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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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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).
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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).
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Difficulties

What to use as dependent variable?

If yi is Buchanan vote and Ni is total votes casts in county i,

we could use yi or Yi/Ni as dependent variable, but both create

difficulties with heteroskedasticity.

Transformations: consider h(yi) =
∑
j xijβj + εi. Use hλ(y) =

Cy
λ−1
λ where C = ẏ1−λ.

Also consider whether to transform both sides (Carroll and Rup-

pert): if yλi is dependent variable, also scale independent variables

by Nλ
i
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Other issues

Variable selection — use Mallows Cp or backward selection with

each of three transformations, yi or
√
yi or log(Yi/Ni).

RSS is lowest for
√
yi as dependent variable

However there is still a problem of overdispersion — residual

variance based on
√
yi is 2.42, compared with 0.25 for Poisson.
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Testing for Homoskedasticity

First approach: White’s test (SPEC option in PROC REG)

Regress e2
i on all squares and cross-products of covariates, use

R2 as test statistic.

Result: Not significant, even if yi or log yi are used as dependent

variables!
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Alternative Tests for Homoskedasticity

Wetherill’s statistic:

φ =
n
{∑

i(ŷi − ȳ)e2
i

}2

∑
i(ŷi − ȳ)2 ∑

i(e
2
i − σ̂2)2

,

where ŷi is ith fitted value, ȳ is average of yi or equivalently ŷi,

ei is the ith residual and σ̂2 =
∑
e2
i /n. Under the null hypothesis

of homoskedasticity, φ has an approximate χ2
1 distribution.
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Godfrey’s method:

Regress e2
i on selected covariates zij. If Z is some n×p covariate

metrix and ri = e2
i /σ̂

2 − 1, define

G =
1

2
rTZ(ZTZ)−1ZT r.

Asymptotics: G ∼ χ2
p−1 under H0.

My approach: define zi = logNi (Ni = population in county i),

G = (
∑
rizi)

2/(2
∑
z2
i ). p-value by simulation.
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Influence Diagnostics

Calculate studentized residuals and DFFITS (based on
√
yi re-

gression, including PBC). Also compute simulated confidence

bands by Atkinson method.

PBC is extreme outlier. Studentized residual 17.5. Based on t58

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 λ values in Box-Cox transformation

(omitting PBC) — optimal value about λ = 0.4, but λ = 0.5 not

significantly different.
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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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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.

Therefore, 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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