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accuracy, errors, fraud, transparency, legitimacy

usability
{ ballots (FL buttery , CA recall, Ohio ballot crawl)

technologies
{ paper (Mexico 2006)
{ punchcards, optical DRE (OH 2004)

{ electronic (FL 2004)
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{ auditabilit y (transaction logs, FL 2004)
{ allocation (Franklin County, OH, 2004)
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usability

{ ballots in the 2000 presidential election in Florida




The Palm Bead County Buttery Ballot




Boxplots of Studentized Residualsin U.S. Counties, by State

o +t[+-+ O
o O o o +[JH
o O@O* - [[]+
F{TH
+H[]100
o or{[}-©
F 1A
o -[I}-+ 0
@ -} 4
o o®m{} ©
o +[IH
o o {I} ©
or{llH O
I
© 0 O G+ [T} -
(0] F -1+
r[Ho
(@) HI A
O
o +[h
O @ o~ {J}-
e+ {I} 40
@ ] -
) o + 1]+
@ - [+
@O O+ [J] H®©
oe} @+ ] 4
F[Ih ©
o O +({Ih
I
@ {0 oo
oo {1} + O
o © O oa®r [T} -
o +{J]-+
o r {I} @
F{0- 4
O O 00w -[JH
oo+ {I} -©0
o o+{}o
0000+ {J} 40
or{}+
O HT1 -
()] or -1+
@ -]+ O
o +[I}-

Jasper, SC ——— o
o

0 «<— Orleans, LA

AK AZ

o0 <— Palm Beach, FL

_ _ _ _ _ _ _ _ _
g€ 0€ G 0 G1 0T S 0 G-

ueueyong Joj 810 paloadx3 Wolj [enpisay paznuapnis

KS MA MN MT NE NM OH PA TN VA Wi

ID

FL

KY MD MO NC NH NV OK SC TX VT WV

IL

CA GA
AR CO

AL

NY OR SD UT WA WY

LA ME MS ND NJ

IN

1A



2000 Election-Day Minus Absentee Ballot Support for Buchanan in
Florida Counties
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Votes and Allo cated Overvotes in Florida, 2000 Presidertial
Election

Vote Counts

Bush Gore
Certi ed Results:
Certied Total 2,912,790 2,912,253
Uncounted Election-day Ballots:
Unambiguous Write-ins 477 732
Ambiguous Write-ins 220 812
Two-mark Overvotes 15,236 39,148
Multiple-mark Overvotes 8,355 29,328

All Allo cated Overvotes 24 288 70,020



Number of Allo cated Ballots, 2000 Presidertial Election, NORC Data

Tabulation

Votomatic
Votomatic

Votomatic

Votomatic

Duv al
Miami-Dade
P alm Bead
Other

Datavote|One Page

Datavote|Tw o0 Pages

Optical CentrallOne Column

Optical Central|lTw o Columns

Optical Precinct

Opt. Prec.

|Colum bia, Escanbia

Hand (Union)

Two Marks Multiple
Bush Gore Bush  Gore
4,868 8,480 1,512 5,617
1,932 5,103 1,235 5,731
2,258 10,687 811 3,882
2,419 8,472 1,456 5,603

248 407 377 1,053

385 390 317 533

262 557 441 908
1,996 2,998 1,195 3,096

510 942 436 1,120

339 1,093 528 1,723

19 18 47 62



Ratio of Allo cated Ballots to Certi ed Vote Counts

Tabulation

Votomatic
Votomatic
Votomatic

Votomatic

Duv al
Miami-Dade
P alm Bead
Other

Datavote|One Page

Datavote|Tw o0 Pages

Optical Central|lOne Column

Optical Central|lTw o Columns

Optical Precinct

Opt. Prec.|Colum bia, Escanbia
Hand (Union)

Two Marks Multiple

Bush Gore Bush Gore
0.032 0.079 0.010 0.052
0.007 0.016 0.004 0.017
0.015 0.040 0.005 0.014
0.002 0.008 0.001 0.005
0.011 0.023 0.017 0.060
0.019 0.038 0.015 0.052
0.005 0.015 0.009 0.025
0.021 0.039 0.013 0.040
0.001 0.001 0.000 0.001
0.004 0.023 0.006 0.036
0.008 0.013 0.020 0.044



Estimated True Votes Among the Overvotes, NORC Data

Tabulation

Votomatic
Votomatic|Duv al
Datavote|One Page
Datavote|Tw o0 Pages
Opt Central|One Col
Opt Central|Tw o Col
Optical Precinct

Columbia, Escanbia

Total

Two Marks
Bush Gore
3,184 16,944
3,586 7,168

71 284

225 283

185 485

653 2,331

285 807

141 036
8,330 29,238

Multiple Total
Bush Gore Bush Gore
980 6,421 4,164 23,364
728 4,609 4,314 11,777
20 603 91 887
106 385 331 668
314 709 499 1,194
180 2,209 833 4,541
92 893 378 1,701
188 1,397 329 2,333
2,608 17,226 10,939 46,465



usability

{ ballots in the 2003 California governor recall election




OFFICIAL BALLOT / 1E=

STATEWIDE SPECIAL ELECTION /
CITY AND COUNTY OF SAN FRANCISCO /

TUESDAY, OCTOBER 7, 2003 / 2003

10 7

ASSEMBLY DISTRICT 12

~J88

INSTRUCTIONS TO VOTERS: COMPLETE THE ARROW POINTING TO YOUR CHOICE LIKE THIS:
TO VOTE FOR A QUALIFIED WRITE-IN CANDIDATE, WRITE THE PERSON'S NAME ON THE BLANK LINE
PROVIDED AND COMPLETE THE ARROW.

"
|

STATE - J1

Shall GRAY DAVIS be recalled
(removed) from the office of

Governor?
LEZASGRAY (DAVI?
YES/ERY <4mm
NO/ ¥ <4

Candidates to succeed GRAY
DAVIS as Governor if he is
recalled:

ANEEGRAY DAVIS #BEA

Vote for One/ Z&58%—44

MICHAEL J. WOZNIAK @
Retired Pollc; Officer Democratic
BIRE S R

DANIEL WATTS

Colle eStudenLH Green
FHER - K%
I = Ve (%=

MIKE MCNEILLY 4
glgﬁ SRR A Republican
ptaa i) 5< L

FAAT T HFIEL
MIKE P. MCCARTHY F
Used CarPDeaIer Independen
_TEHITRE fHEE YR
BOB MCCLAIN F
Civil Engineer Independen
#9F) - LA

| A TR MEELIR
TOM MCCLINTOCK )

g State Senator Republican
A==t AL
JONATHAN MILLER -
Small Business Owner Democratic
AR - AED
NG EI#
CARL A. MEHR -
325%%85.5261.%@ Republican
[N HFIE
SCOTT A. MEDNICK -

g Business Exzcutlve Democratic
==y B
DORENE MUSILLI ) -

g I;\r%rgt/Equator/Buynesswoman Republican
EZ .

REIHHEH ZrgN Al
/AN VO dum

ARIANNA HUFFINGTON

Author/Columnist/Mother

TEZR SHESL BER

Independen! =

fiES IR

ART BROWN

Film Writer/Director
aE%F -

B ELHmE 2 vﬁ

- =g

Democratic

i

JANE

JOEL BRITTON
Retlred Meat Packer

T
=)

AEWJ?;‘?HTJ\

Independen! =

AUDIE BOCK

Educator/Small Businesswoman

*J\EE"( .

/

VIK S.

BAJWA
Busmessgan/Father/Entrepreneur

FEN SO 3SR

Democratic =
Democratic- =
R

BADI BADIOZAMANI

Entrepreneur/Author/Executive

BEETRAES

Independen! =d

VIP BHOLA

Attorney/Businessowner
=8 R ETA
1AW/ PR

JOHN W. BEARD

Businessman

PN

Republican =
SHEANEL

Republican- =
AR

FN RFYFR

dm wmE



OFFICIAL BALLOT / BALOTA OFICIAL

STATEWIDE SPECIAL ELECTION / ELECCION ESTATAL ESPECIAL
CITY AND COUNTY OF SAN FRANCISCO / CIUDAD Y CONDADO DE SAN FRANCISCO
TUESDAY, OCTOBER 7, 2003 / MARTES, 7 DE OCTUBRE, 2003

INSTRUCTIONS TO VOTERS: COMPLETE THE ARROW POINTING TO YOUR CHOICE LIKE THIS:

ASSEMBLY DISTRICT 12

TO VOTE FOR A QUALIFIED WRITE-IN CANDIDATE, WRITE THE PERSON'S NAME ON THE BLANK LINE
PROVIDED AND COMPLETE THE ARROW.

INSTRUCCIONES PARA VOTANTES: COMPLETE LA FLECHA QUE SENALA SU SELECCION, DE ESTE MODO:
PARA VOTAR POR UN CANDIDATO NO LISTADO CALIFICADO, ESCRIBA EL NOMBRE DE LA PERSONA EN
LA LINEA EN BLANCO PROVISTAY COMPLETE LA FLECHA.

STATE - ESTADO

Shall GRAY DAVIS be recalled
(removed) from the office of
Governor?

¢ Deberia ser GRAY DAVIS
destituido (removido) del cargo
de Gobernador?

YES/S| 4=
NO <=

Candidates to succeed GRAY
DAVIS as Governor if he is
recalled:

Los candidatos a suceder a
GRAY DAVIS como Gobernador
en caso de que
sea destituido:

Vote for One / Vote por Uno

-

MICHAEL J. WOZNIAK

Retired Police Officer Democratic
Oficial de policia jubilado Demécrata
DANIEL WATTS

College Student Green
Estudiante universitario Verde

MIKE MCNEILLY

Artist Republican
Artista Republicano
MIKE P. MCCARTHY

Used Car Dealer Independent

Vendedor de automéviles usados Independiente

BOB MCCLAIN <=
Civil Engineer Independent
Ingeniero civil Independiente

]

TOM MCCLINTOCK
State Senator
Senador estatal

Republican
Republicano

JONATHAN MILLER
Small Business Owner
Propietario de pequefia empresa

1

Democratic
Demécrata

CARL A. MEHR
Businessman
Hombre de negocios

]

Republican
Republicano

]

SCOTT A. MEDNICK
Business Executive
Ejecutivo de empresa

Democratic
Demécrata

]

DORENE MUSILLI
Parent/Educator/Businesswoman Republican
Madre/educadora/mujer de negocios Republicano

I

\/ANI \/ON

ARIANNA HUFFINGTON -
Author/Columnist/Mother Independent
Escritora/columnista/madre Independiente
ART BROWN @a =g
Film Writer/Director Democratic
Guionista y director de cine Demdcrata
JOEL BRITTON @a g
Retired Meat Packer Independent
Empacador de carne jubilado Independiente
AUDIE BOCK a g
Educator/Small Businesswoman Democratic
Educadora/propietaria de pequefia emp@secrata
VIK S. BAJWA - uq
Businessman/Father/Entrepreneur  Democratic
Hombre de negocios/padre/empresaridemocrata
BADI. BADIOZAMANI - of
Entrepreneur/Author/Executive Independent
Empresario/escritor/ejecutivo Independiente
VIP BHOLA @ =g
Attorney/Businessowner Republican
Abogado/propietario de empresa  Republicano
JOHN W. BEARD a g
Businessman Republican
Hombre de negocios Republicano
N REVER dam wmE



usability

{ ballots in the 2000 presidential election in Ohio










The Palm Bead County Buttery Ballot



technologies

{ paper. Mexico 2006




Frequency of Digits accordingto Benford's Law

digit o 1 2 3 4 5 6 7 8 9
rst | .301 .176 .124 .097 .079 .067 .058 .051 .046
second .120 .114 .109 .104 .100 .097 .093 .090 .088 .085



Mexico 2006 Presidertial Vote Second-digit Benford's Law Tests:

Secciones
State n PAN PRD PRI NA ASDC
All 64,679 48.1 25.3 109.0 1254.8 16.6
Baja California 1,525 12.0 349 134 49.5 20.4
Chiapas 1,537 16.1 15.3 5.6 44.6 12.8
Distrito Federal 5,560 109 26.9 426 178.9 61.6
Guanajuato 3,043 13.7 7.2 254 117.9 6.6
Guerrero 2,767 14.4 8.8 28.0 65.8 11.9
Mexico 6,193 514 498 15.0 2384 18.0
Nayarit 879 5.6 7.2 8.8 23.7 10.6
Nuevo Leon 2,148 8.6 11.8 9.3 7.9 7.3
Oaxaca 2,456 16.3 94 144 38.9 19.8

Veracruz 4736 14.0 9.5 19.1 75.2 28.7



Districts that are FDR rejects for the 2BL test for multiple o ces:

District P S D District P S D
CHIHUAHUA.2 X X MEXICO.11 X X
CHIHUAHUA .4 X X X MEXICO.17 X X
CHIHUAHUA.6 X X X MEXICO.31 X X
CHIHUAHUA.8 X X MICHOACAN.3 X X
DISTRITO FEDERAL.13 x X X SINALOA.2 X X
DISTRITO FEDERAL.15 X X SINALOA4 X X
DISTRITO FEDERAL.4 X X SONORA.5 X X
DISTRITO FEDERAL.7 X X X VERA CRUZ.3 X X X
DISTRITO FEDERAL.9 X X VERACRUZ.13 x X

GUANAJUA TO.4 X X VERA CRUZ.16 X X
GUERRERO 4 X X VERACRUZ.17 X X

X

JALISCO.8 X



Votos Nulos Residualsin the 2006 Mexican Presidertial Election
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votos nulos studentized residual

Votos Nulos Residualsin the 2006 Mexican Presidertial Election

Mexico
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technologies

{ Ohio 2004




Residual Vote Rate in Ohio 2004 Precincts by Machine Type
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Median Residual Vote Rates Among the Residual Vote Outliers,
Ohio 2004 Precincts

Median Rate
Tednology Outliers  Rest
DRE 0.0290 0.0094

Optical Central 0.0409 0.0099
Optical Precinct 0.0240 0.0067
Punchcard 0.0593 0.0159



Ohio, 2004, Kerry versusBush: 2002 Gubernatorial Vote Regressor

Precincts
Variable Coef. SE t-ratio
(Intercept) 0:456 0:00589 775

Logit(Democratic Vote in 2002) 1:040 0:00627 1660

Wards
Variable Coef. SE t-ratio
(Intercept) 0:64 0:0224 28.6

Logit(Democratic Vote in 2002) 1:04 0:0266 391

Notes: Robust (tanh) overdispersedbinomial regressionestimates.
For ead precinct or ward, the dependen variable counts the
number of votes for Kerry versusthe number of votes for Bush.
Precincts: LOQD = 2.98;tanh = 2.87;n = 5,384;17 outliers.
Wards: LOQD = 9.09;tanh = 8.91;n = 357; no outliers.



Outliers: Vote for Kerry versusBush: 2002 Gubernatorial Vote

Regressor
County Code SRes County Code SRes
Butler AFD 4:55 Hamilton AQM 4.18
Cuyahoga ABE 5:12 Hamilton BDN 81096
Cuyahoga AZY 51289 Hamilton BDQ 69159
Cuyahoga CQY 4:79 Licking ACV 4:75
Cuyahoga CRG 6:56 Licking ACY 6:55
Cuyahoga CRY 4.28 Lorain AKV 4.07
Cuyahoga CWY 4:22 Miami AAN 8:28
Greene AHJ 4.52 Tuscaravas AAX 4.82

Hamilton APT 4:37



technologies

{ electronic: Florida 2004




Florida Constitutional Amendmens on the Ballot in 2004

Parental Noti cation of a Minor's Termination of
Pregnancy

Constitutional Amendmerns Proposedby Initiativ e

The Medical Liability Claimant's Compensation
Amendmert

Authorizes Voters to Approve Slot Machines In
Parimutuel Facilities

Florida Minimum Wage Amendmen
Repeal of High Speed Rail Amendmen

Patients' Right to Know About AdverseMedical In-
cidents

Public Protection from Repeated Medical Malprac-
tice

Yes
4.639,635

4,574,361
4,583,164

3,631,261

5,198,514
4,519,423
5,849,125

5,121,841

No
2,534,910

2,109,013
2,622,143

3,512,181

2,097,151
2,573,280
1,358,183

2,083,864



Miami-Dade Election Day Second-digit Benford's Law Tests

item

Bush
Kerry
Martinez
Castor
Am. 1 Yes
Am. 1 No
Am. 2 Yes
Am. 2 No
Am. 3 Yes
Am. 3 No

Benf.

7.9
9.5
8.9
12.0
2.5
5.5
16.7
7.2
3.3
12.9

equal

10.8
14.4
10.8
12.8

8.0
15.5
23.6
16.4

8.5
12.7

item

Am.
Am.
Am.,
Am.
Am.,
Am,
Am.
Am.
Am.,
Am.

4 Yes
4 No
S Yes
5 No
6 Yes
6 No
7Yes
7 No
8 Yes
8 No

Benf.

3.3
5.7
17.9
5.8
4.3
9.1
17.1
8.4
12.7
6.5

equal

9.0
15.4
19.6
23.3
10.2
11.3
16.0
16.5
25.3
10.6

Note: n = 757 precincts. Pearsonchi-squared statistics, 9 df.



item

Bush

Miami-Dade Election Day Second-digit Benford's Law Tests

Kerry

Martinez

Castor

Am.
Am.
Am.
Am.
Am.
Am.

1 Yes
1 No
2Yes
2 No
3 Yes
3 No

Benf.

17.2
44.0
11.5
12.7
43.6
19.8
38.7
11.9
78.0
25.7

equal

39.5
13.1
29.2
43.5
12.6
31.9
27.3
48.8

5.5
26.8

item

Am.
Am.
Am.,
Am.
Am.,
Am,
Am.
Am.
Am.
Am.

4 Yes
4 No
SYes
5 No
6 Yes
6 No
7 Yes
7 No
8 Yes
8 No

Benf. equal
43.5 144
25.4 15.3
57.6 2.9
25.6 135.6
29.7 16.3
15.3 30.8
53.2 21.1

136.7 318.7
54.2 8.3
23.2 29.1

Note: n = 5; 326 precinct-machines. Chi-squared statistics, 9 df.



Miami-Dade Machine Randomization False Discovery Rate Tests

Candidate

Kerry

Castor

Am.
Am.
Am.
Am.
Am.
Am.

1 yes
1 no
2 yes
2 N0
3 yes

3 N0

Election Day

precincts

735
736
743
737
742
737
740
741

items

13,982
14,002
14,068
14,020
14,062
14,018
14,038
14,054

rejects

o 0O b O H O O b

Early Voting
site-days

1,176
1,197
1,302
1,272
1,295
1,228
1,290
1,290

items

15,094
15,276
16,318
16,078
16,288
15,802
16,156
16,144

rejects

SO B N A O O W O



Miami-Dade Machine Randomization False Discovery Rate Tests

Election Day

Candidate precincts

Am
Am

Am.
Am.
Am.
Am.
Am.
Am.
Am.
Am.

. 4yes
. 4no
S yes
5 Nno
6 yes
6 no
7 yes
7 no
8 yes

8 no

741
739
736
127
742
742
732
720
739
735

items

14,052
14,034
13,988
13,856
14,062
14,062
13,966
13,812
14,034
14,000

rejects

O O O O O r O O O N

Early Voting

site-days

1,313
1,297
1,168
1,082
1,308
1,271
1,144
1,018
1,272
1,219

items

16,418
16,272
15,174
14,278
16,394
16,122
15,044
13,812
16,086
15,678

rejects

nN O B O O O O B O O



Broward Machine Randomization False Discovery Rate Tests

Candidate

Kerry

Castor

Am.
Am.
Am.
Am.
Am.
Am.

1 yes
1 no
2 yes
2 N0
3 yes

3 N0

Election Day

precincts

765
764
767
766
764
763
765
765

items

10,578
10,572
10,586
10,580
10,572
10,566
10,576
10,576

rejects

oo N O O O O o1 O

Early Voting
site-days items
30 220
30 220
30 220
30 220
30 220
30 220
30 220
30 220

rejects

O O O O O O o o



Broward Machine Randomization False Discovery Rate Tests

Election Day

Candidate precincts

Am
Am

Am.
Am.
Am.
Am.
Am.
Am.
Am.
Am.

. 4yes
. 4no
S yes
S5 Nno
6 yes
6 no
7 yes
/7 no
8 yes

8 no

766
766
757
756
764
764
759
757
761
760

items

10,584
10,584
10,532
10,526
10,574
10,574
10,544
10,532
10,556
10,550

rejects

W Rk O N O FP P N R O

Early Voting
site-days items
30 220
30 220
30 220
30 220
30 220
30 220
30 220
30 220
30 220
30 220

rejects

o o oo b O O+ +» O O



policy and practice

{ auditabilit y: Florida 2004




Times When Votes Were Cast on Machinesin SelectedPrecincts on

machines

machines

14

12

10

15

10

Election Day, Miami-Dade County

precinct 109
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policy and practice

{ machine allocation: Ohio 2004




Franklin County, Ohio, 2004, Voting Machine Allo cations by
Precinct Racial Composition

Counts per Voting Machine

Ballots Activ e
Registered Ballots Cast Voters
Precinct Racial Composition Voters Cast per Hour November
Low Prop. African American 262 170 13 213
Medium Prop. African American 305 173 12 226

High Prop. African American 324 164 11 242



Franklin County, Ohio, 2004, Polls Open Elapsed Time Given
Machines per RegisteredVoter and Proportion African American

Regressors
Variable Coef. SE t-ratio
(Intercept) 1:818847 0.053773 3383

Log(Machines per RegisteredVoter) 0:141308 0:009480 1490
Proportion African American 0:099189 0:008725 1137



Voter Turnout: Polls Open Elapsed Time, Machines per Registered
Voter and Proportion African American Regressors

Expected Voter Turnout at Quartiles of the

Machine Ratio

Prop. African American 25% 50% 75%

Low 0:635 0:650 0:666
Medium 0:516 0:565 0:608
High 0:460 0:506 0:546

Polls Open Time

25% 50% 75%

0:653 0:650 0:646
0:560 0565 0:581
0:490 0:506 0:524



policy and practice

{ provisional ballots: Ohio 2004




Ohio 2004, challengers and provisionals:
video_the _vote _ohio_2.mov

provisional ballot study




Provisional Ballots and Attributes Related to Residential Mobillity

Percent Con dence Percertage
Attributes Provisional (+ or{) of Voters
Ever Voted in Ohio? Yes 3.1 0.2 89.6
Ever Voted in Ohio? No 9.4 7.1 7.3
Moved Since Last Voted in Ohio? Yes 11.4 4.4 15.02
Moved SinceLast Voted in Ohio? No 1.7 0.2 84.2
Voted in Past at Polling Place 1.7 0.2 7.7
No Vote in Past at Polling Place 11.2 3.9 19.4
At Current Address: Up to Five Years 9.1 2.7 28.2
At Current Address: More than Five 1.3 0.2 67.3
Registeredto Vote in 2004 26.5 12.2 3.0
Already Registered 2.5 0.2 96.1

Notes: 2 Percert of the 89.6% of voters previously voting in Ohio.



Provisional Ballots and Election Experiences

Percent Con dence Percentage
Attributes Provisional (+ or ) of Voters
RequestedAbsenee Ballot 2.4 1.0 17.2
No Absentee Ballot 3.7 0.3 82.4
Voted for Kerry 4.2 0.6 51.4
Voted for Bush 4.1 1.4 23.3
Party Identi cation: Democrat 3.7 0.6 53.3
Party Identi cation: Republican 4.9 1.9 16.8
Party Identi cation: Other 2.5 1.0 16.6
Registration Questioned 19.2 4.6 9.8
Registration Not Questioned 1.9 0.2 80.1



Provisional Ballots and Personal Attributes

Percent Con dence Percenage
Attributes Provisional (+ or{) of Voters
Age: 34 Yearsor Younger 11.0 5.1 8.7
Age: 35-55Years 5.3 1.6 28.3
Age: 55 Yearsor Older 1.6 0.4 52.1
White 3.5 0.5 54.8
African American 4.1 1.0 29.7
Male 3.2 0.7 48.7
Female 3.8 0.5 51.3
Education: High Sdool or Less 3.4 0.7 43.5
Education: SomeCollege 3.9 1.2 23.2
Education: College Graduate 4.4 1.5 18.6
Education: Post-graduate 2.9 1.8 9.3



an assatment of statistical tools can help assesshow voting
\machines" aect voting accuracy, transparency, fraud, etc.

voting \machines" need to be considered in the context of
other administrative decisions and practices

how voters, candidates, election o cials and others behave
a ects \machine" performance

statistical assessmentsalways depend on nonquantitative
knowledge and can only go so far




