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Finally, we will use survey data to study the
impact different voting systems might have had in® the
1972 Democratic Presidéntial primaries, assuming thac

_ _.khe voters. used optimal strategies. ®
2. "EXANPLES OFl VOTING SYSTENS '
We begin '‘by describing several possible vcting
systems for single-vacancy, multicandiQate‘elections.

o In gach system considered below, the candidate with the

’ most. .votes wins. Some of-these systems are in current
- . use, .others are not. To lend perspective to the analy-
: sis, we have deliberately included scme which may not be
advisable under any circumstances. Our purpose is to

.take a fresh looksat khe advantages and disadvantages of.

each, .unfettered if éassible by preconceived notions.

Blurality. Each voter casts one vote for, one .
candidate. This is the system most commonly used
in the United States, and in parliamentary elec-
g tions in Canada and Great Britain.
&

T Cumulative Voting. Each voter may apportion a set
number of votes (the same for eath voter) among
the candidates. (When employed at present, this

‘ ' method is noEmglly used when there are several

4 ©_ ~vacancies, ag for a corporate board of directors
' or for a multimember legislative district such as.
“ih the Illinois House of Représentatives. Hou- 2
ever, we,é will consider here its effect were it ap-
" plied in a sxngle-vacancy race.) (See Brams
(1975) for a nore detailed discussion of cumula-
tive voting.) .

-———>—npproval Voting. -Each voter is permitted to cast

votes for (i.e., épprove) as many candidates jas he
wishes, but he if alloved no more than one vote
per candidate. (See Brams (1978: ch. 6) for a de-
scription of the recent rescarch on approval vo-
tingl) - .
“. gg;ginal_xg;ing_yg;iﬁg. Each voter rates the
candidates on a common scale, say, from 0_to 10,
and casts a -number of votes for each candidate
determined by his rating. ‘
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Borda System. Fach voter ranks the candidates .in
order of preference and casts & number of vote
for each ‘equal to the number of candidates ranked
below him. For exsmple, if ‘there are five candi-
dates, each voter will cast 4, 3, 2, 1, and 0
votes for thc various candidates. (Sce Eorda
(1781) or D. Rlack (195R).)

Ezanple. SuppoSe there a:e four candidates! Adans,
Eianco, Cohen, and Delaney, and five voters J, K, L, I,
" ané !, Table;l lists possible rankings given by the
voters for the four candidates, from most preferred
+ (rank 1) to least preferred (rank 4) Exercises 1-4
refer to this table.

i3

. - Table 1 )
Yoters Adams Bianco Cohen Delaney

J: 1 2 3 4.

] 1l 3 2 4

L: 4 1, 2 3
e 3 2 1 4

R: 4 2 3 1.

e e

Exercise 1, Determxre the total vote for each'candidate in Table 1
for the pluralxty system and for tho Borda syetem.

Exercise 2, In Borda voting, each voter ranPs tke candidates ]lst,
2nd, 3rd, and 4th, ‘For the ranks specified in Table 1 determine
the sum of the ranks for each candidate. Fxplain in what sense
choosing as winner thet candidate whose rank sum is smallest is

® ecquivalent to the Borda systen. °

Exercise 3, Supposc cach voter rnnksﬁtte candidates and then casts
&8 number of votes for each cand}date equal to the difference be-
tveen the number of candidates ranked below that candidate anu the
nunber of candidates ranked above thet candidate. Calctlate the
vecte tetale for the ranks in Table 1 (note that soue vetes cast are
negative). Is this systen equivslent- to the Borda system?.

Exercise 4, The rule for casting votes described in Exercise 3
permits the voter to express indifference between tvo or more can-
didates, i.en to ﬁive two or more candidatés the same rank. If &
voter prefers Adams, is indifferent between Bianco and Cohen, and
considers Delaney” least desiragle. determire the votes he casts_
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R ‘The module studies a variety of multicandi-
-4 date voting systems, including approval, Borda,
. and cumulative votlng, using a mocdel which takes
) account of a voter's intensity of preference for
& . . the candidates. The voter's optimal strategy is
- investigated for each voting system using decision
criteria’ under uncertainty {Savage regret and
Laplace crxterxa) and under risk (expected util-
ity). Voting systems are compared with regard to
. the relative ease with which the vcter can approx-
« .imate his optimal “Strategy, the relative freedom
of the voting system from offering superfluous
strategies, and the empirical impact as determined
= by survey daﬁa.c
ST 2 ’
. . 1. INTRODUCTION
Often a voté# is confronted with an election in
which more than two candidates are running Yfor & sirgle
office. Currentﬁelectxon ‘rules in the United States and-
sevetal other countries permit each voter to express a
preferénce for onlyagng of the candidates. This systen
of voting disregards the intensity of preferences felt
-by the voters for the yarious candidates, except insofar
as voters who are unconcerned may choose not to vote.
In particular, it often avards a plurality to a candi-
date vho is the first choice of a minority, while an-
other candidate may enjoy approval by a largetr propor-
tion of the electorate anéd could, if elected, serve thh
4 @ wider mgndate.

. P For example, in the 197¢C llev York Senatorial race,
thefe vere three candicetes: Cttinger (Denocrat),
Goodell (RepublicarnsLiberal), angd Buckley (Conserva-
tive). As it turned out, Buckléy won with 393 of the
vote, followed by Ottinger with 37%, and Goodell with

- 24%. To a large extent the two candidates percexved to

be liberal (0% tinger and Goodell) divicée¢ the vetes frow

a common <onstituency. HNany observers have speculated

that a majority of the voters preferred Ottinger to

_ . Buckley a’' d some have also contended thot a najorlty

preferred Goodell to Buckley,

A variety of alternative voting systems have been
proposed to determine the winner in a multicandidate

'

. : . |
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election. For example, the winner might be determined
by sumning ranks or ratings of the candidates or each
voter might be permitted to vote for more than one can-’
didate. For a number of such voting systems, we will

" investigate optimal strategies for a voter (e.d., hov he

should rank or rate the candidates or how nany 'candi-
dates he should vote for). This will be done under a
variety of assunjtions concerning the voter's knowledgg
of the likely outcomc of  the election and will be bzsed
on & nodel which takes intc account the voter' s inten-
sity of preference for thej candidates.

First we will consider voter strategies (i.e.,’
decision criteria) under uncertainty, by which we will
nean that estimation of the likelihood of the candi-
dates' success is not possible. We will determine op-
tinmal strztecies based on the Suavage criterion, which
nirinizes regret, and on the Laplcge criterion, waich
maximizes influence on the outcome under the assumption
that all candidates are equally likely to contend for
first place. Thesc concepts will be describecd in detail
later, -~ .-

Next we u111 assume that the voter is capable of
estimuting the likelihood- of the candidates' success
based on polls or other information. It will be assumed
that the voter yishes to cast his ballot. in such a vay
as to neximize his influence on the outcone of the clce-
tion. Under this assumption we will shou how :he VG-
ter's optimal strotegy in Sceking this goal can be de-
termined for a number of voting systems.

An important purpose of computirng optimal strate-
cice lies in the evelyation c¢f veting systems., 735 wc
will sece, the pPractical determinaticn of zr optinal
strategy may not be an casy task for the voter. Ve
suggest that an important critericn for society in
choosing voting systens is the relative ease with which
tiie veters can approrimate their cptimal’strategies. il
will demonstrate a qualitative Gifferencc among voting
systems in regard to this criterion. Furthermore, it
will be seen that,; under the assumptions of the nodel
developed, certain voting systemc reduce to other known,
systems when superfluous {norn-optimal) strategies are
elirinated.

-




T . >?ina11y, we will use survey data to study the
e * impact different voting systems might have had in® the
1972 Democratic Presidéntial primaries, assuming thac
”Lheﬂuoters-used optxmal_strategles."_

~

We begin 'by describing several possible vcting
systems for single-vacancy, multicandidate ‘e}ections,
o In gach system considered below, the candidate with the
most, .votes wins. Some of-these systems are in current
. use, .others are not. To lend perspective to the analy-
sis, we have deliberately included scme which may not_be
advisable under any circumstances. Our purposse is to
. take é’fresh lookPat }he advantages and disadvantages of.
each, .unfettered if possible by preconceived notions.

Blurality. Each voter casts one vote for. one .
candidate. This is the system most commonly used
" in the United States, and in parliamentary elec-

. tions in Canada and Great Britain.
&

v Cumulative Voting. Each voter may apportion a set
number of votes (the same for eath voter) among
the candidates. (When employed at present, this
t ' method is normglly used when there are several
; *, <vacancies, as for a corporate board of directors
or for a multimember legislative district such &5
“ih the Illinois House of Representatives. How- 2
ever, we will consider here its effect were it ap-
* . plied in a sxngle—vacancy race.) (See Brams
(1975) for a nore detailed discussion of cunula-
tive voting.) -

.

i oval-— . Each voter is permitted to cast

votes for (i.e., approve) as many candidates Ps he
wishes, but he if alloved no nore than one vcote
per candidate. (See Brams (1978: ch. 6) for a de-
scription of the recent rescarch on approval vo-
ting?) - .
e Qﬂldinal_Bﬁting_Hthﬂg. Bach voter rates the
candidates on a common scale, say, from O, to 10,
and casts a -number of votes for each candidate
determined by his rating. !

“
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Borda System. Fach voter ranks the candidates .in .
order of preference and casts & number of votes\\

for each 'equal to the number of candidates ranked

below him. For exemple, if ‘there are five candi- . N
dates, each voter will cast 4, 3, 2, 1, and 0
votes for the various candidates. (Sce Eorda
(178L) or D. Rlack (1958).)

Exanple. Supposec therce a:e four candidates? Adans,
BEianco, Cohen, and Delaney, and five voters J, K, L, !,
ané il. Tablel lists possible rankings given by the
voters for the four candidates, from most preferred

w {rank 1) to lecast preferreu {rank 4) Exercises 1-4
refer to this table.

M

. - I'!blg ] . Q
Yoters Adams Bianco Cohen Delaney . . _
J: 1 2 3 4, -
K: 1 3 2 4 ‘1
L: 4 1, 2 3 |
. M 3 2 1 4 "
R: 4 2 3 1.
_ ———————— e e el

Exercise 1. Determxne the total vote for each'candidate in Table 1
for the pluralxty systen and for tho Borda syetem. ’

Exercise 2., In Dorda voting, each voter ranPs the candidates lst,
2nd, 3rd, and 4th. For the ranks specified in Table 1 determine
the sum of the ranks for each candidate. FExplain in what sense
choosing as winner thet candidate whose rank sum is smallest is

* equivalent to the Borda systen. 5

Exercise 3. Suppose cach voter rnnksﬁthe candidates and then casts
& number of votes for each cnnd}dato equal to the difference be- .
tveen the number of candidates ranked below that candidate anu the
number of candidates ranked above thet candidatel Calculate the
vcte tetale fer the ranks ir Toble 1 (note that soze vetes cast are
negative). 1Is this system equivilent- to the Borda system?.

“

Exercise 4., The rule for casting votes described in Exercise 3
pernits the voter to express indifference between tve or more can-
didates, i.es to ﬁive two or more candidatés the same rank. If &
» voter prefers Adams, is indifferent between Bianco and Cohen, and
considers Delaney” least desirable, determine the votes he casts_
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according fo the rule in Exercise 3. This system is called the

ad,asted Borda Systen. ' . * z

> -

-—

Suppose that the voters also rate the four candi-
dates. listed in-Table 1 on a scale fror 0 to 10 (vhere
10 indicates most desirable), as given in Table 2. _

Mote *that these ratings are consistent-with™the rank-
ings given in the former table. Exercises 5 and € re-
fer to Table 2. ., .

T ‘Table 2
. Voters Adams * Bianco Cohen Delanev
] 10° . 8 7 o .
K: 10 T2 8 0
L:* 0 10 ! 8 7
- M: 2 . 3 10 0
N: 0 9 6 10
. e _
Exexcige 5, Assuming that these ratings are used in the cardiral

measure system, determine the vote totals for ecach candidate. How
under approval voting, assume that each igter votes for (approves)
each candidate he rates above 5. Determilie vote totals.

Exercise 6, Suppos€ an election were conducted.under cuzulative
voting to fill a single vacancy. Assuming that eack voter has 10
Votes at his disposal, use the data ir Table 2 to decide hov you
feel each of the five voters should ppportion his votes.
%ine the vote totals for your apportionments.

Deter-

- —

There are, of course, other voting systems which
take account of voter preferences among the candidates.
Ranked preferences may be useé to ceek a Condorcet
winner (if one exists), i.e., a candidate whec wouléd win
a majority against each of the other candidates. This
concept appeals to the sense of justice of many zna-
lysts, including in particular D, Rlazk (1958, p. 66),
vho recomnends vse of the Condorcet method, with the
winner to be chosen by-the Borda system if no Condorcet
winner exists. 2

" The Copeland method attempts to resolve this
problem by awarding victory to the candidate who can
win the most pairwise contests, thus assuring the !
‘electioit of the Condorcet winner if one exists. Hou-

;

10’\ o

ever, in the case of cither 3 or 4 candidates, if no
Condorcet winnér exists (and no tvo candidates receive
exactly the same number of votes) the Copeland nethod
fails to determine a unique wvinner. For exzmple, when
thiere are 3 candidates, there are 3 pairwvise contests.
If there is no’ Condorcet winner, no candidate can win
as nany as 2 of them. Hence each vins one contest "znd
the Copeland rvle is inconclucive,

Exercdise 7. Show that for four condidates. if no Condorcet vinner
exists (and no tuo candidates receive exactly the same number of
votes), the Copeland method feiis to determire a unique virner.

——— ——

- - e = —— o =

Arother attempt to retain part of the Condorcet
erinciple is to hold a ruroff between the top two
contestants., liovever, this is norc cxpensive than o
one-stage votirg system znd ray overlook a compromise
candidate who stands third on the first ballot. Aas a
case’’in point, most obscrvers believe that Congressnman
Richard Bolling, & centrist who fziled =o uake the
runoff for U.S. House Democratic Rajority Leader in
1976, corld have cdefeated any of hris opponents in a
twvo-man race.

Still another medificaticn of the Candorcet

principle is called preferential votinc jor the single
frensferable vote or Hare sycter wlhien there ic nogse

than on¢ vacancy). See Brams (19279).) After the
vsoters rark the candidates, the candidote with the
fevest first-place votes is dropped. h*u secené-pilace
votes are given to the rencirnirg candidates, The
process is repcatecd until one cindidate Las A najority.
Prcferénticl voting, versions of wihicl heve been uscd
in Ireland (Raec {1972)) and in Ann arbor, tichigan
(Rramrs (1979)), bhas disadvantaggt similar to those of
the zunoff.

ﬁbatcvet the merits of these Condorcet-type alter-
natives, we will focus on the five vcting systems de-
scribed at the beginning of this section, as they are
arenable to study through the model we are azbout to
Gevclop.

(=11

11

/i




. k]
.
ot s :
pa S S
h e e

o T - .l

eﬁe:__l_

y
A

-

~

,We first express the model in terms of approval
voting and then generalize it later to encompass a
. number of voting systems including the five specified
above. We fix a_particular voter (to be called the
. focal voter) and address the question: How should the
) " focal voter rationally select the subset- of @andloateg
» to vote for under approval voting? Assume there ‘are X
- candidates CyreverCyps and that:

. (A) _ The focal voter assigns a numerical ratlng f. to
| candldate c; so that the quantlty f1 - fJ is
intended to represent the utility or paydff to
- .that voter of having candidate c; elected instead
, of candidate cj.

(B) The number of voters is large efiough that the pro-
- . bability of an m-vay-tie (m > 2) is negllglble,
: relati¥e to that for a 2-way *%ie,

(C) The voter can exercise power only if his votes are
decisive. By this we mean that fcr some pair.of
¢ candidates ¢ and c., he can break a tie for first
plaee (or produce such a tie) which would occur
had he abstained. In this case, the voter re-

, ceives a payoff of (f1 £.), provicded that he
votes for c; but not c.. }he contingencies for
whlch the focal voter gaa a chance to be decisive
will be specified as the pairs (ci,cj).

If the total vote received by candidates cy and cj from the other

. - voters is even, say 100, then the focal voter can ge decisive only

e if the 100 votes are split 50-50. In this case, if he votes for €y
. but not Cj,.bi is elected; if he votes for cji-but not cyg, c5 is

i A elected. , If for example, he chooses the former, his payoff™ is (fy-
- -f4). If the total vote from the other voters for cy and ¢y is odd,
o * say 99, then the focal voter can be decisive if the 99 votes are
o e --gplit ‘either (a) 49 for ¢y aid 50 for cy orf (B) 50 for °1 and 49 for

Assume that, in case of a tie in the final vote, a procedure is
ugpd which selects either candidate with equal probability. In case
(a), if the focal voter votes for cj but not c;, then cj is elected
with probability %; if he votes for c4 but not €y, ¢5 is elected.
. If he chooses the former, his payoff 19 h(fy -fy4 ) For case (b)- a
- similar andlysis leads to>the same payoff. Thus his total expected
payoff is (fj-fi), just as before. For convenience, the language in
the remainder o% the ‘module will reflect the case when the total vote
from the other voters for cj and c: is even. See Brams and Fishburn

(1979) for an alternative development leading to the éame result as

this note. .
e 7 ; ‘ 7
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There are several commonly used decision criteria
on which the veter cin base his decision concerning
which candidates to vote for. Some apply to decisions
under uncertainty (where nothing is assumed knoun about
the relative likelihood of the various contingencies).
Others apply to decisions under risk (where probabili-
ties can be assigned to the relative 11ke11hood of
cont1ngenc1es) e begin by considering two criteria
for decisions under uncertainty: the Savage regret
method and the Laplace method. (Luce and Raiffa (1957:
280 and 298).)

The Savage regret method chooses-that decision
vhich minimizes the maximum regret over all contin-
gencies which might be suffered for the given deci-
sion. Regret is computed relative to the best payoff
that could be achieved for a particular contingency.

For exampie;‘suppose there are 3 candidates de-
noted simply as A, B, and C, and that the focal voter
rates them 10, 7, and 0, respectively. “We will refer
to the set- S of candidates voted for as a strategy. Ve
need only consider contingencies in which the focal
voter i& potentially decisive--that is, he can make or
break a tie among the other voters. Such contingencies
occur when a pair of candidates would be tied for first
place or ¢iffer by one vote had the focal voter ab-
stained., 1If, in this example, the pair consists of
candidates A and B, the contingency will be denoted by
the symbol AB. '

. ~

2 payoff matrix (See Table 3) is constructed in
vhich each row crrresponds to a strategy and each
column to a contingency. For example, if strategy (A)
is chosen, and contingency AB occurs, the focal voter
assures by his ballet ¢ win for A insteac¢ of B, so that
his payoff is.(10 - 7) . Similarly, had he chosen
the  strategy (B,C) and the same contingency occured, he
woulo have assured a win for B instead of A (his vote
for C would have no effect), so his payoff would be
(7 -10) = =3. -
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) Exercigse §. Construct a payoff matrix if the candidate ratings - < haxinal
" . are 10, 3, and 0, respectivesy. AB AC BC AR AC BC qurét
I T —— e ————————— e = e = - l: (2) l1-r 1 0. (A) "0 0 r r
: 2: (4,8 [ 0 | 1 | ] ‘(nB) [ 2-r | ] O 1-r .
‘ : - - 2r, > S
e Contingency Contingency 3: (AC) gl-r) 0 -r (A0 O prferl e s
- . Faxinal . _ . . _ . 1, r2>.5
. BB AC BC AB _AC BC Rearet 4: (B)  fel ) O v (E) 200-0)) 1 000 Tels
(a) 3 10 0 () 0 0 7 7 5: (B{C) r-1 | -1 [ (B:C) J2(1-r)| 2 r ‘2
5 {ArB) 0| 10 7 (a,B) 3 0 0 3 6: (C) c |1 [-r () 1-r | 2 ]2r | 2
Pavoff matriyx Regret matrix -
. ﬁ (B) -3 0 7 (B) 6 10 0 10 -
1 s0 [-3]a0] @ (8,¢) [6 20| 7 20 | e e
() 0 |-10 =1 () 3 20 14 20 Exercise 9, Compute the regret matrix and determine the Savege
mmi;m v Regret matrix regret strategy for the data of Exercise 8, y

] Next we construct a regret matrix (see Table 3):
each entry gives the regret suffereq relative to the
best payoff that could have becen attained for the

lle note that strategy 1 domipates strategy 3 in
the sense that the payoff for strategy 1 is as good as
or better than that for 3 for every contingency, and

contingency corrresponding to the-entry.” For example, . ;
+ if contingency AB occurs, 3 is the best possible payoff strictly better for at least one. In fact strategy 1 I
so the regret is 0 for strategy (2) or (A,C), but for ‘dpminates the 3rd, 5th, and 6th strategies in Table 3, |
. strategy (A,B)° it is (3 - 0) = 3 anG for (B) it is and strategy 2 dominates the 4th, 5th, and 6th strate-
3 - (-3).= 6. - . gies. Hence we can restrict attention to the first two |
M strategies, which azre not dominated by any others. (i
In the .final columr of the regret matrix.we place the strategy that is undominated is called adnissible.)
maximal regret for each strategy. The Savage method of The maximum regret for strategy (A) is r. The maxinum |
minimal regret then chooses that strategy for which the regrct for strategy (A,B) is 1-r. Since under the |
maximal regret is smallest, in this case strategy (A,B). Savage criterion we wish té minimize maxinum regret, i
.l For an arbitrary 3-candidate election, wve may the raticnal voter choulcd.vote for only A if r < .5, '
N assume, without loss of generality, that the focal voter anéd for A and B if r > .5. (I'e should be indifferent
- rates candidates A, B, and C as 1, r, and 0 vhere between these two opticns if r = .5.)
. 1 2r 20. (This ig possible since strategic decisions ' We may rephrase this result as follows: according
_do not cepend on changess of scale or position of the to the Savoge regret criterion, if a voter participat- -
rat1n?s.) Payoff and regret matri?es for this situation ) ing ir an approval voting election raotes the candidater
are given %n Table 4. The stratecies have been nugbered " or a scale from 0.0 to 1.0 with the extreres of the
for convenience. scale used fotr the least preferred and most preferred
. candidates, respectively, he shoulé cast votes for -
) g . those candidates rated above .5. It turns out thet

" this result renairs true for any number K of cancdidates
(see Appendix A for the derivation). Equivalently, the
¢ rule prescribes that the voter vcte for each candidate

14 ] . ? 10
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" whose ratlng exceeds (f + f”!/ 2, where the ratings are

“under. uncertainty:

f 2 f‘ 1

2.2 £y
5. DECISIONS UNDER UNCERTAINTY:
- THE LAPLACE CRITERIOM

We turn now to the second method for decisions
The Daplace methcd treats all
contingencies as egually likely and determines the
expected value of the payoffs for each possible
strateéy under that assumption. This means that for
each strategy we average the payoffs over all contin-
gencies and then choose that strategy for which this
average is largest.

For example, usiﬁg the péyoff matfix in Table 3,
this expected value for strategy (A) is (3+10+0)/3 =
4.33. The expected valve for strategy (A,B) is

~ (0410+7)/3 = 5.67. The other expected values for this

’

ERICT

" matrix are -1.33, 1.33, -4.33, and -5.67, respectively. .

Clearly, the vzlue is largest for strategy (A,B), so
that is the Laplace strategy for this payoff matrix.

In general, if there are 3 candidates, we see from
the payoff matrix in Table 4 that the expected value
for strategy (A) is (2-r)/3, and for strategy (A,B) is
(1+r)/3. The expected values for the other four stra-
tegies are (1-2r)/3, (2r-1)/3, (r-2)/3, anéd (-r-1)/3.
Each of the last four strategies is dominated by ecither
the first or the gecond strategy. Furthernore, stra-
tegy 1 is better than strategy 2=when (2-r)/3 > )
(1+r)/3, i.e., when r < .5. DNote that for three
candidates, this is the same result we obtglned using
the Savage regret method. -

We now apply the Laplace criterion to the case of
K candldates. It will be convenient to drop our as-
sunption that the cundldates Cyre.esCp are Jisted in
order of the ratings by the focal voter. Also it will
be sufficient simply to total the payoffs in each row
of the matrix, since the expected values are obtained
by dividing these totals by the number of contingen-
cies, which is the same for each strategy. For stra-
teqy (cl), the total is

(£ - £) + (£ = £5) + ...+ (£ = £5).

6 . 40 ' _, 1

¢ . -

For any stiategy S (recall that S is simply a subset of
(€yseeerSy)), the total is

(4) v(s) = } (f; - fj):

where the summation is over 211 c; € S and c: £ &, Ve
will call U(S) the total utility for the strategy S.

Suppose that the focal voter Las decided to vote
for the candidates in set £ and w;shes to krow if he
could impreve his total utility (i.e., obtain a Eetter
Larleace strategy) by 2lso voting for enother candidate
c;. He observes that U(S) and U(S U{ci}) have the same
sunmalids in (4) except for those involving Cye Thus

utsu{e;h) - uls) = 1 (£ - £5) - ] (£ - £;)
c.¥S cJec
R
. £..
L3 X j_l J
Bence he will 1mprcve total vtility by voting for €
precisely if

K
¢5) £.> L Vg
1 K j=1 J ——
It follows that the focal voter achieves maximal total
utility by voting for the set of those candidates ci

for which (%) holds.

Thus the Laplece criterion tells the rational
approval voter to vote for those: candidates bhom he *
rates zbove the average of z)l the candidates. The
Savage regret criterion tells him to vote for those
cancidiates who rate above the average of his first
choice and his~last choice. In many cases (and always
for K = 3) both criteria will lead to the same conclu-
sion. For example, if there are fcur candidates, rated :
10, 8, 7, and 0, then the average of cll four is 6.25,
vhile the averace of the first and last choices is 5.0.
Using either criterion, the voter shoulé vote for the
top three. If the candidates are rated 10, 3, 2, and
1, then by either criterion the rational voter should
vote only for his first choice. 1tiote that the voter
docs not in general increase his powver by veting for as
many candidates as possible. Rather, his greatest
power occurs when he votes for somewvhere in the

41 - 12
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’“““" ~ vicinity of one half of the candidates. (See Merrill

‘ '(1980){:Brams and Bishburn (1979), and Veber (1977).)
e ) :

v Exsrcise 10, Determine the optimal strategy for both the Laplace

and Savage regret criteria for each voter in Table 2. Determine
_the vinning candidate in each case if optimal strategies are dsed.

- - N
. - —— . .
T » »

- “ 1.

6. DECISIONS UNDER RISK: EXPECTED UTILITY
~ T - ’ )
. -

.We now turn to decisions under risk and will seek
that-strategy which maximizes the expected walue of the

 payoff when a subjective probability is-assigned -to

.~ = each .contingency. We will refer to this criterion as”
-~ - the method of expected utility. e
. "Por example, suppose that there are 3 candidates
o , and‘thé focal voter estimates (on the basis of polls or
I " other information) that c., and c, are the stronger
;j :- : bandidatgs. Let us say he estimates the‘probability of

bonf&ngency (c2,c3) to be twice that of either (cl,c )

. or (c ;c3). In ¢general we denote by P; . the probabif-

- §ity(t at in the voter's estimation there would be a tie

i / for first place between c; and c. yiven that there is

’ / such a tie between -some-pair of 2andidates (if the

focal voter abstains). For convenience, let p.. = 0.

. - ii

. Thus in our example, 2= P 3‘= 25 and p 3= .5. The

1§3Zf~‘ expected values for strategies (cl) anr} (cl,c ) are (2-
- r)/4 and (Y+2r)/4, respectively (see the payoff matrix
in Table 4). The strategy {c]) +ill be better if (2-r)
> {(142r), i.e., when r < 1/3. Hence the voter should

" vote only for c, if r < 1/3. |

R s In general we define the expected utility for a

3' - l strategy S by: ® | .. ) .
. (6)\ U(S) = Z(fi’- j)pij ) 3 .

.o where again the summation is over all c; € S angd c. ¢

+—{The corresponding -definition- for plurality—vo%ing

appears in McRelvey and Ordeshook (1972). Extension of
formula (6) to other vaoting systems can be found in

Merrill (1979 and 1980)). The Laplace criterion is, of
.-course, the special case in which all Py are equal.

that a votér shoulé include a candidate c; in his
- i

By an argument similar to that used before, we can show’

1 lké; . {%23 " . i3,

7 ;
strateg® if ¢
. ) II: =
(7) £.>°.) q..f
S S
where
L2
. K
o 91y T Py3/rl Bype
*Exevcise 11. (Exercises marked with arn asterisk (*) are ‘intended

» 3
for students with more mathematical background.) Derive I-‘.o_rmula

(7). ' . \\

- S\ e - - e i — — —

Note that, generally QBBQQing, the larger yzlues
of G4 will correspond to the ronger candidates, at
least™if more. than dne has 2 good chance. tc win. Hence
the veter's rule of thumb in this setting would be to
vote for candidates whom he rates above the average of-
all of his ratings with that average being weichted
according to the strength of the candidates. .

-

FOR GENERAL VOTING SYSTENS
{le are nov ready to apply the decisiopb criteria wve
rave developed to systems other than approval voting.
To extend the nodel, we assume that the voter casts v,
votes for candidate ¢, for i = 1,...,K, vhere the v,
must satisfy constroints peculiar to the voting system

" in question. Ve vill treat in detail only the methed

of expected vtility, leavinc the applicatidn of the

.Savage regret criterioh to the exercises, B

In this setting the definition of expected utility

for 2 strategy S = (vlf..u,YK) for the focal voter is:
] & = - -
(8) H U(U) v.gv.(fiA ‘fj) (Vi -V VJ)PijI -
. i775 X

where the probabilities P;s depend on the voting system
in question. Note tpat (vi - Vj)pi' represents the
probability that the focal voter wiil be decisive,
whilg (fi - fj) represents his puayoff if he is
decisive.
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“Our purpose is to show that for each of the five
_woting systems introduced in Sectioh 2, the optimal
~ strategy under“the criterion of expected utility can be
.- = - - " expressed in terms of a single index called the stra-
D tegic value for a candidatesx For a particular vwoting
L system and €ocal voter, we define the stxa;ggig_galyg
) ’ B(ci) -for candidate c; by-

bt s

L% . . K
~ 4 i
o (9) E(ci) = z (f fj)pij'
. . j=l
T The: strategic value E(ci) rgpreséﬁts the expected pay-
2 . off accruing to one incremental vote for candidate C;.
—._ « . Propositionl. If §= (vj,...,vg) is a permissible
DI . 8trqtegy for the focal voter and voting system under
T study, and U is the expected utility function given in
T '4' i ‘(8)' then " . I3 s
—f--v-__ilﬂl;wglﬁ) = E(c;)vy + B(cz)v2 ees + E(cx)vK
. , % ‘ .
= E{c;)v.. A .
i=1 i’71

" (See Appendix B for the proof.) )

i

. " The following table gives the optimal strategy in
) terms of the strategic values E(c;) for each of the

- . five' voting systems described earlier. ‘
, ' . TABLES ;
Plurality Vote for the capdidate for which
ff““““ AR B(ci) is largest.
L Cunulative Voting Cast all votes for that candidate
= e with the lzrgest E(ci).
ST Approval Vcting . Vote for cg if .and only if
R E(c;) > 0.° )

-~ .~ “Cardinal. Rating Give the_highest permitted rating
- if E(ci) > 0 and the lovest
permitted rating if B(ci) < 0.

) - Borda System ‘Rank the candidates in order of the
N ’ values of E(c;).

o~ ~

‘\)0 ; : 18

;A N -
L el

N

0

To verify, for example, the optimal strategy for
approval voting, note that by (10), if B(ci) > 0, vot~
ing for c. increases U(S). 1If S{c.) < 0, voting for c;
decreases U(S8), and if Elci) 0, voting for c; has no -

effect on U(S). .
Exercise 12, Verify the cptimsl strategies for the other four

voting systems given in Table 5.

‘Exﬁrgjsg 13. For tte candidates in Table 2, assume that P1a = P13

=Py, TPy T 176, Py3 = 1/3, and Prg © C (this represepts a
situation in which ¢, dnd c, are thought to be the strongest
candidates) . Determine the optimal stretegies for each votxug .
systez for each.voter according to the data in Table 2. Assunxng
thet optimal strztegies sre used, determine the winning candidate
for ecach veting system. For cumulative voting, assume ten votes
per veter. (Hirt: First work out' a_table of values E(ci) for the
five voters and four cancidates.)

Exercise 14, (This exercise may involve outside reading.) A
strategy is called gsincere if it reflects the true renkings of the
voter for the candicates, i.e.,, if v. > v. whenever f >f.. For,
whxch voting systems is a voter more lxkeiy to find hxa opgxual

‘strategy in conflict with his sincere strategy? In which systens

is the choice of the winner most sensitive td replacement of
sincere strategies by.optimal strategies? Use -the example in -
Exercise 13 and/or any other examples to zid in your discussion. §

Sec Braps (1975) and Brams and Fishburn (1978) for further, N
discussion concerning these points. . .
: {
8. COUPARISON OF VOTING SYSTENS

UITH REGARD' TG  OPTIMAL STRATEGIES = -——
: .

To assess the relative difficulty of determining
optimal strategies under different- voting systems, we
first note an algebraic rearrangement of Formula (9)
for strategic value:

K ’ R K .
B(c;) = £. - £f.)p.. = £. B .
(c;) j§1( i~ )Py = £y jzﬂpu j_§1f3pl3
(11)
K p..
= bl % |
= pi(fi - jzl p; fj)o




2 1]
* B is a xough measure of the-strength of candidate c, (a
ES . strong candidate is more likely to get intoc ties for
' fifst place than a weak candidate).

’3 : Thus according to the.criterion of Table 5, under
- approval voting, the voter should vote for c; if
- \\\ (12) . 1
4 fi>‘_21pj‘if- .
- L 3= i J
§

whereas™a voter under the plurality system should
choose that candidate for whom the efitire expression in
) . {11) is a maxirum, Thus implementation of the optimal
- - . s*rategv is qualitatxvely different and more difficult
R for the voter to follow under. plural;ty voting than
) _ under approval,votlpg. In particular, the voter's
decision under approoval voting requires only that, for
N . each i =1,...,K, he express a preference between
e candldate-c, and a gamble or lottexy involving the
. other candidates (see (12)). The weights (probabili-
ties) for this lottery are related (but not exactly
proportional) to the expected clectoral strength of the
~ c?hdidateﬁ :

. The optimal décxsion for plurality voting requires
. that the voter attach a numerical guanti:y to his in-
tensity of preference between candidate c, and the lot-
: _ ..tery mentioned above, multiply that’ quantity by the
. measure p; of expected electoral sttqngth. and then
S - Koose that candidate for vhom this product is maximal,
Tl , Thus it seemz likely that loss of voting power.for the
. . individurl due to deviation from the optimal strategy
- - through ignorance or misunderstanding of that strategy
. may be more severe under plurality voting than it would
e be undet approval voting.” Applying the same reasoning
ta the other criteria in Table 5, we conclude that de-
termination of the optimal strategy under the Borda
system or-under cumulative votxng is at least as diffi-
~cult as under plurality voting. -

- One desirable feature of a voting system is that
. . it not confuse the voter with superfluous options. We

3
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now observe that certain voting systems reduce to other .
known systems when non-optimal strategies are elimi- -
nated. These latter systems permit no non-optimal
strategies other than abstentions.

|

|

From Table 5, note that.all optimal 'strategies i

under cumulative voting consist of casting all one's

votes for a single candidate. Since all voters have ° : 1

the same number of votes to cast and none findy it in - -

his interest to divide his vote between two or nore 1
candidates, we may assume, without loss of generality,

that each has only one vote. This leaves each voter |

with precisely the options available under plurality |

voting, the additional options of cunmulative voting are ‘

superfluous, j

l

|

|

|

|

|

\

|

|

Similarly, all optimal sqrategles under dardxnal
rating voting use only the hxghest and lowest permitted
ratings, Since the range of ratings permitted each vo-
ter is the same, we may assume that the range is {0,1].
Hence the only useful options are casting 0 or 1 vote
per candidate, precisely the optibns available under
approval voting. It can be shown (see Merrill (1980))
that all strategies under approval voting are uniquely
optimal for some ratings f1 and probabilities e with
the exception of the strategxes of voting for sii
none of the candidates. These last two strategies
amount to abstention, Finally, it can be shown that
the adjusted Borda systen -(see Exercise 4) reduces in a- -
similar way to the Borda system. °

<

9, _THE CHOICE OF DECISION CRITERIA L

tion of whether voting behavior is best described as a
decision under uncertalnty (using, e.g., the Savage

regret criterion) or as a decision under risk (using

expected utilities). If such an analysis is to be
descriptive of the real world, it should be based on
empirical studies. On the other hand, one objective of -
political science is to carry out prescrigtive analy-

sis, which is in this case the determination of what

decision criterion ought to be used by the rational

voLer.

|
Considerable study has been directed to the ques-
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__the) Savage regret criterion in its pure form is inap-. \
propriate since the voter usually has some information
_about the ‘likely outcome of the eléction and because he

llxilnl regret for each possible strategy would suggest

'c:iterion implies that one should vote {under the

\

Hafe: and Good (1975{ argue prescriptively that

. In our final’section we provide some empirical
data concerning the effect various voting systems might
have had on an election, assuniing voters used thex:
optimal stratedies for each system. (See nerrill .
(1980: Section 6).) To do this we employ ‘the "thegmo-
meter ratings" (on a _scale of 0 to 100) by a national
sanple (CPS 1972 Ame:&can National Election Study) of
1017 Democrats for the four candidates most active in
the 1972 Democratic Presidential primaries (Humphrey,
McGovern, ‘Muskie, and Wallace).

is not contending against-an intelligent opponent.
(The step in the Savage procedure of computing the

' that some- opponent is attempting to reduce the voter's
influence by exploiting his: weaknesses. Such an as-
sumption seems unjustified.) These writers suggest
that for most voters the true situation lies interme-
diat‘ between :the Savage regret and the expected util-
1ty models. .

Tullock (1975) points out that the Savage regret “interpreted as voter utilities fi' f=1p00iede \OP-
timal stratedies under the Laplace criterion were de-
termined for the plurality, approval, and adjusted
Bordz voting systems. Vote totals for the resulting
hypothetical elections are presented in Table 6, along

plurality system) for a candidate with only an infini-
tesimal chance of winhing (for example, hinself) as
long as that- candidatefis his first preference.
-Tullock believes most people would cqpside: this impli-
cation of the Savage regret criteriof to be unreason-

able. . Lo ) (1017) so that the values given represent the averige
Ferejohn and Pictina {1975) consider deScriptive ! rating for each candidate.)

behavior with regard to voter turnout rather than vot- o ?

ing strategy. Their analysis, based on U.S. election Table 6

data. suggests strongly that the Savage regret criter-
ion is a better model‘for the decision of whethér to

vote at all than is*the expected utility model. - This Plurali;y 299 335 128 255
module is, of course, conce:ned with voting strategy, Apntoval 652 590 461 - 3N
not. with voting turnout. . . Adjusted Borda 1829 1742 1357 | 1174
. . hverage Cardinal 62.0 58.5 54.3 46.3

7. Bluck~11978).*gsing data f.om Canadian elec~ ¢ rating .

ns and surveys of voter intenssty-of preference
tio ys of - ! We note that chOVLtn is the winner under plural-

finds support for the expected ut:lity model in—de-~___ - °
—— " ity voting, followed by Humphrey, Wallace, and Muskie,
ting strategies. S cifically he analyses -
termining voting 3 pe Yy he Y Tin- that order. Under each of the alternative voting

the tendency of a voter - -to cast a plurality ballot for
£ topri- systems, the centrist candidates Humphrey and Muskie °
a pacty other than his fiISt pre erence under 3pprop o run stronger, each moving up one position in the order

ate circumstances (see Exercise 14), a phenomenon which of finish

is predicted by the expected utility model but not by . * \

the Savage regret model. Cain (1978), in a similar . The Laplace critetion used to obtain Table 6 .
analysis of the 1970 British General election, also assumes in effect that all probabilities p,. are equal.
tinds support for the expected utility model, especial- . Similar ‘sote totals were obtained using the expected
ly when the election is very close. utility criterion for a2 variety of possible values oi

N . IS

The candidate ratings made by each respondent vere*

with the results of (sincere) cardinal rating voting.
(The latter totals were divided by the number of voters

.

the 913 Most of these scena:ios resulted in the same

19 | . - .25
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orders of finish for thegrespectlve voting %xgtems as

.f;rt,i, We have investzgated a,voter's optimall strategy™
4-under a varlety of veoting systems using both criteria
. det uncertaxnty (Savage regret and Laplace eriteria)
'ahd criteria under risk (the expected utility criter-
. ion).- We have argued that a voter's task of estimat-
-»+- ing his cptlmal.strategy is least difficult under ap-
prdval voting, It was found that-cumulative and car-
»‘dinal~rating votlng reduce to plurality and apprOVal .
b rwvotxng, respectlvely, when superfluous strategles are
4.7 ‘eliminated;: . ' 0 w"E )

Tl et ---~-Pinally-an-empirical eemparison-of voting systens
- assuming use of optimal strategies suggests that ap-
proval "and Borda votlng can procuce results very simi-
lar to one another (and to that ‘of sincere -cardinal =
rating) but very different from that of plurality vot-
ing.. These alternative systems- tend to benefit cen-
trist candidates, while still permitting voters to ex-

. press support for more extreme candidates.

. .
N Al
. 12. ADDITIONAL EXERCISES
o
N

*Exgxgi;g_l&L Construct a payoff matrix for plurality
voting, ‘where thére are K candidates. (There are K
strategies, one for each of the K candidates. Assune
as before-that 1 =f 2f,2...2 f = Show that
the maximunm regret for strategy (ck) is the larger of x
and y where ’

Xz max (f: - f )
i3

. and

= 2emax (f.- £ ¢
y=2 1<k« (£ k) ‘ ,
'and y*= 0 if P! = 1. Show that the maxlmun regret is
'minimized when k =1, -

JEREE

ﬁxgxgigg_1§4, Show that the Laplace procedure applxeo
to plurality voting leads to the same conclusion as the .
Savage regret method, © ¥ T,

T

TR R A TN

*Exercis=_17, Assume that a voter under cunulative

voting has 1.0 vote at his disposal which he can appor-

tion among the candidates, i.e., he can give vy votes
to candldate c; where vy > 0 and

Z v.=1, °

i=1 *
hlso assume that 1 = £, > f2 2 cee 2 fK = 0, For
example, if K = 3 he might choose vy = .5, v, = .4, and
vy = d. Denotlng by P(Vl""'vk' cl, c ) tﬁe payoff
for strategy (vl,...,vr) &nd contlngency (c ,c ), shou
that

. ~

; : = (v, - V. . - £,
P(xl,...,vk. ci,cj) (v1 vJ)(f1 3)
and that the regret is given by s s
P.\Vl,...",VK’: ci'qu_=—(1"' V"i"" Vj) (fi’-J fj)o .
*Exercise 18, For the cumulative voter of Exercise 17,
and for.K = 3 candidates with £, = r, show that the

optimal Savade regret strategy 1s:

<
1]

1 S/ + ), vy =1/(1 + 1),

and R ‘
v, =0 if.r > .5 !

end ) -
v, = 2(1 - r)/(2 - r),‘v2 =r/(2 - 1), .

and . z
VyE 0'if r < .5. -

'*Egggcigg 19, Assune that a cardinal rating vdter‘must

cast votes v; so thatAO £ A £ 1, and that 1 = fl 2 ees
2 f, =0, ForI =3, show that the optimal Savage
regrct strategy is to set 7 ‘= fi for i =1, 2, and 2,
Thus for K = 3, the Savage regret strateuy is not only
sincere but reflects ratings as well as rankings, (In
fact, for cardinal rating voting, the Savage regret .
stretegy is v; = fi for any number K of candidates.)
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14, ANSWERS TO FXERCISES

1. Canaidaté: 2dams -Bianco. Cohen Delancy
Plurality: . 2 1 1, 1
. Borda: 7 . lo - 9 4

For a four candidate race, the number of Borda
votes a voter casts for a candidate is obtained by
- subttacting the candidate's rank from the number

- 4. Thus a snall rank sum,corresponds to a large
S "Borda vote, In fact, the total Borda vote for a
candidate is obtaineg by subtracting the rank sum
from 4n, where n if the number of voter=

3. Candidate: A B < . B
Vote totaI: -1 5 3 T =7

-Yes, Using the method suggested in thic exercise,

the number of otes cast by a voter drops by two -
[ between each rznk, whereas i't drops only ¢ne in

the Borda system. This expands the candidate

totals" bpt does not &lter the relative position of

those totals (compzre vote totals in. Bxetcises 1l
~and 3)-1— : -

4. . A: 3, B: 0; C: 0, .D: -3,

5. Candidate: . A B c D
Cardinal rating: 22 32 39 17
* Approvalt 2 . 3.- 5 ? .

e v

k<l

7.. For 4 candidates, if there is no Condorcet winner,
no candidate can win more ‘than 2 of the 6 pairvise

- contests. For the number of victories to add to
R .6, at Yeast two candidates must each vin 2 con-
N tests, so the Copeland rule is iﬁconclusive.
{ . <
80‘ N m AQ Bg
(A) 7 10 0
{(A,B,; 0 10 { 3
(A, C) 7 0 -3
(B) -7 (4] 3 4
(B,C) "} -7 -10 0
{C) . =10 I -3
r.
- 25

S.

10.

12.

13,

\ Haximal . .
AB - AC BC Regret ‘
(n) 0 0 3 3
(A, R) 7 0 0 7 Naxiral ’
(A, C) 0 10 6 16 regret is
(B) 14 10 0- 14 ledst for
(,C 14 20 3 20 strategy (A). i
(C) 0 20 6. 20
a (A,B,C) (a,B,) - . |
K Q) (5,C) ——
L (B,C,D) {B,C,D) i i . N
t () (c) |
1 {R,D) (,C,D) T
Cohen vins under either criterion, The only e
difference between the results is that voter i |
votes for Cohneri uncer the Savage regret but not . 7
under the Laplace crierion. . |
o N
Plurality:
- By_Lch,_ULS),?.E(Qi) where ¢; is the candi-
* date voted for.
Cunklcative: v
. Agein by (1C), any vote counts more toward
total utility 1f ‘placed on tle cancidate for
VOR ”(c ) 1-‘J.rgeet
Cardxnal rating: T
If E{c;) > 0, the higher the rating, the '
higher the contribution to to:al ut111ty. If
. E(c;) < ¢, the reverse is true. .
Borda: ’
Plzcing the most votes on the candicates with
the highest strategic valuc maximizes-total
utility,
A -B C b

5 .8 2 -5

dJd

K 10 <12 18 -10 (Divide cell entries by 6_
L 77SI87 717 3 -4 to obtain the values of
h -2 =10 32 -13 E(ci) for each voter.) ~
N -15 14- -4 5

e




* ~
Resuits: “ .aA B € D Uinner
Plurality: 0 3 2 p B
~ Cumulative: . 0 30 20 0 B
Approval: - . 2 3 401 (o
-€ardinal ratxng. 20 30 40 10 C
Borda: " 6 10 10 " 4 B-C (tle)

14.

Optlmal strategies are nore often sincere undet.

approval or cardinal rating voting (see the re-
ferences cited in -Exercise'l4, and the prcposx~
tion stated in Exercise 19).

”

4t
R

PR .

.
»

the S t cri : " K-candid o

*Suppose theére arc K candiates and, without loss of
denerality, assunme that 1 = 1 2 £, 2 .00 2 £y
First, in secking an optxmal Savage regret strategy, ve
may restrict our attention to strategxes which include
a vote for € but not for Cge~ (For if & is any stra-
tegy not including a vote for c¢,, it is dominateé by
the, strateay consisting of voting for the same candx-

. cdates plus c¢,. This follous sxnce adding a vote for c1
increases the payoffs by (1 - )} for ccntxngencxes
(cl,c-) and has no -effect for tge other contxngencxes.
A similer, argument shovws that Cx need ng}ﬁbc‘included

- in an optimal strategy.) ) - e

Mext ve note that each column in the payoff matrix

(and hence.the corresponding cclumn in the regret na-
* . trix) contains only-threec distinct entries.
‘we consider tbe colunn for contingency (c ,c ), the
payoffs ares

(1) (f; - fj) if ¢; £ S but c5. £ s, or
(ii) ¢ if ¢, and c. are either both 1n or
' ; ‘both not in g .or °
, "siif) (5 - £) If ¢ f St cjeq,
The corresponding reqrets are then
(i"y - - 0 .

‘e e R
(1) (g - £5)
(iii*) 2(fi - fj) . ) ) ’ .
for the same three conditions, respectively.

Hence for a particular strategy S, the maxinum
regret for S is the largerxof Aq and Bg where

ﬁs‘= max(f - f ) under condition (11), and

In fact if

- T S = 2 max(f - f )= ~under CLﬁdltIOn‘ (‘i“li')' [

Ve claim that the strategy of votxng precisely for
those candidates c for which f > .5 ninimizes the

28




- aﬁy o he: st:at&gy, t&n‘aithex&

,,,,,

ro: case‘l, - [t

" (Maximuh regret for 7) 3 Ag )
2 i?a;n‘ lii jJ

2 £ - £ )

e

K 7‘ {C\. fi 5052( -
\{eaxinun\tegret for Sc) o sc

T

R

>
'

since f:K £T.

Tor case 2,

" (Maximum regret for T 2 Ag—

—_

2, max_{f. -~ £.)
ci,cjéT : « 3"

26 -f
. . =1 - £, 2 .5,

l - - . since S €T,

- Bence .the maximum :eg:et for S, is less tha

i :S, ,50 I€E T is

LY

n or

SN equal to the maxinun regret for any other permissible

stgategy for approvel voting.' (Any’ candidate for which

a{te:

+5 can be included in the strategy without
ing the maximum regret.) Thus S, is the op

) Savage regret st:ategy.

.

"‘,?

éimal

-

i=} j=1 i 3

it -1 ;
- (£, - £2v,pss - ) (£, = E£.)V.p...

fe1 421 3P T g YR T T VaPy

But interchanging i and j, we may write

»

. - k .
- § 2 (f - fj)Vjpij & z (f) - fi)vipij

i=) 3-1 - ]=1
L F ey T vy
. = + (f - £.)V.p. .
. i= j=1 3G

‘K .
Hence 2U(S) T‘? Zlqul(f - fj)vipij =2 iglg(cilv '

which completes the proof.
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-—Inotitution

Unit No.
Course No.

Date

Check the choice for each question that comes closest to your personal opinion. |
1. How useful was the amount of detail in the unit?

Not enough detail to understand the-unit

Unit would have been clearer with more detail
Appropriate amount of detail .. .
Unit was occasionally too detailed, bu this was-not distract
Too much detail; I was often distracted .

|
ing

~
i

.

- -

H&w helpful were:the problem answers?

. | - .
Sample solutions were too brief; I could not du the intermediate steps
Sufficient information was given to solve the problems
_ Sample solutions were too detailed; I didn't need them
the reré uisites, how much did you use other sources (for

3. Except for fulfilli

" . Alot ‘ Somewhat . A Litt

How long was this unit in comparison to the amoun

Much Somewhat
. ...longer _______ Longer

About
the Same -

example, instructor, friends, or other books) in order to understand the unit?

1le Not_at all

*

t of time you gqpefa11§ spend on

_a’lesson (lecture and homework assignment) in a typical math or science course?
o Somevhat

.

Much

. . b

.

!

©

\

Prerequisites \.

Statement of skills and concepts (objectives)

.Paragraph headings ‘

Examples S .

—..__Special Assistance Supplement (1f present)
Other, please explain :

as many as apply.)

|

|

*

|

\

Shorter __ . . .-Shorter— -

Were any of the followihg'garts‘bf the unit confusing or distracting? (Check

L3

°

<

s

as- apply.)
Prerequisites
Statement of skills and concepts
Examples
Problems
Paragraph headings
Table of Contents
Special Assistance Suppl

(objectiveé)

‘_

.

|

|

1

ement (if present)

Wereuany of the following parts of the unit particularly he;pfull (Check as many

Qther, please explain

b

Please descriﬁé anything that you found partichlarly
this sheet if you need more space.) -0

Please describe anything in the unit Fhat you did not particulag}y like.

¥

helpful. (Please use the back of
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- It i® a common observation that voting in the
United States Congress is frequently strategic. This .
obne:va:zon is usually ‘interpreted to mean that a:
congressuan's vote on a legislative proposal may be

.guided by lttategic consgiderations and not strictly by
_his own preferences ‘regarding the matter,

For example,
suppose a.Senator prefers the ‘originally negotiated Salt
II treaty to no treaty at all,‘but would like-to see the
number of missiles allowed under the papvisions of the .
treaty reduced. Assume, now, that such an amendment

-were offered. .Should’ the Senator necessarily vote for

At? If he perceived that adoption of the amendment

" would bring about almost certain rejection of the treaty

by the Soviet Union, he might vote against it. ,On the
other hand, if he perceived that adoption of thé amend-
ment would leasen but not ~destroy the chances of the

‘ treaty's acceptance by the Soviets, he might accept the
risk of rejection and vote for the amendnent.

The above example ciptures many features of the
voting model that will be developed in this module. . The
purpose of this model will be to explain ané predict
voting on' congressional amendments. We shall focus our
attention on two types of amendrients--those which are
seen as increasing -and " those which are seen as decreas—.r

“ing the chances of a bill's passage. The first type

will be called a "saving” amendment and the second type
a "killer® amendment, We will asipme that a congress-
nan's vote on either of these two types of amendment is
based on two factors--his preferences regarding the
possible outcomes once the final vote on a bill.is taken
and’his assessment of how the amendment in question wili
affect,the likelihood of -the bill's passage. These %wo
factors will allow us to construct a lottery theory of
strategic voting that has elsewhere been called expected
utility sophisticated (EUS) voting.” After showing how
this theory works, we will apply it to an actual case of
a saving amendment--the Mathias amendment to the 1966

. . Civil Rights bill. We shall also discuss killer amend-
. ments to the Salt II treaty.

-~

" "amendment to a bill is voted on by n voters followed by

_between-the afiended bill and no bill and, again, the

Let us initially assume a simple situation-=-an

& vote on the bill 1tse1f The following tree dxagrams_
the structure of these ‘two votes.

o

ab vs. b,

[—
—

Figure 1.

Iritially, the amendment is vdted on, providing the

veter with two choices: "yea"™ (Y) or "nay" (M). If a

majority of the n voters vote Y (which may be & speeial~ "
majerity,such as (2n)/3n), the next vcte is a contest

voter can vcte either Y or N. On the other hand, if a
majority of the n voters vote N on the amendment, the
hext vote is a contest between the unamended bill and n -
bill, and, once again, the voter can vote Y or K. ~
Therefore, after the second vote is taken, three out- * .
comeg may result--the amended bill (ab), the unamended

bill (b), and no bill (¢).

This descriftion outlines the bare jstructure of the
voting process as seen by the voters. Ve assume that
each voter can rank order the three possible outcomes we
have described@ from best to worst. This ranking will be
termed his preference order. Assume that no voter is
indifferent between any two of these three outcomes.
This means 7hat the voter can rank these outcomes in 3!
=6 possxb1> ways. This listing is given in Figure 2.

o

Preferepce.Type # ;
2 3 4
b b ab ab
3 b ¢
b ) b a

cCoem
e

Figure 2.




S onet us now make another assumption--that each
. voter's preferences are sufficiently "consistent" to be

-“»5‘ .represented by cardinal utility numbers. These numbers
- 7" measure the "strength” of an individual's. .preferences,
cannot be compared across’ individuals, and can always be
_ normalized so that an individual's first ranked outcome
‘- "can be assigned the number "1" and his worst outcome the
‘number "0®. These numbers are also assumed to satisfy-
"t the. ”expected utility hypothesis,' which will be ex-
'.,plained -ghortly. The utility of.the ith voter (i =1,
" eeee M) for the three outcomes of the votingffroeess is,
then, ui(ab) uj(b), and uj(4), these numbers’ all being
contained in the interval [0 1].

o ‘The final piece in the model has been alluded to
earlier. This is ‘each voter's subjective probability
estimates of two. events--that the amended bill will pass
'and'that the unamended bill will pass. In the case of

o . our Salt II example. the term "pass" could be replaced

s by some other-term denoting acceptance by the treaty's
- - signatories. Bowever, we shall keep matters simple for

now and consider the term 'pass' to apply to majority

-. acceptance.by the n members of the voting body. We are

assuming, then, that ‘each voter forms an estimate of the
likelihood that the amended bill will pass and an esti-

T mate of the likelihood that the:unamended bill will
5 - ‘pass. These estimates may vary from one voter to the

. ° - next and are based on whatever information each voter

possesses. concerning the preferences of other voters and

his-assessment of their voting intentions. Such infor-

“"- mation is assumed to be imperfect. Further, voters may
o share whatever information they possess, but they are
ssumed to make their voting decisions independently of

: . one another. In other words, the votiﬁg game is nonco-

L’ Operativc. - ’ :

. Let us nov see how these probability estimates can
be incorporated into the tree dlagram of Figure 3, where
pP; denotes the estimate of the i*" voter (i =1, ..., n)
. that ab will pass (0 < pj £1) and qj the est1mate of .
£ the ith voter that b will pass (0 € q; < 1). The esti-
o mates of the ith voter that ab and b will fail are 1 -
e Pi-and 1 - qj, respectively. We are now ready to state
o ~ the fundamental hypothesis of our model. We assume that
the ith

voter sees his choicerof voting Y or M at any

’ift:mc =

.

——

PR

Figure 3.

~

point in the voting process as a chdice between the two
lotteries associated with passage or failure of the
issue being voted on at that point. Thus, if Iy -

= (pjab, (1-pj)4) and Ly = (gjb, (1-gj)d), then the

ith yoter votes Y on the amendment if he prefers Ly to
L, and B “otherwise, where I is a gamble that y1elds ab
with probability p; &nd ¢ with probability 1- pj, and
L, is interpreted likewise. To determine which lottery
he prefers, we employ the expected utility hypothesis
vhich statés that he prefers the lottery vhose utility
expected vallle is greater. - More formally, the ith yoter
votes Y on the amendment if and ‘only if

ul(Ll) > ui(Lz) -

(1) pjuj(ab) + (1-pjlu;(d)

. > qjui(b) + (1-qj)uj(é).
We shali explore the implicetiodons of expresion (1)
morientarily but, f1rst, note that vcting on final
passage simply involves a preference cbmparlson of the
two remaining possible outcomes.. On the other hand, if
two amendments were being voted on serially, voting on
the first amendment would involve the comparison of two
coppound.lotteries, i.e. each lottery would be a lottery

between two lotteries. An example of a compound lottery
will be given later. -

Let us now draw out some impligcations from expres-
sion (1) for voting on "saving® and' "killer" amendments.
e shall define these two types of amendments as fol-
lows. 1If p; 7 9ir then voter i sees the amendment as
"savirg® the bill, while if q; > pj, voter i sees the
amendment as a "killer." This reflects the idea that a
saving amendment is one which is seen as increasing the
chances of a bill's passage, while a killer amendment is
seen as decreasing these chances. Under what circum-
stances, then, will a voter of some given preference

- 45




" - simplicity, we shall sometimes use a' double index to

N I R T RN QPN 2 L

'itypeAvote Y or N'on a "saving® or *killer” amendment?
"Let us start with voters of preference type #1. For

- “indicate a voter‘s Preference type. Thus, a generic
—-enbet i of- preference group #1 will be labelled il.

~ Under vhat conditions, then, will voter il vote Y-

"%fon a saving amendment? It is a straightforward exercise

o de-gnstrace that if .

- P
© ugytab) > ot
then voter 11 will vote Y, vhile if the inequality is

'»teversed e will vote N, l |

m:;nr_]._. Prove this. . l

- -Suppose, now; tnit Pi1 = 29;3. Then, since q;/pj) =
»5,-ujy(ab) mustl exceed .5-for il to vote Y on the
auendnent.‘ If pj; =3 qilv theh vy *(ab) must exceed
«33. In other words, the more the voter thinks thei
amendment increases .the chances of the billfs passage,
the more'likely he is to vote for it. Of course, the
reverse also holds. If p;; =1.2 qil' then uj) (ab)
must exceed .83 for il to vote ¥ on the amendment

Under: what conditions will voters of preference
tybes #2 -~ #6 vote ¥ or N on a saving amendment?
Interestingly,.algebraic manipulation reveals that
voters of preference types.#2 and #5 will ‘always vote N
on a saving amendment, while voters of preference types
-#3 and #4 will alvayg vote Y. Por exanple, for a voter
of preference type #2 tq vote Y on a savin% amendment,
(1-pj3) ‘uj; (#) must exceed qj; + (1~gjj)ujh (4).

But, since Py > qizk {(1-q57) > {1-pj3), 80O this is
inpossible._ Only voters of preference type #6 are like
voters of preference type #1 in being able to vote

either waf. If~ C .

L4

-9
u g lab) > 1 0 e

then voter 16 will vote Y on a saving amendment, while
if the inequality is reversed he will vote N.

R . . g . . . e L
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i1 *ié6
for some il and i6, is it possible for them to both vote the same
way on 2 saving amendment?

It is not diffzcult to-see thatothe more an amendment
increases the chances of a bill's paqsage, the 1ess
likely i6 is to vote for it. For example, if P !
3 Gig then ujg (2b) must exceed :67 for i6 to vote Y

on the amendment. ! .

Let us now discuss voting on kilier amendnents,

'Itvis again a straightforwaré@ algebraic ‘exercise to

establish the€ conditions under thich menbers of each o
preference group will vote Y or N. MNow;, members of
preference groups |l and 2 invariably vote N and members
of -‘preference groups 4 and 6 invariably vote Y. Acgain,
to conpute one example, for & voter of preferencé type
#1 to vote Y on a killer zmendment, Pj; uj) (ab) ‘must
exceed 951+ But gj; > pj; and 1" > uy,; (ab), so this is
impossible. However, members of preference groups 3
and 5 can vete either way. If

t

—?1 > ug3(b)
93

jvoter i3 will vote Y on a k111er amendment, and if the
ixneouality is reversed he will vote N, Likewise, if

_Bis
1= a5 ??_5“-)) X
voter iS5 will vote Y on a killer amendment, and if the
inequality is reversed he will vote N,

—— - -

m._:_}_._ Assumt\z Pj3 = Pjs * 0. How will i3 and i5 vote on the,

amendment? | . i

»
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. We'will now sée how well our theory can predict
‘and éxplain voting on a real example of a saving . .
.amendment, The 1966 Civil Rights bill (HR 14765), as

reported by the House Judiciary Committee, contaihed a
iFonxroversial open housing provision, known officially

< -a8 Title IV., The intent of the Mithias amendment

‘offered on’ the House floor by Rep. Hathias, was. to

~weaken this section of the bill by allowing a, homeowner

o to provide a real estate broker with discriminatory

instructions, if the broker did not solicit.them.

This amendment was offered in an athempt to save
Title IV from being stricken from the bill. The two
votes‘that fit the requiremenes of our -model are,
therefore, the vote on the Mathias amendment and the
vote on a mot{on By Rep. Moore to recommit the 1966
. Civil Rights bill to the Judiciary Committee with
. instructions to delete Title IV.” A Y vote on the
motion to recommit is a vote to delete Title IV and a N
vote is a vote to leave Title IV in the-bill. The
voting tree, therefore, looks like Figure 4.

T

Mathias Amendment

. .

I -
" Moore motion
to recommit

Moore motion
to recommit

Figure 4.

The three outcomes are:lTitle IV with the Mathias
amendment (ab), Title IV without the Mathias amendment
(b), and the 1966 Civil Rights bill Without Title IV
(‘)o * N . ’

We will -assume that all yoters saw the adoption of
the Mathias amendment as increasing the chances that
Title IV would be!saved, thus enabling us to apply our
earljer predicljions about voting on K saving amendment
to all members of the House.- In- order to do so,

first, aprd type S voters should have low ADA scores,

however;'we need some neasure of each Representative's
preferences regarding the three outcomes shown-in
Figure 4. The measure ve will use (employed in Table
1) is the % right' votes cast by each Representa-tive
according to Americans for Democratic Action (2ADA) on
17 selected votes in 1'966 ADA is a liberal interest
group particularly 1dent1f1eu with advocating a stron-.
ger federal role in domestic ereas such as housing and
civil rights,

We-shall assume .that type 1 voters Aave the
highest ADA scores and type 6 voters the lowest,
follows from the rankings given 'the three possible
outcomes by these voters. Typel voters rank the.
stronger open housing seéction first, the weaker open
housing section second, and no open housing section
last. Type 6 voters rank the three outcomes in reverse
order. Thus, type 1 voters are in complete agreement
with ADA's preferences and type 6 voters are in com-
plete disajreement. Type 2 voters should also have
high ADA scores, although their attitude is "all-or-~.
nothing.”" Type 3 and 4 voters should have intermediate
scores, since they rank the wcaker open housing section

This

like type 6 voters.

Tne folloving is a list of hcw w¢ expect the
members of each preference group to votp. Since the
lathizs amendment passed, the second vote vas a contest
between ab and ¢ (recall thdt a Y vote on recommittal
is a vote for 6).

b
1

Predxcteu Voting on
Kathias Amendment
and Moore HMotion.

Preference Type #

1l 2 3 %4 5 6

YN NY <« YN b4 NY NY

os or

NN . YY
, Pigure 5 :

Table 1 presents our findings. Only type 1 voters are
predicted to vote NN and-only type 6 voters are pre-
dicted to vote YY. Interestingly, of the 26 voters who
voted NN, 19 had scores between 80 and 100, while of
the 40 voters who voted YY, 24 had scores between 0 and

4(\,
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26
195
149

40
410

14 109
21
36 - 145

11

o
8
10
2
20

S

1
5
3
3
12

11
13

0
' 11 '
4
2
17

s

Table 1
ADA Scores

0
12
5
1
18

(8 "Right® votes on 17 issues of 1966)
2
30
4
5
41

7
%9

12
23

k)
-

CNN
$YN
#NY
$YY

Toéale 35

e

OS9LT[ ?}! 3?“’“0393 o3 uoT3oN IIOOHW
pue quampuamv SeIYIRW UO S330A

Only members who voted on both are included

*

a

v

_‘A\F -

19. This corresponds well with our. predictions. It is
also interestinq to note that the dispersion of
amendrent votes is greatest for voters with high .and
low ADA scores.- This conforms with our prediction that
only type 1 and type 6 voters can vote either way on

the amendment.

Note also that if type 1 voters are assumed to.
have ADA scores of 80-100 ‘and type 6 voters ADA scorese
of 0-192, only 29 out of 289 -voters with such scores
voted contrary to the predictions of our model. Our
model, thereforz, has a 90% success rate with these
voters. .

As for voters in the 20~72 range, 64% of then
voted YN, This leads us to believe that most of them
vere type 3-'or type 4 voters. If the three outcones
were arrayed on a single horizontal dinensior fron left
to right in the order b-ab-¢ and a‘second vertical
dimension were used to measure strength of preference

- from last to first, it would be possible to represent

each voter's preferencc order by 3 points in & two- ..
dimensicnal coordinate system. If these points vere
tken. connected in left to rlght order each preference

order would@ correspond to a preference curve.

——— - —— . ———— - - " - S t—————

‘Exercise -4, Drawv a2 graph of all 6 preference curves. .

a
- - - - - - — - - - - - ——— - — - ——

A preference curve is - if, looking from
left tc right, it.always rises or 'falls, or it rises to
2 point and then falls, doing so no nore than once.
Based on this definition, only type 1,3,4, and 6 voters
have single~-peaked preference curves. But, our data
sudgests that most voters held one of these 4 prefer-
ence types, so our conclusicn is that most Representa-
tives helad single-pegked preferences with respect to an

.

underlying dimension that would seem to measure degree .
of federal contrcl over private housing. .

An interesting finding emetgee from reading the
floor debate on the Ilathias amendment. Among self-
identified type 1 and type 6 voters, some offered

voting justifications btased on Sﬂ?ﬁtﬁﬂ&i!ﬁ considera-
tions and others offered justifications based on
tactical considerations. Clearly, a substantive jus-

T .10
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" tification is one based on the magnitude of u; (ab),”
while a tactical“justifigation is based on the ratio of
dj to pj. Thus, a type 1 vote such as Rep: Albert (D-
Okla., ADA-82%) justified a Y vote on the Mathxds
amendment, by calling the amended Title IV %an 1mportant

. 8tep forward. w2 Recallxng that a type 1 voter casts a
Y vote on.a saving amendment if and only if

. . q, "
, \- un(c.b) > pi%

Albert's justlfxcation is clearly consistent with our
model. - On the other hand, a tactical justification by
a type 1 voger for a Y vote is provided by Rep. nggs
{D-Mich., ADA-82%), who termed the amendment a
“tagtical concession.™ Diggs makes clear Jhis lipited
enthusiasm for the Mathias amendément, but recognjzes
that there are "not enough affirmative votes"3 for
Title IV without it. Thus, for nggs, qi1/Pi1 wvould
appear to be near Zero. )

. J
Exercise 5, How would you 1nterpret the justificatory intent of
Rep. Poff (R-Va.. ADA-0Z), a type 6 voter, who stated “that any
liberal who votes for the Mathias amendment will be 1nd1cted by
liberals for having “gutted” Title IV,... 4

Other examples of substantive and tactical justifica-
tions given by type 1 and type 6 voters for Y and I'
votes on the Mathias ariendment are easy to come by..
Thus, we find not only a good rate of predictive
success for our nodel, but also a striking degree of
verisimiliﬁude with the actual pronouncements of the -
congressmen themselves.

4. THE SALT I1 TREATY ‘

In this final section of the module we shall
employ our model to discuss killer amendments to the
Salt II treaty. We shall consider a killer amendment
to the treaty to be one which all &enators see as
defreasing the chances of the treaty's acceptance--not
by the Senate, however, but by the Soviet Union. This

- case is similar to the one which occurred with respect
to the Panama Canal treaties, where a host  of amend-

"92 1

" ERIC - ‘

- -
Aruitoxt provided by Eric: . .
.

a

i

el - i

~f

ments was offered not to bring about Senate rejection .
of the treatxes, but to bring about rejectlon of the ¢
treaties by Panama. 1If anything, such amendments

increase the chances of acceptance by the Senate since N
they typically involve changes that favor United Stotes .
interests. However, for now, wé will only consider the )
effect of a Ssalt II treaty amendment on the chances of .

the treaty S acteptance by the 80v1ets.

\
|
l
\
\
|
\
|
, |
‘Before q§91nn1nq, it is 1mportant te distinouish oo }
an amencment to the treaty from a reservation or i
understanding. An amendment changes the actual text of |
the treaty, while a reservation or understanding does
not. Thus, the Soviet warning in the summer of 1979
(irmediately after the Salt II treaty was sioned), that 1
changes in_the treaty would brin¢ about "a fantastic 1

situation*S was a2imed at preventing treaty amencments.

. Let . us now.analyze the strategic environment

surroanding a killer amendment to the Salt II treaty.

Recalling our earlier results, Figure 6 lists the ?
expected votes for menbers of each preference type.

-

Voting on Killer Amendment
Freference Type

. 1 2 3 4 ) 6
Vote n N Y Y Y Y .
: - “or or ’
N N .
Figure 6 . - e
Recall zlso that if . i - . : I v
P;q S .
-3 ul,(b) . o :

q13

voter i3 w111 vote Y, while if the inequality jis
reversed he will vote M. On the other hand, if

<

4

- Pis
1 a5 > “js(b)
voter iS5 will vote Y, while if the inequality is
reversed he will vote N. The example give in the
introduction to the module is clearly one of a type 3

N
oo

12
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e, »3:;5- lf
“-%s . voter faced with the problem of how t9 yote on a killer N On the other hand, if proponents of treaty
.~ amendment to the Salt II treaty. . . ' amendments shared the Soviet perception that type 3

voters were the proper focus of the ratification

warnings to the Senate against amending-the Salt II ./ battle, then they should have been tryirg to make p;.
appear as large as possible. From this perspective the

.treaty could only affect the votes of Senators with - .
type 3 Ot type preferences.® The question - . . statement by Lieut. Gen, Fdward J. Rowny, one of Salt
- becomes: ‘were Soviet threats rational from the st3 II's negotiators, that ameéndmehts would not kill the
- treaty because "they need it more than we do"? was a

poiﬁt of persuading these Senators to vote'N? This i - - ;
not an eéasy questich to answer. By seeking to imsly rational counter-strategy to use agoinst the Soviets.

Our results indicate, therefore, that Soviet

A thqt pj was near zero, the SOVietﬁ were creating a ' - Thus, our model zllows us to understand the battle ¢
‘ﬂzl situation "in which type 3 voters would vote N but type that took place in the summer of 1979 between the
5 voters would vote Y on a treaty amendment. If the Soviet Union znd certain members of the U.S. Senate
" Soviets estimated that- the type 3 group was larger than over amendments to the Salt II treaty. Soviet warnings
) the type 5 group, this/ tactic would appear to make vere ruch more than a public expression of irritatiocn,
sense, Certainly it would be superior to conveying thé Instead, they represented a clear and deliberate . plan
impression that vj was near one. Houever, our analysis tc influence fenators' votes. . /

télls us that type 3 votes are not- necessarxly géined

{ at the expense of type 5 votes. If instead of a tacti-
cal approach to influencing Senators, the Soviets had
employed a substantive approach, it may have been pos-
sible fat least before other events intervened) to per-

As a final exercise, let us incorporate into .our
model the staterment made at the beginning of this ,
section thwt a treaty amendmenrt can be a killer with /
respect to the treaty's siqgnatories but also be a

~

. ; soving amendmnent from the standpoint of Senate N
suade both types of voters td vote against any treaty ! ratificatien. 'Figure 7 expands our model to acconodate )
. amendments., The way to do this would have been to " - . - . >
a "saving-killer" cmnendment.-
persuade both types of voters of 'the attractiveness of . -
the‘unamended treaty. In this way,*uj3(b) and ujg(b) ! ' . amendment vote s Cee— -
N would increase and thus so would the chances of votxng ) ’
_ N on a treaty amendment for both types of votegs.
Boweﬁer, if the Soviets judged that there were \
. very few Senators with type 5 preferences compaped to
those with type 3 preferences (a not unreasonable b
agsumption.since preference type #6 would seem more /
appropriate for a foreign policy conservative), their
‘approach would have cost them few votes. From this,
standpoint, therefore, the Soviets were acting in a :
manner that was clearly purposeful, despite the back- ’ / ~
lash evidenced in -Senator Howard Baker's reply that
"the Senate will work its will..;without that advice ’ L0
> from Russia."® ’ / Figure 7.
PN hu : e The new division in the trec represents the Soviet de-
/ Blmu.ﬂ,_?’. Assume Senator Baker has type 4 preferences. Would cision tc accept or reject the amended treaty. It is
v it be rational for him to offer g killer amendment to the Salt II assumed that acceptance of the unamended treaty is
treaty? . P 4 automatic, since the Soviets signed the treaty in this
. : S — - : form. MNow, assume p; and q; represent the two ratifi~

“E ‘ I Sor ,
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cation probabilities for the amended and unamended
treaties as seen by voter i and that p; > q; for all
i=1, ..., n{ratification of the treaty requires a
two-thirds majority). Let rj represent the probability
as seen by voter i .that the Soviets will accept the
amended treaty and assume that q; > rj for all i=1,

LR RN no ~ -

The two lotteries that each voter must compare be-
fore voting on this "saving-killex"® amenﬁment are then
(pj rj ab, (1 - pj frj) ¢) and (df b, 1/~ g4) 3.
However, since q; b3 Pj rj, @ "saving-killer" amendment
is really just a killer amendment (since q; > rj 2>
Piri) and so needs no special treatment. However,

suppose the prospeets for ratifying the unamended /

treaty become suddenly dim and ry > qj for 311 i. Then
clearly, p; r; may befgreater or less thah:g; and the
anzlysis becomes more complicated. 1In any event, the
point of this small exercise is to show that our voting
model can be expanded to represent more complex deci-
sion piob1e7§

Exexcise 7, Draw a voting tree to represent the sitvation where

. two amendments to & bill are voted on ,’eriaily followed by a vote

on final passage of the bill., What are the two lotteries that
each voter must compare before voting on the first amendment? ,

.. .. 56

5. CONCLUSION

The point of this module h#s been to develop a
simple lottery theory of strategic voting to explain
how preferences and subjective probability estimates of
how much an amendment can help or hurt a bill combine
to determine how a congressman will vote on a legisla-
tive amendment. We have focused on two types of amend-
ments--those that a voter thinks will help save a bill
and those that a voter thinks will help kill a bill--
and shoued that on each type of amendment only two of
the six possible preference types can vote either Y or

N, dependiq@ on the values. taken by the ;hree variables
that determine the voting decision. / ¢

We then applied our theory to voting on a real

-example of a saving amendment, the Mathias amendment to

15 -

the 1966 Civil Rights bill, and showed that our data
agreed substantially with 'the theory's predictions and
also that the model accurately represented the verbal
justifications offered by many Representatives. As an
example of a killer amendment, we discussed amendments
to the Salt II treaty and showed that our model could
illuninate the debate carried cn bectween the Soviet
Union and some members of the U.S. Senate in the summer
of 1975. We also showed how our model could represent
tl.e savirg and killer aspects cf a Salt II- amenduent.
Thus we demonstrated the model's flexibility.

In closing, this module demonstrates that a simple
model can capture a dgreat deal of real world complex~
ity, while simplifying reality sufficiently to make
gtraightforward predictions and lay bare the underly-
ing logic of the phenomenon being modelled. This is
the purpose of any rigorous scientific investigation

and it has been our purpose here. ;
}
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Substituting uj3(b) =1 and uj;(4) = 0, we have i
from expression (1), pj; ujj(ab) > qjj. Dividing

, through by p;y yields Pil(ab) > qil/Ppl:
Yes. ‘For example, if a;3/pP{ = 9i6/Pig = -5 then
il and i6 will both vote Y if ujy (ab) and u;zg(ab)
excged‘.s. ) T
i3 ‘Yotes N and i5 votes'Y, - -

1st preference -

.

- Py 1Py 9y l-gy oxg 1-r;
Jndaérefefence 1

L alazﬁ ¢ alb ¢' azb $

o
[

Assuming the probability estimates are as labelled
above, the two lotteries are

(k5 (py ay3b, (1-pj) @), (1-t3) (g5 b, (1-g;)é))
and - ’ -
(uj (rj azb, (1-rj) @), (1-uj) (sj:B, (1-s{) ¢))

3rd preferénce

.y ! ‘ yi NOTES

5. His intent is to convince type 1 voters that u; (ab)
is near zero so that Gj1/Pi1 Will exceed uj;(ab)

, 1 ; 1. James M. Enelow, "Saving Amendments, Killer
and tdgy will vote N, thus 1nFrea51ng the chances

Amendments, and a New Theory of Congressional |

£ of ¢, Poff's first preference; [ Voting," paper délivered at the American Political
6. Yes, since ¢ is preferred tq b. . Science Association lleetings, Washington,
e ' . D.C.,August 31 ~ September 3, 1979, i
* ' 2. Congressjonal Record (CR), H 18727, August 9, 1966.
) ‘ " 3. CR. H 18128, August 3, 1966.
) ; 4. CR, H 18124, August 3, 1966. ) -
° 5. New York Times, July 1, 1979. '
" 6. 1bid..
7. New York -Times, 5u1y‘15, 1979. ' i .
t" f . . . f.
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Return to:

STUDENT FORM 1 EDC/UMAP

' . . 55 Chapel St. .
Request for Help i Newton, MA 02160

Student: ;If you have trouble with ‘a specific part of this unit, please £fill
out this form and qake it to your instructor for assistance. The information
you give will help the author to revise the unit.

I

Your.Name ’ . Uﬁit No.
fige
Model Exam
j Section '
—() Upper OR —_ OR. 1 Problem No.
OMiddle Paragraph . Text
O Lowver { . ‘Problem No.

Description of Difficulty: (Please be specific)

3
i

Ingstructor: Please 1qdicate’y6ur regsolution of the difficulty in this box.
(::) Corrected errors in materials. List corrections here:

|

~

\

(::) Gave student better eXplanatioA, example, or procedure than in unit.
Give brief outline of your addition here:

(/

<::> Assisted student ‘In acquiring general learning and problem-solving
skills (not using examples from this unit.)

’

Instructor's Signature

Please use reverse if necessary.
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: : Return to:
STUDENT FORM 2 EDC/UMAP -

. 55 Chapel St-
Unit Questionnaire Newton, MA 02160

Name - ) _ ' - Unit Ho. . Date
Institution ) Course No.

Check the choice for each question that comes closest to your personal opinion.

1. How useful was the amount of detail in the unit?.

Not enough detail to understand the unit

Unit would have been clearer with more detail

____Appropriate amount of detail

Unit was occasionally too detailed, but this was not distracting
Too much detail; I was often distracted .

v

.2. How helpful were the problem answers?

Sample solutions were too brief; I could not do ithe intermediate steps
‘ Sufficient information was given to solve the problems

ample solutions were too detailed; I didn't need them
| -

3. Except for fulfilling the;p;ereguisiteslkhou much did\zou use other sources (for
exaqple, instructor, friends,! or other books) in order to understand the unit?

___A Lot Somewhat A Little ) Not at all
4. \sou long was this unit in comparison to the -amount of time you generally spend on
lesson (lecture and homework assignment) in a typical math or scienc rse?
Much Somewhat About « Somewha Much
Longer Longer . ____the Same §harter Shorter'
5. Were any of the following _parts of the/unif/zo;;;eing r distractiqg? (Check
: as many as apply.) e
____Prerequisites -~ -

Statement - of skills and concepts (objectives)
Paragraph headings
" _'Examples
Special Assistance Supplement (if present)
____Other, ‘please explain .

l

-

6. Were any of the folloh;ggﬁpar;s of the unit particularly helpful? (Check as many
as apply.) i

Prerequisites

Statement of skills and concepts (objectives)

Examples

Problems

Paragraph headings

____Table of Contents

Special Assistance Supplement (if present)

____Other, please explain

|

{ a \

Please describe anything in the unit that you did not particularly like.

1
3
4

Please describe anything that you found particufarly helpful. (Please use the back of
this sheet if you need more spzce.)




