have
a preference for nominating a moderate Republican as a candidate if heebéhiat the moderate’s higher
likelihood of winning in the general election relative to a conservative cosgtes for the less preferred
policy position). In our formal model, we take voters’ preferences fog of the positions as fixed and
exogenously given.

However, we do not think of our horizontal dimension as necessarilygxely capturing actual “pol-
icy” differences in a traditional sense. For example, one can argue that thepstitgpositions of the
three main candidates in the 2008 Demacratic race on actual political issteesave close to each other.
What matters for our argument is entirely that vofeesceivea difference that is important to them between
different sets of candidates, and the opinion polls cited above clearly indiaaii2dimocratic primary voters
perceived Edwards and Obama to be relatively similar to each other, latidely different from Clintor?

Our theoretical model, set up in Section 4 and analyzed in Section 5, dewbl®gimplest framework
in which the issues of learning and coordination can arise and interact agthather, and provides some
guidance as to which factorffact this trade-fi. The net &ect can go in either direction, so that the question
of the optimal voting system is a quantitative one. In Section 6, we estimate thaustlyparameters of our
theoretical model using data from the 2008 Democratic primary. The estimataoheter values show that
both key features of the theory (slow voter learning about candidateogland unequal substitutability of

30ne can also think that voters may havéetient views on the desirability of “political dynasties” (see Dal Bo, DaJ &ud
Snyder (2009)).



candidates with dierent political positions) are quantitatively important. In the first primarytesin the
variability of the voters’ estimate of candidate valence is only about a thirdedftle valence variability

(the reason is that signal quality is weak, and updating is thus not veygnisive to the received signal in
the first district). Moreover, the horizontalftérences between candidates appear to be very important for
voters’ choice.

However, the main point of the estimation is not to “test” the model in a classinakseRather, the
purpose is to develop reasonable starting values for our institutional sirmdatidection 7. All of our
simulations consider races with three candidates competing for the nominatioof, whom share the same
political position. We compute the distribution of election outcomes under dadidfarent sequencing
scenarios of state voting. The first scenario assumes that all 50 statesivaltaneously; the second
assumes that states vote sequentially and all three candidates remain inethmtibthe end; the third
assumes that states vote sequentially but the candidate perceived as (@étde two candidates who share
the same political position) drops out after the fifth state votes. Scenario 4disleabafter the sequence in
the 2008 Democratic race, and scenario 5 is the NASS proposal withutrafter the first regional contest.

Our results show that a sequential election with all candidates remaining s easults in the highest
expected valence and the highest probability that the Condorcet wirglected, while a completely simul-
taneous election does worst. The other setups yield intermediate results,elMA8E proposal coming in
as a very close second to completely sequential primaries. In fact, the giverpsrformance of the NASS
proposal is particularly relevant because a completely sequential preyaiym with three candidates in
the race for a very long time may not be practically feasible. After all, it is n&ityp to the candidates to
decide when they want to give up, but also, voters may decide that oelypfothe two candidates in the
shared position has a realistic probability of winning, and they nfigctvely eliminate a contender as a
“serious candidate” even if hdfirially stays in the race. In contrast, it is quite plausible that candidates
would remain in the race until after the first regional contest under theS\#Sposal.

The intuitive reasons for the simulation results are as follows. A simultandectioa makes the nomi-
nation of the sole candidate very probable, independent of this candidaience, as vote-splitting between
the two candidates in the same position is usually substantial and crossatiner(v.e., voters with a pref-
erence for one position voting for a candidate in the other position) is onlyerat#l In the sequential
election with all candidates staying in the race, there is some vote splitting in aittisbut the extent of
it is suficiently muted to be considerably less detrimental to the winning chances ofttee diethe two
candidates in the same position. In the third scenario in which one of the twiedes who share the same
position (namely, the one who is perceived as weaker by voters afteffitiheifitrict) drops out after the
fifth state, the vote-splitting problem is reduced even further, but this catreesubstantial cost, as there is
a distinct possibility that the wrong candidate is eliminated (i.e., the candidateewuesvalence exceeds
the one of his competitor). Consequently, expected valence decredlsiss@gime, relative to a completely
sequential regime without dropout. We also find that the optimal dropout tione dr social point of view



is quite late (approximately after 30 states), but that the overwhelming ptré @xpected utility increase
can be achieved by moving to a dropout after about 15 states. This isabenreshy the NASS proposal
does very well from a welfare point of view in our simulations. Assuming&fiatandidates stay in the race
until after the first large regional contest, there af@siently many early elections to be relatively confident
that the strongest candidates survive, yet vote splitting is absent indtted four large regional contests.
Relative to a primary structure modeled after the 2008 temporal structureaibahjility that the Condorcet
winner wins increases from 59.9% to 73.4%.

Our baseline scenario takes the point estimates from our estimation of thgp@20@8ies, but we then
check for robustness by increasing or decreasing each paramkterbyaone standard deviation while
keeping the other parameter values constant. None of these changgesltize ranking of the filerent
primary systems relative to the baseline case. This is important: While our estirntettorique implies
results about the ex-ante quality distribution from which candidates anendes well as the distribution of
signals), there is, of course, no guarantee that these distributionsregtct throughout time. Thus, it is
reassuring that our central result — the comparison betweksneatit primary systems — appears very robust
with respect to reasonable variation in the parameter values.

3 Related Literature

Several studies analyze the relation between voters’ expectations di wéndidates will do well and

their preference for these candidates. The study closest to our docti®e role of early primaries as a
coordination device is Bartels (1987),who analyzes the 1984 Democrasitpntial primary and describes
the coordination process of those Democratic voters unhappy with thdigstaént candidate as follows

(pp.13).

At the beginning of the 1984 primary season, the question facing pribapeoters was
whether or not to support the obvious front-runner, Walter Mondaleos& who were most
predisposed to support Mondale (on the basis of issue preferenchswould do so without
undue soul-searching. On the other hand, a fair number of Democratsvere lukewarm (or
worse) about Mondale’s candidacy may at least have entertainedshibitity of supporting a
different candidate. Their problem was to decide which alternative, if atytrido.

Having framed the problem in this way, we may ask ourselves what a mtsp&oter
with an eye out for an alternative to Mondale would have been likely to krmutathe other
candidates in the race. At the beginning of the campaign, the best ansprebably “very
little”. But Hart's second-place finish in lowa, followed by his dramatic wpsetory in New
Hampshire changed that. By the end of February, our prospectivewasequite likely to know
at least one thing about at least one challenger: that Gary Hart walsesa, an alternative to
Mondale with significant popular support, [suggesting that] a vote for\auld not be wasted.

5



In the empirical part of the paper, Bartels does not focus on this cadidinaspect (i.e., Hart versus other
non-Mondale candidates), but rather analyzes the dynamic aspeois ekpectations about the candidates’
winning chances influenced voters’ preferences. Other studieszamglsimilar relationships include Bar-
tels (1985) for the 1980 Democratic primaries and Kenny and Rice (188#)é 1988 Republican primary,
but all of these focus implicitly on a two-candidate framework.

An exception to this is Knight and S¢h{2010), who provide both a theoretical model and an empirical
study of the 2004 Democratic primary. In contrast to our model, though,rtiedel is not designed to ana-
lyze the optimality of diferent temporal structures of the primary process, and also doesvect lrade-
between coordination and learning. In a recent working paper, KaightSchif (2011) extend their model
to analyze the welfarefkects of sequential and simultaneous primaries. In contrast to our moded,dbes
not allow for horizontal diferentiation between candidates (i.e., voters do not have policy preésremer
candidates), but it is more general than ours in allowing for candidatéygbaing drawn from diferent
ex-ante distributions. A potential advantage of sequential elections in theieln®thus that they may
allow “dark horse candidates” (i.e., candidates whose quality is drawm drtess favorable ex-ante distri-
bution, but who might turn out more positive with some probability) to emerge easiy than they would
in simultaneous elections. It turns out that this advantage, in their estimatiosuiBdient to overcome
the statistical advantage of better signal aggregation in simultaneous eleciimes that the underlying
advantages of sequential elections angedént in their model, we view our work as complementary to
this paper. Also, their model shows that our result that sequential elseqieform very well welfare-wise
would probably be strengthened even further if we allowed for candidatee drawn from dierent ex-ante
distributions.

In a clever lab experiment, Morton and Williams (1999, 2001) analyze the-wddetween learning
and coordination in simultaneous and sequential elections, and show thhaffbots occur in later elections
in their experiment. Our paper builds upon theirs in that we take it as givendteas in later elections learn
about candidate quality and try to coordinate with other voters. Our main adhled is that we empirically
analyze the fects of this trade4®. In particular, policy implications for optimal institutional design must
be based on data derived from real-world primaries, rather than orataog experiments. This is because
the optimal primary structure depends on the size and the interaction of théfégtsén a nontrivial way.

Bouton, Castanheira, LLorente-Saguer, and Pilet (2012) analyzibkem of learning and coordination
in a setting with three candidates and repeated elections. While their the@yhdblave much power
in terms of predicting whether coordination will occur, they also run an rx@at in which those voters
who face a coordination problem indeed use the outcome of the first elestiarcoordination device and
ignore information that they receive in later rounds. Their result thuagsitize significance of the tradefo
between learning and coordination that is at the core of our paper.

Most of the theoretical literature on primaries has focused on elections wathlternatives (see, e.g.,
Dekel and Piccione 2000, Callander 2007, Ali and Kartik 2012). Withtwstcandidates, the problem of



coordination does not arise in these models. Moreover, these modelsraggily positive in nature and
do not focus on optimal institutional design (exceptions to this, but still in adavadidate framework are
Klumpp and Polborn (2006) and Schwabe (2010)).

4 The model

LetJ = {1,..., J} denote the set of candidates who compete for their party’s nomination, tajpddaote

a typical candidate. The set of states (i.e., electoral distric{d) is., S}, with typical states. We assume

for simplicity that the number of stateS, is large and that all of them have the same size. States vote
sequentially, though some states may vote at the same time. Voters can obseyutctime in all states
that voted before their own state. The set of candidates in later electionsevaagtrict subset of the set of
candidates in early elections, as some candidates may drop out.

Candidates dier in two dimensions. First, parametgrmeasures Candidafés valence (which is a
characteristic like competence appreciated by all voters). Secondidfagpelicy issue on which candidates
have either position 0 or 1. Without loss of generality, we assume that thgdficandidates are fixed at
a; = 0, while the othelj; = J — jo candidates are fixed af = 1.

The policy dimension is meant to capture the notion that some candidates areiquiée to each
other and hence close substitutes for most voters, while there is a motargighsitference to some other
candidates. Other issues are treated stochastically via a composite qrefeheck, as detailed beldw.
Voteri’s utility from a victory of Candidatg is

Uj =vj - dlaj - 6] + &, (1)

Here,d' is voteri’s preferred position on the policy issue, andneasures the weight of the policy issue
relative to valence. The proportion of the total population in distgith preference foa = 1Lisu® € (0, 1),
which is common knowledge among all players.

The last termgij, drawn fromN(0, 082), is an individual preference shock of votdor Candidatej, as
in probabilistic voting model8.A possible interpretation of this term is that candidates alferdn a large
number of other dimensions for which voters havffedent preferences. The policy dimension modeled
explicitly (a; = 0 ora; = 1) should then be understood as the most important dimension.

Voters are uncertain about the candidates’ valences. Specifically,caadidate’s valence is an inde-
pendent draw from a normal distributidi(0, o-,2). Voters cannot observg directly. Instead, voters in state

4A final noteworthy contribution in this area is Anderson and Meagheri(P@ho embed the primary election into a framework

that includes party formation and party competition.
5The assumption that policyfiierences can be expressed in binary form follows Krasa and PolB@18), and the assumption

that there is only one major fixed characteristic in which candidafées @ very helpful for the empirical analysis.
6See, e.g., Lindbeck and Weibull (1987), Coughlin (1992) or Parasd Tabellini (2000) for a review of the various develop-

ments of this literature.



sobserve a signa?ljS =vj + njs, where the additional term for Candidajte]js, is an independent draw from

a normal distributiorN(O, anz). Note thatnf is a state-specific (as opposed to voter-specific) observation
error. The idea is that voters in the same state receive their news abaainiidates from the same local
news sources so that errors, if any, are not individual-speciffc.instead, observation error terms were
individual-specific, then the true valence of candidates would be gigriaeown after the election results

of the first state, which appears unrealistic.

Also, we assume that signals are state-specific rather than national, sbetttain results are infor-
mative for voters in later states. Even if information arrives from natioealsnmedia, it appears likely
that voters are particularly attentive before a state-wide election, while votests who live in states that
will only vote in a month or so may forget today’s news stories before theiddeabout whom to vote for.
Also, information may be interpretedftérently in diferent states. If, instead, all information was broad-
cast nationally to all voters, then election results would not be incrementatiymiative about candidate
valence.

Given their own signal, and possibly the election results in earlier states {ioch the signals in those
earlier states can be inferred), voters rationally update their belief #@walence of candidates. Lq‘*t -
denote the valence of Candidatehat is expected by voters in distrist Let J' be the set of “relevant”
candidates in periotlelections. We assume that the deis known to all voters, and that each voter votes
sincerely given this set of relevant candidatéEhat is, voteri in district s (which votes at time) votes for
Candidatej if and only if

j €arg Jrrgn‘;f ~ May - 6] + &2

Thus, the set of relevant candidates captures our notion of coordirationg candidates gfud voters
in later primaries. In practice, there are two ways how a candidate whoipatéd in earlier rounds of
elections may drop out of the set of relevant candidates, either by beimgyajly considered to be a lost
cause by all or most voters, or byfigially withdrawing from the race. It is important to stress that a
sequential structure of primariéacilitates coordination (and the particular form of coordination that we
focus on is, in our opinion, fairly natural), but, of course, sequentiaigries do noenforceany particular
form of coordination. We discuss this issue further below.

7Of course, in reality, there are plausibly both common and idiosyncrasiergation errors. To simplify the model and gain

some tractability, we focus on the state-specific observation error.
8In elections with more than two candidates, there are generally many Nasdlbea in undominated strategies. However,

sincere voting is a standard assumption in the literature for multicandidatmeie@nd also appears to capture voter behavior in
many elections (see Degan and Merlo (2006)). Also note that in ourlrpadicipation in exogenous and thus we do model how
changes in the field of candidateezts incentives to vote and voting turnout. For some recent work on wotesut in the US

Presidential Primaries see Kawai and Watanabe (2010).
9Since the distribution of is continuous, the measure of voters who areffiedent between 2 or more candidates is equal to

zero, so it is irrelevant for the election outcome how those voters behave



5 Analysis

5.1 Roadmap

Ideally, we would like to solve for the equilibrium in all possible primary struesthen find the optimal
primary structure for each set of parameters, and determine whichatasheters is plausible for real-life
primaries. Clearly, this model is much too complex to allow for such a strategwetdw, for a special
case of the model, we obtain an analytical solution that provides some intuitiohefdrade-& between
learning and coordination. In this scenario, presented in Section 5.21alyza two candidates in position 1
competing with a single candidate in position 0, and assumeditligtso large that all voters vote for a
candidate who is in the same position as they themselves, andigebnstant across districts.

While these theoretical results provide intuition for the main driving forcélsemodel, the special case
analyzed imposes relatively restrictive assumptions in order to keep ittaadliytractable. We therefore
proceed to (i) developing a theoretical foundation for an empirical strategstimate the parameters of the
model in a particular primary, (ii) to use the estimated parameters to conduct pgperiments such as
changing the temporal structure of the primaries and (iii) a sensitivity anahatisnquires how robust the
results are to changes of the parameters. The sensitivity analysis ised stejg here because the point of the
empirical analysis is not to “test the model”; even if our empirical analysise@08 Democratic primary
yielded perfectly accurate parameter estimates, these would be the pasdoredee particular primary
race. Our interest in institutional design is, however, to find primary structuraswiould do well for a
number of diferent plausible parameter constellations, not just those that govern@8@BeDemocratic
contest.

5.2 Atractable special case

In this section, we provide a complete theoretical analysis of a particularafathe model that can be
solved in closed form and provides some intuition for tife@s of the temporal organization of primaries.
There are initially three candidated £ 3). Candidate 1's position i& = 0, while Candidates 2 and 3
havea, = az = 1. Furthermore, assume thais suficiently large relative to the span of the distributions of
valencev such that a dference in the policy dimension (almost) always dominates both valeffeeetlice
and the idiosyncratic preference shackin other words, all voters with preferred positién= 0 vote for
Candidate 1, while those voters with= 1 either vote for Candidate 2 or'8.This creates a coordination
problem for those voters whose preferred position is 1: If candidatewl B split the votes of those voters
who prefer position 1, then Candidate 1 may win even if he is not the Coaderoner (i.e., the candidate
who would be preferred by a majority of voters to all other candidates|eéficas were known).

101n principle, the distribution of is unbounded such that there are some voters with, sayptypg, but a very large;, who
thus prefer Candidate 1. However, wheis large relative tar,, such voters will be exceedingly rare, and we just ignore these
cases in this section (in order to gain tractability).



We also assume that the proportion of the total population with prefereneesfd is equal tqu in all
districts /! = u? = ... = uN = p). Clearly, ifu < 1/2, then Candidate 1 is the Condorcet winner, and his
supporters form a majority in each district. (df> 1/2, then either Candidate 2 or Candidate 3 is the (full
information) Condorcet winner, depending on which one of them hasigineihvalence.

We assume that the number of states is lagje{ o), and analyze two temporal organizations of
the primary system. Under simultaneous electionsSadtates vote at the same time. Under sequential
elections, one state votestat 0, and the remaining — 1 states vote dt= 1, after observing the election
outcome in the first state; in this case, the set of relevant candidates his formed by excluding either
Candidate 2 or 3 (i.e., one of the two candidates in position 1), depending@did/worse in the first state.
Proposition 1 characterizes the equilibrium for the twibedlent primary systems. By Condorcet loser, we
mean the candidate who would lose against either opponent.

Proposition 1 Assume that Candidate 1's policy position is 0 and both Candidate 2 and & falicy
position 1. Additionally, suppose thats large relative tao, ando,.

If u < 1/2, Candidate 1 is the Condorcet winner.1if2 < u < 2/3, Candidate 1 is the Condorcet loser,
and the candidate with the higher valence among Candidates 2 and 3 is tli®Cenhwinner.

1. Ifu < 1/2, Candidate 1 wins under both a simultaneous and a sequential primansys
2. 1f1/2 < u < 2/3,
(&) In a sequential primary system, either Candidate 2 or Candidate 3. Wihe probability that

the Condorcet winner wins is decreasingtp and increasing iro,.

(b) In a simultaneous primary system, either the Condorcet winner axddate 1 wins. There
existsu* € (1/2,2/3) such that Candidate 1 (the Condorcet loser) wins the nomination with
positive probability for every < u*.

3. Ifu>2/3,

(@) In a sequential primary system, Candidates 2 and 3 each win with pogitobability, while
Candidate 1 cannot win.

(b) In a simultaneous primary system, the Condorcet winner wins witheitity 1.

We now discuss the intuition for these results (a formal proof is available iAgpendix).

If1—u > 1/2, Candidate 1 receives an absolute majority of votes in every district, aheticompetes
against one or two opponents. The election system dii¢ts whether the votes of tyge= 1 voters are
split or united, but even coordination cannot change that Candidatesl win

If u e (1/2,2/3), type 1 voters are in the majority, and thus either Candidate 2 or 3 is the @ehdo
winner. However, since Candidate 1 receives more than one-third @bths, it is possible that he receives
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a plurality in some or all districts. In this case, interestinjeslences between sequential and simultaneous
primary systems arise. The advantage of a sequential system is that & eot@dplitting and thus prevents

a victory of the Condorcet loser; however, the winning candidate may loever quality than the candidate
who dropped out. In contrast, in a simultaneous election system, the law eflargbers guarantees that
the better of Candidates 2 and 3 wins more votes than the weaker one. étpsiage there is vote splitting
Candidate 1, the Condorcet loser, may still win.

To see thesefkects in more detail, consider first sequential elections. Sineel/2, either Candidate
2 and Candidate 3 (whoever wins more votes in the first district) will win all reimg districts. Thus, in a
sequential organization of primaries, it is impossible that the Condorcetwiss. However, because the
signal of first-district voters is not perfect, the Condorcet winner naag fvorse in the first district than
his competitor with the same position. Intuitively, a higlegrmeans that there is a larger chance that the
difference of observation mistakes for the two candidates outweighs theicealfirrence, so that voters in
the first district mistakenly perceive the worse candidate as the bettelf angncreases, this increases the
expected valence fiierence between the better and the worse candidate and thus incregsed oty
that the Condorcet winner wins. The Condorcet winner’s exact winpinbability is derived in the proof.

Now consider simultaneous elections wher (1/2,2/3). Since Candidate 1's vote shares L, is
larger thanu/2, it is possible that voters with a preference for Candidate 2 or 3 splitdh auay in a
district that Candidate 1 wins a plurality. How often this happens depengarameters. If there is a large
difference between the perceived valences of Candidates 2 and 3, andlibdyncratic preferenceftir-
ences captured hy are stficiently small for most voters, then almost all of them agree on one candidate,
and vote splitting is minimal. In these cases, the Condorcet winner is likely to wiuralify. In contrast,
if perceived valence éierences between candidates are small or idiosyncratic prefereraes sive large,
then both Candidate 2 and 3 receive a substantial fraction of suppdiGardidate 1 may win.

In the third case where > 2/3, type 1 voters are in the majority, and thus either Candidate 2 or 3 is the
Condorcet winner. In contrast to the case fhat(1/2, 2/3), though, the electorate’s preference distribution
is suficiently extreme fop: > 2/3 to make up for any extent of vote splitting between Candidates 2 and 3.
Candidate 1 cannot win jif > 2/3.

In a simultaneous elections system, the law of large numbers guarantees thettéin candidate (among
Candidates 2 and 3) wins a larger number of districts than his weaker compgtits, whernu > 2/3, the
Condorcet winner always wins under simultaneous elections. In ctniras sequential election system,
there can still be mis-coordination on the worse candidate among Candidates3®because, depending
on the outcome of the first district, the Condorcet winner may be eliminated.

11



5.3 Updating and vote-shares

We now focus on deriving theoretical foundations of voter updatingiatendidate valence and vote-share
determination for the empirical analysis. In particular, we show how voteesha the entire sequence of
elections are determined given the fundamentals (candidate valencest tfieempeting candidates, and
voter initial beliefs) and the signals that voters observe over the cofitie campaign.

We start with an analysis of the vote shares of candidates in distgoten that the beliefs of voters in
district sare given by the vectaf’= (3,03, .. .,05). We then turn to the determination ¢t Let J5 denote
the set of candidates with position 0 who are running in disgriandJ7 the set of candidates with position
1 who are running in districs. Beliefs about candidate valence, together with an individual’s idiosyiecr
preferences, determine the candidate that he will vote for. In partiewater of type) votes for Candidate

j € J3ifand only if, for all j* # j,

55+ &) — d(}, 6) > 0 + e — Ad(j', ), )

whered(j, §) measures the distance between Candigaad voter type (i.e.,d = 0 if voter type and

candidate agree, amt= 1 when they disagree). For a givep (2) is satisfied if and only if

e <05- 05 +j - A[d(j.6) —d(j’. )] forall | # j . 3)

First consider a voter of typ@= 0. Since the:'s are distributed independently, the probability that such a
voter votes for Candidatpis
03— 05 + & A+ej+05-05
]_[cp(—’ O_J )‘H‘D(—a ’ ’]. (4)
I\ € 3 &
Integrating over the possible realizationsspfshows that the proportion of type 0 voters who vote for
Candidatej € J5 is
00 02— 05, + & A+¢ej+ 07— 105
i U N
f |1 @(G—)-]_[cp(a—]-%(gj)dgj. (5)
-0 JS\{j} & Jy &

Similarly, the share of type 1 voters who vote for Candidate

S _

00 a a-s,+8j —/l+8j+a-s_a-sl
f | |c1>(—‘ ) ]| |q>( ) J)-qbg(ej)dsj. (6)
—0o - (o8
IS\

Og 38 £
1

The total vote share of Candidaje= J3 is then given by the weighted average of (5) and (6), where the

weights are (- 1°) andu®. In an analogous way, the total vote share of Candiglate); can be derived.

12



Thus, the vote shares of candidates in staatisfy the following equation system

-05 +¢ A+ei+v
WJS = (1- MS)f ( ) J) HQ[J—J] ¢5(81)d81
&S} O¢ O¢
JS\ } JS
05-0% + ¢ A+ +0° s
I ]_[CD 2 e L T geg)deg Vi€ 38
—o0 - O¢ £
B\ 33
oo -1+ 05— 05, + g gj+0 vs
WS = (1_ﬂ8)f l_lq)( L ) [] @(—‘) e(s))ds; +
—oo O¢ - O¢
3 Y
oo A+03-03 + ¢j gj+ 05— 05,
it 7
w [ [To|—L—| [Te|—2—L]| sutepde; vie s @
Sl 7e 3\ e
0

To compute the vote shares given the sequence of signals and the aptlifates competing in every
state, we now need to determine the ex-ante beliefs about candidate gdientiee voters in each state.
Consider the situation in the state(s) that vote first. Voters know that cdaadidkences are drawn from
N(0,0?). In addition, voters in state receive a state-specific signZ]?f that is normally distributed with
expected value; (i.e., the true valence of Candidajeand variancer?]. Voters can use Bayes’ rule to
derive the ex-post density of the candidate’s valence, which is agadetisty of a normal distribution, but

now with expected value

~S O-U S
07 = Z: 8
! 0'3 + 0'2 ! ( )
and variance )
o, 0
(03) = 2”—"2- ()]
! oy + oy

For any subsequent state, if a voter has an ex-ante belief (i.e., be@ing is own state-specific signal)
about candidatg’s valence that is distributed according Koo, UJ?O) and receives a state-specific signal
st, the ex-post density of the candidate’s valence is again the density ofrehdistribution, but now with

expected value

2 2
g O-'O
0= — 7 50j0 + — J 523 (10)
O'JO + O' O'JO + O'
and variance
o2 2
O'
o2 + 0_2

10
Applying (11) recursively shows that the dheient of the candidate valence signal in state (10) takes

the same value for all candidates. Thus, an increase in the values oflalteasignals by a constant

increases ex-post valence estimates of all candidates by the same aneentzofe shares are determined
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by differences in ex-post valences, they arefiatded. Therefore, signal realizations can be normalized by
subtracting a constant so that the signal of the first candidate is equabto z

We now turn to the calculation ofg. If voters can infer the signals observed in all prior states, then they
can obtairvjo (ando-J?O) by applying (8) and (9) to the states that vote in the first round, andad@®)11)
sequentially to all states that vote subsequertroposition 2 shows that this approach is indeed feasible:
Observing the outcome in stasallows voters in later states to essentially recover the estimated vector of
candidate valences in staggand thus, as Corollary 1 shows, the valence sith%\IsThis method can be

applied recursively to recover the valence signals in all states that wtier.ea

Proposition 2 Consider(7) as an equation system [&, 5, ...}. There exists a unique vector of valence

values(0, x2, Xs, . .. Xk) such that all solutions of7) are of the form(0, X, X3, ..., X) + (C,C,...,C), CE R.

Proof. Existence follows by construction: Since the vedddr is generated using the realized vector of
(0, X2, X3,...,%) + (C,C,...,cC) also satisfies (7). It remains to be shown that there cannot be a solfition o
the form (Qy2, y3, ..., yk) With (0,y2,y3,...,yk) # (0, X2, X3, ..., X). Assume to the contrary, and lebe

the candidate for whom; — x; is maximal. Ifyi;— X > 0, then substituting in the corresponding equation of
(7) shows that candidatereceives a strictly higher vote share thaf, a contradiction. Similarly, lek be

the candidate for whom; — x;j is minimal. Ify, — Xc < O, then substituting in the corresponding equation of
(7) shows that candidatereceives a strictly smaller vote share thafy, a contradiction. But then, it must

be true thay; = xjforall j=2,... k. =

Note that vote shares are determined only bydifferencebetween the candidates’ estimated valences,
so we can only determine thosdfdrences. However, it is also immaterial which of these possible beliefs a

voter in a later state uses to infer the signals observed by the voters dfateat s

Corollary 1 Given a set of ex-post valence beligdsx,, X3, ..., Xk) + (C,C,...,C), c € R, there is a unique

vector of signalq0, y2,ys, ..., yk) such that all solutions to the system of equations givefl®), for j

{1,...,k}, are of the form(0, y2,y3, ..., yx) + (¥, 7, ...,¥).

Proof. This follows from the fact that equations (10) form a linear system inast-palances and observed

signals for all candidates competing in statem

H"The application of (10) and (11) is by round, i.e., all states voting in iqudar round use values ofg andcrj?0 as obtained

from the signals up to the end of the previous round.
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By observing vote shares in the election of a prior state, a voter can iigfeals up to a constant.
As already pointed out, voters determine their preferred candidate oratiie dif diferences in ex-post
perceived valence, and thesdteliences are determined byfdrences in the valence signals observed by
voters of the state. In other words, a uniform shift of the ex-ante beligdsit all candidates hytranslates
into a uniform shift of the ex-post beliefs (i.e., after the state-specifi@abigeaving the dierence between
the valence estimates for theffédrent candidates, and hence the voter’s voting decisiorffaatad. The
value ofy is immaterial in determining voting shares and can be normalized ta‘Zero.

To recapitulate, this section shows that the vote shares of candidatesjuemse of state contests can
be obtained on the basis of equations (7) — (8), and given (a) the nuwhbandidates in each position in
each state contest, (b) the valence of these candidates, (c) the sigralerfpcandidate observed by the
voters in each state, (d) the fraction of votgfdn each statej, who are of political position 1, and (e) the
values of four parameters:,, o, 4, ando.

Finally, note that the right-hand sides of (7) are homogeneous of dégreg, 05, o). It is therefore
useful to normalizer, = 1. Thus, all other parameters in the model dfeatively expressed as multiples

of the standard deviation of the idiosyncratic preference skock

6 Empirical analysis of the 2008 Democratic primaries

We now turn to the empirical analysis, using data from the 2008 United Statei&l@ntial primary of the
Democratic Party. However, our ultimate objective is not primarily to test owrétieal model for this
particular primary race, but rather to obtain roughly plausible valuesdmmeters on which we can base
simulations of the £ects of diferent primary structures. Using the point estimates as a starting point, we

then analyze the robustness of the results to changes in parameters.

|ncidentally, in this model, voters learn nothing from observing a candiatét. Formally, we assume exit decisions are
exogenous. Endogenizing candidate exit would require specifying theriation set of the candidate, and thus whether voters
can update their beliefs about the remaining candidates from obserdagdidate’s withdrawl. In practice, serious candidates
withdraw when their campaigns become non-viable on the basis of adtirad vesults and, therefore, our approach is not unrea-

sonable.
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6.1 Data

Our dataset consists of the vote shares from the 2008 Democratic Ptedigeimary’® The three can-
didates that are included in our analysis are Barack Obama, Hillary Climanj@hn Edwards, while we
exclude Dennis Kucinich and other minor candidates. We consider prinrad#states except Michigal,
plus the District of Columbia, yielding a total of 50 contests.

The prices on the lowa Election Market for the 2008 Democratic nominatippastithis selection of
candidates® For example, on December 31, 2007 (i.e., just before the first primatfesfrrow security
that paid $1 if Hillary Clinton won the nomination had an average price of 6h&gcand the prices for
Edwards and Obama were 11.5 cents and 24 cents, respectively. tiidntistee candidates that we focus
on each had perceived winning chances greater than 10 percewinttast, the average price for the “rest
of field” contract (i.e., any other person winning) ory3a22007 was 1.7 cent. Thus, even though Kucinich
did receive a non-trivial vote share in some states, the market pricestediat he was never perceived
as a plausible nominee by market participants. Since such “protest ctaiida not fit our theoretical
framework, we exclude Kucinich and other minor candidates.

A key component of the model is that candidates are distinguished by th&@ohtal position. In the
introduction, we have presented evidence that voters viewed EdwaddSlzama as relatively close sub-
stitutes for each other, while Clinton is farther away. There are certaiffigreit potential explanations
for why this was the case, and which one applies is immaterial for our estim&@ienpreferred interpre-
tation is that Obama and Edwards were perceived as outsiders, while Hiliatpn was seen as part of
the Democratic establishment and representing a continuation of the politikzdqghy of her husband’s

administrationt® Voters may have dierent views on the desirability of such political dynasties (Dal Bo,

3The reason for why we do not use the vote shares from the Republizaarp is that the Republican primary displayed
an unusual pattern of candidate withdrawal. Arguably, among the topdamsérvative” candidates challenging the “moderate”
McCain, Mike Huckabee was a weaker competitor than Mitt Romney, wivaeter, dropped out before. This sequence of exits is

inconsistent with the spirit of the theoretical model and would render stimation strategy problematic.
14The Michigan primary was held earlier than allowed for by Democratic patgs, and the names of Obama and Edwards

were not on the ballot in Michigan.
SMarket data are available at hitfiemweb.biz.uiowa.egWebExmarketinfaenglish.cfm?MarketD=214.
Deltas and Polborn (2009) argue that the single most salient partition &fahmcratic candidates between in the three last

presidential primaries was whether a candidate is perceived to be aerin$ithe Washington establishment, or rather draws his
strength from the grass roots, and runs as an “outsider.” In continadiperal versus moderate distinction appears to be of lesser
importance. Yet, even if the driving factor for the closer substitutability betwEdwards and Obama was rather a male-female

divide among voters, the implications for our estimation do not change.
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Dal Bo, and Snyder (2009) document the importance of family connedionmlitical careers in the U.S.
Congress).

For the three major candidates, we obtain the vote percentage in the primeayaus of each state
from the Federal Election Commission. We rescale the data such that théhaots of the candidates we
consider add up to 100% (as assumed by the model). This data, along witlfiotfmegtion about the round
in which each state voted, is presented in Table 5 in the Appendix.

Before turning to identification and formal empirical analysis, it is usefulrtvide some motivation,
using key stylized patterns from the 2008 Democratic primary. These d#iade underlie many of the
moments used in the estimation and testing of the structural model. Figure 1 plotsahe/ote shares of
the three candidates for the five states that voted first, the group of statestbd on Supertuesday, and
the remainder of the states that voted after Supertuesday. It also ploespetive standard deviation of

Clinton’s vote shares.
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Figure 1: 2008 Democratic primary vote shares
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From the mean vote share data, it is apparent that Obama’s vote shaasidtiby far more than Clin-
ton’s vote share following the withdrawal of Edwards. In terms of the ttézal model, this suggests that
most of the voters who ranked Edwards first preferred Obama to Clineonthat Obama and Edwards
are closer substitutes than Clinton and Edwards. Notice that following treatdeg of Edwards, the vote
shares of Obama and Clinton did not change appreciably: their sharefSupertuesday states are almost
identical to their vote shares following Supertuesday.

The interpretation of the decline in the standard deviation of Clinton’s vote sh&upertuesday states
with that in post Supertuesday states is straightforward. It is clear thatshares are less variable post
Supertuesday. If the two groups of states are stochastically equivilentthe reduction in share volatility
must be due to the order of voting. The explanation postulated by our matiek igoters’ priors about the
candidates are less firm on Supertuesday than following Supertuételage, any state-specific information
the voters receive will move vote shares more in the former than in the lattefr Sates.

When comparing vote share volatility in the first five states with share volatilityupe®uesday, this
learning interpretation would still apply, suggesting that vote share volatilityldidecline on Supertuesday
relative to the first elections. However, there are additional factorstimplicate the comparison between
the first five states and the Supertuesday states. First, all three casdidatpete in the first five states,
which implies a lower standard deviation for each candidate in those stamds&dwards and Obama
are closer substitutes with each other than with Clinton. Since voters olsseigral about each of them,
the appeal of a combined “non-Clinton” candidate is more stable than thaldpp®bama alone, and this
also results in a more stable Clinton vote share in the first five states versfertBapertuesday. Indeed,
we have confirmed these features for the estimated parameter of our mmbighavn that these factors are
suficiently strong to overcome the variance reduction due to learning, so thatrihbility profile generated
from our model actually has the first-increasing, then-decreasing sh@pbserve in the data. (Of course,
any variance estimate based on five observations is very noisy, so wat dant to overemphasize this
success of the model. Indeed, this is the very reason why this last mométimhestely not used as part of

the estimation.)

6.2 Identification

Our data consists of the number of candidates who compete in each stat#,coteg with their political
position, vote shares, and the round of each state contest in the prinmaryWe do not observe voter

signals, the distribution of voters to political positiop$)( or the candidate valence. We also do not observe
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the value of the parametess, o, andA. Thus, we do not have all the information needed to calculate
vote shares predicted by the model in a specific primary campaign for saranfigurations of state vote
sequencing, as described at the end of Section 5. With our data beimgeobiimm a single primary run, it

is not feasible to obtain credible estimateg:&fwe instead posit that® is a random draw from the uniform
distribution with mean equal to one half and supgy’

Given that we do not estimate state specific values®pfnverting the vote shares to obtain the state
signals is not feasible. Rather, we only aim to estimate (i) the standard deviditzandidate valence,
o, (ii) the standard deviation of state-specific information shooks,(iii) the salience of the two major
political positions1; and (iv) the support of electoral preferences for the two main polipioaitions,S,,.

In the estimation, we consider the withdrawal of Edwards after the fifth stateest as exogenous.
That is, we do not use the exit of Edwards to draw any inference aatg-specific signals beyond the
first five states in which we observe Edwards’s vote shares. Thepfameters listed above then pin
down the stochastic process that generates the vote shares. Thesetpas can also be used to obtain
the stochastic process of vote shares undéemint state voting sequences, and undéedint assumptions
about how long the third candidate (i.e., the equivalent of Edwards in eefufice) stays in the race. We
cannot infer what the outcome of the 2008 primary, holding state signald, fixeuld have been with
each diferent rule because we cannot estimate individual state signals with owraghp However, we
can predict how the distribution of outcomesfeis across dierent rules, if we were to draw candidate
valences, voter preferences for positions and signals again andfisgaithe estimated distributions. Thus,
if the parameters remain stable over time, we can predict the outcome distribntlendiferent primary
systems in hypothetical future races. We describe these prospectivatsimsiin detail in Section 7 below.

We now turn to a somewhat informal discussion of identification, where wsider the four parameters
separately, taking the values of other parameters as given. This ppavigeeful intuition about the main
sources of identification, even though all four parameters are estimatdég goid more than one source of
variation in the data helps to pin down any given parameter.

The parameterS,, ando, are identified jointly from the time variation of vote share volatility. Holding
the candidates fixed, the model predicts that vote share volatility declinesimeecas voter beliefs about

candidates’ valence become more precisely concentrated around thaltreieln the limit, once candidates’

"Deltas and Polborn (2009) find that the political positions of the candideg¢es‘{nsider” or “outsider”) do not significantly
affect the candidates vote shares in the 2000-2008 Demaocratic primahmisginfing can be used as a (rough) justification for our
assumption here th&(u5) = 1/2.
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valences become known, share variability will be driven solely by variability®>. Thus, holding other
parameters constar,, is identified from the limit share variability, and, is obtained from the rate of
decline in share variability towards that limit.

The parametera ando, are identified jointly from the mean vote shares and how these change after
Edwards withdraws. High values af holding other parameters constant, imply that a higher percentage
of voters whose first choice is Edwards will vote for Obama in the absefiedwards, as high values af
make Clinton a worse substitute for Edwards. The value,aé identified from the share of candidates in
the two political position as a function of the number of candidates in each pbptséion, both initially
and in later election rounds. The higher the valuerpf the higher the expectedftirence in valence
between the best of Obama and Edwards, and Clinton. Thus, highes wltgare associated with lower
vote shares for Clinton.

As noted above, identification of any particular parameter comes from multipteesoof data variation,
and the informal discussion above focuses on the main sources of idaiificTo see the interdependence
of parameter estimates, consider the following example: A higher valaevotild increase the value of;
implied by any given observed vote share volatility of Clinton. Since Clintorlevoe a poorer substitute for
the other candidates, higher vote share variability could be rationalizeigbgrtsignal volatility. Similarly,
changes in the two parameters that drive vote share volatility also have act iompaverage shares (given
that the vote share functions are non-linear). Our estimation procedutky jpins down the parameter
values from all these variations in the data.

Finally, note that the share of Clinton isfBaient for all of the above identification arguments to go
through. We therefore only utilize her vote share for each of the 50 st&tkwing the withdrawal of
Edwards, the vote shares of Obama provide no additional informatiorgtaskares add to 100 percent.
For the first five contests, Edwards’s vote shares add some informiatituhjs information is not needed for
identification. Omitting it yields substantial computational advantages, with asveayl loss of ficiency.

We describe our estimation method in the Appendix.

6.3 Estimation Results

The estimation results and associated standard erross a®.92+0.29,5, = 2.8+1.9, A1=15+ 0.17, and
S, = 0.67 + 0.04. The standard errors are valid asymptotically as the number of carslgises to infinity.
While this is clearly not satisfied in our sample, the standard errors areineless somewhat indicative of

the relative confidence in our point estimates, with the dispersion in votirenees being most precisely
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estimated (largely because it is pinned down by all 50 observations) afidexce in the variance of signals
being least precisely estimated (because it is pinned down mainly from thitsrefthe first 5 states).

Our primary interest lies in simulating thétfects of diterent temporal organizations of the primaries
(and not in a “test” of the model for the particular 2008 primary considée@). For the simulations,
the point estimates of parameters are used as inputs for the base samhri@ then analyze the qualita-
tive robustness of results by changing the parameters one at a time. étpWwefore we proceed to these
simulations, itis useful to briefly discuss the relative importance of candidégace, voter preferences, dif-
ferences in these preferences across states, and voter uncettaintgandidates implied by our estimation
results.

The point estimate af, indicates that the better of two candidates in the same political position who
differ in one standard deviation of valence will obtdi(0.92) ~ 82% of the voters who share the same po-
litical position when voters know the true valences. (Remember that the sfasheldation of idiosyncratic
preference shocks;,, is normalized to 1, so that is the cdf ofe.)

The point estimate oft indicates that a candidate in position O who is one standard deviation better
(in terms of valence) than a candidate in position 1 will obta{@.42) ~ 99% of the voters in position 0
and®(-0.58) ~ 28% of the voters in position 1. Two candidates of equal valence [ffigtrelnt positions
get®(1.5) ~ 93% of the voters with the same position ab@-1.5) ~ 7% of the voters with the opposite
position. Thus, the data imply that political positions are very important.

The point estimate of-, indicates that uncertainty about candidate valence is substantial in the states
that vote early. For example, suppose that the valenterednce between the two candidates in the same
position is one standard deviation of valence. In this case, the chanceotbet in the first district will
actually perceive the better candidate as indeed better is®{llp2/2.8) ~ 0.629. Moreover, even if
the better candidate receives the better signal and is thus also perasilmdter, voters are aware that
their signal has a relatively low quality and therefore put a low weight onlitisT the perceived valence
difference between the two candidates is initially (in expectation) substantially sthaltethe true valence
difference, so that there is substantial vote-splitting between two candidatesamntle position. In contrast,
as argued above, if valence is known (which is almost the case in theltigtibas of a sequential primary
system), then about 82% of the voters prefer the candidate with the higlegrce over his competitor in
the same position, and vote splitting will be minor.

More generally, consider Candidats perceived valence aft@t signals have been observefj, From

an ex-ante point of view (i.e., before valence and signal realizatiorns Ibe®n drawn), this is a random
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variable with expected value 0 (by the fact that the expected value ofcalerzero, and expectations after
signals follow a martingale). Given realized signzﬂﬁ)gl“, expected valencel®
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Thus, the variance of perceived valence aNesignals have been observed is
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Note that this variance is always smaller thef) because signal uncertainty implies that non-mean realiza-
tions ofv are only learned over time, and the fact that voters know that signals aeeféopmeans that their
updating to their signals is damped. Moreover, the variance of perceiedce is increasing iN and goes

to crf in the limit of N — oo; this is intuitive because, when valence is eventually revealed, the varidnc
perceived valence is the same as the ex-ante variance of valenceurfpmimt estimates, (12) implies that
the standard deviation of perceived valence is less than 0.3 in the firgttdeshout 0.5 by the fifth district,
and about 0.75 for district 20.

Finally, the point estimate of the support @findicates that the percentage of voters in each political
position can be as low as 17 percent of the electorate and as high asc&dtpafrthe electorate. In the
typical state, in terms of deviation from the/50 voter partition, a third of the voters support one position
and two-thirds the opposite. Suppose that two candidates of equaiveergalence compete in that state.
Then, the candidate with the less popular position in the state will o%&ﬂn %7 ~ 36 percent of the votes
and the candidate with the more popular position will obtain 64 percent of ties.vdote shares are less
variable than:® since a candidate obtains positive vote shares from voters in both pos&iopgose instead
that the candidate with the less popular position was one standard devidtem(ipeterms of valence) than
the candidate with the more popular position. Then, the vote share of thedaettidate (who has, however,
the less popular position) would %@9+ %28 ~ 52 percent of the electorate. Thus, the better candidate can
overcome the typical electoral swing against ier, but not by that much (however, the averagiedince

between two randomly chosen candidates is in fact somewhat more thataodard deviation of valence).

18This is a weighted average of the ex-ante expected valence, 0, ancetiag@sgignal realization (the second fraction), where

the weight depends on the precisions of the ex-ante distributiomd the precision of the signal distribution fdrsignals.
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6.4 Model evaluation

Any structural model is necessarily only a stylized representation of ttierlying data generating process.
However, confidence in any counter-factual analysis performedjubkia model increases if it can make
reasonable predictions within sample for moments not used in the estimatiowt, Ifofanal tests of over-
identification are based on a measure of how much a structural model miesatetided moment targets
when the number of fitted moments exceed the number of parameters. Sinestimation is based on
exact identification, we use a less formal but equally insightful appt&ach

To evaluate the model, we consider the following two moments (not used in the &stijribat involve
the vote shares of the candidates in the first five states: (a) the serightion in the vote shares, and (b)
the standard deviation of vote shares. To compute the distribution of etfebsefmoments predicted by the
model, we fix the parameters at their estimated values, and simulate 5,000 primsigonsisting of five
states voting sequentially. For each run, we compute the standard deviadige@al correlation of vote
shares for the three candidates. For the computation of the serial tomelae use the mean and standard
deviation of all five states for that ri#.From these 5,000 simulation runs, we compute several percentiles
for these moments, reported in the first six columns of Table 1. In addition fmetfoentiles, we also report
the predicted average of each of the moments and the actual value asabtaihe data (bottom two lines).

The actual values and the percentiles that bracket the actual valuasaid.

Clearly, the model easily passes any formal testing based on these distghatiothe actual value is
never outside the respective 90% confidence interval (and in 5 outases, is in the interquartile rangé).
The predicted serial correlations are all negative (on averagejedbeactual values. To understand why
this is the case, note that for finite sequences of iid random variablesettia¢ correlation of draws in
one run is expected to be negative (e.qg., if the first draw is above a&yetfagy average of the remaining
draws in the series has to be below average, which implies on averagatav@egrial correlation). While

updating about valence introduces some positive correlation, it turribaiithis éfect is not strong enough

BUltimately, the evaluation of a model involves a measure of judgement witlieesuficient data, any formal test would reject

almost every structural model.
2The formula used ig w with ¢ ando? computed over all five states.
2lpart of the reason is also that the distribution for serial correlationsatinerrdispersed because the moments are computed

from runs of only five states. For example, the 90% confidence intdreaderial correlations has about length 1 (i.e., about half

the maximum length possible), and the interquartile range has a length dfyslegs than 12.
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Vote share serial correlation  Vote share standard deviation

Predictgd Clinton | Obama| Edwards|| Clinton | Obama| Edwards Obama-Edwa.rds
Percentiles share correlation
2.5% -0.755 | -0.712 | -0.695 0.055 | 0.032 | 0.026 -0.824

5% -0.686 | -0.636 | -0.612 0.065 | 0.039 | 0.033 -0.724
10% -0.583 | -0.529 | -0.51 0.078 | 0.047 0.04 -0.531
25% -0.414 | -0.334| -0.31 0.103 | 0.064 | 0.055 -0.153
50% -0.178 | -0.079 | -0.049 0.133 | 0.088 | 0.074 0.336

75% 0.067 | 0.141 | 0.178 0.163 | 0.114 | 0.097 0.691

90% 0.251 | 0.314 | 0.341 0.187 | 0.141 | 0.119 0.87

95% 0.349 | 0.393 | 0.409 0.202 | 0.158 | 0.132 0.927
97.5% 0.41 0.435 0.44 0.215 | 0.173 | 0.146 0.959
Predicted mean -0.173 | -0.099 | -0.073 0.133 | 0.091 | 0.077 0.245
ACTUAL VALUE | -0.551 | -0.292 | -0.035 0.115 | 0.079 | 0.096 -0.157

Table 1: Model Evaluation

to dominate the first one. The actual values for Obama and Edwards ane tughinter-quartile range for

candidates B and W, while the Clinton value (a rather low -0.551) is betweetDtheand 25th percentile

for candidate S. The actual standard deviations are all within the intetdguange of the corresponding
predicted standard deviations. Note that both the predicted and the danddisl deviation of candidate S
(Clinton) is higher than those of both other candidates. From the six indepemoments, five are within

the interquartile range and only 1 is (narrowly) outside it. Four of the aghlaés are below the predicted
median, while two are above. These results suggest that, despite its simpleitypttel has a reasonably
high predictive power for these key moments.

We also compute the correlation between the vote shares of Obama andiEdregorted in the last
column of Table 1). Note that this is not an independent test becausertb&ation of vote shares between
any pairs of candidates is perfectly pinned down by the standard dewatfdhe three candidates, given
that vote shares sum up tc?d.However, the Obama-Edwards correlation is still a somewhat instructive
representation of the information embodied in the standard deviation figur@sinciple, this correlation
can be either positive or negative. The “adding up” constraint (i.e.otélshares sum up to 1) is contributing

towards a negative covariance, as is the fact B and W are closer stdsstiith each other than with S (e.qg.,

a positive signal about B negativelyfects the W’s vote share by more than it does the share of S). In

contrast, the fact that the percentage of voters with a preferencesfposition of B and W varies between

2_,2_ 2
2Formally, pgy = 258w

20gow
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states andféects both of them positively or negatively suggests a positive correlafivthe parameter
estimates, the model predicts a positive correlation, with the laffectedominating the first twoftects.
The actual correlation is negative, though just barely outside the intgitguange. This suggests that
the point estimates of the model might somewhat overstate the variability in statebter preferences
relatively to other factors. In our sensitivity analysis, we do investigate ddjusting parameter estimates

in this (and other) directions impacts our conclusions.

7 Simulated dfects of dfferent institutions

We now use the point estimates of parameters to generate a baseline sttextgpi@ntifies the implications
of different primary systems. In Section 7.2, we then analyze the robustnessefrsults to changes in

the parameters. Finally, we discuss our assumptions and limitations of the nesidigtion 7.3.

7.1 The baseline scenario

Our basic approach is as follows: We always consider races with thnelidates, two of whom share a posi-
tion while the third one is in the other position. In each simulation run, we first deendidate valences from
the estimated normal distributidd(0, 0.92%). Among the candidates who share a position, this generates
two candidates with dierent valences, whom we denddfor “better”) andW (for “worse”). The other,
“solitary”, candidate is denotefl. We then draw state-specific signals accordiniyi(6, 2.8%). Depending
on the temporal structure of elections (and hence, on which signaldfaotively observable in a state),
this generates, according to Bayesian updating, voters’ beliefs in &%tk also draw aggregate position
preferences in statg u°, from a uniform distribution on [A65 0.835]. Together with the distribution of
individual preference shocks (normalized to be drawn fidf@, 1)), this generates the vote distribution for
candidates in a state. Aggregating over all states, we find the averagehapéeof each candidate, and the
candidate with the most votes wins the nomination for a given run. (For tip@geiof calculating aggregate
vote shares, we assume that all states have the same size so that a caradjgetgate vote share is simply
the unweighted average of the candidate’s vote shares in all states)ep@ét this process 25,000 times
to generate a probability distribution over outcomes, e.g., the proportion of tiraeB, W andS win the

nomination.

ZAs explained in Section 5, voters in later-voting states can essentially rebevealized state-specific signals of all states that

voted before them.
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We start by comparing the following three primary systems. The first systarodmpletely simultane-
ous primary in which all states vote at the same time. The second system is atedyrgdgquential primary
in which only one state votes at any given time. The third system is also a coip@etgiential primary,
but, in contrast to the second system where we assume that all threeataadidmpete in all states, we
now assume that all three candidates compete only for the first five sthims, the candidate from the two
that share a common position who is, after the fifth round of voting, pexddiv be the weaker candidate
(i.e., whose valence estimate at the beginning of the sixth district is lower} dnatp The remaining two

candidates compete in the remaining 45 districts. Table 2 summarizes the results.

I: Simultaneoud II: Purely Sequend MlIl: Sequential  with
elections tial, no dropout dropout after 5 rounds
S vote share 40.7% 38.7% 44.6%
B vote share 31.3% 41.2% 39.6%
W vote share 28.0% 20.0% 15.9%
S wins 98.4% 45.0% 39.0%
B wins 1.6% 48.9% 47.1%
W wins 0% 6.1% 13.9%
Exp. valence if S wins 0.016 0.519 0.578
...Bwins 1.494 0.880 0.827
...Wwins n.a. 0.105 -0.012
S wins if CW 100% 88.5% 82.9%
B wins if CW 2.4% 68.5% 63.8%
Prob. that CW wins 35.2% 75.5% 70.2%
Winner's exp. valence 0.039 0.670 0.613

Table 2: Simulation results

The first and second three rows provide the mean vote shares andgyercentages of candidates S,
B and W in the diferent primary systems, respectively. The nest three rows reporvénage valence of
the nominee in the lierent primary systems, respectively. The next two rows give the wirpriigabilities
of candidates S and B, conditional on being the Condorcet winner duitl@rformation. (Remember that
Candidate W is never the Condorcet winner, because his position is theasdhat of Candidate B, and his
valence is lower§? Finally, the last two rows report the overall probability that the Condosgter wins,

and the winner's expected valence.

2*Hence, all voters witlsy < sg (i.€., half of the population) strictly prefer B over W. By continuity, thesietoters who prefer
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The results indicate that, from a welfare perspective, a completely ségjuasting system without
dropout (regime Il) performs best, independent of whether this paece is measured by the probability
that the Condorcet winner wins, or the winner's expected valence. Simeolts voting in all 50 states
(regime 1) does worst, with regime 1l intermediate, but closer to the puneesgi@l system.

For an intuition, consider first the simultaneous system. Candidate S wins alimastes, even though
his average vote share is only 40.7%, because the two other candidatespit their votes almost evenly.
As argued above, the variance in the voters’ perception of valence it isntlae first district, and, in a
simultaneous system, all states afieetively a “first” state (i.e., they only observe their own state-specific
signal). Vote-splitting is thus a prevalent problem, and almost always mietee two candidates with a
shared position from winning. Expected valence of the election winner gsdluse to zero, the ex-ante
expected valence of Candidate S. Also, Candidate B has a chance afigvomy when he is significantly
better than both Candidate S and Candidate W. Therefore, B’s valenasaféw instances where he wins
is actually very high (more than 1.5 standard deviations above the expetted®).

Now consider regime Il, the purely sequential system in which all candidsite in the race. The
learning facilitated by the sequential structure has ffiecethat vote share shifts from W to B (while S’s
vote share is just a bit lower than in regime |). As a consequence, B nosvmiich more often (48.9% of
races). Note, however, that Candidate S still has an advantage in ttemsys S still wins in many cases
when he is not the Condorcet winner. This is reflected in the candidaising probability conditional on
being Condorcet winner: While S wins over 88.5% of the races when he €dhdorcet winner, B wins
only with probability 685% when he is the Condorcet winrtr.

In regime lll, we assume that during the first five elections, all candidaiagpete. Then, the candi-
date from the two that share a common position who is, after the fifth roundtofgy perceived to be
the weaker candidate (i.e., whose ex-ante valence estimate at the begihthiegsixth district is lower)
drops out. The remaining two candidates compete in the remaining 45 distriots. &positive point of
view, this modification has the expectefieet of reducing the winning probability of Candidate S (from
45% to 39%), as there is now less vote-splitting for most of the election sequ&urprisingly though,
Candidate B’s winning probability also decreases (from about 49% t9 A¥htle Candidate W’s winning
probability increases from 6% to almost 14%. The reason is that the plibb&ir a “mistake”, i.e., the

better Candidate B being forced to drop out after 5 rounds, is quite stilbast@pproximately 30%). As

B to W is always larger than the set of voters who prefer W to B.
25The reason that B wins absolutely more often than S is that B’s expedinteas higher than S’s, since he is the better of

two candidates in his position — since valence draws are iid, the probabilitB‘thaalence is higher than S's ig2.
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a consequence, this system performs worse from a welfare pointwtién the purely sequential system
without dropout.

In terms of overall welfare of the election outcome, thiedtence between simultaneous and sequential
elections is substantial. If we take expected valence as our welfare raguvalence increase ab@0-
0.039 = 0.631 ~ 0.686s,. Also, the probability that the Condorcet winner is selected as nominee is
substantially higher under sequential voting than under simultaneous voting.

Regime Ill in Table 2 provides just one sequential voting regime with droptagether with Regime
Il (which can be interpreted as “dropout” after 50 rounds), it raisegjtiestion when the socially optimal
dropout time is that would optimally traddfdoetween coordination and learning. To investigate this ques-
tion, we perform simulations of a purely sequential contest (no two statesavthe same time) in which
the candidate who is perceived to be the lowest valence among B and Wawvithdfter stat&. We vary
K from 1 to 50, and plot the results in Figuré®.

The results show that the electoral prospects of Candidate S are blest f;nd high values oK. When
K is low, Candidate S faces a single opponent for most states; thus, vote gptitiapt at a minimum.
However, the opponent is often the low-valence Candidate W, as Céadidzan easily be eliminated by a
few bad draws in the first couple of states. For high valugs,d faces two opponents for most races and
vote splitting is substantial; thuS, also often emerges as the winner. Intermediate levells @round 7 to
20) allow B to very likely dominate W, who then withdraws, and do dticiently early so that vote splitting
is not excessive. This reduces the probability of winning for S. Theaiglcprospects of B more or less
mirror those of S: They are low for low and high valuesko&nd highest for intermediate valueskof They
peak at somewhat higher values of K because a marginal increase aubesethe probability of win for
candidate W almost throughout the range. Finally, the electoral prospf@atslecline monotonically until
nearly the very end’

The socially optimal value oK (using either reasonable measure of optimality) is even higher than
the value ofK that maximizes B’s probability of winning. This is because higher valueK girovide
better information for comparing B and S, conditional on these two candidatesining in the race. While

expected valence and the probability that the Condorcet winner emesgesranee both decline fdf

2values fork = 1,2,...10 andK = 15,20, 25, 30, 35,40, 45, 50 are as obtained from simulations, based on 25,000 replications.

Values for remaining values of K are linear interpolations.
27A small uptick at the end is driven by the fact that incremental increias€sdo not substantiallyféect the probability that it

is Candidate W who withdraws (which is close to 1 anyway whes high), but the increase ik increases W’s cumulative vote

share since he competes in more states.
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Figure 2: Winning probabilities and expected valence feiedént dropout roundi

higher than about 30, the decline is very small. This suggests that for electidests of this type, the
biggest concern is that the third candidate withdraws too soon rather théat¢o

In practice, it may not be feasible to keep three candidates in the racgdoy bong time in a sequential
primary system. After all, it is not just up to the candidates to decide when thaytw give up, but also,
voters may decide that only one of the two candidates in the shared posiianriealistic probability of
winning, and they mayféectively eliminate a contender as a “serious candidate” even iffimatly stays
in the race.

Figure 1 suggests that it would be very desirable to organize the primgugisee in a way that all three
candidates remain in the race for at least ten districts or so, as the ingreageected valence is steepest

in that range and then flattens out. The reform proposal by the Natigsalchation of Secretaries of State
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(NASS) has a very good chance to achieve this objective: There §révaminitial elections in lowa and
New Hampshire, followed by four regional contests of approximately twellaies voting simultaneously,
respectively. It appears plausible that all candidates remain in the abteaét) until after the first large
regional contest.

Table 3 therefore compares the NASS proposal (Regime V) with Regime déevbtructure is modeled
after the existing primary system. Specifically, in Regime IV, there are 5 initipiesgtial elections, followed
by “Supertuesday”, and another round in which all remaining states%aii&e in Regime llI, the candidate

perceived as weaker after the fifth election drops out.

IV: 2008 primary sequence M V: NASS proposal W dropout
dropout after 5 states after first regional primaries
S vote share 47.0% 42.9%
B vote share 36.7% 42.0%
W vote share 16.3% 15.2%
S wins 37.5% 38.7%
B wins 45.7% 50.8%
W wins 16.8% 10.5%
Exp. valence if S wins 0.458 0.640
...Bwins 0.726 0.808
...Wwins -0.173 0.014
S wins if CW 65.9% 81.9%
B wins if CW 56.9% 69.0%
Prob. that CW wins 59.9% 73.4%
Winner's exp. valence 0.474 0.640

Table 3: Simulation results: Status quo vs. NASS proposal

From Table 3, it is apparent that the NASS structure does a considératddy job at eliminating the low
valence candidate W, whose winning probability decreases from 16.8%5601 Interestingly, while most

of those cases where W would win in Regime IV lead to a victory of CandidatelBnthe NASS structure,

28|n reality, voting was more spread out after Supertuesday, but ther@eputational savings in assuming that all remaining
states after Supertuesday vote simultaneously, and the disadvantagge ssnadl, because voters’ valence estimates are already

very precise after 5 22 = 27 signals have been observed.
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Candidate S’s winning probability also increases, as S, while facing agstr@pponent more often, also
benefits from vote splitting in 14 rather than just 5 districts.

Unconditional expected valence, as well as all conditional expectedogdancrease. This is intuitive
for Candidate S, as his expected opponent is now stronger and so, if&@esato win nevertheless, he must
be pretty good. Also, expected valence conditional on W winning incsdaseause winning is relatively
hard for W in the NASS structure: To have a chance of winning, it mustugettrat W’s valence realization
is very close to B's (so that he is wrongly perceived as stronger dtenla signals), and W's valence must
be substantially higher than S’s, because otherwise S would be able tdizagtaB and W splitting votes
for 14 districts.

Finally, expected valence conditional on B winning increases. For B,imgnvecomes both easier and
harder under the NASS proposal. A posititieet for B is that his probability of being (wrongly) eliminated
in favor of candidate W decreases from 29.8% in Regime IV to 21.8% undeMAIES structure. Yet, the
increased vote splitting under the NASS structure means that witzoingjtional on not being eliminated
becomes slightly harder for B, which increases B’s expected valemzbtimmal on winning.

Our second welfare measure, the probability that the Condorcet winseleisted as hominee also in-
creases substantially under the NASS proposal relative to the statdsau®9.9% to 73.4%. Interestingly,
this increase is driven by a relatively uniform increase in both S and Bising probability conditional on
being the Condorcet winner.

There are a number of other possible systems that could be adopted toa&tReesidential primary
system, beyond those examined in this section. Other possible reformsbdiden proposed include a
balanced primary system in which smaller states vote first, and a systemwinidarthere is non uniform
weighting of state delegates where delegates of earlier voting states haler smegghts. These two re-
forms are not best addressed in our framework since to a large exégnarh motivated by reducing the
campaigning costs for early rounds of voting and preventing states frovimgntheir primaries early in
the calender. Election costs and endogenous positition of states on theypraterder are not features of
our model® Finally, a possible reform not currently considered in the US Presidgmtiahry system, but
practiced elsewhere (e.g., Australia) is the Alternative Vote election systaaterlhis system, voters can

rank candidates in order of preference. If no candidate emerges @thob the vote with first preference

Relatedly, in our framework the informativeness of signals does mm#rtbon the size of the state, though we do recognize
that small states might provide more informative signals because dfpelitics or more informative in large states because of
greater intensity of candidatdfert. \We believe that the optimal arrangement of states by the parties is ant@mipguestion, but

one that cannot be addressed by this work.
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votes, second preference votes are added to the total, and then @fipéldidd and higher preference votes
until the highest total vote candidate obtains more than half of the votes. vamtadje of this system is that
it may eliminate the need to co-ordinate to a particular candidate among thosabatimilar positions.
However, the Alternative Vote system does not permit learning aboulidaies over time. Though such
pre-election polls and campaigning can provide information for voters to@eathe quality of the candi-
dates, actual elections over a long period of time that involve actual votirigides provide stronger and

more credible signals.

7.2 Robustness

As argued above, the main purpose of the empirical analysis was to pregistenable starting values for the
simulations in the section above. However, since the parameter valuesriaszl admly from one primary
(the 2008 Demacratic race), it is useful to analyze whether our main quaditasults change when the
parameters change relative to the baseline case. Specifically, we wilkarsadyincrease or decrease of one
parameter by one standard deviation, respectively, while fixing the otress farameters at their level in
the baseline case.

Table 4 provides the results for the baseline case and the eight paraimetges® We analyze the
relative performance of three systems from the previous section: A ctehpkmultaneous primary, a
system that follows the 2008 setup (with dropout of the third candidate fafeeelections, just before
Super-Tuesday), and the NASS proposal (with dropout of the thirdidate after the first round of regional

primaries).

Clearly, the numerical values of expected valence or the probability thadheorcet winner wins the
nomination change significantly as the parameters change. Howevelgtiheenanking of the three systems
remains the same as in the baseline case for all eight cases: The NASSalisfihe best, followed by the
2008 system and a simultaneous primary would do worst.

Changes int andS, have only a minimal £ect on the probability that the Condorcet winner wins the

election in each primary system. Partly, this is due to the fact that the deviatiosglered are relatively

%0Note that the results of the baseline castedilightly from those reported in Tables 2 and 3 in the previous sectioneBisen
is that those results were based on 25,0@&knt parameter draws, while (for computational reasons), wectesteach of the
simulations reported in Table 4 to 5000 draws. In order to keep the resatisazable, we report the results for the baseline case

for the same 5000 draws.

32



I: Simultaneous

IV: 2008 primary

V. NASS plan W

) dropout after first
elections sequence :
region
Baseline case
expected valence 0.0533 0.4841 0.6430
CW wins 35.1% 60.6% 73.3%
A7 (1=169)
expected valence 0.0203 0.4775 0.6384
CW wins 33.9% 60.4% 73.3%
Al (1=135)
expected valence 0.1318 0.4893 0.6467
CW wins 38.6% 60.7% 73.4%
o, T (o, = 1.21)
expected valence 0.5100 0.7314 0.9065
CW wins 52.0% 65.3% 78.1%
o, 1 (o, = 0.63)
expected valence 0.0058 0.2384 0.3796
CW wins 33.5% 53.5% 66.2%
oy 1 (o =4.7)
expected valence 0.0093 0.3287 0.5286
CW wins 33.4% 51.4% 63.4%
oyl (0 =0.9)
expected valence 0.6992 0.7075 0.7518
CW wins 79.4% 81.7% 89.3%
S, 17(S,=0.71)
expected valence 0.0586 0.4825 0.6430
CW wins 35.3% 60.5% 73.3%
S, 1 (S, =0.63)
expected valence 0.0490 0.4866 0.6429
CW wins 34.9% 60.7% 73.3%

Table 4: Results for dierent parameter values
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small (about a 10 percent changelirand a 6 percent change®y) because these parameters are very well
determined by our empirical estimation. However, from the size offfieets is clear that also larger changes
to 2 andS, would not immediately change the welfare ranking of the three primary syst@rearly, as

A — 0, the negativeféects of vote-splitting disappear, and so foffaiently smalli, simultaneous elections
are an optimal system. But this limit result is almost tautological: If the setup isteathoordination does
not matter, systems that allow for coordination do not have an advantggeag.)

As o, increases, the expected valenc@atence between candidates increases and is more likely to be-
come decisive for voters’ decisions. Thus, all systems become more likesldot the Condorcet winner
aso, increases, and less likely to do sacasdecreases. Also, the winner’s expected valence increasgs in
because the winner is more likely to be the highest valence candidate asevhkzomes more important
for voters, and the expected realization of the highest valence draeases as, increases. Theoretical
considerations indicate that, ag — oo, all systems must deliver the same outcome (as almost always all
voters agree on who is the best candidate, and almost always rankritlidat® highest). Considering the
probability that the Condorcet winner wins the nomination as our measurelt#re;, whero, increases,
simultaneous elections reduce their disadvantage relative to the other twmsyshile the dterence be-
tween the 2008 system and the NASS proposal remains pretty much uedhang

In contrast, whemr, — 0, theoretical considerations suggest that valence becomes lesssimdes
tant for voters, and because vote splitting still leads to an electoral adeantaandidate S, he will almost
always win in simultaneous primaries. In contrast, in both forms of sequenitiadries, coordination allows
for a substantial winning probability for one of the two candidates in the sasitign3?

Finally, the change i, that we consider is very large (the standard deviatiowrpfs very large,
becauser, is mostly estimated from only 5 elections in our data). In order to interpret thiatimn, it
is useful to start from equation (12) fdd = 1, and note that the ratio between the standard deviation of
perceived valence and the standard deviation of actual valence inghdifirict is % This ratio
would be 0 if the signal is completely uninformative,(— o), and equal to 1 if the signal is completely

informative ¢-, — 0). Foro, = 4.7, the ratio is about.Q92, and foro,, = 0.9, the ratio is about.@15.

3INote that, whenr, = 0, then valence does not matter at all for voters and position is the onilsiviiecriterion. Candidate S
therefore is the Condorcet winner iri2lof the cases, and since candidate S (almost) always wins in simultamémasies, the
probability that the Condorcet winner wins goes @ In the simultaneous system. Among the two sequential systems, the 2008
system allows for coordination in 45 states (as dropout occurs aftectoslg), while the NASS proposal in our simulation only
allows for coordination in 36 states. Therefore casbecomes very low, we would expect that the 2008 system eventually looks

better than the NASS system.

34



Thus, our robustness test with respeatrfocovers most of the conceivable variation.

If o, is increased to 4, then vote splitting is severe (because the quality of information aboutoealen
is very low), and candidate S wins almost always under a simultaneousnsftsigs, the probability that
the Condorcet winner wins is about3lin that system). In contrast, both sequential systems allow for
coordination. However, the NASS proposal aggregates more infornth@onthe 2008 system, because it
has more elections with all candidates competing, and thus the NASS prdpesaignificantly better than
the 2008 system. I, — oo, signals become completely uninformative. In that case, the number of states
with vote-splitting is the only distinction between the 2008 system and the NAS®gab

If o, is decreased t0.9, then each signal is very informative about valence. For the two catedid
in the same position, thisffiect diminishes the importance of vote splitting, which explains the improved
performance of the simultaneous system for this case. Also, the welféeeedice between the 2008 system
and the NASS proposal shrinks. As — 0, we would expect that the 2008 system eventually becomes
better than the NASS system because it has vote splitting in fewer stateseadVimtage of conditioning
the decision of which candidate should drop out on more observatioishesrwhen already a single signal
is very informative3?

In all simulations so far, we have assumed that the valence of candidatesvis flom the same distri-
bution, independent of their position, and the number of candidates whpete. Alternatively, one might
think that the sole candidate in the one position might be the result of someirtord among potential
candidates in this position. If this is the case, then it might be more reasonalkutoathat the sole can-
didate’s valence is drawn from a better distribution. A possible formalizafitim®idea is that his valence
IS max@s 1, vs2), Wherevgj is distributedN(0, o). Effectively, this presumes that there were two proto-
candidates in position 0, but that, before the start of the primaries, theasuléedate already convinced the
other candidate who was located in the same position (but had a worsee)aherid¢o run. As a conse-
guence, the distribution of candida®és valence is the same as the distribution of candidevalence,
and each of them is the Condorcet winner with 50 percent probability.

In this case, the winner's expected valence in a simultaneous primaryljdas@ 5199, in the 2008

32Note, however, that id, is close to zero, then there are essentially no momentiests in sequential primaries: A candidate’s
win in an earlier state has no (or almost nfigets on later states, because voters in these later states do not neelighstatas’
signals to update on the candidates’ valences. Any variation in electiolisrbstween states is purely driven byfdrences in
preferences for positions (i.:), and until the third candidate drops out, the ratio between the vote stfartesdidates B and W
remains more-or-less the same in all states. This prediction appeardliotasith the role of momentum which is perceived to be

quite important in sequential primaries.
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system (case 1V) is 0.6435, and in the NASS system is 0.8235. The plitbtdat the Condorcet winner
wins the nomination is 50.2 percent in case |, 60.1 percent in case IV a@do@kcent in case V. These
results show that the performance of simultaneous elections in this scermaristantially better than in the
baseline case (essentially, because S now is the Condorcet winnerfteoraral still wins with probability
close to 1), while theféect in the two sequential systems is rather small. The relative ranking of & thr
systems is again uffected, and this is also unlikely to change if we were to change additionahptees

while maintaining the new assumption about the distribution of S’s valence.

7.3 Discussion

In this section, we discuss some of our assumptions on which the empiricaimnthtion analysis is
based. A possible criticism of our approach is that our parameters avediéom the 2008 Democratic
primary which was unusually competitive: The eventual runner-up, Hilldyton, received a larger share
of convention delegates than any other runner-up in the history of thermpdesidential primary system.
Thus, the two top candidates were likely of very similar valence. To the etttahthere were a number of
other races that produced considerably more lopsided results (fampéxavhenever one of the candidates
is an incumbent President), one can certainly argue that the 2008 priraarinet representative” for the
set of all primaries.

However, we would argue that focusing the empirical analysis on a competiite is actually prefer-
able to an analysis that includes less competitive campaigns, because ountmest is the fects of
different institutional designs of the primary process. Whether primarieseddesimultaneously or se-
quentially will not matter in races where one candidate is clearly superiothidnsense, our setup that
assumes that candidates are drawn from the same distribution prabaigigerates the size tife impact
of institutions on welfare, because there are noncompetitive scenar@ye tie precise institutional design
is unlikely to matter, one way or the other. However, this criticism does fiettawhat is actually the
bestinstitutional setup. If a given fraction of nomination campaigns are competitikde the remainder
is non-competitive (i.e., the same candidate would win in any primary system)ativeifare analysis can
focus on the competitive primaries without loss, as those are the casestivagetup of the primary system
potentially matters. For this reason, picking an unusually competitive rateasu2008 as the baseline is
actually quite appropriate.

A second and unavoidable simplification of our simulation approach is thaty whecompare dier-

ent primary organizations, we hold fixed the set of candidates and thidiigtns from which candidate
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valences and signals are drawn. In principle, the temporal setup of pgmaay influence both the qual-
ity of signals and the decisions of potential primary candidates (and thusthgosition of the field of
candidates).

With respect to signal quality, it is conceivable that, in a sequential segsiolents of early-voting states
receive a better signal than voters in most other states (because tesdigend a lot of time campaigning
in early states). If this is the case, our simulations will overestimate the pemicemaf a simultaneous
primary system relative to a sequential rie.

With respect to the composition of the candidate field, the followifigoe may arise. If vote splitting
in a simultaneous primary would be substantial when two candidates in one pasitigpete with a sole
candidate in the other position, there may be a considerable incentive tdirateron one of the two
candidates and force the second one out before the election evepletesvioreover, even if no candidates
drop out, voters may be able to use public opinion polldieatively coordinate on one of the two candidates
in a simultaneous election. For example, Fey (1997) provides a formal mbtelwopre-electoral polls
help coordination on the leading candidates by reducing vote-splitting in tbioslelf this is the case, our
simulations would underestimate the performance of a simultaneous primamnsesadive to a sequential
one.

While the argument concerning the endogeneity of the candidate set witttes the temporal organi-
zation of primaries is theoretically valid, we believe that its impact on our quabtadisults is limited. Our
first argument is that coordination in simultaneous primaries may be non-tovéhieve in practice. In
simultaneous party primaries (for stat@ces or U.S. Congress) in which no incumbent is running, there are
often contests with several serious candidates who all receive stiaibtate shares, and where the winner’s
vote share is often below 50 percent, indicating the potential importancaefpbtting. For example, in
the 2010 Republican primary for Governor of lllinois, five of the sevamdaates received more than 14
percent of the votes each, and Bill Brady won with a vote share of justf&frcent. Moreover, only Brady
came from “downstate”, while the remaining (serious) candidates all caome @hicago and its suburbs,
and there appears to have been considerable region-based votegsittiexample, Brady received only 7
percent in Chicago and its suburbs, but won nevertheless becahisesttbong showing downstate and since

the Chicago-based candidates split the vote there very e¥feiilyis suggests that coordination facilitated

330f course, if we believe that early states receive on average bettéy gadence signals, this could also be considered in the

estimation, though pinning the precise value down from very few statekleuproblematic.
34Another recent example where co-ordination was not achieved despétiesive pre-election poll information is the Peruvian

election of 2011. Three candidates split the centrist vote among themsallmving the two candidates representing the left and
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by either candidates dropping out before the election or based on ojpioiisrcannot be taken for granted
even in high-profile races.

Our second argument focuses on the quality of coordination in simultanemsiss sequential primaries.
Suppose that voters who prefer the same horizontal characteristictaadiyaable to solve the coordination
problem in simultaneous primaries in some informal way (say, using straw podipinion polls). The
random event that voters can utilize for coordination is likely to be of snbatly worse information quality
than the outcome of an actual primary election in a state because, for examepsample of people who
participate in the straw poll or opinion poll is unlikely to be perfectly represare of the population.
Also, attempts by the candidates to influence the coordination criterion in a \@hysthot reflective of
true valence are more likely to be successful in straw polls than in statewictoeg®® So, it is true that
informal coordination in simultaneous primaries might have theceéthat the outcome in this system is not
quite as bad as our simulations suggest, but informal coordination is unlikehataye the qualitative result
that simultaneous primaries are worse than sequential primaries, bedaus@lrcoordination would be an

imperfect copy of coordination through early primaries.

8 Conclusion

At the start of presidential primaries, there are often several seranterders. Some of them may be
ideologically close substitutes for voters, while th&efience to other candidates may be more significant.
In a simultaneous election with a large set of candidates, the candidate wit eaone out on top is not
necessarily the Condorcet winner. In contrast, sequential elections ediers to narrow down the field
of contenders as a way of avoiding vote-splitting among ideologically similatidates. The sequential
nature of the primaries therefore likely has facilitated the victory of candidelt® were not the frontrunner
at the beginning of the primary season, such as Obama (and possiblyri1aC2008, and the very strong
showing of Gary Hart in 1984.

In this paper, we have presented a model of voting in sequential primasesilon the ideas of co-

right ends of the political spectrum (Humala and Fujimori) proceed to theffrtound, even though the combined vote share of the

three centrist candidates together was nearly equal to the sum of Humdafugmori vote shares.
%5Consider the lowa Straw Poll, which is organized by the Republican partyeirsummer of the year before presidential

nomination contests. A poor showing in the lowa Straw Poll is often verplpmoatic for a candidate and maffextively end
his campaign (for example, in 2008, Tommy Thompson and Sam BraskWwere &ectively eliminated by this straw poll). For
this reason, candidates often spend substantial resources in ordavideptransportation or buy tickets for their supporters,

diminishing the informational content of the voting outcome.
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ordination and learning about candidate quality. From a theoretical gaiep, the coordinationfiorded
by sequential elections may be beneficial or detrimental. While sequentitbakebave the advantage of
allowing voters to coordinate (and thus avoid that a candidate wins justid¥ebés ideological opponents
split the votes of their supporters among each other), the disadvantagguantial elections is that, once
coordination has occurred, there is no possibility to correct an erroe imnegarly elections. Moreover, our
empirical results show that the probability of the wrong candidate droppitgfter the first few primaries
is substantial.

Sequential elections dominate simultaneous ones if valefiegatices between candidates are small; if
the signal quality in early states is high; and if there is a lot of vote-splitting mtwaeologically similar
candidates. In contrast, when valencffatences are important, vote-splitting is not too important and the
signal quality is bad, then a simultaneous primary system is superior.

We estimate the model using data from the 2008 Democratic primaries, and gegdheeter estimates
to evaluate the relative performance offeient temporal organizations of the primaries. Our results sug-
gest that vote-splitting would be a severe problem in a simultaneous primstansyHowever, sequential
institutions in which one of the candidate is forced out early (and which fitreravoid the vote-splitting
problem for most districts) are also not optimal, as a too early drop-oufrtthdees a high probability that
the better candidate drops out.

A current proposal by the National Association of Secretaries of Stade dery well from a welfare
point of view in our simulations. According to this proposal, lowa and Newnpishire would always vote
first, followed by four regional primaries (for the East, Midwest, Soutt #est regions) scheduled on
the first Tuesday in March, April, May or June of presidential electicaryeAssuming that all candidates
stay in the race until after the first large regional contest, there diieisatly many early elections to be
relatively confident that the strongest candidates survive, yet pbteérgy is absent in three out of four large

regional contests.
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9 Appendix

9.1 Proof of Proposition 1

l.u<1/2. Since -u > 1/2, Candidate 1 receives an absolute majority of votes in every district, etheth
he competes against one or two opponents. The election systemfi@dis avhether the votes of tyge= 1

voters are split or united.

2(a). u € (1/2,2/3) and sequential elections. Candidate 2 gets more votes in the first district than Candi-
date 3 if and only ibz +73 > v3+n3. Sincens -3 is distributed according thI(0, 20°2), for givenuv, andus,
Candidate 2 wins with probabilitg ("55;”3) Note that, - v3 is distributed according thi(0, 25-2). Without

oy

loss of generality, we can focus on the case v3; conditioning on this event, the densitywf-v3 is given

by 2¢( L ) Thus, the probability that the better candidate wins is given by

V2o,
o0 t t arctar(Z2)
2 ) dt= V2 v —_—.
L ( \/Eo-n]qs( \/Eo—v) 7

1 _ oy
Since the arctan is an increasing function and lies between @ éondpositive arguments, such as here), it

(13)

T

is easy to see that this probability is decreasing,jrand increasing iar,.

2(b). u € (1/2,2/3) and simultaneous elections. It is useful to denote by,, a € {v, 5, £}, the probability
density function of the normal distribution of varialte The voters in district observe signanS =0j+ njs.

Using Bayes' rule, the updated expected value of Candifatelence is

© ¢v(t)¢ (Z-s - t) 2
i N " tdt= et (14)
> f—oo ¢U(tl)¢n(zjs —t)dt o,c+ oy

If Voter i in district s has typed = 1, he votes for Candidate 2if + siz > 03 + 8i3, and for Candidate 3

otherwise. Rearranging, the percentage of #pel voters who vote for Candidate 2 is equal to
o ,l[Z5-2Z
125-23)) - @[ % -2

\/éo'a(o'vz + 0'772)
Similarly, Candidate 3's share of the votetof 1 types is equal to

1-@( 01232 )
V20 (0,2 + 02

Candidate 1, the Condorcet loser, receives all votes frenD types (a proportion % u of the electorate)

0,2

]. (15)

~S ~S
Probfsz — &2 <05 - 03) = PI’Ob(83 —&2< — 5
o2+ oy

and wins a particular districif and only if

O’UZ[ZS -Z3 ) [ O'UZ[ZS -Z3] ])
’ - s 6
V2o (0,2 + 04?) t-e V20 (0,2 + ) (16)

1-u >p-max((1>(
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hence if

2u—1 o235 -Z3) J 1-p
M ) (D( V20 (0,2 + 07,?) ) o a7

Denoting the inverse of the cumulative distribution of the standard normaibdiiem by -1, and letting

2

Ty we can write this as

K= —F/7—"7—"7>—">5
\/ZTE((TUZ"'U'I]Z) '

o1 (Z,uﬂ— 1) < k(v2 — v3) + k(72 + n3) < ®L (1;—#) (18)

For givenw, andus, the term in the middle is normally distributed with expected valug—vs) and variance

20,2, Thus, the percentage of districts won by Candidate 1 is given by

Prob(d)‘l (Zﬂﬂ_ 1) — k(vo — v3) < k(172 — 3) < @71 (1;—“) —k(v2 — v3)) =

o [CD_l (B) - vz - vs)] _ q)[q)_l(alT_l) ~ Koz - 03)]

Vakar, Vaxer, (19)
o o1 (1;—”) — k(v2 — v3) o -o! (1;—”) — k(v2 — v3)
Voo, Voo, ’

where the last inequality uses the fact tﬂHtl(z“T‘l) = —d)‘l(l;—“), becausez"#;l andl;—" are symmetric
around ¥2 (i.e., add up to 1).

Again, suppose that > vs, so that Candidate 2 is the toughest competitor for the nomination. The
percentage of districts won by Candidate 2 is

-o1 (1;—’1) — k(v2 — v3)
o)

Candidate 1 wins the nomination if (19) is larger than (20) he wins more distrems@andidate 2, hence if

o1 (1%1) — k(v2 — v3) -0t (1;—“) — k(v2 — v3)
@( £ ]>2c1>[ 2 ]

Note that the left hand side is decreasing:jrwhile the right hand side is increasingn Thus, if (21)

(21)

holds for a particular level g, then it also holds for all smaller levels pf(equivalently, all higher levels
of 1 — y). This is intuitive, since + u is the percentage of voters who support Candidate 1yt denote
the level ofu such that (21) holds with equality.

Consider first the case gf = 1/2, such that = 1 and henced™ (%) = co. Clearly, (21) holds,
as the left hand side goes to 1, while the right hand side goes to 0. Intuifivgly 1/2, then any sort of

vote-splitting between Candidates 2 and 3 guarantees that Candidate llwlistriats. Since both sides
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are continuous i, the same result holds (for any givexandvs) for u suficiently close to 12. Now

consider the case @f = 2/3, such thal% =1/2. Since®1(1/2) = 0, (21) is clearly violated.
i

——is
‘/50'8(0'024'0':72)
decreasing i, and increasing iwr,. Furthermore, the left hand side of (21) is decreasing (as (1-

Consider now the féect of changes iwr., o, ando, on (21). Note first thak =

w/u > 1/2, and thuer‘l(lﬂ;"‘) > 0), while the right hand side is increasing«rby the same argument.
Thus, to preserve equality between the two sides of (21), an increaseefls to be balanced by a decrease
of u*. Consequently* decreases imr,, and increases itr,.

We now analyze theftect ofo,. Consider the dierence of the left-hand and right-hand side of (21),

and substitute fox and set the expression equal to 0 (which implicitly determines the valwé)pthis

yields
o-1(x 3 —p1(i= B
70 2(#)_03/203 — 20 2(#)_05/503 -0 (22)
Ty 0 o0
0'5(0'510',27) T (75(0'5+T:T,2]) T

Sinced(-) is an increasing functiorh 2 (l#;“) is decreasing ip, and thusg—i. Consequently, the sign of

0Z

du” _ 9oy
2
g I
is the same as the sign % We have
[ -1(1- -1 1-
24 o (T#) V2 — U3 @ (_Tﬂ) U2 — U3 oe  _1(1-p 0',7—0'5
— =|¢ 5 - + 2¢ 5 - X|=0 | —— |+
dry i 20, _aioy _ N2oy || o3 p) ol
L 0'5(0—5"'0—%) O'E(O'§+O'%) R (23)
_1(1- 1 1-
é o 1(7#) _L2—u3 Y o l(_TM) _b2zus|l 2703
ooy V2o, iy V2o, V252
oo(o5+ad) oo(0+og) ]
(23) is greater than
-1(_1p 2 2
2 ()] ( m ) _v2—us 2(1)_1(1—/1)0',]—0'0 U203
aioy \/Eo-n O'g M 0',2] \/20'72]
rrg((r§+rr,2]

Since the term in square brackets goeggdb‘l(l#;") > 0 for o, — oo, (23) is positive foro,, suficiently
large. Thus, fowr, suficiently Iarge,d%; is positive. In contrast, for, = v3 ando, < o, (23) and hence

du* - .
dT-,, IS negatlve.

3.u > 2/3. Inthis case, Candidate 1 receives less than a third of the votes in eviigtdé® that he loses

in every district. Without loss of generality, suppose againhat vs.
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Under simultaneous elections, Candidate 2 wins in dissrict
S S
v2 + 15 > 03+ 13 (24)

Thus, for a giverv, > v3, the proportion of districts won by Candidate 2 is equallt ”2;”3

fo_n) > 1/2.

Consequently, Candidate 2 is certain to win the nomination contest.

Under sequential elections, the winner of the first district (either Cated@lar Candidate 3) gets a
vote shareg: in all following districts and thus wins the nomination. The probability that Cardidas the
winner of the first district is the same as in (13) in Case 2 above. Thusetter bandidate is likely to win
the nomination, but there is a positive probability that the other candidate wigtathe policy position wins

instead.m

9.2 Estimation procedure

We estimate the unknown parametgfs o, o, anda from the 2008 Democratic primary using the method
of moments. Given that our emphasis is on obtaining plausible parameters f@ltiee purpose of simula-
tion rather than for model testing, we utilize four moments of the data based aetitdication arguments
outlined in the preceding section. This leads to exact identificdfion.

We now describe our estimation approach. €t denote the observed vote share of Clinton in state
s. We partition states into three groups. The first group consists of the S gtaidich there was a three
way race between Clinton, Edwards, and Obama; denote this groupVidyy3used (in the absence of
any ambiguity) alternatively as a set or superscript. The second gomgists of the 22 states that voted on
Supertuesday, denoted Byl. The last group consists of the 23 states that voted after Supertudedated
by pST. The union of the last two groups is denoted by the set or subséhigt2 The indicator variable
1sa takes the value of 1 if statebelongs in the groupg and zero otherwise. Denote the sample average
share of Clinton in the group of states A m}@

Consider an election with two candidates located in position 1 and one cantfidaasition 0. The
value ofu® for each state is a random draw from the uniform distribution with mean 0.SapylortS,,.
Valences and signals are distributed normally with means Q grahd variances- andcr;zl, respectively.

There are five sequential contests in statesl, . .., 5, at the end of which the weaker of the two candidates

38Incorporating additional moments would increafficgency, but at substantial computational cost, primarily due to the iterative

procedure needed to obtain the optimal weight matrix.

43



in position 1 ( = 1b) withdraws3” The stronger one of the two candidates in position % (la) competes
with the candidate in position § & 0) in two more rounds, one consisting of 22 states 6, ...,27), and
the other one consisting of 23 states<(28, ..., 50).

The first moment in our analysis is based on the expectation of candidatet@'share in the first five

states, and is given by
ml(o-lh 0-777 /L S/l) = EV,S {1S€3WAYE/JS,Z [ngv09 Ula, Ulb7 0-7]9 /lv S/J]} B (25)

where the inner expectation is taken with respect to the distributipy anhd the signal histories and the
outer expectation is taken with respect to the joint distribution of valencestaad over all states. Note that
WS does not depend on the valuegbfor t # s. Thus, the inner expectation can be obtained by integrating
W; over the distribution of signal histories (conditional on the vector of vasj@nd then integrating the
result with respect to the distribution @f, resulting in a random variable whose value depends on the
random valence draws and the state

The second moment in our analysis is based on the expectation of candidaiteGhare in the last 45

states, and is given by
rnZ(G'U, O-T]’ /L S/J) = EV,S {1S€2WAYE/JS,Z [WOS|U07 Via, 0-7]’ /l’ S/l]} ’ (26)

where the expectations are taken as in (25). The inner expectation islemrarariable at the start of
primaries (its value depends on the valence draws) whose value doégpertd on the time at which
candidate b drops out, but which depends on the vote order of states.

The next two moments are based on vote share variability. The third momenstteefee elections on

Super-Tuesday and is given by
m3(oy, 0y, 4, Sy) = Ev,Z,pS,s{lseSﬂWg — Eusz[Wlvo, v1a, Zaway , 0, 4, Sy, S € Sﬂl}- (27)

The outer expectation is taken over all states with respect to valence, grigwal histories, and the dis-
tribution of voter preferences. The inner expectation is the expected vlhkote shares of candidate 0 in
the group of states belong in Supertuesday, conditional on candidateeaad signal draws prior to the
voting in those states. The expectation integrates out the variability in the statgueferenceg;, of the

Supertuesday states and the signals received by their voters.

$70ur definition of “weaker” is the candidate with the lowest valence drawis ®hclearly the case in the 2008 primary, as

Obama is ex-post widely understood to be of higher valence than Edward
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The last moment used in our analysis refers to the elections after Supstaiuand is given by
M (0, 4,S,) = Evyss {1sep8 TIWS - E,uS[Wgh)O, V12,05 = 0,4,S,,8€ pST] |} . (28)

where, unlike in (27), both expectations ignore signal histories. The exygectation gives the expected
vote share of candidate 0 in post Supertuesday states, conditionahdidata valence and assuming that
this valence is known to the voters. That is, to simplify computations, we assamatbnce is perfectly re-
vealed in the last 23 staté® The outer expectation integrates over candidate valences and votepiafs
across post Super-Tuesday states.

Our estimates are based on the four by four equation system obtainettiby #&e moments equal to
their sample analogs, where the vote shares of Clinton are considerethtorbalizations of the vote shares

of the candidate 0. The system that generates the estimates can be wtften as

ml(cy, o7y, 4, Sy) — 5—10 Zs: {Lecawag} = 0, (29)
m2(07y, 07, A, Sy.) - 5—102 {Lscowag} =0, (30)
s
m3(cy, 07y, 4, S,.) — 5—102 {leesTWE - WETI} =0, (31)
s
M0, 1, S,) - 5—102 {1sep5T]wg _ vT/gST|} o (32)

Given exact identification, one can find parameter values so that theésedoations will be satisfied
with equality?® The expectations with respect to the distribution of valences and signatbtieed via
Monte Carlo integration. Thus, the estimates we obtain contain some simulation €h® number of
valence draws and sequences of signals was equal to 18,000, resu#tingnulation error that is less than

5 percent of the standard error (see the next section for details).

%8This simplifies the estimation algorithm considerably, as we do not need steupdndidate valence after Supertuesday and
can treat all subsequent states as voting simultaneously. For the estipaatedeter values, this assumption appears largely
justified: Using (12) to calculate the ratio of the standard deviation of pexdeialence relative to actual valence shows that after

Super-Tuesday, in expectation over 94 percent of the uncertainty ehodidate valence is resolved.
39Moment conditions are often written in terms of the contributions of eackreaton to the each moment. This can also be

done in the system (29) — (32): Substituting mak(-) from (25) and replacing the expectation with respect to the indicatorblasia
by the sum over the observations, (29) can be written in terms of the aatidrib of each observation in the moment equations
as & s {LeawavEy {Eusz[Walto, v1a, v1n, 07, 4, S} = LscawaWg| = 0, with analogous expressions for the other three moments

through the corresponding manipulations of (30), (31) and (32).
“OIn general, it is not guaranteed that such a solution exists, but it do#sgsystem of equations.
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9.3 Estimation Algorithm Details

The estimation algorithm proceeds as follows. Consider a given setarineéer valuesy,, 7, 1, andél,.
These parameter values will be the initial values at the start of the algorithnteanediate values given by
the Newton-Raphson optimization routine while the algorithm is in progress.réve a set oR normally
distributed valence drawsg), withr = 1,...R, with mean zero and standard deviation These valence
draws are assigned to the candidate in position 0. We next draw a Bapaifs of normally distributed
valence draws with the same standard deviation and mean. The highestwbtiselabeledy, and the
lowestu,, corresponding to the highest and lowest valence candidates fratiopds respectively.

We consider a primary election with seven rounds. For the first five myuaiidthree candidates compete
with each other. In the last two rounds, only the candidates with valenas dyandu] , compete with each
other. For each round, we evaluate vote shares forf2&rdint values of®, that are equally spaced on a grid

and are given by® = —* + (9~ 1)SH

,forg =1,...,25. These values essentially discretize the distribution
of u® and are used to compute expectations with respect to that distribution. dfovadae ofu® and each
set of valence draws, we compute vote shares on the basis of equatiems§?' Perceived valences are
obtained on the basis of equations 10 and 11 (and their initial period vanitiissignals drawn from the
normal distribution centered around the true valence and with standaatidevr,. Each set of valences
gets an independent set of signal histories for each of the 25 valygsrothe grid ofu. For the seventh
round, perceived valences are assumed to be equal to the true galence

This procedure returns seven matrices, each containing the vote sifidhes candidate in political
position 0 for each of the seven rounds. The rows of the matrix ind@rentu® draws and the columns
different valence draws. Index each of the seven matrices=y, ..., 7, and their typical element hy.”.
Note that our method of constructing vote shares for each round fixesghal history for each value of
1. In other words, in each signal history and valence draw, the valué isf held fixed. Therefore, the
vote share paths are not representative of the actual vote shargfpathisich the value of: differs across
states, and we cannot use any moments based on correlatiorffecgrdies of vote shares across rounds.
Our approach is valid for computing moments within a round since, as we pauaté&uthe text, vote shares

in a particular state do not depend on voter preferences in precedigg, diat only on the signals on the

preceding states.

“IThe distribution ofe is discretized and evaluated at 70 equally spaced points betw&Brand 35, and the the sum of the

probabilities adjusted to sum to unity.
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The value ofnl(¢,, ,, 1, S,) is computed by
~ ~ 3 & 1 Ly Ly (RY Ly Ly
m1(Gy, 0y, A, Sy) = R Z {wl’ +wly + w3 +w, + wg } (33)
The value oim2(¢,, &, 4, S,,) is computed by
~ o~ 5 & l 1,V IR
M2(G0. 6. 4. 8) = 7o Z {22y + 2awt”) (34)

where the weights reflect the fact that there are 22 states in round ér{Gegday) and 23 states voting in

round 7 (after Supertuesday). The valuer®(5,, 7, A, é,,) is computed by
~ ~ N A& 1 LV
M3(G, 7 4.5,) = = ) (0"~ wp] (35)

wherew] is the average vote share in round 6 for a given set of valence dralsgnals observed by voters
in prior rounds, with the average taken over thifedtent values of: in theu grid and signals observed by
voters in the current round. In other words, in computing this averageahdidates as perceived by voters
at the start of the round are held “fixed,” but the voter preferenodsignals in round 6 vary. This mimics
the vote share process during Supertuesday. Finally, the vahaé(6f, 1, éu) is computed by

@18 = = 3 [t - ) (36)

Ly

wherew? is the average vote share in round 7 for a given set of valence dratvséhe average taken over
the diferent values of: in u grid (recall that in round 7 we assume that valences are perfectlyvauser
which allows us to collapse all rounds following Supertuesday into a singledrahis assumption yields
substantial computational savings). These moment values are used tatealiewiations the corresponding
observed moment values in the data (reported in the equations 29 to 32)nd®ar values are updated
using the Newton-Raphson method until these deviations vanish (givehidgatification, values for the
four parameter values are found to exactly satisfy the four equationmnsysteor the estimation, we use
R = 18,000 resulting in very small sampling errors (on average about 5% of theast error). This
sampling error has been estimated by repeating the estimation foffeégdi replications of the algorithm
with different random seeds aRd= 3,000. We calculated the standard deviation of the resulting estimates
and used the fact that increasing the simulation draws by a factor of éad&s simulation error by a factor
of V6 ~ 2.45. The point estimates of the large run are within two standard deviations afviirage
estimates of the 26 short estimation results (generally within 5 percent of taastierror of the point
estimates). Thus, there appears to be negligible simulation bias at this numbplicdtions. Estimation

time of all runs is in the order of three weeks in a personal computer usingSSA
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State round | Clinton | Edwards| Obama|| State round | Clinton | Edwards| Obama
lowa 1 29 30 38 Utah 6 39 0 57
New Hampshire| 2 39 17 37 Louisiana 7 36 0 57
Nevada 3 51 4 45 Maine 7 40 0 59
South Carolina | 4 27 18 55 Nebraska 7 32 0 68
Florida 5 50 14 33 Washington 7 31 0 68
Alabama 6 42 0 56 DC 8 24 0 76
Alaska 6 25 0 75 Maryland 8 36 0 61
Arizona 6 50 0 43 Virginia 8 35 0 64
Arkansas 6 70 0 26 Hawaii 9 24 0 76
California 6 52 0 43 Wisconsin 9 41 0 58
Colorado 6 32 0 67 Ohio 10 53 0 45
Connecticut 6 a7 0 51 Rhode Island | 10 58 0 40
Delaware 6 43 0 53 Texas 10 51 0 48
Georgia 6 31 0 67 Vermont 10 39 0 59
Idaho 6 17 0 79 Wyoming 11 38 0 61
lllinois 6 33 0 65 Mississippi 12 37 0 61
Kansas 6 26 0 74 Pennsylvania | 13 55 0 45
Massachusetts | 6 56 0 41 Indiana 14 51 0 49
Minnesota 6 32 0 66 North Carolina| 14 42 0 56
Missouri 6 48 0 49 West Virginia | 15 67 0 26
New Jersey 6 54 0 44 Kentucky 16 65 0 30
New Mexico 6 49 0 48 Oregon 16 41 0 59
New York 6 57 0 40 Montana 17 41 0 57
North Dakota 6 37 0 61 South Dakota | 17 55 0 45
Oklahoma 6 55 0 31

Tennessee 6 54 0 41

Table 5: 2008 Democratic primary election results
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