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1. Inroduction: The Pure Theory of Policics

Duncan Black's vision is a grand yet simple one: to develop a “pure science of
politics” as a “ramified theory of committees” (Black, 1972:3). Black’s aim is 1o
place political science on the same kind of theoretical footing as economics.!
Underpinning all of his work is the deceptively simple insight of modelling
political phenomena “in terms of the preferences of a given set of individuals in
relation to a given set of motions, the same motions appearing on the preference

" schedule of each individual” (Black, 1972:3), whete motions can be represented as

points on a real line or in an N-dimensional space.

Black's great strength is that he is both synthesizer and pioncer. He
rediscovered and reinterpreted for contemporary social science the strikingly
modern probabilistic and game theoretic insights of long dead theorists such as

Dodgson {Louis Carroll), Borda, and Condorcer {e.g., the paradox of cyclical

majorities, the Condorcet criterion, the Borda criterion, optimizing the strategies
siader the limited vote, results on manipulability of voting schemes, the Condorcet
jury theorem), while himself developing such seminal ideas as single-peakedness,
the importance of the median voter given ordinal preferences, and equilibrium in
a spatial voting game. '

_ Because Black is modest about the originality of his own work,? because many of
the basic ideas in The Theory of Committees and Elections appear so "obvious” in
retrospect that it is hard to believe that they have not always been part of the
stock of general human knowledge, and because few people have seen Committee
Decisions With Complementary Evaluation (and fewer still have been able to
penetrate its opaque style o appreciate its significance), the magnitude of Black's
Y What is suught is 3 theory analugous to that which has dominated economics, in which the observed behavior of il

is found as an equilibrivm in which each participant is maximizing some suitably defined critecion given institusionat
and technological constraints and the behuvior of others” {Arrow, 196% 105; ¢f. Black, 1950: esp. p. 313}

Bince The Theary uf Camnrittees and Elections (1998) incorporates virtually all of Black 3948z, 1948b, 1948c,
19484, 19194, [949h), few readers go back w took at these carlivs works. Furchermore, many readers of Black (1958)
to remd the preface carclully. Yor buth of thuse teasans, many who resd itack (1938) may be under the
; s [amitiarity with the work of scholars such as Condorcer which inspized his own
ittee decision procedures. Acually, Black did not become aware of the work of any of his
predecessors antid afrer the first fonsr of his published articles were completed 2nd the fifth almost so (Black 1949a;
159, n.2p Thus, Blek recrrated an bis own the pazadox uf cydical mujorities sad the Condorcet eriterion.
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research contribution tends to be underestimated. Black’s work on what (after

him) has come to be called "the theory of committees and elections” is one of the

pillars on which rests the theory of public choice and the “new” political economy.?
With no more than simple arithmetic Duncan Black {1958) suggested
effects and properties of various voting schemes, e.g, pairwise voting

(exhaustive and not), rank-order voting, and extraordinary majoricies. He

also clarified and carried forward the analysis of single-member district,

multimember district, plurality winner, and proportional representation

systems. (Fiorina, 1975:147)

Black's work has had a major impact on the development of the field of public
choice. In the first 32 issues of Public Choice, Black's work is cited in 20 issues, a
total of 31 times. Only Dowas (1957) and Buchanan and Tullock {1962} are more
frequently cited " Indeed, the Theory of Committees and Elections is one of the
most cited works in modern social science, being cited dozens of times each year in
the published economics and political science literature.* However, like any classic
work, its most important effects are indirect, in terms of the literature which it
inspired and which now has an independent life of its own.” In the remainder of
this paper we shall try to inventory Black's key insights and to provide some
indications of how the ideas he introduced or reformulaced have been applied and
developed by subsequent scholars.

L. Research Contributions of Duncan Black

1. The Paradox of Cyclical Majorities

Roughly 200 years ago Condorcet demonstrated that majority rule oeed not
yield a stable outcome when there are more than two alternatives to be
considered. Although periodically rediscovered or reinvented by succeeding
generations of scholars, the “paradox of cyelical majorities”™ was, for all practicul

tAlong with the theory of committees and elections, other central compunents of public choice and the "new”
putitical cconomy are the theory of prrties and candidutes (see esp. Downs, 1957), the theory of public goods (see esp.
Olson, 19635), the theory of cunstitugions (see esp. Buchanan and Tullock, 1962}, and the theory of buresucracy (see
esp. Niskanen, 1971). (For o slightly different enumeration of componenss see Tullock, Appeadix 2, Buchanan and
Tulock, 1962.)

Buchanan and Tuflodk (1963 Ts vited in 27 of the 32 issues, for a wial of 47 citations; and Downs (19574 is cited in
26 issues for a rotal of 32 cirations.

“The nexs most frequenty cited items are Musgrave {1959}, Arrow (19631, Tulleck (19673, Olsen (1963), Niskanen
(1971) and Riker and Ordeshook (1968), in that order.

o am indebred to the dibtary staff of the University of California, Irvine, for tracing citations for me using =
computerized bibliographic seurch process. Even chough the biblivgraphy st the ead uf this papes is quite o fengthy
one, there ate uver une hundred and fifty arcicles which cite Black's work which are ot included in it from the period
1972-197% alone.

‘For example, Wilson (1972) proves a thewrem about single-peaked preferences bur cites Arrow {1963} rather than
Black. Similarly, Hosumursa (1974) discusses the Hords rule, citing » secondary sousce, Young {1974}, which cites
Black 13938), rather than dting Black (or Borda) direetly.

#We prefer this name us being more precise than the “peradox of voting.” This is wiso the same prefesred by Black
11955:16). 10 Fiahburn, 19740 .




' 1

14 PUBLIC CHOICE

purposes, unknown t modern students of democratic theory until called to their
attention by Duncan Black (see esp- Black 1948a).% In the Theory of Committees
and Elections, Black demonstrated that the “paradox™ was not just a mathemarical
curiosity, but rather was connected to important political issues such as

manipulability of voting schemes { 1958: d4: see also 1948a: 29) and the absence of =

strong similurity of citizen preferences structures (Black, 1958:10-14).
Although Black was not the fiest to discover this phenomenon, his work is
the foundation of all subsequent research on the problem. The
investigations in this field of his principal predecessors, Condorcer and
Lewis Carrol!, had made no impact on the intellectual community of their
day and had been completely forgocten. Their work is known today only
because Black, after discovering the phenomenon himself, discovered his
predecessors. (Campbell and Tullock, 1965:853)

In its simplest form, the paradox of cyclical majorities arises when 3 voters
cank 3 alternatives in order of reference as follows:

123
x z ¥
y X z
z y X

A majority preferx oy, a majority prefery to z, and a majority prefer z to x. For
cach alternative, another is preferred to it by some majority. .

Three important questions related to the paradox are discussed by Black
(19484, 1958) and have inspired a vast recent literature.

The Ffirst question is “Is the paradox inevitable; ie., do there exist either
preference-aggregation mechanisms (voting schemes) or restrictions on the set of
feasible preference orderings such that the absence of a clear-cut social choice can
be avoided?” This question we shall return to in subsequent sections of the paper.

The second question considered by Black is “How frequently can we expect the
paradox to occur; Le., how likely is it that there will be a majority winner?” The
third question is “How easy is it t0 detect the paradox from the available evidence
on oujority rule vote oureomes from which voter preference orderings must be
inferred?” Still a fourth question, alluded ro but not explicitly discussed in Black
{1958:46-50) is "If there is a cycle, how large will it be, in particular how many
elements will be there in what has come to be called the top cycle?”

“Prine at least 1o the publicasion of Black (1948a) it secems very hurd fo justify che claim in Arcow (1963:93) that the
puradux of cyclical mujurities was welt knowa. The paradox was sediscovered by Huntington (1938), but this work
tud 1w discernible impact on subsequent resesrch and also did not connect the problem 1w issues in democratic
theory. Cestainly. in political science, the then standard texts on democratic theory and politcal phitosophy make no
mention of the parsdox. We are aware of only two 20th-cenzury, pre-WW H references to it ather than Huntington
(19387 the 1907 reprint of Nanson (1882} and Hoag and Hallers (1926}, Furthermore, Riker (1965:43) has asserted
chut as far as he knew “there was no handbaook of pariiamentary law chat mentions the cyctical majority.” The preseat
authur is a professivnal patliamentazian famitiac with welt over a dozen parliamentary manuals and has no evidence
o contradict Riker's assertion.

sOther sames for the twp oycle are the Condurcer sec (Good, 1971} and the GOCHA Set (Schwartz, 1972}
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To the second of these questions, rhe likelihood of the paradox, Black provides
an answer oaly for the very special case of three vorers and three alternatives for
what has come to be called (Fishburn, 1974a) the "impartial” cufeure, Le., @
commirttee in which all strong preference orderings are equally likely. Black
recognized full well, however, the importance of this question and conjectures
(Black, 1958:51) that “if the general series could be derived it would almost
certainly show that for a committee with a given number of members, the
proportion of cases in which there is no unique majority decision increases rapidly
with an increase in the number of motions.”!! This conjecture squares well with
subsequent results from simnulations and numerical approximation formulae. In
particular, for an infinitely large committee, “the probability of the paradox
occurring approaches one as che number of alternatives increases” (Niemi and
Weisberg, 1968:322).

The literature estimating the probabie likelihood of vccurence of the paradox is
extensive. Gilbaud (1952) appears 10 have been the first to give an exact resuit for
the limit as committee size approaches infinity for the three-alternative case.
Campbell and Tullock (1965) are the first to provide extensive simulation results,
with further results given in Klahr (1966). Sophisticated approximation and exact
calculation methods are offered in Campbell and Tullock (1966), Garmen and
Kamien (1968), Niemi and Weisberg (1968), DeMeyer and Plott {1970),
Pomeranz and Weil (1970}, Weisherg and Niemi (1973), Blin (1973}, Fishburn
(1973), Gehrlein and Fishburn (1976a) and Gillett (1977, 1978). For the case of
the "impartial” culture, the general conclusion of all this research can best be
summarized as highly discouraging. The paradox is quite likely indeed. For
example, "with as few alcernatives as six, and virtually independent of committee
size, the probability of no majority winner is almost one-third” (Niemi and
Weisberg, 1968:322)."

Given such pessimistic findings, results for assumptions more realistic than
those of the “impartial” culture assume considerable importance. Here,
Williamson and Sargent (1967}, Gleser (1969), Jamison and Luce {1972),
Fishburn (1973, 1974a), Kuga and Nagatani (1974), Buckley (1975), Abrams
(1976) and Gerhlein and Fishburn (1976Ga, 1976b) provide sophisticated
probabilistic methods and Niemi (1969) offers intriguing simulation results

#1ln looking back at his curly views on this issue, Black (1972:5 emphasis outs) recails that "It seemed 1o me that, for
the simple majorisy procedure, it wouli be pussible 1o calaulate the proportion of ycles. When this proved beyond
my owa limired muchematical attainments, [ thoughe in terins of a solution gor experimentally, but this too proved
impracticable. I continted 1o tabe for granted shat the com putution of this fraction wrald be an indispensable purt of
any theory of commisticer.”

Biack (1972:4 emphasis ours) recounts his amazed reaction in 1942 whes e fiest tealized the ubiquitvusness of the
paradox. "1 the early enonths,. .. [ ook for gransed that witha simple majority in use, the dnswer, irrespective of the
shapes of the preference qurves, woulkd be dererminmate, Lates, working out an arithmetical example in which an
intranstivity arose, it scemed to me that this must be due to ¥ mistake in the arithmezic. On finding that the
arithmetic was correct and ihe intransitivity persisted, my tomach revolted in something akin to physicel sicknesr.
Mot only was the problem to which | had addressed myself more complicated than 1 suppused, it was a different kind.
The resuls would be determinate for only certain shapes of preference curves.”
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suggesting that partial homogeneity of voter preferences considerably reduces the
likelihood of the paradox. On the other hand, recent work on vote trading (e.g.,
Kadane, 1972; Bernholz, 1973, 1974; Schwartz 1973, 1980) and on cycles over
Cmulbridimensional issue spaces (eg, McKelvey 1976, McKelvey and Wendell,
1976, Schofield 1978, 1978b) provides quite general conditions {see esp.
Schwartz, 1980) under which a paradox will be unavoiduble. Data from university
senute clections using the single trunsferuble vote (the Hure system) in Niemi
(19701 suggests that high homogeneity may be realized in practice. Elections
under the Hure system require voters to rank-order candidartes; for the six three-
candidate elections seudied by Niemi (1970) between 729 and 877 of the voters
who provided complete rank-orders had preferences which satisfy the single-
peakedness criterion,

To the third of these questions, how easy is it to detect the paradox, Black offers
two useful results. The firse of these results (Black, 1958:43) we may restate as
“under standard amendment procedure (see Figure 1), given sincere voting, the
existence of u voting paradox is always revealed if there are as many rounds of
voting us there are alternatives less one, te. m-1 rounds of voring." " Marz,
Casstevens and Casstevens (1973) extend this theorem to the general case of
binary voting procedures,

b a ¢ a a b ¢ b a ¢ b ¢

FIGURE 1.1 FIGURE 1.2 FIGURE 1.3

Standard Amendment Procedure

A second relevant reselt in Black (1958:43-44) is the cheorem that “the voting
- paradox is always revealed if data is available on al = paired comparisons.”
. This is a2 somewhat more powerful resulr than might be obvious ar first sight,
since Black (1958:43-44) shows that if there is a majority winner, no single voter
has any incentive to vote insincerely in such a complete balloting,

Other analytic results have been demonstrated. For example, Bowen (1972) has
shown that in the three-alternative case (where one alternative is the status quo
15This theorem is misstated in Murskami (1968:72). In particular, the important first clause is omitted and m is

m.cvun...cm& for m-1. With che fiest clause omitted, the theorem is faise, as is noted by Marz, Casstevens and
Casstevens {1973) and as an example they presear makes quite clear.
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and there is one amendment to a main motion being considered), under stundard
amendment procedure, the puradox can oceur only whea the final motion (which
will be either the original bill or the bill as amended) is defeated. ™ Bowen ¢ 1972)
and Weisberg and Niemi (1972) provide similar theoretic resules for the wo
amendment case. For standard amendment procedure they note thar, ia, the
paradox cannot oceur if the alternarive winning on the first vote is ultimacely
adopted.

Several authors have lovked ar decision-muking outcomes in legislatures and in
faculty meetings (Riker, 1958, 1965; Weisberg and Niemi, 1972; Bowen, 1972
Lijphart, 1979; Niemi, 1970; Brown and Grofman, 1978; Enelow and Koehler,
1979) to see if occurrences of the paradox could be detected. Bowen (1972)
provides probability calculations s to the likelihood of the paradox having
occurred in various actual legislative situations, e.g. U.S House of Representatives’
voting on the Wheat Act of 1960. Weisberg and Niemi (1972) reanalyze the same
duca under a slighdy different set of assumptions and look at additional bills as
well, Riker (1958) Iooks at the Agricultural Appropriations Act of 1953 und at the
Schoo! Construction Bill of 1956 (and the Powell Amendment o it—which would
have restricted aid to schools which remained segregated) and for the larter bill
shows by careful analysis of the historical record that with 2 the unamended bill, b
the bill with the Powell amendment, and ¢ the status quo (i.e. no action) a cycle
exists, such that aPb by a vote of 227 to 199, bP¢ by 229 to 197, and cPa by 217 t0
209, Enelow and Koehler (1978) and Enelow (1978, 1979) are other authors who
have examined U.S. Congressional role call data’to look for sophisticated voting
and such contrived paradoxes. Lijphart (1979) concludes that in the Dutch
Parliament occurrence of the paradox is quite rare, finding only one involving a
1952 bill on the status of what was then Dutch New Guinea,

Riker (1965) also finds a cyclical majority involving the 1911 Sutherland
Amendment tw the original text for the proposed 17th Amendment to the U.S,
Constitution. According to Riker this was a contrived cyclical majority; ie,
legislative preferences appeared to cycle among the ummended bill, the amended
bili, and the biil only because some legislacors introduced an amendment they did
not favor and then voted contrary t© their true preferences on its behalf,

Under standard amendment procedure, as Riker (1965) points out, whenevera
motion, a, is expected to defeat a motion, ¢ (the status quo}, it is open to the sup-
porters of ¢ to defeat a by introducing an amendment, b, such that the supporters
of a are divided into two groups, Wy and W5, neither commanding a majority,
where W members order the alternatives aPcPb and Wy members order the
alternatives bPaPc. This they (supporters of the status quo) can do by voting as if
their true preferences were cPbPa. Hence, b will beat a on the first ballot and lose

Clearly, if the amended {(unamended) bill passes, then it is preferred to both the unamended (amended) morion and
the stutus quo.
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to ¢, the status quo, on the final ballot, even though a majority actuaily prefera to
¢. (Cf. Dodgson, 1876 reprinted in McGarvey, 1966; Black, 1958, at 233.) Enelow
(1979) has developed a probabilistic generalization of Riker’s model of
sophisticated voting achieving a contrived paradox to take into account imperfect
information and legislator uncertainty as to outcomes,

A fourth important question about the paradox of cyclical majorities, how many
elements can we expect in the top cycle, is not direccly considered by Black.
However, Black (1958:46-51) does offer a number of insights on
interrelationships between cycles; e.g, "If two (intersecting) cycles have one
motion in common, it must be possible to form a cycle which includes all of the
motions from both cycles” (1958:Proposition 9, 48) and "If there are three cycles
which are nonintersecting, every motion in the first may be able to defeat every
motion in the second, and every motion in the second may be able to defeat every
motion in the third, and yet every motion in the third cycle may be able to defeat
every motion in the first”; Le, there may be cycles among cycles (1958:
Proposition 11, 49-30).

As Bell (1978:122) observes, “it would be comforting to learn... that if a society
is unable 1o produce a Condorcet (majority) winner, the number of alternatives
could probably be narrowed to a dominating set of 3 or 47; Le., to learn that if
there is a cyclical majority, restricting ourselves to an element from this top cycle
set would considerably delimit our choices. Unfortunately the results of Bell
(1979) show this comfort to be denied us for linear orderings. "In searching for
the top cycle set, the smallest subset S of the set of m alternatives for which no
member of S fails to win a majority over any non-member, we frequently find chat

-8 contains m-1 or m alternatives” (Bell, 1979:122 wich some change in notation).
Under the standard “impartial” culture assumption, Bell (1979:122} finds chat
“the number of alternatives in the top ¢ycle is always more likely to be -1 or m
than some number between % and m-2 inclusive” For example, “with 15
alternatives the probability of a Condorcer winner is only .39, the probability of a
‘winning cycle including 3, 4,. . ., or 13 alternatives is only .11 while the probability
of a cycle including 14 or 15 alternatives is 50" (Bell, 1979:122). The picture is

. even more bleak if we consider a finite number of voters and an infinite numbex
of alternatives. Under reasonable zssumptions, McKelvey (1976) has

demonstrated that in this case winning cycles must include ail alternatives (see ”

also Schofield, 1978a, 1978b).

2. Single-peaked Preferences and the Median Voter
For Biack the ideas of representing motions as points, and of representing
preferences as single-peaked utility functions, came together in a flash of insight
in February 1942. The story is best told in Black's own words
The way in which my own work came to be written was that already asa
postgraduate student [ had got interested in the possibility of the formation
of a Pure Science of Politics; and, somewhat later, in the autumn of 1934, |
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hit on what seemed to me to be the elements of such a science. It was an
abstract theory bur, to facilitate exposition, it envisaged concrete institutions
such as a central government body or a local government body, and
attempred to account for the shape they had and also for the shape they
might take, if say, for technical reasons, Costs and benefits were 1o alter.

The concepts employed were taken from a theory of the fiem that had
been developed by a former colleague who, in scores of discussions, had
inducted me into his way of looking at this matter (Coase, 1937) and almost
equally from the work of the Italian school of writers on Public Finance
which at this time was reaching the peak of its achievement. This early
work in Politics found itself confronted with a major difficuity—that of
making itself intelligible tw the reader. The Italians, in the narrower field of
Public Finance, had succeeded in giving clear expression to their meaning in
only the occasional passage, running perhaps to a few lines or a few pages,
or in the occasional diagram, and this despite their very considerable literary
abilities.

When the solution to this difficulty did come, 7t came in a flash, in the
form of a notation in which everything seemed to bang together. This was
in February 1942. A little before then it had been brought to my attention
that my main efforr during the preceding years had produced no tangible
result. T was “firewatching” in case of air raids, late at night in the green
drawing-room at Warwick Castle, one of the most magnificent rooms in the
whole of England, which even at that time retained much 'of -its former
splendour, except that it was strewn with civil-service tables and
paraphernalia. Acting apparently at random, [ wrote-down a single diagram

und sate in u shock of recognition the property of the median optimun. This
could be got by interpreting the diagram I had drawn, in terms of a
committee using a simple majority, whose members’ preferences, in regard
to the motions put forward, could be represented by a set of single-peaked
curves. Grant that and the decision of the committée would correspond to
the median optimum. [ had not previously thought ot worked in terms
cither of motions or of preference curves. I drew two more diagrams and
felt sure that I was now able to say the things that Lhad previously only felt,
and could express thoughts that T had been unable to communicate or indeed
to formulate properly. Not only so, but I had hig, apparently accidentally, on
a technique that would enable a systematic investigation of government to
be made along lines that were fairly clearly delineated. Or so the future
seemed to stretch before me that night {Black, 1972:4, emphasis ours).
The idea of single-peakedness can be defined in 2 -number of different ways
(see, e.g.,, Arrow, 1963:77; Pattanaik, 1971:73; Fishburn, 1972:93), but we shall
follow the familiar and intuitively interpretable graphical interpretation in Black
(1948a, 1958), which may be paraphrased as follows: "A set of preference
schedules shall be said to be single-peaked if there exists an ordering of the
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alternatives such that with respect to this ordering the preference schedules of all
commirttee members could be graphed as single peaked curves, where a single
‘peaked curve is one which changes its direction at most once, from up to down.”

There are several potnts to be mentioned, First, single-peakedness is a property
of sets of preference orderings, not merely of individual voter preferences. For a
set of preferences schedules o be single-peaked, it is not sufficient thar all
preferences orderings can be represented as single-peaked curves; they must all be
representable as single-peaked curves with respect to the same underlying
ordering of alternatives. Second, single-peakedness has a "natural” interpretation
in political terms: the closer a motion is to a voter’s preferred position on an issue,
the more desirable to the voter is that motion, Third, single-peakedness can be
interpreted in terms of “similarity” of voter preferences; although voters need not
agree un what alternative is most 1o be preferred, for preference orderings to be
single-peaked all voters must agree on the relative locations of the alternatives
(including the status quo) in the issue-space. Fourth, single-peakedness can be
naturally generalized to muiti-dimensional issue-spaces (Black and Newing,
1954,

Most scholars would agree that the two most important contributions made by
Black are the introduction of the idea of single-peakedness and the well-known
theorem (Black, 1958:14-18) that, for single-peaked preferences, there exists a
unique alternative capable of receiving a majority in pairwise competition against
other alternatives, and this majority winner will be the most preferred alternative
of the median voter.!* Hence, for single-peaked preferences there will ziways be a
stable majority choice and the preferences of the median vorer will be decisive.?®
Furchermore, as Black {1958:19) shows, for single-peaked preferences, majority
rule gives rise to a transitive ordering of alternatives.??

Black’s result on the possibility of stable majority choice given single-peaked
preferences has been reformulated by Arrow in his well known "Possibility
Theorem for Single-Peaked Preferences” (Arrow: 1963:78-80), in which Arrow
demonscrates that, for single-peaked preferences, majority rule establishes a social
welfare function which satisfies positive responsiveness, irrelevance of
independent alternatives, citizen sovereignty and nondictatorship. Very similar
“possibility” theorems have subsequently been proved by other authors (see e.g.

Murakami, 1968:124-126; Wilson, 1972). Arrow (1963; see also Inada, 1964) has -

shown that this result does not actually require single-peakedness with respect to
all alternatives; it is enough if we have single-peakedness wich respect to every
“rriple of alternatives.

| We stare the thesrem for N, numbers of committee members, odd. Modification of theurem to take into account an
even number of members and chairman’s de-brenking vote is relatively rivial (See Black, 1958:16)

T he importance of the median voter was anticipated by Gelton (19G7) but enly for cases where there was 2 sum of
muney to be allocated, with cach vorer haviag a preferred allocation,

Ve nule 13,
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A number of questions are suggested by Black's mmsm_m,nmurmmmﬁm\ ﬂm&m:
voter result and its subsequent extensions. First, "Are there c@mu _,m.m.nn.uﬂ_o:m.c:
preferences sufficient to give rise to (or necessary for) transitive majority ,.nrcamu
or at least for the existence of a majority winner?"18 Second, Ecé rmo_w is :_mrmr
in fact, voter preferences will satisty a single-peakedness condition? ,H..r:ﬁ.r n.m:
Black's median vorter result be extended w the muitidimensional nmmm..v. This &.:n.&
question we shall defer till we consider the work of Black and Newing (1951) in
Secrion 3 below. .

The first of these questions is addressed by Black Cwmmr but only in a very

limited way, by considering functions which are m_sﬁm-wmmr.& vzn with &
nonunique maximum (see Black, 1958:25-35). Other authors, inspired 3. the
Black-Arrow possibility result for single-peaked preferences, ?:.E mxruc.m:a_o_w
examined possible restrictions on the feasible vﬂnmmwmnnm set.’” A variety of
conditions (well over a dozen) have been proposed. w,c._. example, Inada (1964)
has looked at single-caveness, which is the ::.ﬁﬂmm of single-peakedness; and at
separability of preference over o triple {a, b, ¢} into wo groups, fal and E. ¢}, Mznmg
that in every preference ordering each alternative tn one of the groups is strictly
preferred to each alternative in the other. Partanaik Cci ), ?zcﬁ;:m Sen
(1966:73), has defined “value restrictedness” (VR) as ﬂr.m ﬁ.nd:_wnﬂmﬁ that .5 any
triple of alternatives there is one m:mnmmm?m. such that it is not the WOISL in any
voter's preference ordering of those alternatives AZdﬁ.:, or such that it is not .mg.m
best in a voter's preference ordering of these alternacives {NB), or such that .: is
not the medium value in any voter's preference ordering of these &Hﬁ.:msﬁw
(NM), Pattanaik (1971:91-96) shows that NW is the equivalent c..m single-
peakedness, NB is the equivalent of single cavedness, and NM %m.mmczamsﬂ of
Inada’s (1964) "separability of preferences into two groups” condition. Each of
these conditions is sufficient to avoid a paradox of cyclical majorities (Inada, Emu\.ﬁ
Sen, 1966, Pattanaik, 1971). ¥or linear orderings VR is c@cm,\.&n:n nc:/.vsﬂ.a $
(1964) condition of Latin-Square-lessness. Other nw:&sosm Sn_ﬂ.&w #.“.3:3
agreement” (LA), proposed by Paceanaik (1971), and mxnﬂmﬁmm restriction,” (ER)
proposed by Sen and Partanaik (1969}, For a more detiled trearment, see
Fishburn (1972).%

While limited agreement and extremal restriction can be given some p:Emawm
meaning in political terms, as can Pattanaik’'s NM condition (see Patranaik,
1971:96), single-peakedness (NW) is the most intuitively meaningful of the
various domain restriction conditions that have been proposed, although there are

8We shail neglect results which involve weakenings of traasitivity such as quusitransitivity (see e.g., Schwartz, 1978
Mueller, 1979: 190-191) or contexrs where lotreries on alterastives are considered to be feasible alternutives {see, e.g.,
\ :

Fishburn, 1072; Zeckhauser, $969; Shepsle, 1970)

“More ﬂmnr:mnumm correct would be to say that authors have looked for restrictions un sets of preference relarions
over wiples of social alternutives.

MFor definitions of these conditions see Patanmik (1971:72-75). Limited 2greement is o wesker versicn of a
condition called Restriceion of Tabou Prefereace in Tnada {1969}, while “extremal restriction” is the univn of a
ournber of different conditions also first proposed by Tnuda (1969).
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cases in which its complement, single-cavedness (NB), appears to have a useful

- practical application.?! ’

- Turaing to the second question, the practical likelihood of obtaining single-
peaked preference schedules, as Pattanaik { 1971:94-95) notes, “single-peakedness
(NW) will be satisfied if there exists an agreed-on objective ordering of the
alternatives, based on the extent to which they possess s certain attribure. . .
(which) constitutes the criterion of individual evaluation.” Such will be the case,
of course, if there is a clear-cut left-right political dimension on which motions (or
political parties) can be judged. Hence, Black’s median voter result is directly
relevant to modelling political party competition, ie., if voters prefer the
candidate closer to their own ideal point (on a left-right dimension) then the
candidate who adopts a position closer to the median preference than his opposite
wins the election. Hence, in a two-candidate competition, we would expect both
candidates to try to find the median, since the candidate who adopts any other
policy loses.?2 However, Black's work deals only with ordinal preferences, and the
results in the spatial modeling literature on convergence of two-party politics to
the preferences of the median voter rest on Euclidean or other distance metrics.

Single-peakedness can also be related to ideas that have been proposed in the
psychological and sociological literature on scaling models. (See e.g., Weisberg,
1972, 1974.) In particular, single-peaked functions are the foundation underlying
unfolding theory (Coombs, 1950, 1964/1976) in which an algorithm is provided
to measure the variables underlying preferential choice. Applications of unfolding
theory have included the study of perception in infanits {Thomas, 1973} and the
study of preferences for family size (Coombs, Coombs and McClelland, 1975). A
wide variety of other applications of single-peaked functions are discussed in
Coombs and Avrunin (1977; see also Scott, 1977).2* Coombs and Avrunin also
provide a psychological justification to single-peaked preferences over two
dimensions in terms of an approach-avoidance (pain-pleasure) model. However,
many of the psychological applications of single-peakedness deal with individual
preferences rather than with sets of preference schedules which are collectively
single-peaked. .

Since, for a linear ordering, single-peakedness is a form of unidimensionality, it
would be natural to suppose that single-peakedness was equivalent to Guttman

. M_%m:»mu:a (1971:95-96) notes that in cettain cases invoiving single criteria of evalvation, NB may be satisified
w.cvvomn chere are three aiternatives regarding the orgenization of a particular industry; complete nationalization; a
n:.unm form Cm.cnmuu_nun“cn. with public and private enterprises operating side by side; and production ﬂw_.ocw#
i - private enterprises ooly. It is possible that every individual gives the “best” value o one of the extremes—complete
: .sw:cn.w:u,uﬂoa or complete private ownership—and nobody gives she “best” value to the mixed form of
5 cnwwnﬁw%o_._r This impties a purist actitude for all concerned individuals since by moving either side of his leas
. preferred alterpative, in the agreed on objective ordering, every concerned individual reaches
. N g m
- preferred alernatives, See also Plott (1976). ore and more
" 20This result need qualifying in the multidimensional case or if voters are i i
) d . permitted abstention. (See, eg., Davi
DeGroot and Hinich, 1972; Riker and Ordeshook, 1973; Enelow and Hinich, 1979 £ A
. :..m,rn.« note, for example (1977:217) that "one~dimensional single-peaked functions. .. .n:unmn.n_.mwn the acceptan
tejection behavior of rats toward various concentrations of sucrose and NaCl solutions.” My caileague A g.cmw_m _M?
m,:mwn.m,q& that such _.nm___m.m 33_.?“ relevant ta the revealed preferences of some economists for hot n:.n_ s0u o,
Empitical research on this topic was planned for the 1980 Public Choice Mecring in San Francisco CR
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scalabifity (Stouffer et al, 1950). If this equivalent could be demonstrated, then
theorems on single-peakedness and equilibrium in voting outcomes would have
been shown to be applicable to the legislative or judicial context where analysis of
roll call or other voting data has uncovered sizeable subsets of Guttman scalable
issues {MacRae, 1970; Rhode and Spaeth, 1976y, Unfortunarely, Niemi and
Weisberg (1974) have shown chis equivalence to be false. They show that
Gurtrnan scalability does not imply single-peaked preference either for single
alternative response rasks, where zn individual is asked to respond favorably or
unfavorably to each of a series of alternatives, or for paired alternative response
rasks, where the individual responds to a pair of alternatives by indicating which
he prefers. Elsewhere {Weisberg and Niemi, 1971, Theorem 3, p. 20, Theorem 4,
p. 24A), they have shown that Guttman scalability is equivalent to single-peaked
preferences only for the highly restrictive case where (a} all possible paired
comparisons are made, and (b) all preferences are both single-peaked and
symmetric and strictly monotonic. They have further demonstrated that, in
general, information about individual votes on a series of items found to be
Gutrman scalable does not yield che location of voters’ ideal points.

"Grofman (1976b) has shown that if a set of preferences is single-peaked,
Symmetric, and linearly ordered along some unidimensional continuum, then the
scale patterns generated by all paired comparisons from alternarives along that
continuum vs. some one fixed alternative from the continuum will be Guttman
scalable when the pairwise choices are lefr-right ordered according to each
alternative’s position along the conginuum, and the polarity of all columns
involving choices located to the left of the one fixed alternative is reversed.d This
result suggests the following possibility: isolate the set of pairwise voting choices
which have some particular element common to all. If decisions over this set are
not Guttman scalable, then (assuming sincere voting) the underlying references
for alternatives in the set cannot be single-peaked.? For this special case, single
peakedness implies Guttman scalability. Unfortunately, as is demonstrated in
Weisberg and Niemi (1971), the copverse is not true.

There are only two direct studies of which we are aware that directly examin
the proportion of single-peaked preferences over a set of politically relevant
choices. The first of these, Niemi (1970), we have already ailuded to. For six
three-candidate facuity elections, Niemi finds an average of 78.3% of all complete
orderings to be single-peaked. The second study, Grofman and Hamilton (1977),
looks at experimentally generated data on verdict choice for four levels of severity
of punishment and verdict option. Grofman and Hamilton find that well over

#The resuit as c_.wmmuu_w. stated in Grofman (1976by is wrong. The symmetry and musotonicity conditions were
omitred from the assumptions seeded to obtain the result; withour them the theorem is false. § am ubliged to my
collesgue, A. Wufile, for cailing this point to my steention. Ta its correct form the result is a trivial corollary 10 a
theorem in Weisberg and Niemi {1971).

HSince in sincere moajotity pailrwise votiag a Condoreer choice if one exists will (by definition) defeat all other
slternatives, and single-peakedness guarantees the existence of a Condorcer winner {Black, 1938}, such 2 winner
whenever introduced into the bailoting uader standard amendment procedure will remain an alteraative in each

succeeding pait.
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~

" 90% of their subjects (college students) ordered verdicts in terms of proximity to

.- that verdict which was considered fairest, giving rise to preferences which were,

‘with only two exceptions (N=24), single-peaked.?®

- We should also recall that not all orderings, or even all triples of orderings,
need to be single-peaked in order co generate high probabilities that a Condorcer
winner will exist. For unidimensional issues, even 60 percent of all orderings
single-peaked gives rise w a quite high probability chat che paradox of cyclical
majorities will be avoided (see Niemi, 1969).

3. Criteria for Majority Choice and Choice of a Voting Scheme
The problem which puzzied Borda, Condoreet, Laplace, Carroll, and Black was
that involved in finding a system of voting which would lead w0 a choice which
could reasonably be regarded as the genuine will of a majority of a group. To
people who have not looked into the problem, this seems a foolish inquiry; it
seems obvious that 2 majority is a majority and that is that. In reality the problem
is a most difficult one. Even if we accept Black’s (1958) dictum that the “candidate
who ought to be elected is the vne who stands the highest on the average on the
committee members’ schedule of preferences,” where we have more than two
aleernatives it is not clear what is meant by the majority choice, Just as there are
several kinds of averages which coincide only in special cases, so, too, are there
various reasonable ways of aggregating {or averaging) individual choices.
The meost imporeant criterion for majority choice is the Condorcer criterion,
named in honor of the Marquis de Condorcet (1743-1794), who was apparently
the first to propose it. (See Black, 1958: 166-176; Condorcet 1785.) The Condorcet
criterion is deceptive in its simplicity—it is merely that any alternative proposed
“which is preferred by a majority to each and every other alternative ought to be
seleczed. While such an alternative does not always exist, when it does exist it is
unique.
~ While we agree with Black that there may be more than one “satisfactory”
answer to the question of which single candidate oughr 1o be elected in a majority
election, we find, as does he, that the Condorcet choice is the single best contender
for that honor?? If, however, no alternative exists which satisfies the Condorcet

“Crofman in other unpublished research (1977) has reanalyzed mock juror verdicr choice data in Vidmar (1972} w0

shuw thas the assumption thae juror verdict preferences were single-peaked (a) subsumes the specific hypathesis

tested by Videwar us 2 special case wnd (h) provides a beecer fit <o the Vidmar daza thas an alternative model proposed
by Lartz (1979).

" The considerations in favor of the Condorces criterion are. . . chat it is one way of defining which candidate stands
highest on che average on the clectors” schedules; that o ensures that if one candidate would be able to defear each of
the others in a vote then e will be elected; and that it appeals, perhaps vis mathematical symmerry, 10 our sense of
justice. The reasens may not seem overwhelmingly coavincing, but we are moving in a region where all
vansiderations are tenvous and fine-spun; and the claims of the Condorcer criterion to rightness seem to us much
stronger than those of any other™ {Black, 1958). Qne other important reason for regacding the Condorcet winner as
the appropriate outcome of a mujoritarian decision process is that the Condorcer winner corsesponds to the core of a
majority voting game when that core is @ singleton. Thus the Condorver winner corres ponds to what is probubly the
most impaortant sofurion conept in Neperson game theory. (Ao afternative X is said to (majority) dominate an
alternurive x if o mugority of voters prefes x; Xpe The core is the set of alternatives which is nor dominated by any
orher alternitive.)
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criterion, then we must lovk to some other criterion or set of criteria for guidance.
One such supplementary criterion is the Borda criterion, which may also be
considered a rival since it dves not always yield the same alternative as the
Condorcet criterion when a Cordorcet choice exists.

The Borda rule, named for Jean-Charles de Borda (1733-1799), assigas to each
alrernative for each committee member one point for each alternative to which it
is preferred by chat comnmittee member (see Borda, 1781; Black, 1938; Young,
1974); that alternative with the highest number of points, summed over all
committee members, is, according to the Borda rule, that which ought to be
selected. In shore, the Borda count gives the total number of votes each aiternative
would get if placed in turn against each of the other alternatives. A major
advantage of the Borda rule is thac it takes into account the overall position of
alternatives on the preference scales of each of the committee members. [t gives a
measure of central tendency. Consider a committee with preference schedules
Xyqz, Xyqz, Xyzq, zyqx, zyqx. X satisfies the Condorcet criterion, yet there are good
grounds for selecting y. X is either a first choice or a last choice; y is the uniform
second choice of ail committee members. The Borda count is x,9; ¥, 10; 2, 6; and g,
5. Thus, the Borda rule would select y. The Borda rule satisfies the positionalist
criterion, which can perhaps be best expressed by Fishburn's (1974d) Permuted
Dominance condition (which could more appropriately be called Positional
Dominance) which says that if x has more first place votes than y, more first and
second place votes than y, more first, second and third place votes than y and so
on, then y is not in the choice set. This condition is incompatible with the
Condorcet criterion as shown by the following example:

L.Lyxabc

Z.xachby

3. yxbca

4d.cyxab

 S.xbayc
y is the Condorcet winner but is excluded by the PD condition (see also

Gardenfors, 1973).28

Black's own view (1958:661) is that "the Condorcet criterion should first be
used to pick out the majority candidate if there is one; and if no majority candidate
exists, that candidaze should be chosen who has the highest Borda count.” Most
authors have concurred with Black that, when there is a Condorcet winner, then
that is the alternative which should be chosen. (See e.g., Sen, 1966; Patwanaik,
1968; Fishburn 1970; but compare Fishburn 1971, esp. pp. 136-138 and Batra and

#'m indebted to Jeffrey Richelson (persons! communication, fanuary 3G, 1980) for cailing chis point, and the

example with it, w0 my attention.

Y another reasun for regarding the Condorcet choice as impostant is thar it is an accurace predictor of commitee
chuice indeperdent of the natre of the parliamentary fearures which structure that choice (e.g., the sequence of
vote). | am indebted o Charles Plott [pessonal communication, Febreary 3, 1980) for cailing chis point w my

arrention,
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' Partanaik, 1972.) However the question of what to do when no Condorcet winner
exists continues to generate controversy.

In addition to Black's suggestion that the Borda rule be used to decide cases
where no Condorcet winner exists, a variety of other procedures have been
proposed. For example, a procedure proposed by Lewis Carroll (C. L. Dodgson)
requires us to choose chat glement which would become maximal with the fewest
changes to existing preference orderings (Dodgson, 1876; see Black 1958: 222-
233); while Copeland (1951) has proposed that each alternative be given a score
equal to the number of y such that xPy minus the number of z such that zPx, and
that the alternative with the highest such score be chosen.

Research on criteria of choice in the absence of a Condorcet winner has taken
several different directions. One such direction is the attempt to specify criteria on
the basis of which procedures such as those proposed by Borda, Dodgson, and
Copeland can be compared and judged. A second and closely related line of
research involves development of natural "extensions” of the Condorcet criterion
to specify choice (usually from among the elements of the top cycle) when there is
no Condorcet winner? (See e.g., Goodman and Markowitz, 1952; Ward, 1961,
Lady, 1969; Taylor, 1968; Good, 1971; Grofman, 1972; Schwartz, 1972,
Smith, 1975; Black, 1976; Fine and Fine, 1974; Gardenfors, 1973; Bowman
and Colantoni, 1973; Campbell, 1976; Young, 1974, 1973, 1977; Fishburn,
1974d; Gardner, 1977, Deb, 1977, Packard, 1977; Richelson, 1975, 1976,
1978, 1980a, 1980b; Young and Levenglick, 1978; Miller, 1979.2%)

That two different and both seemingly “fair” voting procedures may not yield
the same outcome, and that even two applications of the same voting scheme may
not yield identical results when the order in which alternatives are posed is

“changed are readily demonstrable. It is easy 1o show that many voting schemes
(including most of those in common use) fail to satisfy the Condorcet criterion,
when committee members vote sincerely.’! Black (1938) provides examples
‘which demonstrate this for a number of procedures (even when preferences are
single-peaked) including the alternative vote, the Borda rule, and the Hare System
as applied t a single-member constituency. We shall provide such examples for
the successive procedure {Farquhasson, 1969), plurality, and lowest candidate out
runoffs (LCOR).3

SCondurcet's uwn views on which slteenative ought w be seleceed from among the top oycle set are discussed in Biack

11958170, Although Condorcet's discassion s father uaclear, with at least three incerpretations possible, Biack
(1958:179) fineds the best interpretarion of his recommendutions o ber "discard all candidutes except those with the
minimum nuather of mujositics against them, und then deern the largest size of minority 1o be 2 majusity, and so on
wntit une candidate had only as scual or deemed majority against each of the others.”

wEpe rather different approaches, sey Ferejohin and Grether (1977) and Bowman snd Coluntoni (1973,

Sy vy vofing wWe mREIn as foliows: Call the tp vutcome of u subser thur ourcome highest on a voter's scale. A
voter votes sincgrely i he chuoses the subses with the highest ranked top. 1f the tops wre equad, he chuoses the subset
with the Bighest ranked secondo-top clement, sl so on (Farquharson, 1069).

Vinrerestingly enough this scheme, d ite its common wse, 35 noo meatined in Robert's Rules of Grder, which
preserilies Q981276277 for clections thie ssme procedere as for amendiments (e, what we've referred o as
stumdard smendment prowedurer save that there 5 no fisal vote sgainst the status quo.

THE THEORY OF COMMITTLEES 27

c a a b b c

FIGURE 2.1 FIGURE 2.2 FIGURE 2.3

Successive Procedure

Consider a three-member committee with preferences bac, abc, and czb voting
under the successive procedure sketched in Figure 2. Although a is the
Condorcet choice, b will be selected, since voters 1 and 3 on the first round of
balloting will choose the right-hand subset because that subset {b, ¢} contains each
one's top.

If we look at plurality voting (Figure 3) and LCOR (Figure 4}, we may
readily establish that neither of these procedures guarantees the selection of a
Condorcet choice. Let us assume a committee with five members with preferences
abe, abe, cba, cba, and bea. Sincere voting under LCOR leads to the selection of
alternative ¢, even though b is the Condorcet winner. For phurality voting imagine
three voting biocs—cba, abe, and bac,—the first of which is the largest but not
larger than the combined voting strength of the other two blocs. Under the

a b c
FIGURE 3

Plurality Procedure

b ¢ @ ¢ a b

FIGURE 4

Lowest Candidate Out Runoffs (LCOR) Procedure
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- plurality voting procedure of Figure 3, alternative ¢ will be chosen even though

"~ b is the Condorcet choice. This type of outcome is not simply of “theoretical”
interest. For example, in the three way 1970 New York Senatorial Race, which
pirted two liberals, one a Republican and one a Democrat (Charles Goodell and
Richard Otinger) against a Conservative Party candidate (James Buckley), both
liberals lost though their combined wreal was over 60%%. 1n a paired contest, it is
likely that either liberal wlome would have received a majority against the
conservarive candidate. Sincere voting by many New York voters led a majority of
them to a sicuation in which their least desired choice was victorious.

In conrrast to these negative findings, there are two useful positive results due to
Black. First, given sincere voting, standard amendment procedure (see Figure 1)
always gives to rise to a Condorcet winner if one exists (1958:24); and second, when
preferences are single-peaked, sincere voting under the exhaustive voting procedure®?
always selects the Condorcet winner (1958:71). (We shall discuss the consequences
of allowing for the possibility of insincere voting in the next section.) In addition,
Black (1998:177) offers an example due to Condorcet (1785) for which it can be
demonstrated that "no rule which gives a definite mark for a top place, a definite
mark for u second-top place, . . ." will always select the Condorcet winner.

A third direction of recent research has been to consider the extent of which
different procedures yield the same choice; ie., how much practical difference
would it make if one procedure rather than another were to be used. Of special
concern have been the properties of various simple procedures which have been
{or might be) used in real-life voting situations and, in particular, the likelthood
that a given procedure would select the Condorcet winner if one existed, or that it

_would select the Borda choice.

Peter Fishburn in singly authored work and in collaboration with William
Gerhlein has extensively investigated concordance as to outcome among a number
of different voting methods (including both ranked and nonranked schemes) and
between different criteria of choice (Fishburn, 1974b; Fishbura and Gerhlein,
1976a .1976b, 1977b; Gerhlein and Fishburn, 1978).3¢ Fishbura and Gerhlein

(1976b) find the Borda rule unique among positional scoring methods in its
likelihood of choosing a Condorcet winner when such exists. Of the various non-

- WExhaustive voting is o process of elimination. [f chere are, say, six candidates for  post, esch member of the com-
mittee 1o mike the appointment s givenss 3 vores, one iess thaa the number of candidates, sad ar che first cound of voting
ot candidate is inated who receives the lowest number of votes, At the second roend each voter s piven 4 vores
andd another capdidate eliminsted and se on, untdl a single candidute has been left undefeared ™ (Black, 1958:69).
siCondorcet £1785, cited in Biack, 1958:179) anticipates this Finding whea he asserts that "although it {the "Borda rule’)
is nur exempt from those defects which oughe 1 make us discard che ordinary method, nevertheless these defects are
far less pronwunced; it is even very probable that it would only very carely lead into ercor on the wrue decision
concerning the majocity of vote”

5 An exaraple which makes this point for the Borda rule was given above, A general result (due 10 Condorcer} about
the incompatibility of ranked order methiods and the Condorcer eriterion will be discussed below,

See also Bjurulf (1978}, Paris (1973), Joslyn (1976}, Ludwin {1976), Colmun and Pountney (1978), Chamberiin and
Cohen (1979b). A number of writers un proportional represeatation have looked st the influence vn voting systems by
recalculating election outcomes as if they had been conducted under some other electoral system than that actually in use;
however, such culculations have usually been of an sd o deseriptive sort, (See e Lakeman, 1974; Buder, 1953.)
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runked voting schemes considered by Fishburn one, approval voting, where each
vorer muy cast as many votes as there are alternatives _am.m one, has been E.::m to
have a aumber of attractive properties, including a high likelihood of selecting the
Condorcet winner (Brams and Fishburn, 1978a; Fishburn, G.\.m.,. Brams, 1979).3

Chamberlin and Cohen (1978, 1979} have shown how ascerraining %n.%mnan of
concordance between alternative voting schemes can in many cases be iméma. asa
problem in linear programming, and derive a number of m:mmmnm”.“:m propositions.
Eor example, they construct (1978) a 19-voter example to sm:@ z..m: there can
exist a case in which three different decision rules (Condorcet criterion, plurality,
and Borda) can give rise to distince outcomes (see also Gilletr, 1980).

4. Deliberate Distortions of Sincere Preferences and Other Forms of

Manipulation

When it was pointed out by Borda that under his voting method it would

sometimes be advantageous for committee members to congeal their true
preferences in order o increase the likeiihood of obtaining outcomes more to
their liking, Borda replied, "My scheme is only intended for honest men R:&.S
Black, 1958:182). Dodgson, on the other hand, rejected a form of cumulative
as unsatisfactory because he felt that voters would behave strategically and
eir votes to the candidate whom they most favored. (See Black,
1958:218.) Dodgson (1876) also anticipated Riker’s Somm.v formulation of a
contrived cyclical majority arising through insincere voting c.nmmn standard
amendment procedure and comments that this “makes an election more of a
game of skill than a real test of the wishes of the electors” (Dodgson, 1876;
reprinted in Black, 1958; 232-233).% . .
As noted previously, a number of authors have looked to see if they could mm.m
evidence in acrual legislative voting of such contrived paradoxes brought about via

wSpe alsy Brams and Fishburn {1978k}, Fishburn (19793, and Merrill (1978)

voting
would assign all th

Vs such contesis Dodgson offers some useful sdvicer ) ) .
1n any division taken on a pair of issues neither of which you desire, vote against the muost popular. There

rmay be some one issue which, if all vates according to their true cv:..:w:. éc_.wE vﬁ: gvery cn:nmmumcn whern ‘
paised against it separately; bus by following m&m.«:mn. you ey m:nnna._: geting it beut ance, any mo%nn.f.n:n
its having a clear vicrory, by introducing a cyclical majurisy. ?&.E_m will give, to the issue you desire, a
change it would not otherwise have (Dodgson, 1876, reprinted in Black, Ewmuwwnﬁ. )
Tor decrease the likelibood of such contrived ¢yclical majorities Dodgson suggests thasg, L the voting, cach votet
be required to publicly rank-order the aleernatives, He would nut, however, bar committee q.mmn._vn_.m from voting
insiacerely with respect 5o these announced vﬂMMnnmnnm.. U_mm_m_“wc: s blend of idealism and ¢ynicism as © commuttee
3 ity for duplicity is worch reproducing m fell
Bmﬁ,vmhauawwuﬂnwmwmmmm sm,m:m w_ﬁ prefiminary voting taken on paper and not openly ase, mwmr. chat nn_& w_nnmon.
not knowing exactiy how the others ase voring, has less inducement to vole conerary o his real opinioa, so
that & mare trustworthy estimate is scrived ac of the real opinion of nr.m body of em.mn".c.um. and cyclical
majorities are less likely to occur, than with open ﬁ:.?m., and secondly, thar if cyclical majorities do nor occur
in this process, they cannor occur in the formal voling except 3. sOME ORe O More of the electors giving
votes inconsistent with theit written opinions, and {think ma..:_.u@__.w that i1 such a case the body of eleciors
rhould hnew who they are thut bave so voted—a result which this method would secure.
I do not suppose that anyone voting would be so Ems‘:mnm o have it knowa that he has so <n»cm<%2.n§m
publicity would prevent an artificial cyclical Bmwc:nﬂ.l‘ew 1 am sure that SQE‘S&@ do io @.S_.E_m i an
Bonorable course to take, und bave no molive for desiring naaa.mh__.apm:.__.i.wﬁ I think e would increase z.._n
sense of the responsibility incusred by those who thus exescise their right of voting, and so make its
occusrence less likely. (Dodgsen, 1876; reprinted in Black, 1958:233; see also lbid. pp. 237-238)
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strategic voting (e.g., Riker, 1958, 1965; Bowen, 1972; Weisberg and Niemi, [972;
Lijphart, 1979; see also McCrone, 1977).5%

There are five basic ways in which voting outcomes may be manipulated
(Grofman, 1969; Margolis, 1961): (a) by insincere voting; (b} (for some multi-
batlot procedures) by specification of the order in which alternatives are voted
upon; (¢) by making additions or deletions 1o the alternatives to be considered or
by constraining the feasible alternative set; (d) by controlling choice of the voting
method (in which category we shall include manipulation of the agenda); and (e)
for tiered election systerns, by specifying the allocation of vorers to districts {or
legistators to committees). Black considers theee of these five rechniques. In our
discussion we shall report his results and more recent developments.

(a) Insincere voring: Black (1958:44) reformulates Dodgson’s insight on the
manipulability of seandard amendment procedure and shows that under SAP even
with single-peaked preference schedules, it may be open to one or more of the
members to bring into existence a decision more favorable to themselves by
voting otherwise than in accordance with their schedules of preference.”*? For
complete pairwise balloting, Black (1958:43-44) shows, as we have previously
noted, that is is impossible “for any member or group of members, by voting
contrary to their schedules of preference, to convert any other motion into the
majority motion.” For the Borda rule, Black (1958:182) mentions, without much
discussion, the possibility of manipulation through insincere voting.

Recent literature has made tremendous advances with respect to the issue of
nonsincere voting.

First, Farquharson (1969) has defined sophisticated voting in terms of m-arily
admissible strategies and shown chat, for binary procedures and complete

- information, (1) sophisticated voting is determinate,”® and (2) sophisticated

voting yields the Condorcet choice if one exists. ! Since most committee voting is
binary (i.e., either stundard amendment procedure or the successive procedure),

“Anorher aren where the empirical oceusence of sophisticated voting has been luoked at is referendum voting, See
Garriga-Picu 11979),

“Abaut che likelibond of strategic voting uniders standard amendment procedure, Black (1958:45 with same change of
sentence arderiag, emphasis ours) has this to say: "We know from expericnce that people do noc invariably. . . vore
direerly in sccurdance with their schedules of preference; and now we have shows thar when the ordinary committee
procedure # im use, it may be st their interest to do so. fo this case, therefore the theery muy sometimes fuil o
vorcespond s reality, But the restriction on its applicability fron: thix source is probably not very significem.” Given
the evidence on ke ive voting under the standard amendment procedure we have avajlable (e.g., Riker, 1965;
Lipihare, 1975 Bowen, 19721, this concusion dues not seem erroneous,

“Banary provesdures are those in whids the st of outcomes at cach round of bulloting is pastitioned into two subsets,
untid single ourcomes (dec yare hed. We may depict the resuks of rounds of b ing 25 an “cucome tree,”
where a furk corresponds o vote amd the end of u branch correspunds o an outcome, | gures | and 2 specify the
st of distiner binary voting provedures fur the three alicrostive ases. Fi
procedures. A varing procedure is suid e be determinase ender sapi
preference orderings, 1 results in the selec
10757027

ures 3 and 4 represent gernary
cased voting if, for any set of {strong) voters'
moof wsingle specifisble outcome. (See Farquharson, 1969; Brams,

rsoi {1909 §s in oo See eorred in Niemi, McRelvey and Bjurulf
o proufs o dhis farter result, see Niemi, McKelvey and Biorolf (197693 and Miller

197 7hy
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there are very powerful results. Farquharson’s (1969) ionM is Mc:mwmnnwwuﬂ%
important equilibrium notions in N-person game nvch,W%umw mazu.,&saﬁ.
Dummett and Farquharson, 1961; McKelvey and Niemi, 978, na. e i " d..
1956.) Farqubarson's busic ideus have .vnc: mnmcﬂdmr:.&.mnm mxma:.m. TE% ._wmnu -
theoretic terms by defining the notion of a mcmufmzpﬁma SFM\MWMJ s
decision node (Niemi, McKelvey , and Bjurulf, 1974; E:_w? .S.ZW.. cKe <Mmzmm
Niemi, 1978). This work offers conceptually elegant insights into com

151 ‘£5SES. o
annmuwwwwmﬂwwmwm%m:cﬁmnm of manipulability c.m viting mn:mﬁww %%mmwo_%wmwnnwhm
voting has been found t be virtually _menmqum. O_Uvmﬂ. _.M X nd
Sutterthwaite (1975} have demonstrated very similar results—whic 73.@ QM ©
to be known as the Gmwvu&,muzmnmw%wzm Encnm.a. We may Mmmﬁu Bwﬂ M_NM“ _
findings somewhat loosely as mczcém.” “Por any voring mnxmam w ,_nw mm.m“u e
(where triviality has a precise technical meaning which we won H.Wc w: 0 _m
there are some preference schedules of commitcee Bvamn.m such that mCM %._
committee members will possess a acﬂm:m:ﬂ strategy; hence it .EMM._ be ﬁwnn..n?“ y
advantageous for one or more commiteee members to vote insincere w,H .

The Gibbard (1973) and Satterthwaite Awo.dv results are rather mnnm.Mm an Mow
applying not simply to the majoritarian voting schemes we J%m.mcmmm M o.smm
far, but to a far wider class of schemes for preference wmmmmmm:om i .nm ‘m::mm
where voters' preferences are weighted m:m@:&? and/or where specia uwamw.:n >
are required.*? The Omwv»na-mmﬁnﬂrﬁm:w Theorem shows m;.ﬁ ﬂm:.ﬂc a Hr M:m
similar to dictatorship in the sense that, if we want a n.c:mn:ﬁw mnﬁ%: sche m
with various “nice’ properties, but without restrictions on. Mw.m omain on
admissible preferences, then we may be stuck with a scheme which is on Wmmwwmv
either manipulable or dictatorial (cf. Peleg, 1978; Dutta n.:a Partanaik, r.mm
However, most of the manipulability results have wmm.n confined w0 mwmﬁamom.om
are “resolute,” and this is a rather strong assumption (see Schwarrz, .v.w,.
Just as a natural direction to look for escape from the Arrow Hﬁmo,.wmﬂvu.m%
result was in terms of domain restrictions, 50, too, nmn.n.mn work on Bmmﬁm m_._ ﬁ:,m
has sought to determine if there are mnwmam,m .&wmnm._ cannot Nw Bmm“m“ Man
through insincere voting when there are restrictions on mmw:_mm, e prefere _ .
The most interesting domain restriction for our purposes Is, of course, sing M-
peakedness. Dummert and Farquharson {1961) have shown that Bu_an@wﬂs e
with Borda completion (i.e., the decision process nm.no,..mam:amm by Blac v M
strategy-proof if both admissible @nmmnnm:n.mm and maakmm&_mrwﬁmonm ME _,nmnmwm_mmmm
to be single-peaked. Blin and mm:wﬁ,nvsm:m (1976) mmo.i that Mw: er o e
conditions is alone sufficient.®? As Blin and Sacterthwaite (1976:57) note, this
Fhese tesules have been extended w0 deal with procedures invalving chance mechanisms in Gibbard (1977} und

Barbera ¢ 1977). Other resears wl relevant deals with the search fur voting sheemes with "nice 2qus ibria

arch hich is evant de [ 2 s 1
{chos AH bmn ﬂvcn_mm_.x:_& 30 spgere c.::_...hv e.g.. Dutma and Patamik (1978) and Peleg (1978). See also Pattunaik
those whic 8 B

(19753, Gardenfars (1976). . N )
1} also provide nonmanipalabilicy results for Jomain restrictions other than

#Dummert and Farquhacson {196 ines is Kalai and Muller (1977) and Blair (1979).

single-peakedness. Other rescarch slong these 1
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. - double requirement makes it difficult for a group to realize the potential for
- strategy-proofness,

. If a group considers a sequence of issues such that members’ preferences
over the alternatives contained within each issue are certain to be single-
‘peaked, then the requirement for such agreement may be easily met. The
group can make a single once and for ail decision that requires the casting of
single-peaked ballots. If, however, the sequence of issues which the group
considers has more variety and preferences cannot be assumed to be single-
peaked, then this becomes a very difficult requirement because a once and
for all decision is inappropriate. The decision to restrict the set of
admussible ballots must be made anew for each issue. But making the
restriction of the admissible ballot set itself an issue is self-defeating. By
voting strategically on the subsidiary question of whether to restrict or not
to resrict the admissible ballot set, individuals may successfully manipulare
the group’s final decision among the elements of S. The existence of this
possibility is a prima-facie violation of the concept of strategy-proofness.

If we must expect that, in general, all voring schemes sometimes offer

- opportunities for some voters to vote insincerely to their advantage, it makes

sense t0 ask “In practice, are some schemes more likely to generate strategic
voting than others?”. As Chamberlin and Cohen (1978:1) put it, among the
questions one might ask are: .

(1) In what proportion of elections is a particular social choice function
manipulable?

(2) How many voters must mistepresent their preferences in order to change
the outcome?

(3) What proportion of the voters with an intetest in 2 given change must
miscepresent their preferences?

(4) How easily can one characterize the strategies necessary for manipulation?

. Chamberlin and Cohen (1978) address some of these questions using ballot data

from the five-candidate, 11,586 voter, 1976 election for the President of the

‘American Psychological Association, and using preference data reconstructed from

thermometer scores assigned by survey respondents to various political figures

who were prominent contenders for the 1972 and 1976 Democratic presidential
nominations.* He looks at four procedures which can be used for single-candidace
elections: plurality, the Borda rule, the Hare system, and the Coombs system.

HSubddividing his preferenve duga by region and by feasible candidate set, Chamberlin (1978} creates 20
“hypothetical” elections.

PThe Coombs systeny is identicat to the Hare system (single transferuble vote} except that if no candidate receives o
aurority of the fisst place votes, the candidate with the o fase place rojes trather than the cindidace with the
Jfoewet frevi fhase roreny is eliminaced and te (flese priade} vates assigaed w that candidiae are transferred o the nexrt
1 the Hure system, dwe provess of elimi ting the currently mose disliked candidare
e hos @ majority. The Coombs sysiem was first proposed in Coombs {§96.1).

We might also nue that of tie four vating methods listed above tpluralicy, Borda, Coombs, Hare), the Coumbs
system was the one found by Chambertin and Cuben (1979) w© most often satisfy the Condoreet critetion.
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While for plurality, the Borda rule, and the hoomuv.m systems Chamberlin finds the
immunity to strategic voting to depend upon which criteria are &&. to measure
degree of manipulability, Chamberlin’s overall conclusion (1978:11) is %mn. H:m
Hare system is much less manipulable ﬂwm.n mrm other H:Rm. functions.

Furthermore, he asserts that he would expect this a_mmnnmznm ® remain even m.mmn
more general analysis™ (1978:11).4 With Tespect o Chamberiin's mczn.nr question,
the ability of voters to perceive the strategies they ST use S.ann. 0
manipulate the outcome, Chamberlin (1978:5) asserts thac "For plurality voting
and the Borda rule, the strategies are straightforward, for the Hare system, they

ite difficult to determine.” ¥

nmwwamw_mnﬁm?mﬁ and Bjurulf (1974), Fishburn (1978), and mr.ﬁnm ..”5&
Fishburn (1978, 1979) are other authors who have iooked at the "degree” to
which particular voting schemes are manipulable A.mmm m_wo.mEBm .m:a N.mmmmm,
1977). Brams and Fishburn show that approval voting provides no incentives to
insincere voting for certain restrictions on voters ?.mmm.ﬁn.mnm. orders (e.g.,
dichotomous preferences) and that, in general, approval voting 9::. offer mmé.mm
incentives to strategic voting than a host of other mmrmn.ﬁm (including plurality
and second-ballot runoffs). Niemi, McKelvey, and Bjurulf (1974) . fook at
manipulation in terms of voting order effects, and we shall repost their nmmc.mnm
when we discuss that issue below. Before turning to that topic, however, a brief

comment on the ethics of “insincerity” seems in order. The Farquharson/Niemi-

McKelvey-Bjurulf/Miller result that, mon binary voting vncn.mannmmm Q:&ﬁm.z&u

sophisticated voting can guarantee nrohmm of the .mnﬂn_cmnmﬂ winner (if onw ﬁmmﬂmv

suggests that one kind of insincerity c.a... mn.:u?m:mmﬂm& voting) can be far n.oB

evil in its effects. In the words of Niemi, McKelvey, and Bjurulf (1974:10,

urs

mawwwwwmnwanwwﬂmmm procedures are binary and hence come cb.&ﬂ. the scope of
the above arguments. It follows that although :._m sometimes m.uom.mzn. to
frustrate the will of a majority through the adoption of approptiate voting
procedures, this is not possible when sophisticated voling is operative.
The implications of this result are important. In onnﬁn to be mvmm to use a
sophisticated strategy, a voter needs access O Emoan:o.: on the
preferences of others. This implies that lack of pre-vote communication and
withholding of information may lead to socially ~nmm. mmm.:‘mwmm outeomes.
Furthermore, the idea that there seems to be something inberently wrong
about. . . misrepresenting one's preferences to advance cam_‘m personal gain
seems to be wrong wnder bimary procedures. Rather, in such cases,
sophisticated voting leads to socially more preferred outcomes.*®

wRecall that Chamberlin (1978) is dealing with the Hare syseem only in the contexr of singlescandidate electiuns,

vFor details see Chamberlin {1978:5-7). For mure deraited discussions of wmanipulution pos tes under the Bords

Fishbura (1974¢, 1974¢}, Gardaer (1977), Ludwin {1978). ) o o
Mm.”wawnﬂmm.__mu«:h:h& are made in Miller (1977h:80), OF wourse, some voting <ontes fu 0Ag's singere m.,.z._... renee, o4,
nnunumw patterns of vote trades may fead t Pareto infecior outcomes. See e, Riker and Brams (1973), Schwartz

{1977), Enelow and Koehler {1977},
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~ (b) Voting order: Many multiballot procedures can be manipulated in terms of
the sequence in which alternatives are voted on. % Black (1958:40) poines ourt that
for standard amendment procedure, given sincere voting, the later any motion
enters the voring, the greater its chance of adoption.” For binary procedures, the
possibilities for manipulation of voting order are now well determined thanks to
the work of Farquharson (1969} and its continuation by Niemi, McKelvey and
Bjurulf (1974), and Miller (1973, 1975a, 1977b). The key result is that under both
standard amendment procedure and the successive procedure (see Figures 1 and
23, when no Condorcetr winner exists, it is advantageous (or at least no worse) to
have one's first choice voted on later rather than earlier when (all) voters vote
sincerely, but earlier rather than later when voters are sophisticated. (For proofs
of this result, see Miller, 1975a, 1977b; Niemi, McKelvey and Bjuruif, 1974.)
Niemi, McKelvey and Bjurulf (1974:14, Tables 2 and 3} alsc have
recommendations as to when in the balloting a voter may prefer to have certain
nonpreferred alternatives voted on.

Because sincere voting satisfies the Condorcer criterion under standard
amendment procedure but not under the successive procedure, Niemi, McKelvey
and Bjurulf (1974: 13-14, emphasis ours) conclude that:

{TYhe successive voting procedure seems more vulnerable to strategic

manipulation than does the amendment procedure. Under the amendment

pracedure, the order of voting is a factor only when there are cyclical
majorities, a circumstance which may not occur very often, and which will
probably be troublesome under any voting system. The successive procedure

is vulnerable to voting order effect even when voting is sincere, and there is

a majority winner, Unless the majority winner also has a majority of first

place preferences, it may lose. Judged by this criterion alone, then, we might

conclude the itandard amendment procedure is superior to the successive
procedure, if our goal is to devise systems of voting which best reflect the
underlying preferences of voters,

(¢) Additions or deletions to the set of feasible alternatives: This is a form of
voting manipufation which, as far as we are aware, Black nowhere discusses. It is
easy to show that, in the absence of domain restrictions or some form of strategic

“voting, outcomes of all voting procedures may be subject to this type of
manipulation.’® We shall provide examples for a number of voting schemes.
. Consider a five-member committee voring by LCOR with preferences pxyz,
- .pXyz, zxyp, yzxp, yzxp. LCOR selects, assuming strict adherence w preference
schedules, y. If the (irrelevant) alternative p is deleted, then x will be selected. P
drew strength away from x, since for four of the five committee members the
preferences for x and p were virtually identical. In LCOR, outcomes may be
e s Levine (1978 and Biuret and Nioms (1930 8 Procedases see ound in

wWThis reselt is relared o the axiom of revealed preference. See Grofman (1969), Fishbuen (1971, 1974¢), Schwarez
(1981, forcheomings. ,

THE FTHEQRY OF COMMUTTEES 33

manipulated by the introduction of (irrelevant) alternatives which strongly
appeal to the same voters as the widely supported front runner(s) whom one
wishes to defeat. If this strategy is successful, moderate candidates may never
make it to the later stages of balloting in which their widespread acceptability
(when first and second choices were no tonger in the renning) would give them
a chance of victory.

Similarly, consider a three member committee voting sincerely by SAP with
preferences pxyz, ZpXxy, and yxzp. If the alternatives are voted upon in the order
first p and x, then y, then z; then 2 will be selected. If p is deleted from the set of
alternatives being considered, with the order of voting among the remaining
altecnatives remaining unchanged, then x will be selecred,

The Borda procedure is also open to such manipulations. Consider a five-
member committee with preferences yxzp, yXzp, pzyX, ZpyX, ZyXp. Z is the
Condorcet winner and also the Borda winner (x76, y=9, z=10, p=3). If we delete
the majority-dominated alternative p, then the Borda count become x=2, y=7, 2=6
and the Borda winner is now y. Fishburn (1974¢, 1974e) provides some lovely
examples of manipulation of the Borda rules by specification of the set of feasible
alternatives, including some in which the collective prefereace ordering among all
remaining alternatives is reversed when one alternative is removed from the
feasible set.

Given sincere voting, it is easy for the plurality procedure to construct an
example whereby outcomes are manipulated by the introduction or deletion of
certain alternatives, Consider the 1968 U.S. Presidential election—Wallace's vote
came slightly more from among Nixon-leaning Democrats and Republicans than
from among Humphrey-leaning Democrats and Republicans. Thus, even though
Wallace drew more heavily from among Democrat identifiers than from among
Republican identifiers, the net impact of his candidacy was (contrary to popular
opinion) on balance favorable o Humphrey (Converse et al,, 1969).

(d) Choice of Voting Method: As we have noted, Black (1958} demoastrated
that (for sincere voting) various procedures failed to select the Condorcet ﬂmmm,nm
even when one existed, with some even failing to do so when preferences are
single-peaked; and observed, more generally, that choice of the voting method
could effect choice of the outcome. As discussed previously, some recent work has
dealt with the extent to which different procedures (in practice ot in principles)
yield different outcomes(see citations above), and a method for verifying
conjectures about possible divergences of outcome among different procedures
has been developed (Chamberlin and Cohen, 1979a).

Recent work on manipulation of voting outcomes has also dealt with ways of
contriving stable majority outcomes by mechanisms such as parliamentary
procedures which limit permissible amendments;’ or institutional strucrares

“For & still very useful falthough, unfortusately, guite dared) introduction w US. Cungressioml procelures and che
ways in which they have been or mighe be masipulated, see Froman (1938).
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- which disaggregate issues so as to rule out the need to choose among all possible
“issue platforms (for example, a committee system; or agenda control techniques

~which divide any question into separate issue domains and specifies the order in

which these shall be considered,’? or which simplify choice by combining
positions so as to reserict choice to two (or at most a few) competing issue
platforms (for example, via mechanisms which (by restricting entry)
institutionalize two-party competition) (Shepsle, 1978; Levine and Plore, 1977,
Tullock, 1967; Slutsky, 1977, see also Romer and Rosenthal, 1979; Mackay and
Weaver, 1979).%

We shall rerurn to the question of choice across multiple issue dimensions
when we consider the contributions of Black and Newing (1951) in the section
below.

(e) Distribution of vorers across districts: For a single-member district based
tegislature, in which legislators seek to follow the majority prefereaces of their
consticeents, Margolis {1961) briefly discusses the extent to which the drawing of
district boundaries might be manipulated so as to affect the likelihood thar a
Condorcet winner will exist at the legislative level. As far as we are aware, this
issue has never subsequently been pursued by other authors writing in the public
choice area. However, closely related questions have been dealt with in the
literature on reapportionment in terms of majority representation in the
legislature (see Johnston, 1979 for extensive review; of. Niemi and Deegan, 1978)
and in discussions of the implications of a legislature’s committee system and
committee assignment procedures for legislature outcomes (Shepsle, 1978).
Clearly, in representative systems, the allocation of voters to constituencies can
have major consequences for election outcomes and subsequent legislative

. policies.

5. Contributions of Black and Newing to Sparial Modelling
While the notion of viewing politicai choice in spatial terms is not original to
Black, its primary antecedents in the economics literature (Hotelling, 1929;

~Smithies 1941} are in terms of oligopolitical competition between parties viewed

as firms. We may with justice assert thar the firse full-blown political application
of the so-called "spatial” model, Le., one in which alternative social states are
viewed as points in a convex policy space (such as E), is Black and Newing

(1951).51

Black and Newing (1951) present their analysis largely in graphical terms, and
the style of presentation is quite confusing, leaving the reader inundated with

*When preferences over issue dimensions are not separable, choice among all pussible platforms is extremely
unlikely o give rise to 2n equilibrium gutcome, even if prefereaces v each separate issue dimension are single-
pesked. (See Plote (1973, McKelvey (1976), Black and Newing (1951), Black (1958:139), and our discussion in
section below,)

The abuve articles represent extremely important lines of research which have only _.suw.vn.mcn to be explored.

M8ce, however, Bowen (1943),
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diagrams and derivatives and rather at a loss as 1o what general results, if any,
have been demonstrated. Nonetheless, the few .mﬁwor:.m. who :m..ﬁ.nﬁ.m?:w
examined this work (see eg., Plott, 1967) have found it to be a pioneering
contribution to our understanding of the conditions for the existence of a mg_u.“m
voting equilibrium in 2 multidimensional issue space. As Sloss (1973:19) puts it,
Black and Newing (1951) present "a very complete and general analysis in
mmcaﬁan& terms for the 3-person case, where alternatives can be nmwnmmmnnmm as
points in B4 and they extend some of their results o the N-person case. §
Black and Newing (1951) deal with what they call “complementary wmhcmnwom. )
(which would now be called nonseparable wnmmono:nmm.v over a nén-mhﬂmnmmo:n_
choice space. They show that majority voting equilibria tequire Q.ﬂﬂ.mamq
testrictive assumptions as to the nature of the intersection of voters .un%mnnm:nm
contours and that if an equilibrium point exists it must be the optimum. for at
least one individual (Black and Newing, 1951:21.28); but also show Comw.”.wmqmou
that when preferences on each issue are single-peaked, a mmmEn focal nn_Em&w.EE
can be arrived at via a sequential process which treats choice on one of the issue
ixed and specifies the choice on the other issue dimension, and

dimensions as f . . . . , an
shion but switching each time the dimension which is

which continues in this fa
regarded as fixed.” .

The results in Black and Newing (1951) have been rigorously proved and
extended in three important papers. Plott (1967) give nommm&o.s,n. which are gnv
necessary and sufficient for the existence of a stable outcome in a class of multi-
dimensional voting problems. Those require extreme symmeuy; for every voter
assigned a preference ordering of one type, another voter must be mmm_mswm an
ordering of a complemencary type. We may restate Plott’s necessary and mwmrnamﬂ
conditions for the existence of an equilibrium as (1) any equilibrium point must
be an optimum for at least one individual, and (2) if ﬂ.?m. point is an ommmwmsa. for
one and only one individual, then the remaining m:mwmﬁn.mc&m can be divided into
pairs whose contract curves pass through the equilibrium point.

Adapting and extending ideas in Farquharson (1969), Kramer C.o.\.wg shows
in N-dimensional space that there exists a “sophisticated” oﬂ.c“rvzca .éwmm
changes from the status quo must be made one issue dimension at a time.’$
Kramer (1973a) shows that, in multi-dimensional issue space, where mnmmmnﬁ.ﬁam
can be represented by quasi-concave differentiable utility functions, %m. various
domain restrictions sufficient for majority rule (see section 2 above), including
single-peakedness, are incompatible with even a very Bohmmﬁ. .mmm_..mn of
heterogeneity of tastes; and for most purposes are probably not significantly less

. . 4 - dynamic x rence (divergence) of voting process in a
vhlack snd Newing (1951) ulso ok ar the dynamics of convergence tdivery ]
multidimensiona} space. McKelvey and Wendetl (19763, McKebvey (1976, Schofield m_cwmf and Krsmer {1977)
pursue research on related issues., Flegant cmpirical work on this point is contained in Fiorina and Floo $1978).
|y effece. . . single-prakedness fails if there exists = point at which the murginal rares of substitution of any twa

voters differ” (Kramer, 19730,
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o restrictive than the extreme condition of complete unanimity of individual

preferences” (1973a:285).57
Buchanan (1968:110-1 1) notes chat when issues are considered one at a time,

0 the "generalized” median (Le., the platform which consists of median positions

on cach issue) would be chosen. Kadane (1972} demonstrated thae for separable
preferences, the generalized median is always a member of the Condorcet ser.
Related questions are considered in recent work on logrolling and vote-trading
(see eg, Buchanman and Tullock, 1962; Bernholz, 1966, 1973, 1975, 1977:
Schwartz, 1975, 1977, 1980; Miller, 1975b, 1977a; Sullivan, 1976; Enelow, 1977D;
cf. Weingast, 1978), as well as in extensions of Downsian theories of political
party competition where "dominant campaign strategies” play the role of
equilibrium ouctcomes. (See e.g., Davis, Hinich, and Ordeshook, 1970.) Other
innovative recent work on committee choice over multi-dimensional issue spaces
includes Rae and Taylor (1971); Wendell and Thorson (1974); McKelvey and
Wendell (1976); McKelvey (1976); Schofield (1977, 1978); and Kramer (1977).

6. Special Mazjorities, Side Payments

Although he does not use this language or the corresponding notation, the bulk
of Black (1958) rrears the committee decision problem as if it were a majority
(spatial) voting game without side payments. Two extensions suggest
themselves: first, a majority voting game with side payments; second, a special
majority game withour side payments. The first type of extension Black, in effect,
considers in Chapter 14 {1958); however, the graphical methods used enable him
to get no particularly useful handle on this problem.™ The second type of
extension, requiring special majorities, Black considers in Chapter 13 (1938). As

~he puts it, "the problem is to investigate the tendency to increased stability of a

motion already in force, when there is an increase in the size of a majority that

any other motion must get in order to supersede it." (1958:100)¢
Introducing the notion of elasticity with respect to changing size of majority

required to topple the status quo, Black presents some graphical examples ro

- suggest how, as the decision requirements for change move to unanimity, almost
~-any status quo becomes impossible to overturn. This suggests that those who view

the status quo as a desirable stare of affairs for themselves ought to favor rules
which make change difficulr. Black's (1958) treatment can usefully be contrasted
with the discussion in Buchanan and Tullock (1962) on the optimal number of

" Kramer 11973hs does not appeas o be aware of the connection beoveen Bis result and the work of Bluck and
Newiag (1931,

T his is cue uf the least satisfying chapoers in Black (1958), Black is dimly grappling wich the quite diffieult prublem
of coltective dice, whea dhere are ditfering intenritior of preference and the 2t ity of side paymenss. Without
Apparat he introductive of V-Mu Black (19063 ducs, bowever, provide
nwrestng el i standird game-theoretic ideas i a purely ordinad wilides Framework. For some
s with N-person voting games, see ¢.g., Ordeshook, MeKelvey, and Wiaer (1978}, Fiorina and

tecent work dey
[Flote (1978}

“Rramer (9770 addresses o rathier different but soifl relsted problem,
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individuals required to take collective action. ﬁwcn:mnm: and Tallock Coﬂ“mwv
approach the problem from the Wicksellian view that the further the %Qm_n..:
rule is from unanimity the more likely it is that a change m:.:: the status quo will
be foisted on an individual against his will. They modify this model, however, by
incosporating a notion of decision costs such thac the more people Ew.c need to be
persuaded the harder it is to achieve any desired change, concluding that m,._m
decision rule is best which offers optrimum trade-off between nxﬁ.oﬂna vm:n..:a
(from desired changes) and the expected costs (from preventing undesired
ones). (Cf. Rae, 1969; Taylor, 1969.) .

Black, addressing the desirability of unanimous vs. nonufanimous agreement
procedures in the context of international agreements, opts for unanimity in this
quite special case (Black, 1958:151-152). However, Black A._c.ocwuv cmm.n_‘m a rather
strong argument against the reasonubleness of a unanimity requirement for
committee decision making. (See also Black, G.\m.v. o

The question of the desirability of majoritarian vs. supra-majoritarian
procedures has, of course, been of concern to many scholars both within m\:a
outside of the public choice tradition (see e.g., Heinberg, 1932; Kendall, 1941,
Reimer, 1951; May, 1952; Dahl, 1956; Buchanan and ‘.H.czc&h. 1962; Rae, 1969,
1975; Taylor, 1969; Badger, 1972; Curtis, 1972; mmwcmmwi, 1971, 1972; gmnmmb
1979:207-226; Grofman, 1976, 1980; and see our discussion of the Condorcet jury
theorem in Section 10 below).

7. Reconstructing Voter Preferences from Ballot Uﬁm .

Consider a set of majority voting cutcomes on «/f pairwise choices among some
set of alternatives. If all voter preferences are strongly ordered, can we mﬁﬁcmq
reconstruct individual preference scheduies? Black (1958:119-120) wﬁ::mwm an
answer to this question in the negative; generally, a given set of outcomes will be
consistent with more than one set of preference schedules. Eumr (1958:124-125}
also shows that, as might be expected, some sets of majority voting outcomes may
be impossible to reconcile with any assignment of mﬁcnmE c&m_‘.ma preferences.
The method used in Black (1958, Chapter 13) is the solution of a EBES.amwcm set
of linear equations. When ballot-derived information WM incomplete {which is true
for most voting procedures in that all pairwise comparisons are not knowny}, then
simultaneous equations may still be useful in discovering what preference
schedules are compatible with the observed resuits. m.moéﬁwm.? s&m.n baliots are
few relative to alternatives, the sets of orderings compatible with observed
outcomes may be very large (Black 1958:54; cf. Coombs, 1964 for the case of
single-peaked preferences). o . o o

The problem is made considerably more difficulc if sophisticated voting is
possible (see McCrone, 1978). Reconstruction of voter preference cam.::mm from
ballor information has been attempted by a few authors (see eg.‘Riker, 1965;
Lijphart, 1975; Brown and Grofman, 1978; Enelow and Koehler, 1979; Enelow,
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1979). The linear programing techniques discussed in Chamberlin and Cohen
©(1979a} appear well suited for such analyses.

8. Social Choice and Social Ordering

While Arrow's theorem can best be thought of as the answer to a question first
posed by Bergson (1938) on the existence of social welfare functions,® it is also
closely related to the work of Condorcer; although of course, Arrow’s conditions
can be violated and yet a Condorcet winner exist, since a Condorcet winner does
not require collective rationality. It was rather unfortunate that the connections
between social weifare and majority choice criteria are not addressed in the first
edition of Socia! Choice and Indtvidual Valuwes, but Arrow's second edition
{1963:93-96) discusses the work of Condorcer, Dodgson, and others in some
derail.of .

Like all other contemporary writers who have discussed the historical roots of
the theory of committees and elections (e.g., Riker, 1961; Tullock, Appendix 2 in
Buchanan and Tullock, 1962}, Arrow (1963:94) fully acknowledges the magnitude
and importance of Black's (1958:156-238) contribution to historical scholarship,
on which he relies for his own review of pre-20th century research.

Black has given a history of the theory of social choice, starting with the

work of Borda and including that of Condorcet, Caplace, Nanson, and most

especially C. L. Dodgson (Lewis Carroli). In regard to the last, he has
uncovered some previously unpublished pamphlets in which Dodgson
cryptically, although with great acumen, analyzed problems of elections and
particularly what he called “cyclical majorities.” Both Dodgson’s work and

Black’s comments on it and on the circumstances of its origin are extremely

worthwhile. Black’s excellent history makes superfluous any need for

recapitulation here,

Nonetheless, | believe that, with some important exceptions,? Arrow (1963)
does not go far enough in appreciating the similarity berween the problem which
vexed Condorcer and his successors (including Black) and the problem which his

#Fhis view of the connection between Arcow’s work and chae of the “oid” welfare economics is not accepeed by
Bergsun himself. See Bergson $1954) and rebuttal thereto and discussion and fucther references in Arrow (1963:103-
151,

“a the seeond edition, Arrow {1963:93) cemarks thac 7T must confess 1o a certain want of difigence in tracking dowa
the historical origins of the theories of social choice. When 1 first stadied the problem and Jeveloped the
cattradictions in che majority rule system, 1 was sure that this was a0 original discovery, although I had no explicic
refyeence und sought to express rhis koowledge by returning o the well known “paradex of voting.” ”

The unly citation in Arrow (1931) to the paradox of cyclical majoriries is Nanson (1882, reprinted 1907). Arrow’s
unfumiliarity with works earlier than Nanson is not surprising since (1) Nanson himself was apparently familiar
acither with the work of his contemporary, €. L. Dodgsua, nor with the schulsrs of the century previous w bis own,
and {2} although Arrow is funifiar with Bhack (1948a), the first reference to the pames of either Borda or Condareet
ins Black’s work comes in Black (19490, which wasn't published undl after the dealt of Arrow’s masuscript had been
wnpleted. (Sorrd Choice and budividual Valtees was begun in 1948 and complered in June 1949 (Acrow, 1951:
Preface).)

Furthermore, even if Arrow had read Black (19494), char article only mentivns the rames of Borda and Condorcet
urd does not give ciaations tw the writings in which the paradox vr the Condorcer criterion are discussed,

*8¢e especially Arrow (1963: Chapter 7, esp. 75-80).
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theorem was addressing.5? While it is true that Black and his predecessors were
concerned with the issue of political choice, not that of social welfare (Arrow,
1963:80), and while it is true that the social ordering (social welfare funcrion)
which Arrow is looking for is a much stronger concept than that of the Condorcet
winner or of the core (the Condorcet set), there is an intimate connection between
the idea of a social choice set and that of a social ordering. (On this point see e.g.,
Dummett and Farquharson, 1961; Murakami, 1968.}

9, Proportional Representation .
Riack’s contributions to the literature on proportional representation are three-

d:
mc_mr.mm, Black (1967, 1970} clarifies the historical roots of the P.R. movement.
Black's contributions to historical underscanding in this area are of the high level
of painstaking scholarship and careful analysis we have come to expect from Black
(1958), although they fill in only a part of P.R.’s history. Thus to our loss, we lack
a comprehensive historical overview of the theoretical development of P.R. of the
sort that Black (1958) so beaucifully provides for the logic of single-member
elections. .

Second, Black (1967, 1969b) offers a clear exposition of the logic of the limited
vote and of Charles Dodgson's (Lewis Carroll's) The Principles of Parliumentary
Representation (1884). Black (1967) shows that Dodgson {Carroll) treated the
limited vote {a system in which each vater has k votes, where k << m the nurnber
of seats to be filled, and the rop k vote-getters are elected) as, in effect, a 2-person
zero-sum game, and provided the maximin strategies players (political parties)
should use in such a game. Thus Carroll was implicitly using game theory over 40
years before game theory was invented! In this context, it is not surprising that
only one contemporary of Carroil was able to make any sense of Omnno:.m sdonr
(see Black, 1967: 17 n.1) and that it has languished in complete obscunty since
1885. Indeed, as Black confesses (1967:17, a.1) in earlier work (1958:181), he, too,
had misjudged The Principles of Parliamentary Representation. As Black
(1967:9-16) notes, Dodgson (1884) is also imposrant in introducing a measure of
the “number of voters unrepresented” and a method of calculating the expected
proportion of unrepresented votes by using a prior probability distribution of the
distribution of party strength. Inspired by Black’s {1967) analysis, Mitchell (1976)
discusses the fit between the Carroll game theory madel and partisan campaign
decisions in late 19th-century Great Britain, concluding that the model fits
available evidence on party strategies rather well.

“For Black’s owa views that the connections between the theory of committees and elections and the work of Arrow
are sumewhat diffesent, see Black (19695) and especially Black (T1972). In the lateer M_:m.:nv_.,ra uz.r._m Binck rejects
ws inapproprivte the requirement that o commitiee decision rule satisfy ?..«ai.m critarion of 5;2:...:%2... uf
irrelovane alrernatives (reliance on pairwise choice), Unfortunacely, Black's disupreement with Arrow is not mm__.v.
clear to me, since there is some confusiva in the literacure over what ..mn».wn_vﬁ:_n:nn of irrelevant alternatives” is
supposed o mean, and the discassion in Arrow (1963} is misleading in important ways. (Sce Plawe (1976} for a
helpful agalysis of where the problem lies.}
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. Third, Black (1949b) offers a proposal of his own for a scheme of party list P.R.
which would use rank-order data rather than simply first-place preference data to
determine the seat proportions of the parties. In this article (1949b) on
proportional representation Black also provides some insightful observations on
the arbitrariness of the single transferable vote transfer procedures (Black,
1949b:336), on the merits of the greatest remainder vs. D"Hondt method of list
P.R. (Black, 1949b:337),5 and on the desirability of allowing voters (rather than
parties) to specify the order in which party candidates will be sefected (Black,
1949b:337-338). However, Black’s own (1949b) proposal for a list P.R. system
with panachage requires using statistical techniques to find the best-fitting
parameter approximations to an overdetermined set of linear equations, and has
lieele to recornmend it, either in terms of comprehensibility for the ordinary voter
or of practicality. It is omitted from Black (1958).

Subsequent to Black (1949b), there has been a great deal of important work
done on the theoretical foundations of proportional representation, including
some research (Brams, 1975) which extends and clarifies results on the limired
vote in Black (1967), and some which introduces new indices similar in spirit to
Carroil’s index of nonrepresentation (Loosemore and Hanby, 1971; Rae, Hanby
and Loosemore, 1971; Grofman, 1973).9

10. Rediscovering the Condorcet Jury Theorem

Consider a group of individuals confronting a choice between two alternatives.
Let v; be the competence of the ith member, ie., the probability that he wiil
“correctly” choose the superior alternative. When group members are assumed
be equally competent (ie., vi = v for all i}, Condorcet (1785) demonstrated that, if
we weight type 1 and type II errors equally, then the quorum rule which
maximizes the probability of a correct group choice is simple majority, and the
accuracy of the group’s judgment approaches one as the group’s size increases,
provided that v > . This intriguing result, a variant of the “law of large
numbers,” which has come to be known as the Condorcet jury theorem (Grofman,
1975), is familiar to some {9th century scholars (most notably Poisson, 1837, see
also references in Black, 1958:160-163), but has been "lost” for most of this
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century. Black (1958:164-165) restates Condorcet’s results® and then shows
(1958:165-173) how Condorcet sought (without great success) to extend the
theorem to the multi-alrernative case.

The problem that Condorcet was dealing with can be phrased roughly as
follows: “For vorers of equal judgmental competence, what is the voting rule that
maximizes the likelihood that the committee decision (from among asecof m =3
alternatives) will be the ‘correct’ one?” Unfortunately, Condorcet (1785) provides
an example to show that, in the mulcialternative cases, for some values of v, a
Condorcet winner may be less likely ro be the “correct” choice than another
dominated aiternative (see Black, 1958:169-170); and shows more generally that,
i the absence of a Condorcet winner, which candidate from the top ¢ycle has the
highese probability of being the “correct” choice cannot be established as long as v
is unknown.’ With this failure of exact probabilistic methods, Condorcet turns
to what he refers to as “straightforward” reasoning (simple raisonnement) which
leads him to assert that the right candidate to elect is the majority winner. In the
three-alternative case with mujority preferences aPbPc, Black pa raphrases
Condorcet as follows:

There seems to be no argument at all in favor of ¢ and the choice is between

a and b. The argument in favor of b would have to run: we have reason to

believe both that b is better than ¢ and that b is better than a. The second of

these propositions, however, is untrue, or at any rate has a probability of
iess than ¥ in its favour; and this leaves the case for b very weak. Since we
are making a choice berween those two candidates and the proposition ‘a is
better than b’ is more probable than the proposition b is better than a, we

ought to elect a. (Black, 1958:170;

While no modern work that we are aware of has been done in extending the
Condorcet jury theorem to the multialternative case, a great deal of recent
attention has been paid to it (and to the somewhat more complex model proposed
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.. by Poisson, 1837) in terms of applications to actual jury decision-making where
jurors confront a simple choice between voting acquittal or voting conviction.®?
One commen formulation is the two-parameter model analyzed at length by
selfand and Solomon (1973, 1974, 1973) and by Grofman (1974a, 1980). In this
“maodel
P¢; = probubility that the accused is guiley
p = probability that a juror will not vote for an incorrect verdict.
Gelfand and Solomon (1973, 1977) use this model to assess, from a societal
standpoint, the implications of varying jury size for the expected percentage of
“correct’ verdicts and for the expected percentage of convictions—under the
assumption of a process whereby the “effective” jury decision rule is simple
majority.

Intuition would suggest that the larger the jury size, the less likely is conviction.
Intuition, however, can be misleading. Under a wide range of parameter
assignments under the specified assumptions, Gelfand and Solomon (1974:36)
find the difference in the expected conviction rate of six-member and twelve-
member juries to be negligible.

Gelfand and Solomon (1973, 1974) have fitted this two-parameter model to
data on (unanimous verdict) criminal trials in Brooklyn and Chicago in the 1950,
drawn from Kalven and Zeisel (1966), and also to data on (7/12ths or, in some
years, 8/12ths verdict) criminal trials in France in the 1830's drawn from Poisson
(1837). They find values of PG = 0.64 and p = 0.75 for the French data and Pg =
070 and p = 0.90 for the U.S. data. Thus, the success of the American criminal
justice system in weeding out innocents prior o trial does not appear to be much
berter than that of the French criminal justice system of over a century ago;
however, American jurots appear to be more “discriminating” than their Freach
counterparts of last century. Of course, as Gelfand and Solomon (1974:36) point
out, “more analysis and interpretation would be required before one could place
strong faith in these conclusions.”

Grofman (19742, 1979} has looked at jury decision-making under the
assumption of a K/N effective decision rule, where K is the number of votes
which is (de facto) necessary for conviction and where N is jury size. Using data

wExploration of the ides of group julpmennal comperence outzide the jury context inclades Grofman {19753, which

Wls of competence v-x are equivalent o one

nd Miller (19801, which
¢ of wark in progress on
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on twelve-member (unanimous verdict) criminal trials in New York City 1971
1972, Grofman (1976a) finds an 8/ 12ths model ro offer the best, but still rather
unsatisfactory, fit. Fitring the unanimity model to this New York City data leads
to parameter estimates of P;=064,p= 0.996. Thus, the unanimity model is seen
to require an abswrdly high mean juror discrimination capability, and this
provides us with reason for rejecting it in favor of some form of group conformity
process model.

In an extension of the two-parameter model, Grofrnan (574, 1980} has
examined the consequences of varying jury size and effective” majority
tequirements in terms of a criterion parameter which is used to differentially
weigh the desirability of “convicting the guilty” and “freeing the innocent.”
Grofman (1974) shows that unanimity may be desirable as the effective decision
rule even for cases where “convicting the guilty” is regarded as more desirable
than "freeing the innocent,” provided mean juror discrimination capability is low
and/or the pretrial screening process is excremely ineffective in “weeding out”
the innocent. Grofman (1980) has also shown that, for jurors who would be
willing to see as many as r guilty defendants set free rather than allow one
innocent person to be convicted, that the decision rule which minimizes expected

. 13

juror disappointment in the verdict outcome is an -=- rule.

In another extension of the two-parameter model, Gelfand 2nd Solomon (1974,
1975) and Grofman (1974) have each independently proposed a three-parameter
mode! where Pg is as before but where

PG = probability that a juror will find a guilty defendant guilty

Pyy = probability that a juror will find an innocent defendant innocent.

Gelfand and Solomon (1974) fit this model to data drawn from Kalven and
Zeisel (1966) previously analyzed via the two-parameter model and find Pg =
066, P = 090, and Ppy = 0.92. Comparing these values to their previous
findings of P = 070, p = 0.90, they conclude that the three-parameter model
offers little improvement over the two-parameter model, given the facr that P
and Py do not appear to differ much for the juror population under investigation.
Alternative techniques for parameter estimations for this model, developed in
Gelfand and Solomon (1979), lead them ro reaffirm this conclusion. Finally,
Grofman (1980) has used the two-parameter model to show, for reasonable
assumptions as to the nature of the jury persuasion process, that majority rule
juries are superior to unanimous juries in terms of minimizing both type I and
type I errors. This s, of course, a quite counterinuitive result.

For 2 detailed and insightful review of the literawre on jury decision-making

models see Penrod and Hastie {1979).7°

[t

Eor wleernutive though closely related approaches, see Nagel and Neet 11975), Kievarick snd Rothschild (3979
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- II1. Conclusions: Duncan Black, Mathematical Political Science, and the
History of Ideas.

Black's work in rediscovering and making intelligible the characreristically
crypric writings of earlier theorists has been a labor of love and of erudition. He
has rescued from obscurity works which were misunderstood in their own time
and would have been largely unknown in ours had he not saved them from what
we now can recognize to be undeserved neglect.”" Black’s historical investigations
allow us to see contemporary work on the theory of committees and elections as
the continuation of an intellectual tradition of long and extremely distinguished
lineage.

The debt we owe Black for this historical scholarship is immense, but it is
outweighted in importance by the magnitude of Black's own research
contributions to the pure theory of politics in calling artention to the importance
of “procedures, agendas, and the search for principles which govern the behavior
of voting processes” (Plott, personal communication, February 3, 1980). It can
with considerable justice be claimed that Black was the first “public choice”
economist.”? Of him (as of Condorcet and Carroll} it can be said, "And here be
giants.

There had been a rediscovery of Condoreet’s work in France prioe to Black (1958) (see esp. Guildbuaud, 1952,
Grainger, 1956; of. Labuule, 1939); while Borda's work was rediscovered by de Grazia (1953). Dahl :@m.mu, in rmu,
discussion of the parsdox cites Nanson (1882), which be learned sbout from Arrow (1951), and also Borda (I781)
which he learned about from de Grazia (1993} Nanson's work is alsu reviewed in Baldwin :.oNov.u publication Em.mh
which few American scholars ure likely t be familiae, The historical summary in Black (1958) is, however, unique
not only in covering the otherwise completely unknown work of Dodgson, Galton, and Laplace, but .u_mc in diearly and
simply reformulating the ideas of Borda, Condoreer, Dodgson, ete., in # sompreheasibie ?m:mc.w and as parrof a w?a.

and voherear essay in intetectal history. The historical contributions of Biack (1958) are further extended in m_unm
(1966, 1967, 1970, OF ali the carly scholars whom Black might huve discussed, Poisson (1837} is probably the oal

cswuﬁﬁﬁmn i:nr_ncca be regarded @s imporant encugh w have deserved review. . ’

ote {persunal cosmmanication, February 5, 1980 has catied atenti y an i
o e Tedepondente Y } ed atrension to Black's work as an imperant precursor

713 am not alone in viewing Black as the founder of public chuice, Kenneth Arrow (1969:105) has pointed out chat
.w.rnr.u work in the 40s syathesizes a qumber of important craditions {including work on voting systems, public
::mnnn..mﬂm applications of marginal utility theory), and Arrow asserts that it “began the nosazwo:m ww% now
:c.._m ing tradition™ which "secks 1o explain the political process in terms of the zational behavior of its
pasticipants” {Arrow, 1969:105, with some change of word and sentence ordering), M
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