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A Statistical Assessment of Buchanan’s
Vote in Palm Beach County

Richard L. Smith

Abstract. This article presents a statistical analysis of the results of the
2000 U.S. presidential election in the 67 counties of Florida, with particular
attention to the result in Palm Beach county, where the Reform party
candidate Pat Buchanan recorded an unexpectedly large 3,407 votes. It
was alleged that the “butterfly ballot” had misled many voters into voting
for Buchanan when they in fact intended to vote for Al Gore. We use
multiple regression techniques, using votes for the other candidates and
demographic variables as covariates, to obtain point and interval predictions
for Buchanan’s vote in Palm Beach based on the data in the other 66
counties of Florida. A typical result shows a point prediction of 371 and a
95% prediction interval of 219-534. Much of the discussion is concerned
with technical aspects of applying multiple regression to this kind of data
set, focussing on issues such as heteroskedasticity, overdispersion, data
transformations and diagnostics. All the analyses point to Buchanan’s actual
vote as a clear and massive outlier.
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Objective

Buchanan's vote of 3407 in Palm Beach County appears to be a
gross outlier compared with his votes in other Florida counties.
Crude analyses suggest his natural vote should have been about

500.

Concept of statistical analysis:

Predict Buchanan's vote from relevant covariates (other candi-
dates’ votes plus demographics) in other 66 counties, then apply

resulting regression model to Palm Beach

In this way, we hope to determine what his “natural vote” would
have been
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County voting data, part I

County Bush Gore Brow Nade Har Hag Bue Mc Ph Mo
Alachua 34,124 47,365 658 3226 6 42 263 4 20 21
Baker 5.610 2,392 17 53 0 3 73 0 3 3
Bay 38,637 18,850 171 828 5 18 248 3 s 27
Bradford 5414 3.075 28 84 0 2 65 0 2 3
Brevard 115,185 97318 643 4470 11 39 570 11 72 76
Broward 177,323 386,561 1212 7101 50 129 788 34 74 124
Calhoun 2,873 2,155 10 39 0 1 90 1 2 3
Charlotte 35426 29,645 127 1462 6 15 182 3 18 12
Citrus 20,765 25,525 194 1379 5 16 270 0 15 28
Clay 41,736 14,632 204 562 1 14 186 3 6 9
Collier 60433 29918 185 1399 7 4 122 4 10 29
Columbia 10,964 7.047 127 258 1 7 89 2 8 5
Desoto 4256 3.320 23 157 0 0 36 3 8 2
Dixie 2,697 1.826 32 75 0 2 29 0 3 2
Duval 152,098 107,864 952 2757 37 162 652 15 58 41
Escambia 73,017 40943 206 1727 6 24 502 3 110 20
Flagler 12,613 13,897 60 435 1 4 83 3 3 12
Franklin 2454 2,046 17 85 1 3 33 0 3 2
Gadsden 4,767 9.735 24 139 3 4 38 4 7 6
Gilchrist 3,300 1,910 52 97 0 1 29 0 2 4
Glades 1,841 1,442 12 56 0 3 9 1 0 1
Gulf 3.550 2,397 21 86 2 4 71 2 2 9
Hamilton 2,146 1,722 12 37 4 1 23 8 7 4
Hardee 3,765 2,339 17 75 0 2 30 0 2 3
Hendry 4,747 3.240 11 103 3 1 22 2 7 2
Hernando 30646 32,644 116 1501 8 26 242 4 22
Highlands 20,206 14,167 64 545 6 16 127 3 7 8
Hillsborough 180,760 169,557 1138 7490 35 217 847 29 68 154
Holmes 5,011 2,177 18 94 1 7 76 3 6 2
Indian River 28,635 19,768 122 950 4 13 105 2 13 10
Jackson 9,138 6,868 40 138 0 2 102 1 4 7
Jefferson 2478 3,041 14 76 2 1 29 1 0 0
Lafayette 1,670 789 6 26 2 0 10 1 1 0
Lake 50,010 36,571 204 1460 4 36 289 1 21 15
Lee 106,141 73,560 538 3587 30 81 305 5 34 9
Leon 39,053 61,425 330 1932 9 28 282 7 16 31
Levy 6,858 5,398 92 284 1 1 67 1 10 12
Liberty 1,317 1,017 12 19 0 3 39 0 1 2




TABLE 2
County voting data, part IT

County Bush Gore Brow Nade Har Hag Buc Mc Ph Mo
Madison 3,038 3.014 18 54 0 2 29 1 1 5
Manatee 57.952 49177 242 2491 5 35 271 3 19 26
Marion 55.141 44,665 662 1809 13 26 563 6 22 49
Martin 33,970 26,620 109 1118 14 29 112 7020 14
Miami-Dade 289,492 328,764 760 5352 87 119 560 35 69 124
Monroe 16,059 16,483 162 1090 1 26 47 0 3 7
Nassau 16,280 6.879 62 253 0 7 90 4 3 3
Okaloosa 52,093 16,948 313 085 4 15 267 2 33 20
Okeechobee 5,057 4,588 21 131 1 - 43 1 3 -
Orange 134,517 140,220 891 3879 13 65 446 741 46
Osceola 26,212 28,181 309 732 10 20 145 5 10 33
Palm Beach 152,846 268,945 743 5564 45 143 3407 302 188 103
Pasco 68,582 69.564 413 3393 19 83 570 14 16 77
Pinellas 184,823 200,629 1230 10022 41 442 1013 27 72170
Polk 90,180 75,193 365 2062 8 59 532 5 46 36
Putnam 13,447 12,102 114 377 2 7 148 3 10 12
Santa Rosa 36,274 12,802 131 724 1 13 31l 1 43 19
Sarasota 83,100 72,853 431 4069 11 a4 305 5 15 59
Seminole 75,677 59.174 550 1946 6 38 194 5 18 26
St. Johns 39.546 19,502 210 1217 4 11 229 2 12 13
St. Lucie 34,705 41,559 165 1368 4 12 124 10 13 29
Sumter 12,127 9,637 53 306 2 2 114 0 3 17
Suwannee 8,006 4.075 52 180 2 4 108 0 9 5
Taylor 4,056 2,649 - 59 0 3 27 1 8 1
Union 2,332 1.407 15 33 1 0 37 0 1 0
Volusia 82,214 97,063 442 2903 8 36 496 5 20 69
Wakulla 4,512 3,838 30 149 2 3 46 1 0 6
Walton 12,182 5.642 68 265 3 11 120 2 7 18
Washington 4.994 2,798 32 03 0 2 BE 0 9 5




Demographic Variables
Pop: county population in 1997,
Whi: percentage of whites in 1996,
Bla: percentage of blacks in 1996,
Hisp: percentage of Hispanics in 1996,
> 65: percentage of the population aged 65 and over

HS: percentage of the population graduating from high school
(1990 census),

Coll: percentage of the population graduating from college
(1990 census),

Inc: Mean personal income (1994).



TABLE 3

County demographic data, part |

County Pop Whi Bla Hisp =65 HS Coll Inc
Alachua 198,326 744 218 4.7 94 827 346 19412
Baker 20,761 824 168 1.5 7.7 641 57 14859
Bay 146,223 842 124 24 119 747 157 17,838
Bradford 24646 761 229 26 118 650 8.1 13,681
Brevard 460,977 883 9.2 41 165 823 204 19,567
Broward 1,470,758 803 175 109 203 768 188 247706
Calhoun 12,337 816 169 16 143 559 82 12,570
Charlotte 133,681 943 44 34 334 757 134 18977
Citrus 112454 962 2.8 25 307 686 104 16,060
Clay 135179 910 60 35 7.9 812 179 18,598
Collier 195731 933 57 17.1 215 790 223 30906
Columbia 52,85 783 205 1.9 123 690 110 15349
Desoto 26,259 806 181 121 180 545 7.6 16,544
Dixie 12563 898 0.5 1.2 144 577 6.2 12,035
Duval 732,622 694 275 34 107 769 184 20,686
Escambia 282,604 733 227 26 117 762 182 17,661
Flagler 46,128 885 OB 59 230 787 173 15613
Franklin 10,133 845 145 1.0 178 395 124 15735
Gadsden 45441 376 618 29 116 399 112 14416
Gilchrist 13,367 900 93 21 130 630 74 12,865
Glades 9698 796 137 1001 153 574 71 14789
Gulf 13,926 739 252 1.1 136 664 92 15482
Hamilton 12,521 563 430 36 109 584 70 12357
Hardee 22,113 93.1 59 284 133 548 8.6 16812
Hendry 31,634 782 188 266 9.9 56.6 100 17,823
Hernando 125,537 944 46 40 296 705 9.7 16,062
Highlands 76,854 871 116 67 324 682 109 17,655
Hillsborough 909444 828 149 160 123 756 202 20,167
Holmes 18,382 917 6.5 1.7 135 571 74 12,790
Indian River 99,215 892 99 39 266 765 191 28977
Jackson 45706 695 296 35 144 616 109 15519
Jefferson 13,232 494 501 1.3 134 o641 147 15574
Lafayette 6,280 830 lo4 51 107 382 52 13,663
Lake 196214 882 109 38 263 706 127 18,269
Lee 387,091  91.1 7.8 59 244 769 164 22,053
Leon 215170 704 273 3.1 8.4 849 371 16,705
Levy 32,254 844 142 26 176 628 83 13,745
Liberty 6,703 781 209 31 107 567 73 14896
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County demographic data, part Il

TABLE 4

County Pop Whi Bla Hisp =65 HS Coll Inc
Madison 17,558 539 456 1.9 13.8  56.5 9.7  13.002
Manatee 237,159  89.8 9.0 58 27.8 756 155 23,031
Marion 237308 843 146 40 214 696 115 14,502
Martin 116,087  91.8 6.9 6.2 266 797 203 31,996
Miami-Dade 2,044,600 77.0 212 544 144 650 18.8 20,014
Monroe 81,919 923 6.2 15.8 159 797 203 25,160
Nassau 34,096 873 119 1.5 9.8 712 215 20874
Okaloosa 167,580  85.3 103 4.2 9.1 838 21.0 18,959
Okeechobee 33,102 91.1 7.5 14.8 4.6 591 9.8 15,162
Orange 783,974  79.1 175 12.3 104 788 21.2 20469
Osceola 142,128 90.7 6.6 15.3 13.2 737 11.2 16,256
Palm Beach 1,018,524 839 144 9.8 237 788 22.1 33518
Pasco 320,253 96.5 2.3 44 320 669 9.1 16,924
Pinellas 871,766 89.1 9.0 31 266 781 185 247796
Polk 448,646 833 154 5.3 182 68.0 129 17,824
Putnam 70,430 78,1 209 3.4 7.6  64.3 8.3 14,250
Santa Rosa 114481 926 4.6 2.0 8.9 785 18.6 17,127
Sarasota 301,644 940 5.1 2.8 323 8L3 219 30.205
Seminole 344729 874 9.8 8.4 10.1 846 263 21815
St. Johns 112,707  88.7 10.1 30 156 799 236 25,637
St. Lucie 179,559 796 19.0 52 201 717 13,1 16483
Sumter 39428  R1.O 181 31 203 643 7.8 14,606
Suwannee 33,077 822 169 2.0 158 638 8.2 14,773
Taylor 18,718 77.1 215 1.3 2.7 62.1 9.8 15,459
Union 12,359  71.0 278 4.8 7.0 677 79 10,783
Volusia 419,797 88O 105 50 227 754 148 17,778
Wakulla 19,172 839 149 0.9 109 716 109 15570
Walton 37914 889 8.6 1.2 149 665 119 14,866
Washington 20,221 797  17.6 1.5 6.4 609 7.4 13,732
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TABLE 5
List of covariates used in the analysis

Covariate Definition

Ipop Log total population size

whit Proportion of whites

Iblac LLog proportion of blacks

lhisp LLog proportion of Hispanics

0035 Proportion of population aged 65 and over
hsed Proportion graduated high school
coll Proportion graduated college
1NCO Mean personal income

pbush Proportion voting for Bush
pbrow Proportion voting for Browne
pnade Proportion voting for Nader

13



Approach

For 66 counties excluding PBC, build a regression model to ex-
press Buchanan's vote as a function of covariates. Then use
the model to predict Buchanan’s vote in PBC. This can then be

compared with the actual vote (3407).

14



Difficulties
What to use as dependent variable?

If y; is Buchanan vote and N, is total votes casts in county ¢,
we could use y; or Y;/N; as dependent variable, but both create
difficulties with heteroskedasticity.

Transformations: consider h(y;) = > %iiB + €. Use h(y) =
A
C% where C = ¢1-2.

Also consider whether to transform both sides (Carroll and Rup-
pert): if y;\ is dependent variable, also scale independent variables
by N2

15



Other issues

Variable selection — use Mallows C, or backward selection with
each of three transformations, y; or \/y; or log(Y;/N;).

RSS is lowest for ,/y; as dependent variable

However there is still a problem of overdispersion — residual
variance based on ,/y; is 2.42, compared with 0.25 for Poisson.

16



TABLE 6

Covariates selected by either Mallows’s C,, or backward selection; all models
. /
include the rescaled intercept term

Response Selection
variable method Variables selected
7 Cp Ipop, whit, lhisp, 063, hsed, coll, pbush, pnade
Vi Backward Ipop, whit, lhisp, 0635, hsed, pbush, pnade
Vi Cp whit, lhisp, 065, hsed, inco, pbrow
Vi Backward whit, lhisp, 065, hsed, inco, pbrow
log(y; /N;) Cp Ipop, lhisp, hsed, inco, pbush
log(y; /N;) Backward lhisp, hsed, inco, pbush

17
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Testing for Homoskedasticity
First approach: White's test (SPEC option in PROC REG)

Regress ei2 on all squares and cross-products of covariates, use

R? as test statistic.

Result: Not significant, even if y;, or logy; are used as dependent
variables!

19



TABLE 7

Results of White's heteroskedasticity test applied to the five
distinct models of Table 6

Response Selection
variable method nR*> DF p value
Vi Cp 43.52 45 0.53
Vi Backward 4781 36 0.09
Vi Cp or Backward  23.02 28 0.73
log(y; /N;) Cp 18.20 20 0.57

log(y; /N;) Backward 13.12 14 0.52

20



Alternative Tests for Homoskedasticity

Wetherill's statistic:

. 2
n {5 (@i — e}
>i(Fi — )2 Xi(ef —52)?
where y; is ¢th fitted value, y is average of y; or equivalently y;,

e; is the ith residual and 2 = Y_e?/n. Under the null hypothesis
of homoskedasticity, ¢ has an approximate X% distribution.

o =

21



Godfrey’'s method:

Regress e,L-Q on selected covariates z;;. If Z is some n x p covariate
metrix and r; = e?/G2 — 1, define

1
G = 5rTZ(ZTZ)—lZTr.

Asymptotics: G ~ x2_; under Hg.

My approach: define z; = log N; (N; = population in county 1),
G = (X riz)?/(2% 22). p-value by simulation.

22



TABLE 8
Test statistics ¢ and G, with corresponding p values, applied to the five distinct
models of Table 6

Response Selection
variable method ¢ p value G p value
Vi Cp 2.95 0.04 0.269 0.00
Vi Backward 4.49 0.01 0.328 0.00
Vi C, or Backward 1.70 0.18 0.031 0.26
log(y; /N;) Cp 542 0.02 0.277 0.00
log(y; /N;) Backward 3.18 0.08 0.233 0.00

23



Influence Diagnostics

Calculate studentized residuals and DFFITS (based on ,/y; re-
gression, including PBC). Also compute simulated confidence
bands by Atkinson method.

PBC is extreme outlier. Studentized residual 17.5. Based on tgg
distribution, the p-value associated with that is about 10~ 72,

If PBC is omitted, plots of standardized residuals and DFFITS
look OK.

We also considered range of X\ values in Box-Cox transformation
(omitting PBC) — optimal value about A = 0.4, but A = 0.5 not
significantly different.

24
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Prediction Intervals

Based on the model fitted to the other 66 counties, we computed
a point prediction and 95% prediction interval for Buchanan’s
vote in PBC, using several of the regression models previously
fitted.

We also developed some equivalent “binary data’” models based
on logistic regression (suggested by Alan Agresti)

All cases shows a point predictor < 400, and an upper bound of
the 95% prediction interval that is < 800.
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TABLE 9
Point predictions and prediction intervals under three versions of
linear model

Response Variable Point Prediction
variable selection predictor interval
NAT C, or Backward 371 (219, 534)
log(y;/N;) Cp 363 (180, 735)
log(y;/N;) Backward 371 (182,758)
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TABLE 10
Point predictions, confidence and prediction intervals under four
versions of logistic regression

Point Confidence Prediction
Method estimate interval interval
No overdispersion 379 (349, 412) (330, 447)
Deviance 379 (293,491) (237, 606)
Pearson 379 (293,491) (237, 606)
Williams 345 (211, 562) NA
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Conclusions

In all analyses, PBC is an enormous outlier.

The point predictors of Buchanan's vote in PBC are all under
400, and the upper bounds of the 95% prediction intervals are
under 800.

Buchanan’'s actual vote in PBC was 3407.

T herefore, it appears that Buchanan gained at least 2500 excess
votes in Palm Beach County.

Had these votes been accredited to Gore, he would have been
President!

31



What Actually Happened

Despite the evidence, the Gore legal team did not pursue the
issues raised by the butterfly ballot through the courts

There were many other issues — ballots uncounted, *“hang-
ing chads”, reports of voter intimidation, and more

The Florida Supreme Court ordered a statewide recount

The US Supreme Court overruled the Florida Supreme Court
and ordered Bush installed as president
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Ehe New Hork Times

Has the Court Learned Nothing From

Bush v. Gore?

Apparently not.

By David A. Kaplan

Mr. Kaplan is the author of “The Accidental President: How 413 Lawyers, 9 Supreme
Court Justices and 5,963,110 Floridians (Give or Take a Few) Landed George W. Bush
in the White House.”

Now. 2, 2020, 5:00 a.m. ET f L

Pool photo by Lannis Waters

New York Times, November 2, 2020

You remember the legal horror show called Bush v. Gore? The
Supreme Court couldn’t possibly replicate that. But don’t
underestimate the justices’ capacity for self-inflicted wounds. The
sequel’s being scripted and it may be worse.

Twenty years ago, the court stepped in to halt a recount in the
disputed 2000 presidential election. Both the Constitution and
federal law specifically entrusted Congress to resolve such a
deadlock. But the justices recklessly inserted themselves anyway.
The fiercely divided ruling cost the court its legitimacy and hurt
the country.

Now there are widespread worries that the court will jump in
again. “I think this will end up in the Supreme Court,” President
Trump said in late September. Having just placed Amy Coney
Barrett, the sixth Republican-appointed justice on the court, he is
evidently thrilled about that prospect.

Only two justices remain on the court who were there in 2000 —
Clarence Thomas and Stephen Breyer. Have they and their fellow
justices learned anything from the court’s misadventure?
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