MODELING VOTING SERVICE
TIMES WITH MACHINE LOGS
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MEASURING POLLING PLACE SERVICE TIMES




BACKGROUND AND MOTIVATION

+Long lines serious issue in American election administration

+Dominant theory on wait times suggests that the rate at which
voters arrive, the number of machines in a precinct, and the rate
at which voters vote determine line formation at a polling
location




DATA

+South Carolina uses ES&S iVotronic DRE machines in all
precincts

+Machines automatically create “machine-log” files that monitor
election day events as audit trail

- Logs only mark cast times

+Additional files include “ballot images” of cast votes




DATA (EL155, BALLOT IMAGES)

RUN DATE:11/08/16 09:56 PM FRECINCT 1l - Abbeville No. 1

VOTE. B/I CANDIDATES ERECEIVING A VOTE

5120096 4 = 10 Hillarv Rodham Clinton Fregsident and Vice Presiden
2120096 4 19 Thomas Dixon U 5 Senate

5120096 4 27 Hosea Clewveland COMGO03 President Disctrict 3
5120096 4 31l Floyd Nicholson SEN0010 Stace Senate District 10
5120096 4 35 Craig Gagnon HOUS011 S5tate House of Representatives D
5120096 q 38 David Stumbo Solicitor District 8

2120056 9 42 W/I CALLAHEN sheriff

5120096 B 44 Fmily Yeargin McMahan Clerk of Court

2120096 q 47 Ronnie Ashley Coroner

5120096 = 80 Charles H Goodwin CHNCLO03 County Council District 3
5120096 4 65 Susie E NHew Soil and Water District Commission
512009596 4 71 Harold McNeill MUNABBE Mayor

5120096 4 79 Jim Grant CTY0008 City Council District 8
2120096 1 82 Yes Sales and Use Tax Referendum
5120096 5 ® 14 Donald J Trump Fresident and Vice Presiden
2120056 ] 22 Tim Scott U S5 Senate

5120096 S 28 Jeff Duncan CONGOD3 President Distcrict 3
2120096 3 32 J Bryan Hope SENO0010 State S5enate District 10
5120086 5 35 Craig Gagnon HOUS011 S5tate House of Representatives D
5120096 -] 38 David Stumbo Solicitor District 8

21200896 = 21 Ray Watson aheriftf

5120096 5 44 EFmily Yeargin McHMahan Clark of Court

2120096 3 47 Ronnie Ashley Coroner

5120096 5 53 Billy NHNorris CHCLO0O4 County Council Distcrict 4
52120096 ] €5 Susie E New S0il and Water District Commission
5120096 5 71 Harold McNeill MUNABBE Mavyor

5120096 5 76 Joshua Brvan Baughman CITY0007 City Council Distcrict 7
5120096 5 83 No S5ales and Use Tax Referendum




DATA (EL152, MACHINE-LOGS)
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0002400
0000706
0001635
0001633
0001510
0001510
0002400
0002400
0002400
0000706
0001635
0001510
0001510
0001510
0001510
0001510
0001510

PEB access failed

Failed to retrieve EQC from PEB
Terminal shutdown - IPS exit
Terminal shutdown

Vote cast by voter

Vote cast by voter

PEB access failed

PEB access failed

PEB access failed

Failed to retrieve EQC from PEB
Terminal shutdown - IPS exit
Vote cast by voter

Vote cast by voter

Vote cast by voter

Vote cast by voter

Vote cast by voter

Vote cast by voter




BALLOT MARKING TIMES

+Times between consecutive ballot events can be thought of as
occupied time - but only when at capacity

— Think of time between votes as slack time + walk time +
ballot marking time + time standing at booth

+To minimize slack time, we restrict the voting machines that
enter the dataset




MACHINE RESTRICTION (TIME OF DAY)

. Difference in vote events, no
+Look at 7:15-7:30 time slot ostriction
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MACHINE RESTRICTION (USES PER 15 )

. Difference in vote events, 7:15-
+Look at machines used 4 7:30. 4 machines

+times in the 15 minute period
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CORRELATION WITH OBSERVED

. . Difference of observed v imputed,
+Look at precinct observation Richland County limited observations

+project data collected in 2016

+(13 observations)

Data from direct observation




PREDICTING MARKING TIMES

Length of ballot CVR
Voter behavior CVR
Demographics State demographic data @ precinct

level




Time period of timing

7:15-T-30am

All day

Pct. pop. = 65

Pct. pop. non-white

Thousand voters /machine

Undervote pet.

Straight-ticket pet.

00071
(0.113)

0.485%**
(0.0706)
-0.801*
(0.339)

-0.162
(0.210)

0.234
(0.143)

0.100*
(0.0468)

0. 405
(0.0382)

-1.802**
(0.221)

0.0775
(0.124)

0.531%*

(0.150)

Offices on ballot

Candidates on ballot

0.0279*
(0.0129)

0.0208=**
(0.00480)

0.0218**
(0.00612)

D.0118%*
(0.00171)

Constant

1,033
(0.165)

28354
(0.114)

Observations
R?

rmnse

1432
0.251
0.357

1552
(0.536
0.167

Standard errors i parentheses
*pa 0,05 ** p 001, *** p < 0.001




Time period of timing

7:15-T-30am

All day

Pct. pop. = 65

Pct. pop. non-white

00071
(0.113)

0.485%**
(0.0706)

0.100*
(0.0468)

0. 405
(0.0382)

Thousand voters /machine

Undervote pet.

Straight-ticket pet.

-0.801*
(0.339)

-0.162
(0.210)

0.234
(0.143)

1802+
(0.221)

00775
(0.124)

0.531%*

(0.150)

Offices on ballot

Candidates on ballot

Constant

0.0279*
(0.0129)

0.0208=**
(0.00480)

1,033
(0.165)

0.0218**
(0.00612)

D.0118%*
(0.00171)

28354
(0.114)

Observations
R?

rmnse

1432
0.251
0.357

1552
(0.536
0.167

Standard errors i parentheses
*pa 0,05 ** p 001, *** p < 0.001




Time period of timing

7:15-T:3am

All day

Pct. pop. = 65

Pct. pop. non-white

0.0071
(0.113)

0.485%**
(0.0706)

0.100*
(0.0468)

0. 405
(0.0382)

Thousand voters /machine

Undervote pet.

Straight-ticket pet.

Offices on ballot

Candidates on ballot

Constant

-0.801*
(0.339)

-0.162
(0.210)

0.234
(0.143)

0.0279*
(0.0129)

0.0208=**
(0.00480)

1,033
(0.165)

1802+
(0.221)

00775
(0.124)
0.531%

(0.150)

0.0218**
(0.00612)

D.0118%*
(0.00171)

28354
(0.114)

Observations
R?

rmnse

1432
0.251
0.357

1552
(0.536
0.167

Standard errors i parentheses
*pa 0,05 ** p 001, *** p < 0.001




Range = 0.825 min. (50 sec.)

A
4 N

| [ LEHETE TOEIE CEER D | B

-4 -.2 0 2 4
County-specific coefficient




DISCUSSION AND QUESTIONS




Comparison of multivari

ate regression results for different datasets

TIME OF DAY PARAMETERS

I'ime period
Irimming cut-off (min.)

7-7:15am

-

7:15-T:30am

7-7:30am

30

All day
30

Pct. pop. > 65

Pct. pop. non-white

I'hou. voters/machine

Undervote pct.

Straight-ticket pct.
Offices on ballot

Candidates on ballot

Constant

0.161
i0.143})

0.293%**
(0.0766)

D

962"

0.0215"

(0.00829)

1.969"°"

(0.297)

0.3307"*°
10.0919)

Ll

-0.314°
0,129

0.0236°
00983)

0.0220°"

1.9747"°

10.247)

0.0249"
(0.00042

0.0207*
(0.00897

2.':-.!-
.0.262)

-0.239
(0.234)

.0.224

e

0,172}

0.0228"**

).00628)

1.926"""°

-0.230
(0.260)

-0.467°

(0.226)

0.0229
(0.0204)
0.0212°°

0.00674)

0.435°*"
0.0620)

-0.0430
0.193)

-0.245°

0,1101

0.0243"
(0.0107)

0.0198°"°

10.00493)

1.976

-0.0981

10.201)

00213
(0.00586)

1.981°"

0.236
(0.154}
0.651°°*
0.0777

1.472°°

-0.0885
(0.229)

(N 178)
0.0217
0.0152)

106

0.00702)

0.233°°
(0.0836)

-0.0982
(0.119)
-(.7T88""*

(0,184}

0.0347°"°

'|:'.|:'”‘.""I

Ui&ss)

0.00243
(0.00300)

10.203)

(Yhearyation 1431 1

U.201 i
rmse 0.476 0.414
Standard errors in parentheses

- " E =8 ane
p < 0.05,

p < 0.01,




MACHINE REQUIREMENTS PARAMETERS

Timwe period T:15-T-30am T:15-T:30km All day All day
Machine cut-off 3 0 3 )
Pet. pop. = Gb (.045 (.02 (.25 (.o071*
[(1.165) (0.104) (0.107) (0.037)
Pot. pop. non-white T 416> (175 . (1761 Ui
(00056 (00.000) (0.039) (0.034)
Thom. ".'I..I|I."I.'H_,-'II[I'rI.-I.ZJli.ILI.' | R (LG17T** A (pipeee | NIE S
((1.507T) ((.267) (0.314) (0.185)
Undervote (1.385 (1. 20 .063 0037
([1.237) (0.222) (0.150) (0.077)
Straight-ticket pet. LG [0 A (.179 | R (330
(10,226 (0.171) (0.213) (0.118)
Offices on ballod s+ 02q*** 22+ 0013
((0.0014) ((0.004) (0.008) (0.004)
Candidates on ballot (LO2E*** (015 .11+ (.01 2%+
(1006 (0.007) (0.003) (0.002)
Clonstant 2182 2T 30645 2.2t
(10.191) (0.174) (0.135) (0.074)
Observations 1,453 1,006 1,557 1,510
= (.2749 (1.225 (1.661 (.4:35
Adjusted R2 (1.254 (1.194 .65 0.415
Residual Std. Error 16,381 (df = 1432) 040 (df = 1265) T.361 (df = 1506) 015 (df = 1459)

Note: fpel ] *Hp<005; *** el




