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IN THE UNITED STATES DISTRICT COURT 
FOR THE SOUTHERN DISTRICT OF TEXAS 

LAREDO DIVISION 

Sylvia Bruni, Texas Democratic Party, DSCC, and 
DCCC, and Jessica Tiedt,  

Plaintiffs, 

v. 

RUTH HUGHS, in her official capacity as the 
Texas Secretary of State, 

Defendant. 

Civil Action No. 5:20-cv-35 

SECOND EXPERT DECLARATION OF DR. MUER YANG  

I, Dr. Muer Yang, am over the age of 18, have personal knowledge of the facts stated in 

this declaration, and can competently testify to their truth. 

INTRODUCTION 

1. This second expert declaration responds to the June 3rd, 2020 declaration of Dr. Stephen

C. Graves (“the Graves Declaration”). In preparing this second declaration, I have reviewed

the Graves Declaration and the deposition of Dr. Graves, which was held on June 12, 2020. 

2. Some of the analyses below and in my initial declaration are based on data regarding the

number of voters that arrived at Travis County polling places on Election Day 2016 and

the number of voting machines that were used at each of those polling places. This

information was provided by Travis County officials to counsel for Plaintiffs pursuant to a

public records request. Plaintiffs’ counsel sent Defendant’s counsel these data on April 9,

2020. On the day this declaration was filed, a Travis County official sent counsel for

Plaintiffs an updated version of these data. The Travis County officials had not previously

indicated that they intended to update these data. Because I have not had time to review
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and analyze the updated data, I intend to submit a third declaration as soon as possible 

incorporating the new data into my analysis below, where it is relevant.  

 

GENERAL RESPONSE TO DR. GRAVES’S ANALYSIS 

3. The Graves Declaration’s analysis relies on the claim that voters who use the STV option 

when it is available (“ST voters”) and those who do not (“non-ST voters”) are 

“fundamentally different,” which will cause those two groups of voters to behave 

differently when the STV option is not available. In this declaration, I explain that this 

assumption is illogical. 

4. Using this claim about a “fundamental difference” between ST voters and non-ST voters, 

the Graves Declaration proposes a descriptive model to demonstrate what effect 

eliminating the STV option might have had on wait times in Travis and Fort Bend Counties 

in the November 2016 election. The Graves Declaration’s descriptive model is based on 

the assumption that, even when the STV option is not available, “the ST voter would 

behave effectively the same as when there is the STV option.” To that end, the descriptive 

model assumes that, without the STV option, ST voters will “decide[] to vote, effectively, 

a straight ticket” by making selections in each partisan race without deliberation. Thus, 

“the voter will execute the vote as quickly as possible; that is, as quickly as one can make 

a click for each partisan election.”  

5. Dr. Graves identifies no evidentiary basis for assuming ST voters will engage in this 

behavior or study suggesting that, in reality, voters who would have used the STV option 

if it was available engage in such behavior when the STV option is not available. This calls 

into serious question the reliability of the descriptive model and suggests that the 
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descriptive model underestimates the increase in average voting time that would be caused 

by the elimination of the STV option. 

6. Even accepting the assumption that after elimination of the STV option, those who 

previously used the STV option will behave “effectively the same as when there is the STV 

option,” the Graves Declaration fails to apply the descriptive model according to that 

assumption. The failure to do so underestimates the increase in average voting time caused 

by the elimination of the STV option, and thus also underestimates the increase in wait 

times that would result. 

7. After correcting the Graves Declaration’s misapplication of its own descriptive model, I 

demonstrate below that it too can lead to excessive polling-place lines when the STV option 

is eliminated. As a result, the Graves Declaration fails to rebut my opinions that HB 25’s 

elimination of the STV option will lead to significantly longer average wait times for voters. 

8. The Graves Declaration takes issue with my choice of average-voting-time scenarios used 

in my first declaration, particularly my 6-minute scenario in Travis County. But as 

explained below, empirical evidence supports my choices of 4- and 6- minute scenarios in 

Travis County, and 3-, 4-, and 5-minute scenarios in Fort Bend County. In fact, a study 

cited by the Graves Declaration for this point supports the reasonableness of the 6-minute 

scenario in Travis County. 

 

CRITIQUE OF THE DESCRIPTIVE MODEL 

9. The Graves Declaration proposes a descriptive model to estimate the increase in the 

average voting time caused by the elimination of the STV option. The descriptive model is 

based on a series of claims and assumptions. The Graves Declaration claims that (1) ST 

voters are “fundamentally different” from non-ST voters. Based on (1), the descriptive 
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model assumes that (2) the ST voter would behave the same regardless of the STV option 

and that (3) the ST voter does not need additional time to deliberate the choice when the 

STV option is removed, with the “sole objective” of executing the vote “as quickly as they 

can.” 

10. The claim that ST voters are “fundamentally different” from non-ST voters in a way that 

will cause them to behave differently in the scenario in which there is no STV option is 

unwarranted. As Dr. Graves stated in his deposition,1 he is unaware of any research on how 

ST voters behave when the STV option is not made available to them. Nor is he making 

this claim based on identifiable differences among these groups, such as level of political 

participation, partisan affiliation, socioeconomic status, or their ability to spend a certain 

amount of time in the polling place.2 Instead, the sole evidentiary basis for this claim is the 

fact that these two groups of voters behave differently in a scenario in which an STV option 

is made available to them. But in the alternative scenario in which the STV option is not 

made available to the voters, that one factor that caused voters to behave differently is gone; 

there is now no basis for predicting that these voters will behave differently. Because in 

the latter scenario there are no differentiating characteristics between the two groups, it is 

more reasonable to assume that they will behave similarly. 

11. The Graves Declaration’s claim that ST voters and non-ST voters will behave differently 

in the scenario in which there is no STV option, instead, must be based on assumptions 

about the reasons voters choose to use the STV option when it is available. This is reflected 

in the declaration’s descriptive model, which depicts an ST voter as someone who, having 

decided “to vote one party (Democrat or Republican) in each of the partisan elections,” has 

                                                       
1 Deposition of Dr. Graves at 93-96. 
2 Deposition of Dr. Graves at 89-93. 
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“no need” to “deliberate on the election choice” in each race and thus “execute[s] the vote 

as quickly as possible.”3 But there are many reasons one might choose to utilize the STV 

option or not that would not cause ST voters and non-ST voters to behave differently when 

the STV option is not available. For example, a voter who has determined to vote for all 

candidates in a single party might still decline the STV option because he is not sure how 

the STV option works (e.g., Campbell and Byrne 2009). By contrast, a voter who intends 

to split his ticket (i.e., vote for candidates of different parties in different races) might 

nonetheless select the STV option because he has the ability to change the selections made 

by the STV option in specific races. While these reasons might explain why a given voter 

chose the STV option or not when the option was available, they offer no reason to believe 

ST voters and non-STV voters would behave differently in a systematic way when the STV 

option is not available. 

12. Since these assumptions about the differences between ST voters and non-ST voters are 

flawed, the assumptions of the descriptive model that an ST voter would need “no 

additional time to deliberate the choice” in each partisan race has no basis.   

13. Separately, as the remainder of this section explains, the Graves Declaration’s application 

of the descriptive model contradicts the claims and assumptions just described. In doing so, 

the analysis in the Graves Declaration significantly underestimates the increase in voting 

time (and the resulting wait times) caused by the elimination of the STV option.  

14. In its Travis County analysis, the Graves Declaration supposes “as does Dr. Yang, the ST 

voter now votes on 15 additional items,” i.e., that ST voters will make selections in 16 total 

partisan races.4 Here, the Graves Declaration is relying on my initial declaration, in which 

                                                       
3 Declaration of Dr. Graves at ¶ 68. 
4 Declaration of Dr. Graves at ¶ 77 & n.12. 
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I calculated the average number of partisan “contested-equivalent” items on which non-ST 

voters made selections in Travis County in 2016, which I determined to be 16.5 This is a 

weighted average, as discussed in my initial declaration, which considers the number of 

actual votes received from non-ST voters on Election Day and whether a particular item 

was uncontested.6 I needed to calculate this figure because of the assumptions in my initial 

declaration that (1) former ST voters would behave similarly to non-ST voter when the 

STV option is removed and (2) the average time to vote is proportional to the average 

number of ballot items that are voted on. By adopting this figure when applying his 

descriptive model, however, the Graves Declaration assumes that ST voters will behave 

the same as non-ST voters when the STV option is not available, which contradicts his 

basic assumption that these voters are “fundamentally different” and thus will behave 

differently when the STV option is not available. 

15. Moreover, in assuming ST voters would make selections in 16 partisan races when the STV 

option is not available, the Graves Declaration assumed ST voters would vote in 

significantly fewer partisan races when the STV option is not available than when they 

would when the STV option is available. Despite there being 30-32 partisan races on the 

ballot in Travis County in 2016, the Graves Declaration assumes ST voters would have 

made selections in only 16 partisan races if the STV option was not made available. This 

contradicts the descriptive model’s purpose of demonstrating how ST voters would behave 

if they attempted to “vote, effectively, a straight ticket,” even in the absence of the STV 

                                                       
5 This number is derived from the information in Paragraphs 32 and 34 of my initial declaration (i.e., 20-5+1=16). 
6 The following example demonstrates this process. Suppose a ballot has 2 partisan items; the first item is contested, 
and the second is uncontested. 10 non-ST voters cast ballot on Election Day. From these voters, the first ballot item 
received 8 votes and the second item receives 6 votes. This means that some non-ST voters failed to make selections 
on both items on the ballot. Under this scenario, a non-ST voter made selections on an average of 0.8 (=1*8/10) 
contested items and an average of 0.6 (=1*6/10) uncontested items. Converting them into the “contested-equivalent” 
items, a non-ST voter voted an average of 1 (=0.8 + 0.6/3) contested item.  
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option.7 When a voter votes a straight ticket, selections are applied in every partisan race 

on the ballot. Thus, the Graves Declaration should have assumed that ST voters would 

make selections in all (i.e., 30-32) partisan items on the ballot.8  

16. By failing to apply the descriptive model in a manner consistent with the assumptions on 

which it relies, the results of the analysis in the Graves Declaration significantly 

underestimate the increase in average voting time caused by eliminating STV in Travis 

County, and thus the resulting increase in wait times. The Graves Declaration assumes that, 

when the STV option is removed, an ST voter would take 5 seconds per click on each of 

the 15 additional partisan items selected, which would have increased voting time by 75-

second. But if the Graves Declaration assumed ST voters in Travis County would have 

made selections in each partisan item, as it should have, the increase in wait time would 

have been 145 (=29*5) to 155 (=31*5) seconds, essentially double the increase in voting 

time that the Graves Declaration assumes. 

17. The same applies to the Fort Bend County analysis in the Graves Declaration. Despite that 

there were 24 to 27 partisan items on the ballot in Travis County in 2016, the Graves 

Declaration assumes ST voters would make selections in only 18 partisan items. Again, by 

doing so, the Graves Declaration assumes that ST voters will behave the same as non-ST 

voters when the STV option is not available, and thus significantly underestimates the 

increase in voting time and wait times caused by the elimination of STV.  

                                                       
7 Declaration of Dr. Graves at ¶ 68. 
8 In the context of applying the descriptive model, my assumption that it would take 1/3 the time to make a selection 
in an uncontested race as it would an uncontested race would not apply. The descriptive model assumes that, on each 
partisan item on the ballot, a former ST voter takes only as long as it takes to “first (i) identify the candidate of one’s 
party and then (ii) just touch the screen to place the vote.” Declaration of Dr. Graves at ¶ 72. The former ST voter 
would have to take the same steps even in an uncontested race: (i) identify whether the candidate running unopposed 
belonged to the party for which the voter was supporting, and (ii) make the selection accordingly. The choice not to 
make a selection would not materially reduce the voting time in this scenario.  
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18. In sum, the basic assumptions under which the descriptive model operates are flawed. And 

the descriptive model built on those assumptions has no evidentiary support. Yet, even 

taking those assumptions as true and the descriptive model at face value, the manner in 

which the Graves Declaration applies the descriptive model squarely contradicts the 

assumptions on which it is based. The result is an analysis that significantly underestimates 

the increase in voting time and polling-place wait times that would be caused by the 

elimination of the STV option. 

 

DEMONSTRATING THE SENSITIVITY OF THE DESCRIPTIVE MODEL 

Estimating the Increase in Average Voting Time Caused by Eliminating STV 

19. As Dr. Graves stated in his deposition,9 his estimate that it would take a former ST voter 

five seconds to vote in a partisan race was arbitrary and was not based on any empirical 

data. Because small alterations in average voting time can cause non-linear increases wait 

times, it is important to consider what occurs if his arbitrary estimation is wrong, even by 

just a few seconds. 

20. To demonstrate the sensitivity of the descriptive model, I use 10 seconds, rather than five, 

to represent the time a ST voter will take to read, deliberate, and execute the vote in a 

partisan race. I also correct the Graves Declaration’s improper application of the 

descriptive model by assuming that former ST voters make selections in each partisan race 

on the ballot.  

21. In Travis County in 2016, there were 30 to 32 partisan races on ballot. For simplicity, I will 

use 31 in the following analysis. If former ST voters took just 10 seconds per partisan item 

                                                       
9 Deposition of Dr. Graves at 156. 
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on the ballot, the average voting time across all voters would have increased by 156 seconds 

(=(31-1)*10*52%), which is 2.6 minutes.  

22. A recent study (Stein et al. 2019) observed and timed voters on Election Day in 2016 across 

28 counties in 19 states, and concluded that “the opportunity to vote a straight ticket 

significantly reduces the time to ballot.”10 The study’s regression model reports that the 

existence of an STV option decreases the average voting time across all voters by 79 

seconds (when holding other factors constant). I will use this result as an empirical 

reference point.  

23. Below, I use the following scenarios for the increase in average voting times among all 

voters in Travis County as a result of the elimination of the STV option: 1.32 minutes (79 

seconds), 1.75 minutes (105 seconds), and 2.6 minutes. Each of these scenarios lie between 

the scenarios in the Graves Declaration (0.65 minutes) and the Scenario 2 in my initial 

declaration (4 additional minutes). The 79-seconds figure comes from Stein et al. (2019), 

the 2.6-minutes figure comes from Dr. Graves’s descriptive model, and the middle-ground 

105-seconds figure represents the upper end of the 95% confidence interval of the 79-

second increase found in Stein et al. (2019).11  

24. According to Fort Bend County Judge KP George and Fort Bend County Elections 

Administrator John Oldham, the elimination of the STV option would increase average 

voting time in Fort Bend County from 1 to 3 minutes to 7 to 10 minutes.12 Their estimation 

is similar to Scenario 1 in my initial declaration. In Scenario 1, I assumed the average time 

                                                       
10 Page 10 in Stein et al. (2019). 
11 According to the authors of Jaffe et al. (2018), due to the relatively low R2 of the regression model, it is 
recommended to use the upper end of the confidence interval for planning purpose rather than the average. 
12 https://communityimpact.com/houston/sugar-land-missouri-city/city-county/2019/03/31/fort-bend-county-
officials-foresee-longer-wait-times-without-straight-ticket-voting-option-in-2020/ 
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to vote with STV was 3 minutes and the average time to vote without STV was 10.8 

minutes. 

25. Fort Bend County had a shorter ballot in the 2016 presidential election than Travis County. 

There were 24 to 27 partisan races and almost no one voted the non-partisan races on 

Election Day. For simplicity, I will use 25.5 (=(24+27)/2) races in the following analysis. 

Assuming former ST voters take 10 seconds per partisan item, the average voting time 

would increase by 191.1 seconds (=10*(25.5-1)*0.78), which is 3.2 minutes. Using 

Scenario 1, the average voting time without STV was 6.2 minutes. Thus, in the Fort Bend 

County section below, I use the following scenarios of average voting time to represent the 

scenario in which the STV option is not available: 6.2 minutes, 7 minutes, and 10 minutes.  

26. The results of the exercises below demonstrate that the non-linear increase in wait time 

caused by very small increases in average voting time can cause disastrous wait times at 

polling places. 

Travis County 
 

27. In my initial declaration, I assumed that the bottleneck at polling places would occur at 

voting machines. With this assumption, I approximated the real voting process by a single 

stage queue system. It is important to note that this assumption does not matter for purposes 

of my analysis. If the analysis indicates that there will be waiting at the polling place, a 

bottleneck occurring somewhere else (e.g., the check-in desk) can only operate to 

exacerbate the total wait time voters experience at that polling place; it cannot decrease the 

total amount of wait time voters experience at that polling place.  

28. Travis County used DRE voting machines in the 2016 presidential election. The real voting 

process can be approximated by a two-stage tandem M/M/c queue system, where the first 
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stage is the check-in and the second stage is the voting machines. In order to estimate the 

total expected wait time at a polling place, we need to estimate the average wait at the 

check-in station and the average wait at the voting machines. Due to the properties of the 

two-stage tandem M/M/c queue, the queue at each stage can be treated independently and 

the arrival processes to the check-in stage and to the voting machine stage are the same, as 

long as the first stage queue is not overloaded. In other words, in the framework of the two-

stage tandem M/M/c queue system, the total expected wait time is simply the sum of the 

expected wait times at the check-in and at the voting machines. 

29. In order to estimate the expected wait at the check-ins, I need to first estimate the average 

time to check in a voter and the number of pollbooks at each polling place. Remias and 

Bell (2014) reports that it usually takes 45–60 seconds to check in a voter if this voter is 

listed in the electronic poll book. The sample in Stein et al. (2019) shows an average of 81 

seconds to check in a voter on Election Day, but this sample includes polling places that 

do not use electronic poll books. Stein et al. (2019) also points out that the check-in time 

is correlated with other factors, such as the number of poll workers, and community 

demographics. Due to the comparable numbers of check-in times from Remias and Bell 

(2014) and Stein el al (2019), for simplicity, I use 63 seconds (=(45+81)/2) as the average 

check-in time in the queue formula. To be reasonable, I assume that the number of 

electronic pollbooks at a polling place is sufficient so that the check-in stage is not 

overloaded on Election Day. To be conservative, I use the M/M/c queue to determine the 

minimum number of electronic pollbooks at each polling place so that the queue at the 

check-in stage is not overloaded. As a result, out of the 194 polling places, 153 polling 

places needed just 1 electronic pollbook, 39 polling places needed 2 electronic poll books, 
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and 2 polling places needed 3 electronic poll books. The average wait time at the check-in 

stations in Travis County is estimated to be 2.9 minutes.13 

30. In my initial declaration, I set up 4 scenarios of average voting time (4 minutes, 6 minutes, 

8 minutes and 10 minutes) for the purpose of demonstrating the effect that eliminating STV 

would have on wait times at different polling places. Under the 4-minute scenario, based 

on the M/M/c queue results, nearly all polling places would have had essentially no wait . 

Thus, I consider 4 minutes to be a very conservative scenario. On the other hand, based on 

the M/M/c queue results, about 70% of the polling places would have overloaded queues 

if the average voting time is 10 minutes.  

31. There are no available data regarding how long voters in Travis County waited on Election 

Day in 2016. However, survey results published by the MIT Election Lab (2018) indicate 

the average wait time in Texas during the 2016 election was 11 minutes. I will assume that 

this was the average wait time in Travis County on Election Day in 2016.  

32. Using the two-stage tandem queue described above, I calculated the expected total wait 

times (including the wait at the check-in and at the voting machines) for all polling places 

in Travis County using the M/M/c queue formula when the average voting time is set at 4 

minutes, 6 minutes, and 8 minutes, respectively. The voter’s average wait time is computed 

by taking the weighted average of the expected wait times at all 194 polling places, where 

the weight is the number of voters at each polling place. Table 1 summarizes the result. 

 

 

 

                                                       
13 Full results are included in the excel files submitted with this declaration. 
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Table 1 Average Total Wait Time with STV in Travis County 

 Average Voting Time 
4 minutes 6 minutes 8 minutes 

Avg Wait at DREs (min) 0.5 6.4 40* 
Average Total Wait (min)  3.4 9.3 43* 

 
* For simplicity, this number is the weighted average of the expected wait times using the sample of polling places 
(excluding the largest and the smallest voting/machine ratio polling places) in my initial declaration. 
 

33. The results in Table 1 show that the average total wait in the 4-minute scenario is expected 

to be 3.4 minutes; in the 6-minute scenario, the average total wait is 9.3 minutes; and in the 

8-minute scenario, the average total wait is 43 minutes. Because the 6-minute voting time 

scenario produces the average wait time closest to 11 minutes, I find that to be the most 

likely scenario.  

34. It is important to emphasize that these scenarios are based on county-wide average voting 

times. The average voting time at a given polling place is likely shorter or longer than the 

county-wide average. As a result, the average wait time at a given polling place that the 

M/M/c predicts in this analysis may not match what actually occurred in 2016. Thus, the 

Graves Declaration’s assertion that a 6-minute average voting time in Travis County is 

unrealistic because the M/M/c model predicts excessive wait times at one single polling 

place misses the point. If it is the case that the Senior Activity Center - Lamar polling place 

had a smaller average wait time than the M/M/c model predicts using the 6-minute county-

wide average, that fact merely suggests that the average voting time at that polling place 

was less than 6 minutes; it by no means requires the conclusion that the county-wide voting 

time average was less than 6 minutes.  

35. Thus, in the analysis that follows, I assume the average voting time in 2016 was 6 minutes. 

Using the scenarios that I set up for the increase in average voting times for Travis County 

due to the elimination of the STV option (1.32 minutes,  1.75 minutes, and 2.6 minutes), 
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we now have the following scenarios to examine the average voting time across all voters 

when the STV option is eliminated: 7.32 minutes, 7.75 minutes, and 8.6 minutes. Table 2 

summarizes the countywide average wait time over all polling places. 

Table 2 Average Wait Time with and without STV in Travis County 

 Average Voting Time 
 6 min (with 

STV) 
7.32 min (w/o 

STV) 
7.75 min (w/o 

STV) 
8.6 min (w/o 

STV) 
Avg Wait at DREs (min) 6.4 23.0 30.6 49.4 
Avg Total Wait (min) 9.3 25.7 33.5 51.9 
 

 

36. Under the first scenario (7.32 minutes average vote time), the countywide average wait 

time at voting machines is 23 minutes, and the average total wait time at polling places is 

26 minutes. That is, when the STV option is removed, the average wait time at voting 

machines becomes 3.6 times as long as the average wait time when the STV option was 

available. Table 4 displays the average wait time at polling places.14  Although most 

(140/194) of the polling places have less than 10 minutes wait time at voting machines, 27 

(14%) polling places (at which more than 20,000 ballots were cast, about 20% of total 

ballots in Travis County) have over 30 minutes wait and 19 (10%) polling places (at which 

more than 15,000 ballots were cast, about 15% of total ballots in Travis County) have more 

than 60 minutes wait.  

 

                                                       
14 The full results are in the excel file submitted with this declaration. The shaded cells indicate that the number is 
estimated using the simulation model as described in my initial declaration. 

Case 5:20-cv-00035   Document 62-2   Filed on 06/19/20 in TXSD   Page 17 of 35



 

15 

Table 3 Average Wait Times at Polling Places when the Average Voting Time = 7.32 min 

 
 

37. In the second scenario (7.75 minutes average voting time), the county-wide average wait 

time at voting machines is about 31 minutes, and the average total wait time at polling 

places is about 34 minutes. Compared to the first scenario, the additional 25.8 seconds 

produces an increase in the average wait time of 7 minutes. Table 5 displays the average 

wait times at polling places.15 Although most (130/194) of the polling places have less than 

10 minutes wait time at voting machines, 41 (21%) polling places (at which more than 

30,000 ballots were cast, about 30% of total ballots in Travis County) have over 30 minutes 

average wait and 22 (11%) polling places (at which more than 17,000 ballots were cast, 

about 17% of total ballots in Travis County) have more than 60 minutes wait at voting 

machines.  

                                                       
15 The full results are in the excel file submitted with this declaration. The shaded cells indicate that the number is 
estimated using the simulation model as described in my initial declaration. 
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Table 4 Average Wait Times at Polling Places when the Average Voting Time = 7.75 min 

 
 

 
38. Under the third scenario (8.6 minutes average voting time), which adopts the descriptive 

model with 10 seconds per partisan item, the county-wide average wait time at voting 

machines is about 49 minutes, and the average total wait time at polling places is about 52 

minutes. Compared to the scenario in which the STV option is available, this additional 2.6 

minutes in average voting time causes the average waiting times to increase by an average 

of more than 40 minutes. Table 6 displays the average wait time at polling places.16 

Although the majority (109/194) of the polling places have less than 10 minutes wait time 

at voting machines, 59 (30%) polling places (at which more than 41,000 ballots were cast, 

about 40% of total ballots in Travis County) have a predicted wait time of over 30 minutes, 

and 42 (22%) polling places (at which more than 31,000 ballots were cast, about 30% of 

                                                       
16 The full results are in the excel file submitted with this declaration. The shaded cells indicate that the number is 
estimated using the simulation model as described in my initial declaration. 

Case 5:20-cv-00035   Document 62-2   Filed on 06/19/20 in TXSD   Page 19 of 35



 

17 

total ballots in Travis County) have a predicted wait time of more than 60 minutes at voting 

machines.  

Table 5 Average Wait Times at Polling Places when the Average Voting Time = 8.6 min 

  
 

39. To further demonstrate the sensitivity of the descriptive model, I also calculated average 

wait times assuming that it took voters in 2016 only 4 minutes to vote with the STV option 

available, which is a very conservative scenario. Using the scenarios of increased voting 

time that I set up earlier (1.32 minutes,  1.75 minutes, and 2.6 minutes), we now have the 

following scenarios to examine the average voting time across all voters when the STV 

option is eliminated: 5.32 minutes, 5.75 minutes, and 6.6 minutes. Table 7 summarizes the 

countywide average wait time over all polling places. 

Table 6 Average Wait Time with and without STV in Travis County 

 Average Voting Time 
 4 min (with 

STV) 
5.32 min (w/o 

STV) 
5.75 min (w/o 

STV) 
6.6 min (w/o 

STV) 
Avg Wait at DREs (min) 0.5 2.6 4.8 12.7 
Avg Total Wait (min) 3.4 5.5 7.7 16.0 
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40. Even under this very conservative scenario, applying the descriptive model as I have above 

results in the countywide average wait time at voting machines to increase from 30 seconds 

to nearly 13 minutes. When the average voting time is 4 minutes, there is only 1 polling 

place with an average wait time over 30 minutes. But when the average voting time is 6.6 

minutes, 19 polling places (at which more than 15,000 ballots were cast, about 15% of total 

ballots in Travis County) experience average wait times of over 30 minutes. 

41. Figures 1 and 2 summarize the results of all scenarios analyzed above. Figure 1 shows the 

countywide average wait time at voting machines as the average voting time increases from 

4 minutes to 8.6 minutes. This figure demonstrates the non-linear increase in wait times 

that occurs when the average voting time increases in small increments, leading to 

substantial wait times. 

 
Figure 1 Countywide Average Wait Time at voting machines when the average voting time changes in Travis County 
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42. Figure 2 shows the percentage of voters at a polling place with long average waits (e.g., 

30+ min, 60+ min) out of all Election Day voters in Travis County, depending on the voting 

time. Under most likely scenario in which it took Travis County voters an average of 6 

minutes to cast votes with the STV option available, about 5% of Election Day voters likely 

arrived to polling place with 30+ min average wait times. If the average voting time 

increased by just 1.32 minutes, 15% of such voters would have arrived to a polling place 

with more than 30-minutes average wait times. And if the voting time increased by just 

another 1.3 minutes, 40% of Election Day voters would have arrived to polling places with 

more than 30-minutes average wait times.  

 

 
Figure 2 Percent of Voters in Polling Places with Long Average Wait out of the total voters in Travis County on Election Day 

 
Fort Bend County 

 
43. Data provided by Fort Bend County include the number of electronic poll books used at 

each polling place in 2016 on Election Day. To determine the amount of wait times at 

Case 5:20-cv-00035   Document 62-2   Filed on 06/19/20 in TXSD   Page 22 of 35



 

20 

check-in stations in Fort Bend County, I apply the same analysis as performed above 

pertaining to Travis County. I use 63 seconds in the M/M/c queue formula to estimate the 

average wait time at the check-in station at each polling place in Fort Bend County. County-

wide, the average wait time at the check-ins is 0.6 minutes, with the longest of 4.4 minutes 

and the shortest of 0.0 minutes. 

 
44. If the average voting time at Fort Bend County was 3 minutes when the STV option was 

available, there would have been essentially no waiting time at voting machines, and the 

average wait time at the check-in stations would have been about 0.6 minutes.  

45. However, removing the STV option in Fort Bend County could still have caused large 

increase in average polling place wait times. 

46. Using the scenarios of the average voting time without STV, which were determined in the 

previous section (i.e., 6.2 minutes, 7 minutes, and 10 minutes), I perform the same analysis 

for Fort Bend County as I did with Travis County above, calculating the increase in average 

wait times at voting machines as well as total polling-place wait times. Table 10 

summarizes countywide average wait times over all polling places when the STV option is 

removed under these scenarios.  

 
Table 7 Average Wait Time with and without STV in Fort Bend County 

 Average Voting Time 
 3 min (with 

STV) 
6.2 min (w/o 

STV) 
7 min (w/o 

STV) 
10 min (w/o 

STV) 
Avg Wait at DREs (min) 0.0 2.9 7.4 47.5 
Avg Total Wait (min) 0.7 3.5 8.0 48.1 
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47. The expected wait times at a polling places are shown in Tables 11 to 13.17  In the first 

scenario (6.2 minutes average voting time), the countywide average wait time at voting 

machines is 2.9 minutes and the total average wait time is 3.5 minutes. While the 

countywide average wait time is short, some polling places could experience very long 

waits. For example, the first four polling places in Table 11 have close to 0 minutes wait 

when the STV is available, but elimination of the STV option would increase the average 

wait times to 20-47 minutes.  

 
Table 8 Average Wait Time at a Polling Place in Fort Bend County when the Average Voting Time = 6.2 min 

 
 

48. In the second scenario (7 minutes average voting time), the county-wide average wait time 

at voting machines is 7.4 minutes, and the total average wait time is 8.0 minutes. And while 

the county-wide average wait time is still less than 10 minutes, even more polling places 

are at serious risk of very long waits. The first 6 polling places in Table 12 all predict 

                                                       
17 The full results are in the excel file submitted with this declaration. The shaded cells indicate that the number is 
estimated using the simulation model as described in my initial declaration. 
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almost 0 minutes wait at voting machines when the STV is available, but eliminating the 

STV option increases the predicted wait time to 15-92 minutes.  

49. Comparing these results to those in Table 11, we see that a very small shift in the average 

voting time (i.e., 48 seconds) can produce large increases in average wait times. For 

example, in the Garcia Middle polling place, a 48-second increase in average voting time 

increased average wait times at the voting machines from 4.8 minutes to 16 minutes. In 

Meadows Place City Hall polling place, a 48-second increase in voting time increased the 

average wait time at the voting machines from 19.5 minutes to 57 minutes.   

 
Table 9 Average Wait Time at a Polling Place in Fort Bend County when the Average Voting Time = 7 min 

 
 

50. In the third scenario in which the STV option is not available (10 minutes average voting 

time)—a possibility recognized by Fort Bend election officials—the county-wide average 

wait time at voting machines is 47.5 minutes and the average total wait time is 48.1 minutes. 
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22 out of the 85 (26%) polling places would have over 30-minute average waits at voting 

machines and the longest could be nearly 5 hours.  

 
Table 10 Average Wait Time at a Polling Place in Fort Bend County when the Average Voting Time = 10 min 

 
 

51. Figure 3 displays the countywide average wait time at voting machines as the average 

voting time increases from 3 minutes to 10 minutes in Fort Bend County, where 3 minutes 

represents the situation in 2016 when the STV option was available. Again, this figure 

demonstrates the non-linear increase in wait time that results when average voting time 

increases by small increments.  
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Figure 3 Countywide Average Wait Time at voting machines when the average voting time changes in Fort Bend 

County 

 

52. Figure 4 plots the percentage of voters at polling place with long average waits (e.g., 30+ 

min, 60+ min) out of all Election Day voters in Fort Bend County. In the case of 3 minutes 

average voting time (when STV is available), no Election Day voters have been at a polling 

place with an average wait time of over 30 minutes. If the average voting time increased to 

6.2 minutes, 4% of Election Day voters would have voted at polling places with an average 

wait of over 30 minutes. If the average voting time increased to 10 minutes, 35% of 

Election Day voters would have been voting at polling places with an average wait time of 

more than 30 minutes. 
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Figure 4 Percent of Voters in Polling Places with Long Average Wait out of the total voters in Fort Bend County on Election Day 

 
 

MITIGATION METHODS 
 

53. Increasing the number of voting machines countywide can reduce wait time. However, 

doing so is not always feasible. For example, the ability to acquire more voting machines 

depends on the availability in the county’s budget. And a given polling place’s space 

constraints might limit the ability to increase the number of machines. 

54. Machine allocation is another possible way to reduce wait times, as Dr. Graves suggests. 

But determining the number of voters that will arrive a polling place is a very difficult task, 

particularly in counties that use a voting-center model (which includes Travis and Fort 

Bend Counties). Under a voting-center model, voters throughout the county can arrive at 
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any polling place to cast their vote. It is my understanding that roughly half of Texas 

counties will be using voting centers in the November 2020 election.18 

55. Ideally, under a voting-center model, voters will evenly distribute to each voting center. 

But in practice that is not the case. For example, in Travis County, among the 194 polling 

places on Election Day in 2016, the number of voters at each polling place ranged from 

140 to 1,844. And despite what I assume were the best efforts of county officials, many 

polling places were misallocated in terms of the number of voting machines they received. 

Compare Barrington Elementary School, which was sent 5 voting machines but had only 

197 voters on Election Day, with the Southeast Branch Public Library, which was sent 4 

voting machines but had 481 voters on Election Day. Moreover, because the voting-center 

model allows any voter to arrive at any polling place, it is difficult to predict the length of 

ballots that will be used at a given polling place. This adds another difficulty for election 

officials in determining the proper allocation of voting machines.  

56. The re-allocation analysis performed in the Graves Declaration has the unrealistic benefit 

of 20/20 hindsight. As stated, one should assume Travis and Fort Bend County officials 

did their best to predict which polling places voters would choose on election day. But as 

the analyses in my initial declaration and this declaration show, the margin of allowable 

error is small, and unexpected turnout at a given polling place can lead to significant wait 

times. It is quite easy to find a better machine allocation ex post facto, but difficult to do ex 

ante. 

57. Overall, removing the STV option significantly reduces the already small margin of 

allowable error election officials have when planning voting machine allocations.  

 
                                                       
18 https://www.sos.state.tx.us/elections/laws/countywide-polling-place-program.shtml 
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RESPONSE TO DR. GRAVES’S CRITIQUE OF ASSUMED VOTING TIMES 
 

58. Based on the results of two studies (Stein et al. 2008 and Jaffe et al. 2018), the Graves 

Declaration asserts that the assumed average voting time of 6, 8 or 10 minutes in Travis 

County and 5 or 6 minutes in Fort Bend County seem unreasonable.19 But in doing so, the 

Graves Declaration uses the wrong number of items on the ballot, and fails to consider the 

number of candidates on the ballot in the two studies cited.  

59. The portions of these two studies that discussed average voting time were based on the 

number of items on the ballot in the studied counties. They did not base their calculations 

on the weighted average of ballot items that were voted on, which is what I calculated in 

my initial declaration. In my initial declaration, I noted that not all voters voted on every 

item on their ballot. As a result, I calculated the average number of ballot items on which 

Travis and Fort Bend County voters actually voted. This weighted average is not the same 

figure as used in Stein et al. (2008) or in Jaffe et al. (2018), which simply used the nominal 

number of items on ballot.  

60. Jaffe et al. (2018) fit a regression equation for modeling the average time to vote depending 

on the number of races and the number of candidates on the ballot. According to this 

regression model, the average time to vote (in min) = 1.831 + 0.025*Offices on Ballot + 

0.023*Candidates on Ballot. (The standard error of the three parameters are 0.133, 0.008, 

and 0.005.) “Offices on Ballot” refers to the races or issues on ballot, and “Candidates on 

Ballot” refers to the choices.  

61. In Travis County in 2016, there were 30 to 32 partisan races, 4 races related to Austin 

Community College (231/247 precincts), 1 race (131/247 precincts) and 1 proposition 

                                                       
19 Declaration of Dr. Graves at ¶¶ 150-163. 
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(231/247 precincts) related to the City of Austin, 1 race (104/247 precincts) and 1 

proposition (174/247 precincts) related to the Austin Independent School District, and a 

range of items between 1 to 30 in certain other municipalities. The number of items on the 

ballot in Travis County thus ranged from 30 to over 60. On average, Travis County voters 

encountered about 38 to 40 items. The total number of candidates on the ballot ranged from 

nearly 80 to over 140. On average, there was about 100 candidates total on the ballot. Using 

the regression formula in Jaffe at al. (2018), the average time to vote = 1.831 + 0.025*38 

+ 0.023*100 = 5.1 minutes.  

62. As noted in Jaffe et al. (2018), the regression model has relatively low R2 and the standard 

errors of the estimates are “substantively non-trivial.” They further recommend that it 

would “probably be wise for an election official to use the upper end of the confidence 

interval for planning purpose.” Using the upper end of the 95% confidence interval, the 

average time to vote = (1.831 + 1.96*0.133) + (0.025+ 1.96*0.008)*38  + 

(0.023+1.96*0.005)*100 = 6.9 minutes. Based on this model, the estimated average time 

to vote of 6 minutes in Travis County is reasonable. This further confirms my analysis 

above, which estimates that the average voting time in Travis County was between 6 and 

8 minutes. 

63. In Fort Bend County in 2016, there were 24 to 27 partisan races, and the total number of 

candidates on a ballot ranged from nearly 70 to over 76. Using the regression formula from 

Jaffe at al. (2018), the average time to vote = 1.831 + 0.025*24 + 0.023*70 = 4.041 minutes. 

Using the upper end of the 95% confidence interval, the average time to vote = (1.831 + 

1.96*0.133) + (0.025+ 1.96*0.008)*24  + (0.023+1.96*0.005)*70 = 5.4 minutes. Based 

on this model, the average times to vote of 3, 4, and 5 minutes are reasonable. 
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RESPONSE TO OTHER CRITIQUES IN THE GRAVES DECLARATION 

 
Samples of Polling Places in Travis County and in Fort Bend County 
 

64. The Graves Declaration claims that the samples I used in Travis and Fort Bend Counties 

were biased in a way that produced results that support my argument.20 This claim is based 

on the fact that I included the polling place with the largest voter/machine ratio. But in the 

same samples, I also included the polling place with the lowest voter/machine ratio, which 

predicted the smallest increase in wait times as a result of eliminating the STV option. As 

a result, I disagree with the assertion that the sample had any such “bias.”  

65. The reason I included the polling places with the largest and smallest voter/machine ratio 

in the sample was to demonstrate the best and worst case in the two counties. This is helpful 

information for election officials. For voting operations, we cannot ignore the best or the 

worst case; otherwise, voters can experience significantly different conditions at the polls. 

For this reason, election officials often orient their planning around the worst-case scenario. 

66. I used samples in my initial declaration for the ease of analysis. In this declaration, I use 

all polling places, not samples. Thus, this criticism cannot apply to the analysis in this 

declaration. 

Assumption of Time to Vote on Uncontested Items 
 

67. The Graves Declaration criticizes my assumption that voting on an uncontested election 

takes 1/3 the time to vote on a contested election, and claims that because “there is no 

choice to be made” and “no time is required for deliberation before voting,” “the time to 

vote an uncontested election is negligible.”21 

                                                       
20 Declaration of Dr. Graves ¶ 45. 
21 Declaration of Dr. Graves ¶ 54. 
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68. As a basic matter, I disagree with this assertion. Voters are not required to vote for the 

candidate running in an uncontested race. As a result, there is a “choice to be made,” which 

does require “deliberation.” Dr. Graves conceded these points in his deposition.22 

69. In my initial declaration, I noted that the average number of items on the ballot being voted 

on was insensitive to my assumption that the time to vote in an uncontested race was 1/3 

the time it takes to vote in a contested race. Using the 1/3 figure, I concluded that non-ST 

voters voted on an average of 20 ballot items. However, as I explained, “if the average time 

it takes a voter to cast a vote in an uncontested election is 1/5 to 1/2 of the average time it 

takes the same voter to vote in a contested election, the average number of items on ballot 

being voted on is 19 to 22.”23  

 

AMENDMENTS TO INITIAL DECLARATION 

70. After my initial declaration was filed in this case, Travis County officials informed counsel 

for the plaintiffs that the information regarding one of the Election Day 2016 polling places, 

the Travis County Parks Office polling place, had 372 voters, as opposed to the 0 voters 

the county had originally reported. I have incorporated this new information into my 

analyses in this declaration. This adjustment does not alter any of the opinions I assert in 

my initial declaration. 

71. After my initial declaration was filed in this case, I determined that the Constable race in 

Travis County was contested in some (68/247) but not all precincts, while my initial 

declaration considered it a contested race in all precincts. Correcting this information does 

not alter the average number of items that non-ST voters voted on in Travis County in 2016. 

                                                       
22 Deposition of Dr. Graves at 77-78. 
23 Yang Initial Declaration at ¶ 12 n.5. 
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As a result, the adjustment has no effect on any of the analyses I have performed in this 

case.  

 
 

I reserve the right to supplement this and other declarations in light of additional facts, 

testimony and/or materials that may come to light. Pursuant to 28 U.S.C. § 1746, I declare under 

penalty of perjury under the laws of the United States of America that the foregoing is true and 

correct. 

DATED:  6/19/2020   

      By:______________________________ 

            Muer Yang 
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