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Appendix A: Figures and Tables

Figure A.1: Geographic Coverage

Notes: This �gure shows polling place locations (overlaid on county shapes) colored by whether smartphone pings were observed.



Figure A.2: Placebo Day Wait Time Histograms

Notes: In this �gure, we replicate our sample construction across 14 placebo days (i.e. we apply our �lters to identifying a
\likely voter" but replace the sample and the date used in each �lter de�nition to the placebo date). The �gure corresponding
to Election Day (i.e. Figure 2 of the paper) is also shown, highlighted in orange. The �gure illustrates that our �lters identify a
plausible distribution of wait times on Election Day, but that applying the same set of �lters (with dates shifted accordingly)
produces a very di�erent distribution shape on other dates. Note that the Y-axes change across sub-�gures.
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Table A.1: Summary Statistics for Voter Wait Time Measures

(1) (2) (3) (4) (5) (6) (7) (8)

N Mean SD Min p10 Median p90 Max

Wait Time Measures

Primary Wait Time Measure (Midpoint) 154,489 19.13 16.89 0.51 5.02 13.57 40.83 119.50

Lower Bound Wait Time Measure 154,489 11.26 16.19 0.00 0.00 5.52 30.62 119.08

Upper Bound Wait Time Measure 154,489 27.00 20.33 1.02 9.28 20.30 54.52 119.98

Wait Time Is Over 30min 154,489 0.18 0.38 0.00 0.00 0.00 1.00 1.00

Race Fractions in Polling Area

Fraction White 154,411 0.70 0.26 0.00 0.27 0.79 0.96 1.00

Fraction Black 154,411 0.11 0.18 0.00 0.00 0.03 0.31 1.00

Fraction Asian 154,411 0.05 0.09 0.00 0.00 0.02 0.14 0.96

Fraction Hispanic 154,411 0.11 0.17 0.00 0.00 0.05 0.31 1.00

Fraction Other Non-White 154,411 0.03 0.04 0.00 0.00 0.02 0.07 0.99

Other Demographics

Fraction Below Poverty Line 154,260 0.11 0.12 0.00 0.01 0.07 0.26 1.00

Population (1000s) 154,489 2.12 1.87 0.00 0.84 1.71 3.56 51.87

Population Per Sq Mile (1000s) 154,489 3.81 9.44 0.00 0.20 1.99 7.04 338.94

Notes: Race fractions and other demographics are de�ned at the Census block group of the associated polling place. These
demographics correspond to the 2017 American Community Survey’s �ve-year estimates.

Figure A.3: Voter Volume by Hour of Day (Early vs. Late Open and Close States)

Notes: In this �gure, we use state poll opening and close times to further validate our �lters as identifying likely voters. Panel
A separately plots the histogram for the 10 states where polls open at 6am and the 22 that open at 7am; Panel B plots the
histograms for the 17 states that close at 7pm versus the 18 states that close at 8pm. We see relative spikes at 7am for the
states that open at 7am (orange histogram), and that the number of voters falls substantially at 7pm for states that close
at 7pm (orange histogram). [State open and close times are taken from: https://ballotpedia.org/State_Poll_Opening_and_

Closing_Times_(2016)#table. We omit states which do not have standardized open (Panel A) or close times (Panel B) across
the entire state.]
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Figure A.4: Comparison with CCES Data

Notes: The red line corresponds to the 45 degree line (lining up would indicate equality between the two measures). The gray
line is produced with lfit in Stata, giving the prediction of the Smartphone measure given the CCES measure. Both measures
are �rst independently empirical-Bayes-adjusted to account for measurement error.

Figure A.5: Wait Time Disparities by Racial Categories

Notes: This �gure repeats Figure 3 across other racial categories. We show the decile splits by Hispanic (Panel A), Asian
(Panel B), and \Other Non-White" (Panel C), and then group these categories together with Black in Panel D. Note that
\Asian" includes \Paci�c Islander." \Other Non-White" includes the \Other," \Native American," and \Multiracial" Census
race categories. \All Non-White" includes Black, Hispanic, Asian, and Other Non-White.
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Figure A.6: Wait Time Disparities by Fraction Below Poverty Line

Notes: This �gure repeats Figure 3 across the \Fraction Below Poverty Line" measure (top and bottom deciles).

Figure A.7: Wait Time Disparities: Stricter Likely Voter Filter

Notes: In this �gure, we repeat Figure 3 with a sub-sample of voters. Speci�cally, we use a more conservative �rst �lter for
identifying \likely voters." Our primary analysis limited the sample to individuals who (a) spent at least one minute at a polling
place, (b) did so at only one polling place on Election Day, and (c) did not spend more than one minute at that polling location
in the week before or the week after Election Day. Here we make (c) stricter by dropping anyone who visited any other polling
place on any day in the week before or after Election Day, e.g. we would thus exclude a person who only visited a school polling
place on Election Day, but who visited a church (that later serves a polling place) on the prior Sunday. This drops our primary
analysis sample from 154,489 voters down to 68,812 voters. Kernel densities are estimated using 1 minute half-widths. The 1st
decile corresponds to the 15,402 voters across 6,576 polling places with the lowest percent of black residents (mean = 0%). The
10th decile corresponds to the 6,881 voters across the 3,229 polling places with the highest percent of black residents (mean =
54%).
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Figure A.8: Main Specification Run on Placebo Days

Notes: In this �gure, we replicate our sample construction for the 14 placebo days around Election Day, similar to A.2. We
then repeat the regression used in Table 1, Panel A, Column 1 for each of these days. We �nd that none of these alternative
dates produces a positive coe�cient, suggesting that our approach likely identi�es a lower bound on the racial gap in wait times.
Additional Notes: Points correspond to coe�cients on \Fraction Black" (+/- 1.96 standard errors) from separate regressions.
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Table A.2: Fraction Black and Voter Wait Time: OLS
(1) (2) (3) (4) (5) (6)

Fraction Black 5.23��� 5.22��� 4.96��� 4.84��� 3.27��� 3.10���

(0.39) (0.39) (0.42) (0.42) (0.45) (0.44)

Fraction Asian -0.79 -2.48��� 1.30� -1.10 -0.66

(0.72) (0.74) (0.76) (0.81) (0.81)

Fraction Hispanic 1.15��� 0.43 3.90��� 1.50��� 1.72���

(0.37) (0.40) (0.46) (0.50) (0.50)

Fraction Other Non-White 12.01��� 11.76��� 1.66 2.04 1.75

(1.94) (1.95) (1.89) (1.93) (1.93)

Fraction Below Poverty Line 0.06 -2.03��� 0.28 1.10

(0.74) (0.71) (0.67) (0.67)

Population (1000s) 0.43��� 0.32��� 0.28��� 0.27���

(0.06) (0.05) (0.05) (0.05)

Population Per Sq Mile (1000s) 0.04��� 0.07��� 0.06��� 0.06���

(0.01) (0.01) (0.01) (0.01)

Android (0 = iPhone) 0.38���

(0.10)

N 154,411 154,411 154,260 154,260 154,260 154,260

R2 0.00 0.00 0.01 0.06 0.13 0.17

DepVarMean 19.13 19.13 19.12 19.12 19.12 19.12

Polling Area Controls? No No Yes Yes Yes Yes

State FE? No No No Yes Yes Yes

County FE? No No No No Yes Yes

Hour of Day FE? No No No No No Yes

� p < 0:10, �� p < 0:05, ��� p < 0:01

Notes: In this �gure we repeat Table 1, Panel A, but display the coe�cients on
control variables (Fraction Below Poverty Line, Population, Population Per Sq
Mile). We additionally add column 6 which adds two additional sets of control
variables: �xed e�ects for each hour of the day (hour of arrival for a wait time)
and whether the cellphone is Android (vs. iPhone). Additional Notes: Robust
standard errors, clustered at the polling place level, are in parentheses. Unit of
observation is a cellphone identi�er on Election Day. DepVarMean is the mean
of the dependent variable. Polling Area Controls includes the population, pop-
ulation per square mile, and fraction below poverty line for the block group
of the polling station. \Asian" includes \Paci�c Islander." \Other Non-White"
includes the \Other," \Native American," and \Multiracial" Census race cat-
egories. Column 6 adds an additional speci�cation beyond Table 1; there we
include �xed e�ects for the hour of arrival (i.e. the �rst ping of a waiting spell
within the 60 meters of the polling place centroid) and a dummy variable for
whether the observation corresponds to an Android phone.

Table A.3: Fraction Black and Voter Wait Time: LPM
(1) (2) (3) (4) (5) (6)

Fraction Black 0.12��� 0.12��� 0.11��� 0.10��� 0.07��� 0.06���

(0.01) (0.01) (0.01) (0.01) (0.01) (0.01)

Fraction Asian -0.00 -0.04�� 0.04�� -0.02 -0.01

(0.02) (0.02) (0.02) (0.02) (0.02)

Fraction Hispanic 0.03��� 0.01 0.08��� 0.03��� 0.04���

(0.01) (0.01) (0.01) (0.01) (0.01)

Fraction Other Non-White 0.21��� 0.21��� 0.03 0.05 0.04

(0.04) (0.04) (0.04) (0.04) (0.04)

Fraction Below Poverty Line -0.02 -0.05��� 0.01 0.03�

(0.02) (0.02) (0.01) (0.01)

Population (1000s) 0.01��� 0.01��� 0.01��� 0.01���

(0.00) (0.00) (0.00) (0.00)

Population Per Sq Mile (1000s) 0.00��� 0.00��� 0.00��� 0.00���

(0.00) (0.00) (0.00) (0.00)

Android (0 = iPhone) 0.01���

(0.00)

N 154,411 154,411 154,260 154,260 154,260 154,260

R2 0.00 0.00 0.01 0.04 0.10 0.14

DepVarMean 0.18 0.18 0.18 0.18 0.18 0.18

Polling Area Controls? No No Yes Yes Yes Yes

State FE? No No No Yes Yes Yes

County FE? No No No No Yes Yes

Hour of Day FE? No No No No No Yes

� p < 0:10, �� p < 0:05, ��� p < 0:01

Notes: In this �gure we repeat Table 1, Panel B, but display the coe�cients on
control variables (Fraction Below Poverty Line, Population, Population Per Sq
Mile). We additionally add column 6 which adds two additional sets of control
variables: �xed e�ects for each hour of the day (hour of arrival for a wait time)
and whether the cellphone is Android (vs. iPhone). Additional Notes: Robust
standard errors, clustered at the polling place level, are in parentheses. Unit of
observation is a cellphone identi�er on Election Day. DepVarMean is the mean
of the dependent variable. The dependent variable is a binary variable equal to
1 if the wait time is greater than 30 minutes. Polling Area Controls includes the
population, population per square mile, and fraction below poverty line for the
block group of the polling station. \Asian" includes \Paci�c Islander." \Other
Non-White" includes the \Other," \Native American," and \Multiracial" Cen-
sus race categories. Column 6 adds an additional speci�cation beyond Table
1; there we include �xed e�ects for the hour of arrival (i.e. the �rst ping of a
waiting spell within the 60 meters of the polling place centroid) and a dummy
variable for whether the observation corresponds to an Android phone.
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Table A.4: Robustness: Regressions for Figure 4
(1) (2) (3) (4) (5) (6) (7) (8) (9) (10) (11)

Panel A: Lower to Upper Bound Split (10% increments)

Lower S1 S2 S3 S4 Midpoint S6 S7 S8 S9 Upper

Fraction Black 4.71��� 4.82��� 4.92��� 5.02��� 5.13��� 5.23��� 5.33��� 5.44��� 5.54��� 5.65��� 5.75���

(0.35) (0.36) (0.36) (0.37) (0.38) (0.39) (0.40) (0.41) (0.42) (0.43) (0.45)

N 154,411 154,411 154,411 154,411 154,411 154,411 154,411 154,411 154,411 154,411 154,411

R2 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00

DepVarMean 11.26 12.83 14.40 15.98 17.55 19.13 20.70 22.28 23.85 25.42 27.00

Panel B: Reasonable Values (See Notes)

RV1 RV2 RV3 RV4 RV5 RV6 RV7 RV8 RV9 RV10

Fraction Black 5.78��� 5.33��� 5.23��� 5.23��� 5.28��� 5.37��� 3.26��� 3.32��� 3.39��� 3.56���

(0.54) (0.49) (0.45) (0.39) (0.39) (0.39) (0.23) (0.23) (0.23) (0.23)

N 159,046 158,167 156,937 154,411 154,014 153,433 141,170 140,470 139,788 138,452

R2 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00

DepVarMean 22.92 21.79 20.63 19.13 19.17 19.24 15.64 15.71 15.78 15.91

Panel C: Radius Around Building (10 to 100 meters)

Rad10 Rad20 Rad30 Rad40 Rad50 Rad60 Rad70 Rad80 Rad90 Rad100

Fraction Black 1.43��� 1.95��� 2.86��� 3.98��� 4.53��� 5.23��� 5.68��� 6.22��� 6.72��� 6.99���

(0.39) (0.32) (0.33) (0.35) (0.37) (0.39) (0.41) (0.43) (0.46) (0.48)

N 60,822 120,921 150,994 161,728 161,140 154,411 144,880 134,133 123,417 113,797

R2 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00

DepVarMean 12.09 14.00 15.63 17.00 18.16 19.13 20.00 20.71 21.32 21.81

� p < 0:10, �� p < 0:05, ��� p < 0:01

Notes: Robust standard errors, clustered at the polling place level, are in
parentheses. Unit of observation is a cellphone identi�er on Election Day.
DepVarMean is the mean of the dependent variable. All speci�cations are of
the form used in Column 1 of Panel A, Table 1. See further notes on Figure
4.

Table A.5: Stricter Likely Voter Filter: Fraction Black
and Voter Wait Time

(1) (2) (3) (4) (5)

Panel A: Ordinary Least Squares (Y = Wait Time)

Fraction Black 4.97��� 4.93��� 4.38��� 4.31��� 2.70���

(0.53) (0.53) (0.56) (0.57) (0.63)

Fraction Asian -1.98� -3.80��� 0.78 -2.21�

(1.05) (1.11) (1.10) (1.18)

Fraction Hispanic 1.21�� 0.23 4.27��� 2.10���

(0.52) (0.56) (0.67) (0.74)

Fraction Other Non-White 12.54��� 11.86��� 0.85 2.05

(2.26) (2.27) (2.22) (2.46)

N 68,811 68,811 68,724 68,724 68,724

R2 0.00 0.00 0.01 0.06 0.14

DepVarMean 19.38 19.38 19.36 19.36 19.36

Polling Area Controls? No No Yes Yes Yes

State FE? No No No Yes Yes

County FE? No No No No Yes

Panel B: Linear Probability Model (Y = Wait Time > 30min)

Fraction Black 0.11��� 0.11��� 0.11��� 0.09��� 0.05���

(0.01) (0.01) (0.01) (0.01) (0.01)

Fraction Asian -0.00 -0.04� 0.05� -0.03

(0.02) (0.02) (0.02) (0.03)

Fraction Hispanic 0.03�� 0.01 0.09��� 0.04��

(0.01) (0.01) (0.02) (0.02)

Fraction Other Non-White 0.22��� 0.21��� 0.02 0.05

(0.05) (0.05) (0.05) (0.06)

N 68,811 68,811 68,724 68,724 68,724

R2 0.00 0.00 0.01 0.05 0.12

DepVarMean 0.18 0.18 0.18 0.18 0.18

Polling Area Controls? No No Yes Yes Yes

State FE? No No No Yes Yes

County FE? No No No No Yes

� p < 0:10, �� p < 0:05, ��� p < 0:01

Notes: Robust standard errors, clustered at the polling place level, are in
parentheses. Unit of observation is a cellphone identi�er on Election Day.
DepVarMean is the mean of the dependent variable. The dependent variable
in Panel B is a binary variable equal to 1 if the wait time is greater than
30 minutes. Polling Area Controls includes the population, population per
square mile, and fraction below poverty line for the block group of the polling
station. \Asian" includes \Paci�c Islander." \Other Non-White" includes
the \Other," \Native American," and \Multiracial" Census race categories.
See further notes on Figure A.7.
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Appendix B: Mechanisms

In Section 4 of the paper, we documented large and persistent differences in wait times

for areas with a larger fraction of black residents relative to white residents. In this section,

we explore potential explanations for these differences. This descriptive exercise is important

as different mechanisms may imply different corrective policies. For example, if wait time

disparities are driven by differential job flexibility (and thus bunching in busy arrival hours),

the best policy response might be to create Federal holidays for elections (e.g. as proposed

in “Democracy Day” legislation). By contrast, if the disparity is driven by inequalities in

provided resources, the optimal policy response might be to set up systems to monitor and

ensure equal resources per voter across the nation.

The nature of our data does not lend itself to a deep exploration of mechanism. A complete

understanding of mechanism would likely need to include a large amount of investigative

work including data for the quantity and quality of resources at the level of a polling place.

There are also two measurement and identification issues to keep in mind. First, as noted in

Section 3, our wait time measure may include voters who abandon the line after discovering

a long wait time. Second, our estimates are conditional on a voter turning out. Each of the

mechanisms below could affect either of these intermediate outcomes. For example, a Strict

ID law could increase the amount of time it takes to process a single voter. However, it may

also discourage potential voters from turning out to vote (decreasing the actual queue length

for the marginal voter) and it could increase the likelihood that a voter who does turnout

would leave the line early (decreasing the average measured time from our method). These

two issues thus further caution against using this analysis in isolation to identify the causal

effect of addressing these mechanisms. However, in our analysis below, we are able to cast

doubt on a few potential mechanisms and draw some tentative conclusions that at the very

least may help guide further work that attempts to pinpoint causal determinants of wait

times.

B.1 Inflexible Arrival Times

One potential mechanism for the differences in wait times that we find is that areas differ

in the intensity of voting that occurs at different times of day. For example, it is possible

that polling stations in black and white areas are equally resourced and prepared to handle

voters, but that voters in black areas are more likely to show up all at once. This could occur,

for example, if black voters have less flexible jobs than white voters and therefore can only

vote in the early morning or evening. This mechanism for differences in wait times is a bit
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more indirect than other potential mechanisms in that it is not driven by less attention or

resources being devoted to black areas, but rather is a result of congestion caused by more

general features of the economy (e.g. job flexibility).

To test for evidence of this mechanism, Figure B.1 plots the density of arrival time for

voters from the most black areas (highest decile) and from the the least black areas (lowest

decile).1 A visual inspection of Figure B.1 shows quite minor differences in bunching. Voters

in black areas are slightly more likely to show up in the very early morning hours whereas

voters in white areas are slightly more likely to show up in the evening.

Figure B.1 does not appear to make a particularly strong case for bunching in arrival

times. However, as we showed in Panel B of Figure A.3, wait times are longer in the morn-

ing (when black voters are slightly more likely to show up). A simple test to see if these

differences are large enough to explain the racial disparities we find is to include hour-of-

the-day fixed effects in our main regression specification. These fixed effects account for any

differences in wait times that are due to one group (e.g. voters from black areas) showing

up disproportionately during hours that have longer wait times. We include hour-of-the-day

fixed effects in Column 6 of Appendix Table A.2. The coefficient on fraction black drops from

a disparity of 3.27 minutes to a disparity of 3.10 minutes, suggesting that hour-of-the-day

differences are not a primary factor that contributes to the wait-time gap that we find.

A different way to show that bunching in arrival times is not sufficient to explain our

results is to restrict the sample to hours that don’t include the early morning. In Appendix

Table B.1, we replicate our main specification (Column 4 in Table 2), but only use data

after 8am, 9am, and 10am. We continue to find strong evidence of a racial disparity in wait

times despite the fact that this regression is including hours of the day (evening hours) when

white areas may be more congested due to bunching. This table also provides estimates that

exclude both morning and evening hours when there are differences in bunching by black and

white areas and also restricts to just evening hours where white areas have higher relative

volume in arrivals. Once again, we find strong black-white differences in voter wait times

during these hours.

We conclude that the evidence does not support congestion at the polls due to bunching

1We restrict the sample to the 32 states that opened no later than 7am and closed no earlier than
7pm, and restrict the range to be from 7am to 7pm in order to avoid having attrition in the graph due
to the opening and closing times of di�erent states. We thus exclude the following states from this �gure:
Arkansas, Georgia, Idaho, Kansas, Kentucky, Maine, Massachusetts, Minnesota, Nebraska, New Hampshire,
North Dakota, Tennessee, Vermont. Despite this sample restriction, we �nd a similar disparity estimate in
this restricted sample (coe�cient = 5.43; t = 13; N = 124,950) as in the full sample (coe�cient = 5.23; t =
14; N = 154,411).
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