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Portion of an op-scan ballot

INSTRUCTIONS TO VOTERS
To vote, completely fill in the oval(s) next to your choice(s) like this: @

J FEDERAL OFFICES STATE OFFICES COUNTY OFFICES
l
| PRESIDENT AND STATE REPRESENTATIVE SOIL AND WATER CONSERVATION
VICE PRESIDENT DISTRICT 3B DISTRICT SUPERVISOR

VOTE FOR ONE TEAM VOTE FOR ONE DISTRICT 5
I B VOTE FOR ONE
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‘ SARAH PALIN |
| Republican | @ LOREN A. SOLBERG S
3 o Democratic-Farmer-Labor - write-in, if any
> Eggé%% OBAMA AND 7 wengay o TOWN OFFICES

‘ Democratic-Farmer-Labor CONSTITUTIONAL TOWN SUPERVISOR SEATB
| <7 CYNTHIA MCKINNEY AND VOTE FOR ONE
' ROSA CLEMENTE — —

reen (v ﬁrazvé"tK??a?%’eae??eﬁ'g?\'%”tﬁagaf%e{‘o?rt”fQ Y | > RUTHANNNELSON

R ~— - —— -l amendment.
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o SR SR nfeononiote |
‘ 7 ~ ___|proposed constitutional amendment, co%nprelely WAYNE DAWS 7 -
| illin the oval next to the word "NO" for that o
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In a nutshell
o

Reading optical scan ballots presents an interesting and important
challenge. In addition to our helping solve it, what can be learned?

Task 1s extremely well specified (codified into law) and cannot
be altered just to make pattern recognition problems easier.

Like most pattern recognition problems, 100% accuracy may
not be attainable, but in this case it is at least a reasonable goal.

Primary contribution of this work:

Assembling and making openly available a large collection of
real hand-marked ballots from a major election. (A “first”?)

Proposing a paradigm for ground-truthing the collection.
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Ballot reading vs. forms processing

Similarities to forms processing, but also some key differences:

» Much broader range of users (education level, literacy, etc.) than
for traditional forms applications.

o Ballots must preserve a voter’s anonymity.

» Requirements legally mandated — cannot be circumvented.

o Demand to count votes and report results quickly.

» Elections are held infrequently, so voting equipment sits unused
for long periods in storage.

» Poll workers often lack technical expertise.

» No financial interest in making sure votes are counted accurately,
but there is tremendous public interest.
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Misstep #1: Florida circa 2000

N y OT, GENERAL ELECTION
COUNTY, FLORIDA
_Hkm

(REPUBLICAN)
GEORGE W. BUSH paesioent
DICK CHENEY - vice paesioent

(DEMOCRATIC)
AL GORE paesioent
JOE LIEBERMAN vice presioeut

(LIBERTARIAN)

Bad ballot design combined with votomatic technology prone to
paper jams. This led to hanging and dimpled chads, making it
hard to determine voter intent, which provides the legal standard.
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Maisstep #2: Rush to DRESs
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Misstep #2: Rush to DREs

Electronic Voting Systems:
- 1the Good, the Bad, and the Stupid
SECURITY ALERT: July 4, 2005

|Security Analysis of the Diebold AccuVote-TS Voting Machine

Critical Security Issues with Diebold Optical Scan Design

‘En,uml} Assn.sslm.nl of lhn. I)lu.hold Optical Scan Voting Terminal|

Pennsylvania voters: trust but verify

Poll finds most want ballot verification

000 #0005 w— |Electronic Voting System Usability Issues

HE MACHINERY OF DEMOCRACY:
?ﬁ(HE{Ttgglﬁm:étit{aﬁ;\;.lr]] ROTECTING ELECTIONS Hack a_Vote Secu rlty

R AN ELECTRONIC WORLD
_ 1SSt N Electronic
Analysis of an Electronic Voting System|
tems

"The bottomn line is if we don't have the ability
to authenticate our own elections as citizens,
we don't live in a democracy."

HBO Documentary Films presents Hacking
Democracy, Thursday at 9 pm.

SeRs— Privacy Issues in an Electronic Voting Machlne.
SECURITY ALERT: May 11, 2006 o v——
Critical Security Issues with Diebold TSx rustec Agent feport

Diebold AccuVote-TS Voting System
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Voting system use in the U.S.
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Good trend
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From Voting Technology: The Not-So-Simple Act of Casting a Ballot, by Paul S. Herrnson, et al, Brookings Institution Press, 2008.
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Counting op-scan Vvotes IS not so easy

Real ballot from an election in CA:

One of these votes was
counted correctly by the
op-scan equipment, the
other wasn't.

PROPOSITION 95
REFERENDUM ON AMENDMENT TO INDIAN GAMING COMPAC

“Yes" Vote approves, and “No” Vote rejects, a law that ratifies an
amendment to existing gaming compact bet\_Neen the(state a
Band of Mission Indians. Fiscal Impact: Netincrease in 2
revenues probably in the tens of millions of dollars,
through 2030.

Note: this does not mean
voting on paper ballots Is
—————— SR | bad, just (1) manual audits
should be mandatory, and
e et / (2) more research is needed.

WNO

PROPOSITION 96
REFERENDUM ON AMENDMENT TO INDIAN

revenues probably in the tens of millior

throug' 2030
PROPOS TION 97 T |
: DIAN GAMING COMPAC x

REFERENDUM ON AMENDMENT TO IN

s. a law that ratifies an

\inta raiact

“Improving California’s 1% Manual Tally Procedure,” Joseph Lorenzo Hall, UC Berkeley School of Information, EVT Workshop 2008.
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It’s all about the data

OFFICIAL BALLOT
Judgs
Judge

COUNTY NAME
NOVEMBER 7, 2006

STATE GENERAL ELECTION BALLOT

INSTRUCTIONS TO VOTERS

To vote, completely fill in the oval(s) next to your choice(s) like this: Gl

FEDERAL OFFICES

STATE OFFICES

COUNTY OFFICES

CANGIDHTE canD
5 IROEFEUDENCE 25 R

UNITED STATES SENATOR SECRETARY OF STATE COUNTY AUDITOR
aTE FoR ONE VT FoR ove e
CANDIDATE CANDIDATE T CANDIDATE
D woerennence 2 Foeeecence
@ CANDIDATE
CANDIDATE ) CANDIDATE
FEraLIcaN FERUBLAN o
c 1DAT
O AR o = BB o p———
= VoTE FOR ONE
O ENRENE. O
O CANDIDATE
STATE AUDITOR
[ R 'VOTE FOR OHE. ¥ caNDIDATE
UNITED STATES e =
DISTRICT [NUMBER] (e ol
T e INDEPENENCE

cANDIDATE
= REPUBILICAN

CANDIDATE.
= DEMOCRATIC FARMER -LABOR

COUNTY RECORDER

CANDIDATE
O pamtmanG FasneR LABOR

—

ATTORNEY GENERAL
VOTE FOR ONE

STATE OFFICES

30 CANDIDATE
O CANDIDATE

CANDIDATE
O Foenense

CANDIDATE
= REPUELICAN

COUNTY SHERIFF
VOTE FOR ONE

&= GANDIDATE

(D CANDIDATE

CARGIDATE
G aerentence

CANDIDATE
I REFUBLICAN

) CANDIDATE

GEMOCRATIC-FARMER-LABDR

-

gl 1 n the v word

W o thai quesdon

CONSTITUTIONAL AMENDMENT TITLE

STATE SENATOR
DISTRICT [NUMBER]
VOTE Fos one GO GRS e nson S reniny
e - T
enin VOTE FOR ONE
O CANDIDATE
FERRLIGN CONSTITUTIONAL T CANGIDATE
CANDIDATE AMENDMENT
O CewacRar Craamen LBoR (O CANDIDATE
= Fatues 10 vale o 8 consptusanss amenament vt nave | 0 L
—C R MGl s wling 10 for tha Arandmant
STATE COUNTY SURVEYOR
DISTRICT [NUMBER) oo pcpass st st T BURVES
TRICT RWNE 1ot o s Y b

T CANDIDATE
() CANDIDATE

..

O ves

Wty o worstom wiried up o o s s |

CITY OFFICES
[CITY NAME OPTIONAL]

GOVERNGR AND
LIEUTENANT GOVERNOR
VOTE FOR ONE TEAM
CANDIDATE AND.
O canpiDaTE
INCEPENDENCE
CANDIDATE AND.
(O CANDIDATE
REPUBLICAN
CANDIDATE AND.
(&= CANDIDATE

CEMOCRATIC FARMER LABDR

COUNTY OFFICES

COUNTY GOMMISSIONER
DISTRICT [NUMBER]
VOTE FOR ONE

= No

COUNCIL MEMBER
VOTE FOR UP TO TWO

XD CANDIDATE
5 cANDIDATE

O CANDIDATE
) cANDIDATE

=

(e}

VOTE FRONT AND BACK OF BALLOT

To do research, we need data. We could:

Hire students to fill out sample ballots.

Generate synthetic data (see examples
below from our DAS 2008 paper).

S=J
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Fast forward to November 2008

While useful, neither of these alternatives is completely satisfying.

What we would like to have is actual ballots from a real election.
Even better, the ballots would be from an important election where
the voter markings present serious pattern recognition challenges.

Extremely close U.S. Senate race Iin
State of Minnesota: six days after
election, unofficial results showed
Republican Norm Coleman leading
Democratic challenger Al Franken by
206 votes out of nearly 3 million cast,
a difference of less than 0.01%.

Document Analysis Issues in
Reading Optical Scan Ballots

® Rensselaer LEHIGH BNO !SE STIA;”; E‘i\psfevsvtlrisﬁfige.l /10110



Fortunate series of events

Minnesota uses op-scan ballots.

» Closeness of election triggers a
manual recount.

» Both sides are allowed to challenge

validity of “questionable” ballots. E%) campaign 2008

RECOUNT COVERAGE : v RESULTS : v PRESIDENTIAL RACE : v SENATE RACE : v HOUSE RACES
CCOMVENTIONS

» Openness laws make challenged

STORIES RESULTS QUIZ BALLOTS

CHALLENGED BALLOTS: YOU BE THE JUDGE

ballots a matter of public record. TR

ives from th igns of Sen. Norm Coleman and Al Franken have
been challenging ballots across the state.

It's your turn to play election judge. Tell us how you would rule in the case of these m
i a state

» Ballot images made available on MN ===

Click for a brief description of these ballots.
news today.

In case you missed it, here are Round One, Round Two and Round Three.

public radio website.

The Jeliyfish

allot (PDF & opens in new window)
The Frank ipaign challenged this Stearns County ballot due to

. 1 ' l 1 r'] - . | | "distinguishing marks.” Marks from the reverse side of the ballot appear to have
I e S C O a I I I I I I a e S bled through and the voter appears to have attempted to rectify that by scribbling
- I over the marks. (Secretary of State's Office)

ol i ]
Done

http://minnesota.publicradio.org/features/2008/11/19 challenged_ballots/
©) Rensselaer LEHIG UBQ |I SvE ﬂ: SST |A]Ev E%gevscér;sﬁgge.l 26/10/10
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Minnesota Statutes

Remember that the guiding principle is voter intent. Here are a few
key points to keep in mind when interpreting ballot markings:

o “A ballot shall not be rejected for a technical error that does not
make 1t impossible to determine the voter's intent.”

o “If a mark (X) 1s made out of 1ts proper place, but so near a
name or space as to indicate clearly the voter's intent, the vote
shall be counted.”

o “Misspelling or abbreviations of the names of write-In
candidates shall be disregarded if the individual for whom the
vote was intended can be clearly ascertained from the ballot.”

https://www.revisor.mn.gov/statutes/?id=204C.22
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Minnesota Statutes

..and ...

o “If a voter uniformly uses a mark other than (X) which clearly
Indicates an intent to mark a name or to mark yes or no on a
question, and the voter does not use (X) anywhere else on the
ballot, a vote shall be counted for each candidate or response to
a guestion marked.

If a voter uses two or more distinct marks, such as (X) and
some other mark, a vote shall be counted for each candidate or
response to a question marked, unless the ballot is marked by
distinguishing characteristics that make the entire ballot
defective ...”

https://www.revisor.mn.gov/statutes/?id=204C.22
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Minnesota Statutes

..and ...

o “If the names of two candidates have been marked, and an
attempt has been made to erase or obliterate one of the marks,
a vote shall be counted for the remaining marked candidate.”

» “A ballot shall not be rejected merely because it 1s slightly
soiled or defaced.”

o “If a ballot 1s marked by distinguishing characteristics in a
manner making it evident that the voter intended to identify the
ballot, the entire ballot 1s defective.” /

Goal here Is to prevent

coercion or vote selling.
https://www.revisor.mn.gov/statutes/?id=204C.22
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Challenged ballots: you be the judge

% Challenged |

Eile Edit View History Bookmarks Tools Help

o c

&) Most Visited » Getting Started 5. Latest Headlines

£ | O nhttp://minnesota.p 7.7 '| |".l' 151 You }:’| %

leam. |

| © Challenged Ballots: You be the Judge ...|
Ballot #1: The Jellyfish
View the whole ballot (PDF T opens in new window)
The Franken campaign challenged this Stearns County ballot due to
"distinguishing marks.” Marks from the reverse side of the ballot appear to have
bled through and the voter appears to have attempted to rectify that by scribbling
| over the marks. (Secretary of State’s Office)
U.S. SENATOR ) '}
| ... _VOTEFORONE & rr- B L, —
-, nsm BARKLEY son. ANDWATER CONSERVAI
wouperdorce - 1 emc:swamnsaa X
ey Nonu COLEMAN STRICT 3 p
ol oo verss‘on ONE
| N Ly W oo vELER
CHARLES ALDRICH -
Lisdaran s LT I—
. JAMES NIEMACKL 1 T| SOIL AND WATER CON A
| T it - 'supzﬂgfﬁ%
| DISTRICT 4
| i ey ' VOTEFORONE
U.S. REPRESENTATIVE P  oAVIDBRNKMAN
DISTRICT 7 e .
VOTE FOR OHE : )
] wtbin § aow
Who gets the vote?
(C'Norm Coleman
(CJAl Franken
(U'Nobody. Reject the ballot.
View Results wote
4| 1 | F
Daone
L. —

u.s. SENATOFI
VOTE FORONE.

Independence

_ NORM COLEMAN
Republican

-, DEAN BARKLEY «)Z '
»

AL FRANKEN
Democratic-Farmer-Labor

CHARLES ALDRICH
L:benanan

. JAMES NIEMACKL

Constitution

_wrile-in, ifany

U.S. REPRESENTATIVE

DAVID BRINKMAN

| DISTRICT 7
; VOTE FOR ONE

write-in, ifany

Who gets vote? Public opinion:

Norm Coleman: 63% (7,626 votes)
Al Franken: 4% (474 votes)
Nobody: 33% (4,050 votes)
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Challenged ballots: you be the judge

File Edit View History Bookmarks Tools Help
@ v c oy | i?j Hﬁttg:ﬁ//minnesota.grf\];; -”: st You é % *
£ Most Visited P Getting Started = Latest Headlines " G, e 2 A
\ © Challenged Ballots: You be the Judge 7| —— ,; i; C::) DEAN BARKLEY
; B Independence
Ballot #2: The Just Because
View the whole ballot (PDF & opens in new window) - C:) NOHM COL EM AN
The Coleman campaign challenged this ballot from Hennepin County, saying the Republican
voter's editorial comments constitute a distinguishing mark on the ballot. .
(Secretary of State's Office) - tAJ.ﬂL FHA NFKEN Lab _d(_z,h iy W o
mocratic-Farmer-Labor he a—‘l
19 X
B -  CHARLES ALDRICH |
Libertarian _—
~— JAMES NIEMACKL
' Constitution
I
-

gAMES NIEMACKL
Constlution

N N

1}

wito-In. ¥ anv

. g e | \ote for Franken? Public opinion:
‘ Dei:;so,cl:;ltt .‘Just because heisa

| e Yes: 92% (11,069 votes)
No: 8% (1,012 votes)

1

< | 1 | »
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Challenged ballots: you be the judge

File Edit View History Bookmarks Tools Help

& c

2} Most Visited # Getting Started =) Latest Headlines

IJ © Challenged Ballots: You be the Judge ...| =+ |

#2y | © hitp://minnesota.publicradio.org/feature 57 v| |'.-.—l' st You beth|p| %

Ballot #5: The Yes
View the whole ballot (FDF & opens in new window)

The Coleman ¢ d this Bent

U.S. S|
VOrEFOmONE.

paign c! g County ballot because of "unusual marks.” The voter appears
to have written the word "ves' inside the oval next to Al Franken's name. (Secretary of State's Office)

L

W

DEAN BARKLEY
Incepandence

NORMCOLEMAN
FReoublican

SOIL AND
Dis?

CHARLES ALDRICH
Lbartarian

(ol
[

L]
<
T G emertaie
<
<

JAMES NIEMACKL
Constiution

-4
SOIL AND
Dis1

U.S. SENATOR

w@ -in, if any

DISTRI

I
v

VOTE FOR ONE e
e ooy
<> NORMCOLEMAN |
W
<>  CHARLES ALDRICH o
<> JAMES NIEMACKL SOIL AND W
-

U.S. REPRESENTATIVE

mAATMIAY ~

&  BER|

\ote for Franken? Public opinion:

* Yes: 96% (11,250 votes)
o No: 4% (452 votes)
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Challenged ballots: you be the judge

File Edit View History Bookmarks Tools

Help

@ - c ﬁ | ©  http://minnesota.publicradio.org/feature 7.7 v| |.-.—." = You beth|p| %

2} Most Visited # Getting Started 5, Latest Headlines

| © Challenged Ballots: You be the Judge .|+ | -]

Ballot #7: The Write-out
View the whole ballot (FDF & opens in new window)
The Franken campaign challenged this pin County ballot, saying the ballot for U.5. Senate is an

undervote and not a vote for Norm Coleman. (Secretary of State's Office)

U.S. SENATOR ;
VOTE FOR ONE

[~ TDEanmamkiey
i \ngependence
e NOFIIICOLEHAN

| | =, AL FRANKEN ey
- DamogratcFamer-labor
. CHARLES ALDRICH l
{ Lipartanan, : ~
. gﬁmsmeunm

]-.-—

wriag-n i ary

NoRH £ oLE

b wbennPay

=
m. |

Does Norm Coleman get the vote?

(C)Yes. The voter's intent is clear. I
(_'No. The ballot is an undervote.
; View Results wote
I 4 m | b
Done

U.S. SENATOR S |
VOTE FOR ONE | wite-n, f any

-~ DEAN BARKLEY
indepsndence

NORM COLEMAN
Republicar e
AL FRANKEN

Damocratic-Farmer-Labor

2 CHARLES ALDRICH

Lipenarian _

LT JAMES NIEMACKL
- Consliution

write-in, if any

U.S. REPRESENTATIVE

DISTRICT 5
VOTE FOR ONE

-~ BILLMCGAUGHEY =
Indeperdarce

R BARB DAVIS WHITE “’(
- Repubtican. .
ON

KEITH ELLISO
Oemocratic-Farmer-Labor

write-in, f any

\ote for Coleman? Public opinion

* Yes: 54% (6,080 votes)
» No: 46% (5,203 votes)
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MN Challenged Ballot Collection

How the ballot collection was generated and harvested:

Ballots photocopied and originals stored in a secure location.
Copies scanned to PDF using auto-feeder flatbed scanner.
Ballot was two-sided, with both sides scanned simultaneously.

We wrote a simple web “crawler” that automatically
downloaded all the files and extracted TIF images from PDF.

A total of 6,737 ballots In the set.

Examination of the TIF suggests that ballots were scanned at
300 dpi bitonal, and that lossy compression was never used.

Hence, they form an ideal dataset for research purposes.
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Minnesota ballot front and back

« EM OFFICIAL BALLOT fest
T Judge Judge
BB crovconry T B! stareoriimiesors N |
| EF
INSTRUCTIONS TO VOTERS
To vote, complelely fill in the oval(s) next to your <choice(s) like thi
i FEDEHAL OFFICES I STATE OFFICES
| PRESIDENT AND STATE REPRESENTATIVE
VICE PRESIDENT DISTRICT 3B
I VOTE FOR ONE TEAM VOTE FOR ONE
‘ "
n JOHN MCCAIN AND T I CAROLVN MCELFATRICK
SARAH PALIN

Demosiate-Farmer Lapar

ROGER CALERO AND
ALYSON KENNEDY

Socaas Vot
RALPH NADER AND

| MATT GONZALEZ

| ndspanden

| WAYNE A. ROOT
Uberta

|
<Hl | <> BoBBARR AND
-

CHUCK BALDWIN AND
! DARRELL CASTLE

any

i JAMES L OBERST
@ o

| wieinany

|0145 Town oF NORDLAND.

VOTE FRONT AND.BAGK OF BALLOT

@ BARACK OBAMA AND
| JOE BIDE!

4{ CONSTITUTIONAL
| CYNTHIA MCKINNEY AND AMENDMENT
ROSA CLEMENTE

} CLEAN WATER, WILDLIFE

P57 ey

1% 10 vote 0 2 constiuoral amendment,
me huve e sams ffect s voing o for e

CULTURAL HERITAGE AN
NATURAL AREAS

Shall the Minnesala Consttution be amendedto
daea aning b it o rnking vater

Bisams.and goimdaciar by oo e

weuands‘grales et T, aane,
wildie halilat; o presenve our arls and cultural
nentage; i s o

res-oghis ol orcpecinion
unl ey

o VES |

axa

US SENATOR No
_ __VOTEFORONE
ol i COUNTY OFFICES
A% NORM COLEMAN 1 CCOUNTY COMMISSIONER
' — — DISTRICT 2
@ ALFRANKEN VOTE FOR ONE
; Geknoe OO ‘
CHARLES ALORICH | 7 DALEK.LUECK
| JAMES NI . | - R -
=~ JAMES NIEMACKL 4 & LAURIE A WESTERLUND <J
|
! riin, any . . B
U.S. REPRESENTATIVE SOIL AND WATER CONSERVATI
DI T DISTRICT SUPERVIGOR
VOTE FOR ONE ISTRICT
i VOTE FOR ONE
= HgHAEL cummin FRANKLIN TURNOCK

witean, fany
SOIL AND WATER CONSERVATION

— DISTRICT SUPERVISOR
DISTRICT 4
VOTE FORONE

€ BOBUANZEN ‘J

LOREN A SOLBERG .
‘ - et

S5 ar U o e bog e o A0,
gning g vﬁ»

i TOWN SUPERVISOH SEATB

SOIL AND W/ AND WATER CON CONSERVATION
DISTRICT SUPERVISOR
DIST
| voTEFoF 43 OME NE

FOR
RUTH ANN NELSON <’

4+

NOVEMBER 4, 2008 ”

STATE GENERAL ELECTION BALLOT |

COUNTY OFFICES

DONNARAEASP

T witern, dany

_TOWN OFFICES o

RDLAND

VOYE

JOHN STEEBER

WAYNE DAVIS

wtgin ey

TOWN SUPEH’VISOH SEAT

TOWN OF N
VOTE ron OME

STANLEY W NIX
artgin, tany ___
TOWN TREASURER
TOWN OF NORDLAND
'VOTE FOR ONE

JUDY PEYSAR

witen any

SCHOOL DISTRICT OFFICES
SCHOOL BOARD MEMBER

| INDEPENDENT SCHOOL DISTRICT

. 1 IN)
VOTE FOR UP TO TJHEE

PETER A. WELSHONS

DENNIS HASSKANP

.

JOHN CHUTE

CHARLES W|KELIUS
WILLIAM E. STIMAC
wite-t, it ny

wlecn fany

TN GGUNTY

STATE GENERAL ELECTION BALLOT
—TeMCL “staTe oF winiEsoTa

T T iovemserazws

INSTRUCTIONS TO VOTERS
To vote, completely fillin the oval(s) next to your choice(s) like this: @

JUDICIAL OFFICES

9TH DISTRICT COURT

JUDGE 4
_ VOTE FOR ONE

pSUPREME COURT

—

ASSQUIATE JUSTICE 3 DAVID F. KARRINGTON
icu
@ TN TINGELSTAD =
o JUDGE 6
i -7 PAUGH ANDERSON J» VOTEFORONE

wlen, i a0y Ingumbart
ASSOCIATE JUSTICE 4
VOTE FOR ONE

nitew

-3 EEF?RAH HEDLUND vcrE ron ONE

LORIE SKJERVEN GILDEA <=+ DONALDJ. AANDAL
Ingumbere Inayrpent

s, srlon, iz

| .7 CHARLES H. (CHAD} LEDUC

i

VOTE FOR oNE

COURTOFAPPEALS | JuPe
JUDGE 16 _ T NICHAEL ). KRAKER
__ VOTEFORONE Inct -

TERRI J. STONEBURNER <

—]
-
-

i

. JU
‘ o DAN GBIFFJTH YoTE FOR ONE
LOIS J. LANG
einfany Ircumbent
JUDGE 1 p—
VOTE FOR ONE wrbein Jar,
JUDGE 14
< ROBERT D. TIFFANY
i JUDGE
F ____VOTEFORONE S
! JUDGETS
IR - KaLTovsK VOTERORONE
TAMARA L.YON ‘
JUDGE § - !
VOTEFORONE__ | witgn, it an
o JUDGE 18
ﬁs)u(r;nEbR 1 KLAPHAKE VOTE FOR ONE

= _wengay Incumbe~t

JEFFREY S. REMICK

JUDGE 10
L VOTEFORONE_ ™" wmnioy
JUDGE 21
paomeriasne PSR
DAVID J. TEN EYCK
witein, f any _ Incur’ _
JUDGE 15 et [
. VOTE FOR ONE - writg-in, an;
JUDGE 22
ﬁ’m"éﬁ. Ross - VOTE FOR ONE
‘ < KURT J. MARBEN j
Wrlz-n, it any incumbert
9TH DISTRICT COURT spin oy
. JUDGE 3 i
VOTE FOR ONE _J ‘
JOHN R SOLIEN
Incumbent ‘

wrten,iiany. S

VOTE FRONT AND BACK OF BALLOT
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More about the collection

Reason for challenge Is | N, Senator
recorded in stamp added | Precinct: Sham ocle
to each ballot: Challenged batlot #: |

¢ 'hallenged by COLEMAN
( hallenge reason: Ked st r"q_\/ nod b

on ant of ballot

o Challenges as a result of manual recount — not machine rejects.
» Ballot is challenged for one race — others may be “normal.”
» Challenges are extremely aggressive (both sides want to win).

Franken ultimately declared winner by 312 votes:
machine-reading got the results of the election wrong.
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Ground-truthing protocol

S
Guiding principles:

“Ground-truthing” can refer to identifying raw markings on
ballot and/or interpreting their meaning (““vote / “no vote”).

We have built a GUI tool that captures truth at both levels.

Ideally, a system built for reading op-scan ballots should
replicate same understanding of voter intent possessed by a
knowledgeable human judge.

Legitimate differences of opinion exist, so “truth’ 1s relative.
Users provided with 15-page guideline, as well as MN statutes.

What here generalizes to other document analysis applications?

Document Analysis Issues in
Reading Optical Scan Ballots
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BallotTool GUI

B

= kitlin_Norland_challenged_hallat_1-000_tif (x0).5) [1 of 10]
Hod= Matlup  Imaga  Windows

nand i b

OFFICIAL BALLOT | _ﬁg

~Judge Judge

— .A- T —
T % : : Last editby: frcetation: [An_Miorand chalenged bald  Clckmode:  [Labal

Fage image: |test00:l-00 pFettitin_Norland_chalenged_balot_1-000, ffofaikin_Norl=nd _chalerged_halo:_1-000:F

FRESIDENT ARD ¥ICE FRESIDENT wote For: L

INSTRUCTIONS TO VOTERS Zohn MoiCain ard Sarah Pain I Leaa vt

Tovete, completely fill in the ovals) next io your cholce(s) like this: @ i waid Mark:  canceledvite & movoe %L 1 | e

shewr 2064 -400)
. | Barack Chama and 1e Biden F legd voee

EEHERAL OFFICES STATE OFFICES @ Vaid Mark C Concelodvte  © Mevots ML o |

PRESIDENT AND | STATE REPRESENTATIVE Cymthia Metinrey and Resa Denerie

VICE PRESIDENT DISTRICT 38
VOTE FOR ONE TEAM VOTE FOR ONE € veidva B ot

LES . e —_— e —_— j 5 Magnifizd Yiew
JOHN MCCAIN AND | w2 CAROLYN MCELFATRICK

; SARAH PALIN Fepabican [ 0| o v
| Regublican J @ LOREN A. SOLBERG

Democraiic-Famer-L abor
ey S S | ., MR e rant

5
|

| ovalid @37,53) — - e g
! BARACK OBAMA AND EX
JOE BIDEN |

Camacratic-Farmer-L anar

. ] CONSTITUTIONAL

_cw.rer MCKINNEY AND AMENDMENT _l VOTE FOR ONE

EIOSA CLEMENTE Faiwas
voar allra 1o vole an 2 constitulional amendment, ,
will have tne sartie effect as vating Ao for the ‘~.->  RUTH ANN NELSON

vt any

= = S amendment. _ —_— 4‘
iE‘?SEgNCI?éIEnED?‘ND Towote for & pioposed cons!itutinal ~—"  JOHNSTEEBER
Sosialst Warkers amandment, eomplataly fillin the oval nexi to the T e i “

ward "YES* for that question. To vole again |

. . provused SonStUiohe) amendm;’r?:t, m%-uprgtlealy | WAYNE DAVIS
illin the sual next to the word "NO" far that s . s

RALPH NADER AND question, T o

MATT GONZALEZ ! .  wiilein, ifamy

ngepandan | CLEAMWATER W M e 3 P
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Ground-truth

Physical level:
» Each target annotated with bounding box astray
mark, cancelled vote, or no vote.

o Marking style is recorded as filled oval, pagally filled oval, ex
(X), or check mark.

o Other marks on ballot face annotated
through, voter or official handwritin

allenge stamp, bleed-
fiducial, skew line, etc.).

Logical level: Note two are not equivalent.

o User specifies who get§ legal vote(s) in each race (i.e., intent).

LEHIGH — BOISE@STATE s o
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Example of a Fully Annotated Ballot

= 4 orland_challenged_ballo 000 0 of 10 =
Perfect Election Made Displary Markup Image Windows Ll
— TANCWTTING_OTHER d%aitn g_oficial, (1 58,7 )
e A &
fiducial OFFICIAL BALLOT -—E fiducial
BN W eriivcow T T swreFiumesota 1B rovewseRa mes
H-m STATE GENERAL ELECTION BALLOT ‘ .
INSTRUCTIONS TO VOTERS - BARFELL CASTLE T e :
[ ] skew: (2064,-35) Tovet, complately fill In e ovalis) el Lo yaur choleeis) like thig: [ ] TOWH TREASURER
: —] N — TOWN GF NOROLAND
|| FEBERAL OFFICES | STATE OFFICES COUNTY OFFICES N VOTE FOR ONE _|
e Es 0 =iale UL e | . _
| PRESIDENT AND STATE REPRESENTATIVE SBIL AND WATER CONSERVATION I :
YICE PRESIBENT DISTRICT 20 DISTRICT SUPERVISCH | - - - = Loveevess
| ] 1 WOTE FOR DNE TEAM VOTE FOR GHE QISTRICT 5 o - - LS SENATOR
. .. — |_ — . — __ YOTEFDHONE - . VOTEFORONE | ) o ey
N-n JCHN PACCAIN AHD .o CARGLYH MCELFATRICK 70 DOHNA RAE ASP i u
| SARAH PALIN TGP N —— | MARAEA® ] u cancena&ﬁﬁ%&i‘ﬁ‘sﬁ | COUNTYOFFICES  SCHOOL DISTRICT OFFICES
| valid: ¢ 210'.?5:1 J L il A SoLAERG || GOUNTY COMIMISSIONER SCHOOL BOARD MEMBER —|
; — - R T wiedEew - DISTRICT 2 INDEPENDENT SCHDOL DISTRICT
|| BARACK OBANA AND LT | TOWN OFFICES [} VOTE FOR Mg {J
- #DE BIDEN | R J— — i - — — — . mrE FDH PTDT REE |
ey " TOWN SUPERVISOR SEAT B CHMLES ALCRICH oo oK
n — i COANI'.?EILITISJHI RINFAL Tcwggg;%ggnmwn u e — vl FAERHEE i enam _
CYNTHJA MCKINNEY AND NE - JARE : MACK
FOSA CLEWENTE [ ] | N-. v _ - LAUFIE & WESTERLUND | m (ETER S WELSHONS
LiZer — .
| - RUTH AN NELSDN ] P e | - (SEMS HASSKap
. - _ - —_ . -
| ROGER GALERO AND T dAMsTeeeR 5. N SOL 2N waTER CONSERVATION | ]
. ALYSON KEMNEDY o ,"_c| valia: (39T 1 - v HE,PRE%TTMWE T DISTRICT SUPERVISOR DB oo ._|
| i St s ] wavnE Davis [ | VOTE FOR JHE | JSTRICT T CHARLES WIKELIUS
] FALPH NACER ayro _ T e _ _ ] ({*ﬁﬁ‘ﬁ‘(‘% cunmins [ FRANKLIN TURKODK | T WILLAWE, STIMAC J
- Peepul | CLEaN WATER, WILDLIFE, TOWN SUPERVISORSEATG | | - JAMESL, OBERSTAR L
’ - — — CULTURAL HERITAGE AND TOWH OF NORDLAND . ZmachFaner et shenlay w1 1y o
M- - noemsERans NATURALAREAS | 'ETE FOR ONE ; m - ,  BOIL AND WATER CONSERVATION - - |
) WAYNE & ROOT — . I | msmg{T STSFI‘JF'ERWSOR ey
| I ke STANLET W X CT 4 "z
: - —_ - N 45 TCowH OF HCADL AN — YOTEFOROHE | T rhadaw | I
- CHUCK BALDWIN AND = ] | &7 BoBJaNzEN |
| ] . | i s ___| |
. _ I _ . an L S AT I
Jlmlwls}srfwj--m@q i mﬁ:lmv
& el VOTE FRONT AND.BAGK OF BALLOT E |
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Sloppy-but-valid marks

|4 ancka_blaine_z_6_challengedballot1-000.ti (x1.0) [1 of 10] =JoEd [ ¥ becker_Cormorant_challengedballot?_F-000.tif (x1.0) [2 of 10] M (=1
L L L ). “me [:ﬁ W""\“""'? R L RO et SRR |0 s, REP G WW': R o T R T R LT A
m|  (OJOHN MCCAIN
AND SARAH PALIN
L Republican &
m|  @PRARACK OBAMA e __
AND JOE BIDEN - | @ JOHN MCCAIN AND .
- Democratic-Farmer-Labor ¢ SARAH PALIN
Republican
m|  (OCYNTHIA MCKINNEY
AND ROSA CLEMENTE
‘ <>  BARACK OBAMA AND -
JOF RIDEN —
5] becker_StllLake_chalsngadbalotz_F-000.6 (x1.0) [3 of 10] T
~ UNITED STATES SENATOR ) s DEAN BARKLEY | )
- v VOTE FOR ONE | - S Independence COUNT\?!
- ' @—NDFIM COLEMAN :
mm|  (DEAN BARKLEY Republican
Independence - C) AL FRANKEN
- NORM COLEMAN Democratic-Farmer-Labor
~ ublican
- $AL FRANKEN <> CHARLES ALDRICH & TARRY KNI
Democralic-Famer-Labor —
CHARLES ALDRICH A ACKL
— OLibarlarian — I S gon%l%or:lEM ¢ < wiite-in, if any
! A~ 1AMES NIFMACKL . ‘ | T mml
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Non-confirming marking styles

T;lﬁll

"_I\!‘MII.WJMI‘I a1 8 [0 ol ]

~ PRESIDENTAND | STATEREPRE!
~ VICE PHESIDENT o LT LT
r HUTE FDH UHE TEA.H t2g1 ] P T— Wak D ke D Mk Trskh
SRR s it R PRESIDENT and VICE-PRESIDENT Fail,
<> JOHN MCCAIN AND VOTE FORONE TEAM
SARAH PALIN -
Republican
m| (OJOHN MCCAIN
- AND SARAH PALIN
& BARACK OBAMA AND - Republcan
JOE BIDEN = - pr———
Democratic-Famer-Labor [ | (— IBARACK U'BAH.A L —— o
- Darmcrallc-Fmr—Labor - i PRESIDENGT and VICE-PRESIDENT Failure 1
TEF e
mm|  (OCYNTHIA MCKINNEY | me | ORONE TEAN
AND ROSA CLEMENTI '
- Green - Diﬁl‘m MCCAIN To vote |
m| (OROGERCALERO | m oy AH PALIN ageinet
AND ALYSON KENNFET
m|  ()BARACK OBAMA '
AND JOE BIDEN
- Democratic-F armer-Labar CL
m|  (OCYNTHIA MCKINNEY h
- QEP ROSA CLEMENTE X
funding fo
m|  (ROGER CALERO enhance i«
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Attempts to cancel a vote

?ﬂrnhjdm_ﬂ_ﬂ_:hlmllmmﬂf{ﬂm ¥ af 10] Eﬁﬁl
- 3
- BOB AND —
. Dlndtp-endmce DE - = mw e e ot
- mﬁHELE BACHM? ~UNITED STATES SENATOR *
ublican - VOTE FOR ONE
EL TIN
- @Damuc@“lic-til:rEErERG
DEAN BARKLEY
" O e
.mtliﬁﬂ Bl write-in, il any 1
~ (AL FRANKEN - UNITED STATES SENATOR
Democratic-Fammer-Labor WTE FDR mlE
DCHARL ES ALDRICH
Libortanan |
AMES NIEMACKL
O gunsmurnn - . Eﬂ“EﬁRKL EY
— D) NQRMH COLEMAN
AL FRANKEN
- '&mu‘aﬁgFamr-Lahuf
CHARLES ALDRICH
- DLIhananan
: ~ IAMFES NIFMACKI. ,
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Intended votes that look cancelled

| ¥ bckor_Cuba_chalorgodballot®- 00041 [x1.0) [6 of 10] CIoE|
fE::dur_c::-m unmrm;muﬂmm T of 1] == e — _Mﬁm “TE‘
'F_ UENAL UTTIvED 1 = INDEFENDENT SgHOKOL Dlsﬁrné%
" PRESIDENT AND~ 5 S:Ef'-'; . ST nent, NU 2339 KE PARK-AUDUB
 VICE PRESIDENT e 1('5 FOR UP TO THREE
. ._':':‘_;;“'”TE FOR A ONE TEMMCLE el DANIEL P. HUGHES
¥ SABAH EEE.'.&' AND Re CARMEN WALTER
Republican - DP:
— BRYAN ANDERSON
- BAHE%(EBBAMA AND i
L o amer-Labor co DARREL M. PEDERSON
£ DALE P. BINDE
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Stray marks and bleedthrough

| it
- DEAN
Incependence
- NORM COLEMAN 5
Republican ~ | - " PRESIDENT and VICE-PRESIDENT Failly ihuti i -
et ViLE-ERESIUE re b volz on a constitufional amendment, will have th
- C)AL FRANKEN DEI - 'VOTEFOR ONE TEAM  ° : effect as voting no for the ama:dment.aw 1
Demacratic-Famer-Laber & Indey - Bk
: — |m () JOHN MCCAIN Ta vole for a proposed constitutional amendmant, compleh
NO' AND SARAH PALIN in the oval nexd to the word *YES” for thal question. Tov
' Rent - Repuliiean against a proposed constitutional amendment, completely
ept = RACK OBAMA ® the oval next to the word NG for that question,
AL I - AND JOE BIDEN -
C:) Dom N —— QLE&H-W&T@R:;?@HDE_IEE;&ULTHRAL
m| () CYNTHIA MCKINNEY HERITAGE, ANDMATURAL AREAS. -
AND ' —
- CH/|m= AND ROSA CLEMENTE Sl he Ml Corsito b avedod Gt
H - olect our drinking waler so fo !
- ) ROGER CALERD ‘ enhance, and resiore m:rh:gﬂands. pmﬁ?hmﬁﬁiﬂ fist
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Beocioiet Wakars mt;%e io su|:||;;|":1m“vza.nrrj parks and irails; and o m enhz
an ore our lakas, 5
DMLFH NADER Increasing the sales and\ri:se ta;m;":.b:;ﬂ\ﬁ:-:gzmy 1,2’.‘5{}‘9,
mﬂ MATT GONZALEZ ?ﬂm;;ﬁghms of one percent on taxable sales unkil the year
ndent
DBI‘JB BARR - . YES
AND WAYNE A. ROOT
Libartarizn | DHD
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Invalidating markings

Pods Dy Pwhe  Degs Wndoms

AND ROSA CLEMENTE B
] Green & : [
m| (OROGERCALERO | R *
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L !_,_ __sgmahslwms —L
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[P T AR 7 : T JAMES NIEMACKL
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[ ] OBOB BARR i vDTEFﬂH QHE wrile-in, i any
AND WAYNE A. R Fr UNITED STATES REPRESENTATIVE
- Libertarizn (COKIM KOVICH DISTRICT 5 ' -
VOTE FOR ONE
— @M LINDAHL
D BILL MCGAUGHEY
Dwﬂu Independence
Tl BARB DAVIS WHITE
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I : wrila-in, i any
SVeIL Nass STATE OFFICES
B Eﬂ_lﬂ-hﬁ any l |
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Why 1sn’t this an easy problem?
e

After all, ballots are just a simple type of form. We must read the
votes correctly, but we aren’t expected to recognize write-in names.

Can’t we just push up reject rate until the accuracy reaches 100%?

Remember, we can’t change rules in ways that violate the law.
VOTER INTENT is the definition we must always follow.

To do this right, we must be prepared to:

» Reject any ballot that may contain “identifying marks.”
» Recognize intent when mark is atypical and/or far from target.
o Accurately identify when a vote has been cancelled.

Document Analysis Issues in
Reading Optical Scan Ballots
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Status

o All 6,737 ballots now online at:
http://perfect.cse.lehigh.edu/BallotTestData_ MNChallengedBallots.htmi

» Ground truth collected from 8 test subjects, 980 ballot sides.

& Ballot Image Test Data: Mi Challenged Ballots - Wi Internet Explorer =%}
6@- &) Jehigh.du (8][4 x| [ coose B2E

Fle Edit View Favorites Tools Help m@ﬂﬂ

x Google [¥] M search -+ 52 - - Share = B~ [ Sidewiki ~ " Check ~ 3d Translate = 5 AutoFil = 4/ <+ @ dplopr... -
e Favorites | 73 @ ~ B Free Hotmail @) ReaPlayer 2]

— = >
| {& Balot Image Test Data: Minnesota Challenged Ballots ‘ ‘ fii - B [ @ - Pager Safetyr Took~ i@ W?ﬂ
* * * * * * * *) * * * * * *

-
Con 11Ng SO0N.
L
=
Obtaining access to hand-marked ballots created by voters for use in real elections has been problematic due to various legal constraints. . Ad d to I ‘ - 1 1 We b S I te
Fortunately, a recent turn of events created an unprecedented opportunity to address this situation. We have assembled a large-scale dataset []

consisting of voter-marked ballot images from the 2008 General Election that was challenged due to the contested Senate Race in the State of
Minnesota. So far as we are aware, this is the first such collection to ever been made openly available and hence is an invaluable resource fo

those wishing to develop better image processing and pattern recognition methods for reading op-scan ballots. We make this data freely
available as a senice fn tha racaarch community. Furthar dataile annaar halow

Because of the ® Ground_truthing

Ballot Image Test Data: Minnesota Challenged Ballots

=2 See DAE demo later today. continues — to be made

) )
T o PTG S O T o7 ! available online.

& Internet 43 v H10% -
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