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

LAREDO DIVISION 

Sylvia Bruni, Texas Democratic Party, DSCC,  
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 

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. I have been retained by Plaintiffs’ counsel as an expert witness in the above-referenced case

to offer my opinions as to the effect Texas House Bill 25’s (“HB 25”) elimination of the

straight-ticket voting option is likely to have on the length of time Texas voters will wait to

cast a ballot.

SUMMARY OF OPINIONS 

2. Based upon my review of the available information and my extensive experience relating to

waiting lines analysis, queueing theory, simulation, and elections operations, I have

concluded that:

• By removing the straight-ticket option from ballots in Texas, HB 25 will significantly

increase the average amount of time voters will take to complete ballots on voting

machines (which I refer to as “voting time”).
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• Unless more voting resources (e.g., voting machines) are deployed at all polling places 

throughout Texas, the increase in average voting time resulting from HB 25 will cause 

significantly longer average wait times for voters.   

QUALIFICATIONS 

3. I am an associate professor in the Department of Operations and Supply Chain Management, 

Opus College of Business, University of St. Thomas (UST). I received my Ph.D. in 

operations management from the Carl H. Lindner College of Business, the University of 

Cincinnati (UC). I received an M.S. in management science and a B.S. in management 

information systems from Tsinghua University.  

4. Waiting lines analysis is a major topic in the field of operations management. The classes 

that I have taught at UST and UC include: Applied Analytics and Data Visualization, 

Operations Management, Statistical Methods for Decision Making (MBA level), Business 

Statistics I, and Operations Planning and Scheduling. 

5. I have been studying voting lines and the optimization of voting locations to reduce lines 

since 2007. I have used queuing theory, simulation-optimization techniques and robust-

optimization models to improve voting operations, especially to find a fair allocation of 

voting machines and voting technology to polling places so that voters wait approximately 

equal amounts of time across a jurisdiction. I have published multiple peer-reviewed papers 

in leading academic journals in the field of operations management. Some of my relevant 

publications related to voting lines and the operation of polling locations include: 

• Allen, T.T., Yang, M., Huang, S., & Hernandez, O., (2020), Determining resource 
requirements for elections using indifference-zone generalized binary search, Computers 
& Industrial Engineering, 140, 106243, https://doi.org/10.1016/j.cie.2019.106243 

• Allen, T.T., Yang, M., Huang, S., & Hernandez, O., (2020), Method to Allocate Voting 
Resources with Unequal Ballots and/or Education, MethodsX, 
https://doi.org/10.1016/j.mex.2020.100872 
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• Kumar, S., Yang, M., & Goldschmidt, K.H. (2018), Will aging voting machines cause 

more voters to experience long waits?, International Journal of Production Economics, 
198, pp. 1-10. 
 

• Yang, M, Wang X., & Xu N. (2015), A Robust Voting Machine Allocation Model to 
Reduce Extreme Waiting, Omega The International Journal of Management Science, 
57(B), pp.230-237 
 

• Wang, X., Yang, M., & Fry, M. J. (2015). Efficiency and Equity Tradeoffs in Voting 
Machine Allocation Problems. Journal of Operational Research Society, 66, pp.1363-
1369. 
 

• Yang, M., Fry, M. J., Kelton, W. D., & Allen, T. T. (2014). Improving Voting Systems 
Through Service Operations Management. Production and Operations Management, 
(23)(7), pp. 1083-1097. 
 

• Fry, M. J., & Yang, M. (2013). Using OR to Overcome Challenges in Implementing New 
Voting Technologies. Wiley Encyclopedia of Operations Research and Management 
Science, pp. 1-8. 
 

• Yang, M., Allen, T. T., Fry, M. J., & Kelton, W. D. (2013). The Call for Equity: 
Simulation-Optimization Models to Minimize the Range of Waiting Times. IIE 
Transactions, (45)(7), pp. 781-795. 
 

• Yang, M, Fry, M.J., & Kelton, W.D. (2009). Are All Voting Queues Created Equal? 
Proceedings of the 2009 Winter Simulation Conference, pp. 3140-3149. 

 
6. I received the Susan E. Heckler Research Excellence Award in 2015, which recognizes 

outstanding faculty achievement in research at the University of St. Thomas, and my research 

on voting operations received second place in the INFORMS Public Sector OR best paper 

competition in 2011. I served as VP of Communications at INFORMS Public Sector OR 

from 2018 to 2019. I am currently the Junior Vice President of Programs at INFORMS 

Public Sector OR and serving as the public sector cluster co-chair for the INFORMS Annual 

Meeting 2020. My research in voting operations also has received media coverage: 

• Are All Voters Allowed Equal Access Given Ballot Length Diversity? IE Industrial 
Engineer, June 2013. 
 

• Voting-Machine-Allocation Method Could Reduce Voters’ Wait Time by 36 Percent, 
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Science News Daily, 2010. 
 
7. I have testified as an expert at trial or by deposition in the following cases over the preceding 

four years: 

• League of Women Voters of New Hampshire et al. v. William M. Gardner et al., 226-
2017-CV-00433 (N.H. Sup. Ct.) 

 
• Feldman et al. v. Arizona Secretary of State’s Office et al., 16-CV-01065-PHX-DLR (D. 

Ariz.) 
 

• Ohio Democratic Party v. Husted, 2:15-cv-1802 (S.D. Ohio).  
 

In League of Women Voters of New Hampshire, I opined on the effect of changes to the 

same-day registration process on voter wait times on Election Day. In Feldman, I opined on 

the effect of polling-place allocation decisions on voter wait times. That portion of the case 

was settled. Afterwards, I worked collaboratively with the defendants’ expert to put together 

a series of joint recommendations as to how Maricopa County might work proactively to 

minimize lines in future elections. In Ohio Democratic Party, I opined on the effect of 

changes to the requirements for direct-recording electronic voting machines on voter wait 

times.  

8. My curriculum vitae is attached as Appendix 1. 

9. I am being compensated for my work in this matter at a rate of $200 per hour, plus 

reimbursement for related personal expenses. 

 

SOURCES AND METHODOLOGY OVERVIEW 

10. For this report, I reviewed available data regarding 2016 election results from Travis and Fort 

Bend Counties, including data on the number of ballots cast at each polling place on Election 

Day, the number of votes on each item on ballots from each designated precinct, and the 
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number of voting machines allocated at each polling place. These data were provided to me 

by counsel for Plaintiffs.  

11. Where applicable, I performed quantitative analysis using queueing theory and simulation 

models, discussed below, to evaluate and assess the potential impact of eliminating the 

straight-ticket option from ballots in 2016 in Travis and Fort Bend Counties. The sources I 

relied on in preparing this report are the kinds of sources that are regularly relied upon by 

operations-management professionals conducting work of this kind and are of the sort that I 

regularly and ordinarily rely upon in my academic work. 

12. The field of queueing theory began by studying congestion and waiting times in telephone 

service in the early 1900s. Since then, it has been widely applied in a variety of queue 

situations, such as manufacturing, the airline industry, traffic engineering, and 

telecommunications to provide insight into performance improvement. Queueing models 

consist of mathematical formulas that can be used to predict queue performance measures, 

such as the expected wait time in a queue, and the probability each person arriving at the 

location will have to wait in line. The basic features of queueing models include three 

variables: arrival rate, service rate per “server,”1 and the number of servers in the system. In 

general, a larger arrival rate, a smaller service rate per server, and/or a smaller number of 

servers in the system will cause longer average wait times and a higher probability of waiting 

at a given polling place. 

13. Voting lines are modeled using queueing models (e.g., Yang et al. 2014). In the context of 

voting lines, the “arrival rate” refers to the number of voters arriving to the polling place per 

unit of time, and the “service rate per server” refers to the number of voters who can cast a 

 
1 Because “server” is a common term in queueing theory, in this report I often refer to voting machine as “servers.” 
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ballot per unit of time. For example, if 1,200 voters turn out on Election Day to vote at a 

polling place, and the polling place is open for 12 hours, then the arrival rate is	100 

(=1,200/12) voters per hour. If the average voting time is 5 minutes, then the service rate per 

server is 12 (=60/5) voters per hour. The number of servers refers to the number of voting 

machines that can accommodate multiple voters to cast a ballot at the same time. For 

example, 5 servers will allow 5 voters to vote simultaneously.  

14. However, queueing models depend on certain assumptions, including that voters will arrive 

at a constant rate throughout the day. But we know that voters do not show up to the polling 

place at a steady rate over the course of the day; rather, there is normally a “morning rush” 

and “after-work rush” of voters to the polling place. Thus, queueing models tend to 

underestimate the average amount of time voters will wait before reaching the voting booth. 

15. “Simulation models” are another popular method used to study waiting lines, including in the 

context of voting systems (e.g., Yang et al. 2014). Simulation models can capture more 

dynamic characteristics of queues, such as voters arriving at different rates during the day. 

Thus, in some situations, simulation models can produce more accurate estimates for actual 

queue performance than queueing formulas. However, simulation models require data on 

input parameters, such as the arrival process and the service process, to provide accurate 

estimates on real wait times.  

16. In situations with limited available empirical data, I prefer to use queueing formulas due to 

their rigor, transparency, and reasonable approximation to the real queue. Queueing formulas 

can also provide general and comprehensive insights helping to understand the queue 

performance. On the other hand, when more data are available to validate the simulation 

model, I like to use simulation models to estimate queue performances as a way of 
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complementing the general insights from the queueing formula.   

17. In my research, I have used both queueing formulas and simulation models to study voting 

lines. As noted above, in my experience, queueing formulas tend to underestimate the actual 

wait time in voting lines. This is particularly so because voting lines become longer when a 

large number of voters arrive during a “morning rush” or an “after-work rush.” The queuing 

formulas do not take this into account. It is important to remember that if the queueing 

formula indicates the possibility of long lines in certain scenarios, the actual wait is 

likely to be even longer for many voters, particularly those that arrive to vote at peak 

arrival times. 

18. Below, I use queueing formulas to illustrate the potential impact of HB 25 on average wait 

times at different polling places. Average wait time is the most commonly used metric in the 

voting context, but it can mask and underestimate the real waiting problems at polling places. 

Some voters may still experience extremely long wait times while the average wait time at 

the polling station is short. For example, In the 2008 presidential election in Ohio, the 

majority of precincts in Franklin County had average waiting times of less than 5 minutes, 

but some voters still had to endure wait times of an hour or more (see Yang et al. 2013). 

According to an empirical study (Stewart III, 2013), two-thirds of voters in the 2012 election 

waited less than 10 minutes to vote, while three percent of the voters waited more than an 

hour nationwide.  Although three percent might seem to be a small fraction, it is substantial 

in terms of the actual number of voters. One must therefore keep in mind that a short average 

wait time (e.g., <10 minutes) means that many voters could still experience very long wait 

times (e.g., >30 minutes) at a polling station. 
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M/M/c QUEUE APPROXIMATION: ANALYSIS AND RESULTS 

19. According to queueing theory, average wait times are affected by three factors: arrival rate, 

service time, and the number of servers: longer average wait times result from higher arrival 

rates, longer service times, and fewer servers. In the context of voting lines, this means the 

three key factors are (1) the number of voters who arrive at a polling place, (2) the average 

voting time, and (3) the number of voting machines. The higher the turnout, the longer the 

average wait time; the longer the average voting time, the longer the average wait time; and 

the lower the number of voting machines, the longer the average wait time.  

20. Because HB 25 eliminates straight-ticket voting, voters who previously used the straight-

ticket voting option to apply votes to a large number of ballot items will now have to vote 

item by item. This will necessarily lengthen the average voting time, and thus increase the 

average wait time.  

21. In this section, I use the 𝑀/𝑀/𝑐 queue model2 to approximate the average wait times voters 

would have to wait before reaching a voting machine at certain polling places and then 

demonstrate the potential impact eliminating the straight-ticket voting option would have had 

on waiting lines at those polling places.   

22. The 𝑀/𝑀/𝑐 queue model will produce estimates of (1) voter wait times and (2) probability 

of waiting only when the arrival rate is less than the overall service rate (see Anderson et al. 

2011). In other words, for the formula to produce estimates of voter expected wait times or 

probability of waiting, the rate at which voters arrive at polls must be slower than rate that 

the servers can process them. Otherwise, if the arrival rate exceeds the service rate, the 

 
2 𝑀/𝑀/𝑐 queue formula assumes that voter’s arrival process follows a Poisson distribution, the service time follows 
an exponential distribution, and 𝑐 servers in the queue system.  
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waiting line at the polls continues to grow until the polls close, a situation in which scholars 

in my field refer to becoming “overloaded.” When overloading occurs, the 𝑀/𝑀/𝑐 formula 

cannot provide estimates of voter expected wait times or the probability of waiting, because 

the expected wait times essentially become infinity. Because that result is not particularly 

helpful (other than to indicate that the lines at the polls will be extremely long), in such 

situations, I use a simulation model3 to estimate the expected wait time and the probability of 

waiting. The simulation model uses the same assumptions as in 𝑀/𝑀/𝑐 queue, except that it 

assumes that voters will stop arriving at 7 p.m., when polls in Texas officially close. 

23. The first step of my analysis is to input the variables that go into the 𝑀/𝑀/𝑐 queue formula: 

the arrival rate, the average voting time with straight-ticket voting, the average voting time 

without straight-ticket voting, and the number of servers. In the sections immediately below, 

I explain my methodology for determining each of these variables. 

Arrival Rate 
 
24. The arrival rate at a polling place is calculated using the formula: #	of	election	day	voters	/

	amount	of	time	polls	are	open. 

25. The number of voters at each polling place in Travis County on Election Day during the 2016 

general election ranged from 0 to 1,844. In Fort Bend County, the number of voters at each 

polling place ranged from 68 to 1,983. 

26. On Election Day in 2016, polls in Texas were open from 7:00 am to 7:00 pm,4 12 hours in 

 
3 The simulation model was developed using Rockwell Arena 14.7. To validate the model, one assumes that voter’s 
arrival process follows a Poisson distribution, the voting time follows an exponential distribution, 𝑐 servers in the 
queue system, and the arrival process is not cut off at any time, which are same assumptions used in M/M/c queue. 
The outputs of the simulation model match the M / M / c queue formula, indicating the simulation model is validated. 
To provide the estimates for average wait time and probability of waiting at a polling place where the arrival rate 
exceeds the service rate, the simulation model will end arrival of voters at 7 pm, while otherwise maintaining all the 
other assumptions as in M / M / c queue. 
4 See VoteTexas.gov, Who, What, Where, When, How (as of Nov. 3, 2016), 
https://web.archive.org/web/20161103031234/http://www.votetexas.gov/voting/. 
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total.  

Calculating the Average Number of Items Voted on  
by Election Day 2016 Voters in Travis County 

 
27. Voting time is the total amount of time it takes for the voter to cast a ballot on a voting machine. 

As in Yang et al. (2014), I assume the average voting time is proportional to the average 

number of ballot items voted on.  

28. Because the increase in average voting time caused by the elimination of straight-ticket voting 

depends on the number of items on the ballot, I must determine the average number of ballot 

items in which Election Day voters in Travis County made selections.  

29. Items on Travis County voters’ ballots during the 2016 general election included partisan 

elections to state executive and legislative office, partisan judicial elections, nonpartisan 

municipal elections, and local ballot measures. The specific items on each ballot varied from 

precinct to precinct. Among the 247 precincts in Travis County in 2016, the number of partisan 

elections that appeared on a given ballot ranged between 30 and 32, about half of which were 

uncontested. Because these were the only partisan elections on Travis County voters’ ballots, 

these were the ballot items to which the straight-ticket option applied. The rest of the ballot 

was nonpartisan or issue-based. 231 precincts in Travis County had 4 elections relating to 

trustees for Austin Community College and 1 proposition relating to the City of Austin. 131 

precincts in Travis County had an election for the Austin City Council. 174 precincts had a 

proposition relating to the Austin Independent School District, and 127 precincts had an 

election relating to the same. 27 cities in Travis County had various nonpartisan elections and 

ballot issues. Notably, voters in the City of Pflugerville were asked to make selections in 2 

elections and 30 propositions issues. 

30. Not all voters voted on every item on their ballot. The 2016 official election results from Travis 
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County show that the total number of ballots cast on Election Day was 103,536. Among the 

30 partisan elections in which all voters voted across all 247 precincts, 15 were contested and 

15 were uncontested. On average, 91% of all voters on Election Day (including straight-ticket 

voters and non-straight-ticket voters) cast votes for all of the contested partisan elections, but, 

on average, only 82% of non-straight-ticket voters cast votes in each of those partisan elections. 

Approximately 68% of non-straight-ticket voters voted in the two uncontested elections where 

the only candidate was a Republican, and approximately 62% of non-straight-ticket voters 

voted in the 15 uncontested elections where the only candidate was a Democrat. Only 5% and 

8% of non-straight ticket voters voted in the contested and uncontested state senator races, 

respectively, and 45% of non-straight-ticket voters voted in the county commissioner elections.  

31. On average, 38% of Election Day voters in Travis County voted in the four elections relating 

to Austin Community College. 62% voted in the City of Austin proposition, and 23% voted in 

the Austin City Council elections. The two items relating to the Austin Independent School 

District were voted upon by 14.2% (where 10.6% of Election Day voters voted on an 

uncontested item) and 32% of Election Day voters. The municipal items received a total of 

approximately 153,357 votes, among which 5,127 voted in uncontested elections.  

32. Based on this data, the average number of ballot items voted on by Election Day 2016 voters 

in Travis County who did not use the straight-ticket voting option was 20. I reached this result 

using the following formula: 15 × 82% + 2 × 68%/3 + 13 × 62%/3 + 1 × 5%+ 1 × 8%/

3 + 1 × 45%+ 4 × 38%+ 1 × 62%+ 1 × 23%+ 1 × (14.2 − 10.6)% + 1 × 10.6%/3 +

1 × 32%+ FGHHGIJGFKI
FLHGHM

+ GFKI
FLHGHM

/3 = 	20. 

33. Note that I assume the average time it takes a voter to cast a vote in an uncontested election is 

a third of the average time it takes the same voter to vote in a contested election. Based on this 
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assumption, voting on 3 uncontested items is equivalent to voting on 1 contested issues for 

voters, in terms of voting time. The number of uncontested items is converted to the number 

of contested items based on this ratio when I calculate the average number of items being voted 

on ballot5 as in above.   

34. I assume that if a voter uses the straight-ticket voting option, it takes her approximately the 

same time to make a party selection under the straight-ticket voting option as it does for her to 

cast a vote in a contested election. So assuming, the average number of ballot items voted on 

by Election Day 2016 voters in Travis County who did use the straight-ticket voting option 

was 4. I reached this result using the following formula: 1 + 4 × 38%+ 62%+ 23%+

14%+ 32%+ FGHHGIJGFKI
FLHGHM

+ GFKI
FLHGHM

/3 = 	5.  

35. Among Election Day 2016 voters in Travis County, 52% used the straight-ticket voting option. 

Thus, the average number of ballot items voted on by all Election Day 2016 voters in Travis 

County was 12. I reached this result using the following formula: 20 × (1 − 52%) +

5 × 52% = 12. 

Calculating Average Voting Time Among  
Election Day 2016 Voters in Travis County 

 
36. I assume that if the straight-ticket option in 2016 were not available, those who used the 

straight-ticket option would have behaved similarly to the voters who, in fact, did not use the 

straight-ticket voting option in 2016.6 Under that assumption, if the straight-ticket voting 

 
5 The average number of items on ballot being voted on is insensitive to this assumption. If the average time it takes 
a voter to cast a vote in an uncontested election is a 1/4 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 almost 20. If the average time it takes a 
voter to cast a vote in an uncontested election is a 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. 
6 With all of my assumptions made in this analysis, this is a very conservative assumption. I could have instead 
assumed that, if the straight-ticket voting option was not available in 2016, those who in fact used that option in 
2016 would have still voted in every single partisan item on the ballot. Under that assumption, the average voting 
time in the scenario in which straight-ticket voting was not available would be much higher than what I calculate 
below.  
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option was not available in 2016, the average number of ballot items on which all Election Day 

2016 voters in Travis County made selections would have been 20 instead of 12. Thus, if 

straight-ticket voting was not available in 2016, the average voting time in Travis County 

would have been 1.67 (=20/12) times as long as it actually was in 2016, when straight-ticket 

voting was available.  

Calculating the Increase in Voting Time Among Election Day 2016 Voters in Travis 
County if the Straight-Ticket Voting Option Had Not Been Available 

 
37. To demonstrate the impact that eliminating the straight-ticket voting option from 2016 voters 

would have had in Travis County, I set up four different scenarios regarding the average voting 

time it took Travis County voters to complete their ballots in 2016: 4 minutes, 6 minutes, 8 

minutes, and 10 minutes. These scenarios are conservative. In Yang et al. (2014), my co-

authors collected voting-time data from a sample of voters in a mock election using the 2006 

Ohio gubernatorial-election ballot and voting machines manufactured by Election Systems & 

Software. In that simulation, there were 6 items on ballot. We found that the average voting 

time to complete a ballot with 6 items was approximately 6 minutes.7 Here, the average 

number of ballot items in which Travis County voters made selections when straight-ticket 

voting was available was 12, which is double the number of items on which the voters in my 

2014 study made selections. Thus, average voting time of 4, 6, 8, and 10 minutes to complete 

a 12-item ballot are conservative scenarios.  

38. Given the 67% increase in voting time caused by the elimination of straight-ticket voting 

calculated above, if straight-ticket voting was not available in 2016, the corresponding average 

voting time under each of the four scenarios just described would have been, respectively, 6.7 

minutes (1.67 x 4 minutes), 10 minutes (1.67 x 6 minutes), 13.3 minutes (1.67 x 8 minutes), 

 
7 Similarly, Allen et al. (2020) assumed voting times of 6 to 12 minutes for a voter to complete an 8-item ballot. 
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and 16.7 minutes (1.67 x 10 minutes). 

39. To create a representative sample of polling places in Travis County, I ranked the county’s 194 

polling places according to their “voter/machine” ratios. In general, the higher the 

“voter/machine” ratio is, the busier the polling place is, and polling places with higher 

“voter/machine” ratios are more likely to have longer average wait times. The voter/machine 

ratio of the 194 polling places ranged from 08 to 183. Figure 1 shows their distribution: 

 

Figure 1 Histogram of Polling Places by “voter/machine” ratio 

40. To select my sample of polling places, I partitioned the Travis County polling places into 7 

groups with voter/machine ratios of 0-25, 25-50, 50-75, 75-100, 100-125, 125-150, and 175-

200. Within each group, I randomly selected about 10% of the polling places. For example, 

there are a total of 28 polling places where the voter/machine ratio is between 50 and 75; I thus 

randomly chose 3 polling places from those 28 polling places. I also included the polling places 

with the smallest (greater than 0) and the largest voter/machine ratio. The sample is listed in 

table below. 

Location Name VOTES # Voting Machines Voter/machine 
Senior Activity Center - Lamar 548 3 182.7 
Randalls Brodie and Slaughter 1137 9 126.3 
River Place Elementary School 782 7 111.7 
Galindo Elementary School 404 4 101.0 
Lago Vista City Hall 894 9 99.3 
Gus Garcia Recreation Center 395 4 98.8 

 
8 The Travis County Parks Office polling place received no voters on Election Day. 

0 25 50 75 100 125 150 175 200

Case 5:20-cv-00035   Document 19-5   Filed on 03/30/20 in TXSD   Page 17 of 39



 

15 

Dottie Jordan Recreation Center 473 5 94.6 
Maplewood Elementary School 527 6 87.8 
Blanton Elementary School 472 6 78.7 
YMCA East Community Branch 448 6 74.7 
Rollingwood Municipal Building 431 6 71.8 
Sunset Valley City Hall 355 5 71.0 
Little Walnut Creek Library 338 5 67.6 
Pecan Springs Elementary School 309 5 61.8 
CityView at the Park Senior Apts 277 5 55.4 
Clayton Elementary School 431 8 53.9 
Renaissance Retirement Center 311 6 51.8 
St. Alban's Episcopal Church 263 6 43.8 
Highland Park Elementary School 147 7 21.0 

 

Estimated Effect of Eliminating the Straight-Ticket Voting Option  
on Average Wait Times at Travis County Polling Places on Election Day 2016  

 
41. Tables 1 to 4 below present the expected wait time and probability of waiting at each polling 

place under two scenarios: (1) when straight-ticket voting is available, and (2) when straight-

ticket voting is not available. The expected wait time and the probability of wait in these tables 

are calculated based on the M / M / c formula. The shaded cells represent instances in which 

the polling place became overloaded, making it impossible for the M / M / c formula to produce 

a numerical result. In those instances, average wait times and probability of waiting are 

computed using simulation model outputs.9  

42. Table 1 represents the most conservative scenario, in which it took Travis County voters an 

average of just 4 minutes to complete their ballots. If the average voting time in Travis County 

on Election Day 2016 was just 4 minutes, all but one polling place in the sample would have 

 
9 Each estimate in the shaded cells in Tables 1 to 8 is the average over 100 replications of the simulation model run.  
Each replication is a realization of an Election Day. Running many replications reduces the random errors in 
simulation. The more replications, the smaller random errors on average. Generally speaking, 30 replications are the 
minimum. The sample size of 100 replications is relatively large, making the resulting confidence intervals small. 
For simplicity, confidence intervals of the estimated averages are not listed in the tables. The estimates in each 
replication are disclosed in the simulation output files with this report. 

Case 5:20-cv-00035   Document 19-5   Filed on 03/30/20 in TXSD   Page 18 of 39



 

16 

had no wait, or less than a half-minute wait. If the straight-ticket voting was not available, 

however, the average wait time at the sample polling places would have been 10 times to over 

150 times longer than when the straight-ticket voting was available. Removing the straight-

ticket voting option would have caused 5 out of the 19 sample polling places to increase from 

less than a half-minute average wait to over 15 minutes. In two of the sample polling places, 

the average wait time would have been hours long. For example, the average wait time at the 

Lamar Senior Activity Center would have been more than 4 hours. Under this most 

conservative scenario, without the straight-ticket voting option, polling places with 

voter/machine ratios higher than 100 would have had average wait times of over 20 minutes, 

and polling places with voter/machine ratios higher than 126 would have had average wait 

times of over an hour. This means that, among the 194 Travis County polling places, 34 polling 

places (at which more than 26,000 ballots were cast) would have had average wait times over 

20 minutes, and 8 polling places (at which more than 7,000 ballots were cast) would have had 

average wait times of over an hour.  

Table 1 Average voting time = 4 min with straight ticket voting; Average voting time = 6.7 min without straight ticket voting 

Location Name Votes # Voting 
Machines Voter/machine 

With Straight 
Ticket 

Without Straight 
Ticket 

Exp 
Wait 

Prob 
Wait 

Exp 
Wait 

Prob 
Wait 

Senior Activity Center - Lamar 548 3 182.7 25.2 93% 241.7 99% 
Randalls Brodie and Slaughter 1137 9 126.3 0.4 25% 61.0 97% 
River Place Elementary School 782 7 111.7 0.3 19% 23.1 91% 
Galindo Elementary School 404 4 101.0 0.5 24% 22.1 86% 
Lago Vista City Hall 894 9 99.3 0.1 8% 6.8 74% 
Gus Garcia Recreation Center 395 4 98.8 0.5 23% 15.9 82% 
Dottie Jordan Recreation Center 473 5 94.6 0.3 15% 7.6 71% 
Maplewood Elementary School 527 6 87.8 0.1 9% 3.2 55% 
Blanton Elementary School 472 6 78.7 0.1 6% 1.6 38% 
YMCA East Community Branch 448 6 74.7 0.1 5% 1.2 32% 
Rollingwood Municipal Building 431 6 71.8 0.0 4% 0.9 28% 
Sunset Valley City Hall 355 5 71.0 0.1 6% 1.2 31% 

Case 5:20-cv-00035   Document 19-5   Filed on 03/30/20 in TXSD   Page 19 of 39



 

17 

Little Walnut Creek Library 338 5 67.6 0.1 5% 1.0 27% 
Pecan Springs Elementary School 309 5 61.8 0.0 3% 0.6 20% 
CityView at the Park Senior Apts 277 5 55.4 0.0 2% 0.4 14% 
Clayton Elementary School 431 8 53.9 0.0 0% 0.1 6% 
Renaissance Retirement Center 311 6 51.8 0.0 1% 0.2 8% 
St. Alban's Episcopal Church 263 6 43.8 0.0 0% 0.1 4% 
Highland Park Elementary School 147 7 21.0 0.0 0% 0.0 0% 

 
43. Table 2 represents the scenario in which it took Travis County voters an average of just 6 

minutes to complete their ballots. Under that scenario, the model estimates that all but two 

polling places in the sample had no more than 10 minutes average wait. But if the straight-

ticket voting option was not available, the average wait time at Travis County polling places 

would have been 3 times to over 70 times longer. 12 out of the 19 sample polling places would 

have had an average wait time of over 20 minutes. The average wait time at the Lamar Senior 

Activity Center would have increased to more than 9 hours on average, and the average wait 

time at the Randalls Brodie and Slaughter polling place would have increased to more than 4.5 

hours. The average wait time at 8 of the 19 sample polling places would have been hours long. 

Under this scenario, without the straight-ticket voting option, a polling place with a 

voter/machine ratio higher than 70 would have had an average wait time of over 15 minutes, 

and a polling place with a voter/machine ratio higher than 87 would have had average wait 

times over an hour. That means that, without the straight-ticket voting option, among the 194 

polling places in Travis County, more than half of polling places (102 polling places, at which 

more than 65,000 ballots were cast) would have had waits of more than 15 minutes, and more 

than 30% of polling places (63 polling places, at which more than 45,000 ballots were cast) 

would have had an average wait of over an hour.  

Table 2 Average voting time = 6 min with straight ticket voting; Average voting time = 10 min without straight ticket voting 

Location Name Votes # Voting 
Machines Voter/machine 

With Straight 
Ticket 

Without Straight 
Ticket 

Exp Prob Exp Prob 
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Wait Wait Wait Wait 
Senior Activity Center - Lamar 548 3 182.7 184.2 99% 547.1 99% 
Randalls Brodie and Slaughter 1137 9 126.3 27.3 94% 270.6 99% 
River Place Elementary School 782 7 111.7 10.0 80% 189.8 98% 
Galindo Elementary School 404 4 101.0 6.4 67% 143.4 98% 
Lago Vista City Hall 894 9 99.3 1.9 50% 135.9 98% 
Gus Garcia Recreation Center 395 4 98.8 5.4 64% 132.9 98% 
Dottie Jordan Recreation Center 473 5 94.6 3.0 53% 112.1 97% 
Maplewood Elementary School 527 6 87.8 1.5 39% 79.0 97% 
Blanton Elementary School 472 6 78.7 0.8 27% 43.9 93% 
YMCA East Community Branch 448 6 74.7 0.6 22% 27.4 88% 
Rollingwood Municipal Building 431 6 71.8 0.5 19% 18.3 82% 
Sunset Valley City Hall 355 5 71.0 0.7 23% 21.2 84% 
Little Walnut Creek Library 338 5 67.6 0.5 19% 14.0 75% 
Pecan Springs Elementary School 309 5 61.8 0.4 14% 9.5 67% 
CityView at the Park Senior Apts 277 5 55.4 0.2 10% 4.3 50% 
Clayton Elementary School 431 8 53.9 0.0 3% 1.8 35% 
Renaissance Retirement Center 311 6 51.8 0.1 6% 2.2 37% 
St. Alban's Episcopal Church 263 6 43.8 0.0 3% 0.9 21% 
Highland Park Elementary School 147 7 21.0 0.0 0% 0.0 1% 

 
44. Table 3 represents the scenario in which it took Travis County voters an average of eight 

minutes to complete their ballots. Under that scenario, 11 polling places had less than 10 

minutes average wait, and 8 polling places had long lines with an average of more than 15 

minutes to more than 6 hours wait. But if the straight-ticket voting option was not available, 

the average wait at Travis County polling places would have been 2 times to nearly 70 times 

longer. All but two of the 19 sample polling places would have had an average wait of over 15 

minutes. The average wait time at the Blanton Elementary School polling place would have 

increased to more than 2.5 hours from just 7.2 minutes, and the average wait time at the 

Renaissance Retirement Center polling place would have increased to more than 17 minutes 

from just a half a minute. 14 of the 19 sample polling places would have had hours-long waits. 

Under this scenario, without the straight-ticket voting option, a polling place with a 

voter/machine ratio higher than 50 would have had an average wait of over 15 minutes, and a 
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polling place with a voter/machine ratio higher than 61.8 would have had an average wait of 

over an hour. This means that, among the 194 polling places in Travis County, 90% of polling 

places (175 polling places, at which more than 97,000 ballots were cast) would have had 

average wait times over 15 minutes, and two-thirds of polling places (130 polling places, at 

which more than 79,000 ballots were cast) would have had average wait times of over an hour.  

 
Table 3 Average voting time = 8 min with straight ticket voting; Average voting time = 13.3 min without straight ticket voting 

Location Name Votes # Voting 
Machines Voter/machine 

With Straight 
Ticket 

Without Straight 
Ticket 

Exp 
Wait 

Prob 
Wait 

Exp 
Wait 

Prob 
Wait 

Senior Activity Center - Lamar 548 3 182.7 367.7 99% 845.7 99% 
Randalls Brodie and Slaughter 1137 9 126.3 141.6 98% 475.2 99% 
River Place Elementary School 782 7 111.7 85.4 98% 378.2 99% 
Galindo Elementary School 404 4 101.0 51.5 94% 309.9 98% 
Lago Vista City Hall 894 9 99.3 40.6 95% 295.2 99% 
Gus Garcia Recreation Center 395 4 98.8 48.4 95% 299.0 98% 
Dottie Jordan Recreation Center 473 5 94.6 30.5 91% 264.8 98% 
Maplewood Elementary School 527 6 87.8 16.9 84% 224.9 98% 
Blanton Elementary School 472 6 78.7 7.2 68% 157.3 98% 
YMCA East Community Branch 448 6 74.7 4.5 58% 136.6 97% 
Rollingwood Municipal Building 431 6 71.8 3.4 51% 120.3 97% 
Sunset Valley City Hall 355 5 71.0 4.0 53% 115.2 96% 
Little Walnut Creek Library 338 5 67.6 3.0 46% 94.1 96% 
Pecan Springs Elementary School 309 5 61.8 1.8 36% 63.2 94% 
CityView at the Park Senior Apts 277 5 55.4 1.1 26% 29.4 86% 
Clayton Elementary School 431 8 53.9 0.3 14% 20.7 81% 
Renaissance Retirement Center 311 6 51.8 0.5 17% 17.7 76% 
St. Alban's Episcopal Church 263 6 43.8 0.2 9% 6.4 54% 
Highland Park Elementary School 147 7 21.0 0.0 0% 0.1 2% 

 

45. Table 4 represents the scenario in which it took Travis County voters an average of 10 minutes 

to complete their ballots. Under that scenario, 6 sample polling places had less than 10-minutes 

average wait, and 13 polling places had long lines with an average of more than 14 minutes to 

more than 9 hours wait. If the straight-ticket voting option was not available, however, the 
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average wait time at Travis County polling places would have been over 2 times to 50 times 

longer. All but one of the sample polling places would have had an average wait of over 28 

minutes. The average wait time at the Clayton Elementary School polling place would have 

increased to 90 minutes from just 1.8 minutes, and the average wait time at the St. Alban's 

Episcopal Church polling place would have increased to more than 28 minutes from 0.9 

minute. 17 out of the 19 sample polling places would have hours-long waits. Under this 

scenario, without the straight-ticket voting option, a polling place with a voter/machine ratio 

higher than 43 would have had average wait times over 28 minutes, and a polling place with a 

voter/machine ratio higher than 51.8 would have had average wait times over an hour. This 

means that, among the 194 polling places in Travis County, 94% of polling places (183 polling 

places, at which more than 99,000 ballots were cast) would have had average wait times of 

over 28 minutes, and 89% of polling places (172 polling places, at which more than 96,000 

ballots were cast) would have had average wait times of over an hour.  

Table 4 Average voting time = 10 min with straight ticket voting; Average voting time = 16.7 min without straight ticket voting 

Location Name Votes # Voting 
Machines Voter/machine 

With Straight 
Ticket 

Without Straight 
Ticket 

Exp 
Wait 

Prob 
Wait 

Exp 
Wait 

Prob 
Wait 

Senior Activity Center - Lamar 548 3 182.7 547.1 99% 1153.2 99% 
Randalls Brodie and Slaughter 1137 9 126.3 270.6 99% 679.8 99% 

River Place Elementary School 782 7 111.7 189.8 98% 558.9 99% 

Galindo Elementary School 404 4 101.0 143.4 98% 477.9 99% 

Lago Vista City Hall 894 9 99.3 135.9 98% 459.0 99% 

Gus Garcia Recreation Center 395 4 98.8 132.9 98% 460.9 98% 

Dottie Jordan Recreation Center 473 5 94.6 112.1 97% 425.4 98% 

Maplewood Elementary School 527 6 87.8 79.0 97% 365.0 98% 

Blanton Elementary School 472 6 78.7 43.9 93% 290.5 98% 

YMCA East Community Branch 448 6 74.7 27.4 88% 258.3 98% 

Rollingwood Municipal Building 431 6 71.8 18.3 82% 230.8 98% 

Sunset Valley City Hall 355 5 71.0 21.2 84% 225.0 98% 

Little Walnut Creek Library 338 5 67.6 14.0 75% 202.5 97% 

Pecan Springs Elementary School 309 5 61.8 9.5 67% 152.4 97% 
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CityView at the Park Senior Apts 277 5 55.4 4.3 50% 102.1 95% 

Clayton Elementary School 431 8 53.9 1.8 35% 90.1 95% 

Renaissance Retirement Center 311 6 51.8 2.2 37% 75.0 93% 

St. Alban's Episcopal Church 263 6 43.8 0.9 21% 28.1 83% 

Highland Park Elementary School 147 7 21.0 0.0 1% 0.3  7% 

 

Calculating the Average Number of Items Voted on 
by Election Day 2016 Voters in Fort Bend County 

 
46. The items on the ballot in Fort Bend County in the 2016 general election included partisan 

elections to state executive and legislative office, partisan judicial elections, and local ballot 

measures. The specific items on each ballot varied from precinct to precinct. Among the 155 

precincts in Fort Bend County, the number of partisan elections ranged between 24 to 27, 6 to 

8 of which were uncontested. These elections were the only ones to which the straight-ticket 

voting option would have applied. There was one proposition in the City of Fairchilds.10 

47. As in Travis County, not all voters voted on every item on their ballot in 2016. The official 

election results from Fort Bend County show that the total number of ballots cast on Election 

Day was 52,997. Among the common 24 partisan races in which all 155 precincts participated, 

18 were contested, 5 items were uncontested and 1 item was uncontested in certain precincts. 

An average of 82% of non-straight-ticket voters voted on each of the 18 contested items. 

Approximately 99% of non-straight-ticket voters voted in each of the 5 uncontested items. 

Some partisan items did not make it on every ballot: 49% of voters voted in a race for state 

senator; 14% voted in a race for Justice of Peace; 23% of voters voted in a contested race for 

County Commissioner; 18% of voters voted in an uncontested County Commissioner race; 

23% of voters voted in a contested race for Constable; and 53% of voters voted in an 

 
10 Fort Bend County also has published results regarding four propositions relating to the Fort Bend County Water 
Control and Improvement District. 0 votes was were cast for each of those proposition on Election Day.  
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uncontested race for Constable. 0.1% of voters voted on the proposition from City of 

Fairchild.11 

48. Based on this data, the average number of items voted on by Election Day 2016 voters in Fort 

Bend County who did not use the straight-ticket voting option was 18. I calculated this result 

using the following formula: 18 × 82% + 5 × 99%/3 + 49%+ 14%+ 23%+ 18%/3 +

23%+ 53%/3 + 0.1% = 	18.  

49. Note again that I assume that the average time it takes a voter to vote on an uncontested item 

is a third of the average time to vote on a contested item.  

50. I also again assume that if a voter uses the straight-ticket option, it takes her approximately the 

same time to make a party selection under the straight-ticket voting option as it does for her to 

cast a vote in a contested election. So assuming, the average number of ballot items voted on 

by Election Day 2016 voters in Fort Bend County who did use the straight-ticket voting option 

was 1. I reached this result using the following formula: 1 + 0.1% = 	1.  

51. Among Election Day 2016 voters in Fort Bend County, 78% used the straight-ticket voting 

option. Thus, the average number of ballot items voted on by all Election Day 2016 voters in 

Fort Bend County was 5. I reached this result using the following formula: 18 × (1 − 78%) +

1 × 78% = 5. 

Calculating Average Voting Time Among 
Election Day 2016 Voters in Fort Bend County 

 
52. Again, I assume that, if the straight-ticket voting option in 2016 was not available, those who 

used the straight-ticket voting option in 2016 would have behaved similarly to those voters 

who did not use the straight-ticket option in 2016. Under that assumption, if the straight-ticket 

 
11 Given this low percentage, for simplicity, I assume that the same percentages of the non-straight-ticket voters 
voted on these items that did not make it on every ballot. 

Case 5:20-cv-00035   Document 19-5   Filed on 03/30/20 in TXSD   Page 25 of 39



 

23 

voting option was not available in 2016, the average number of ballot items on which all 

Election Day 2016 voters in Fort Bend County made selections would have been 18 instead of 

5.  

53. Again, I assume that the average voting time is proportional to the number of ballot items on 

which voters actually make selections. Then, if straight-ticket voting was not available in 2016, 

the average voting time in Fort Bend County would have been 3.6 (=18/5) times as long as it 

actually was in 2016, when straight-ticket voting was available.  

Calculating the Increase in Voting Time Among Election Day 2016 Voters in Fort Bend 
County if the Straight-Ticket Voting Option Had Not Been Available 

 
54. To demonstrate the potential impact that eliminating the straight-ticket voting option from 

2016 voters would have had in Fort Bend County, I set up four different scenarios regarding 

the average voting time it took Fort Bend County voters to complete their ballots in 2016: 3 

minutes, 4 minutes, 5 minutes, and 6 minutes. Again, I emphasize that these scenarios are 

conservative, for the same reasons explained above.  

55. Given the 260% increase in average voting time caused by the elimination of straight-ticket 

voting calculated above, if straight-ticket voting was not available in 2016, the corresponding 

average voting time under each of the four scenarios just described would have been, 

respectively, 10.8 minutes (3.6 x 3 minutes), 14.4 minutes (3.6 x 4 minutes) 18 minutes (3.6 x 

5 minutes), and 21.6 minutes (3.6 x 6 minutes).  

56. To create a representative sample of polling places in Fort Bend County, I ranked the county’s 

84 polling places according to “voter/machine” ratio. The voter/machine ratio of these polling 

places ranged from 012 to 130. Figure 2 shows their distribution: 

 
12 The Fort Bend County Rosenberg Annex Office polling place received no voters on Election Day. 
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Figure 2 Histogram of Fort Bend Polling Places by “voter/machine” ratio 

57. To select my sample of polling places, I partitioned these Fort Bend County polling places into 

7 groups with the voter/machine ratio of 0-20, 20-40, 40-60, 60-80, 80-100, 100-120, and 120-

140. Within each group, I randomly selected about 10% of the polling places. I also included 

the polling places with the smallest (greater than 0) and the largest voter/machine ratio. This 

sample forms a good representation of all the polling places in the County. The sample is listed 

in table below. 

Location Name VOTES # Voting Machines Voter/machine 

ED-George Bush H. S. 1044 8 130.5 
ED-Joy Lutheran Church 806 8 100.8 

ED-Sugar Land City Hall 652 8 81.5 

ED-Lost Creek Community Center 555 8 69.4 

ED-Sugar Lakes Clubhouse 470 8 58.8 

ED-Missouri City Community Center 1280 24 53.3 

ED-Great Oaks Baptist Church 591 12 49.3 

ED-First Colony Conference Center 915 24 38.1 

ED-Thompsons City Hall 59 6 9.8 

 
Estimated Effect of Eliminating the Straight-Ticket Voting Option on  

Average Wait Times at Fort Bend County Polling Places on Election Day 2016  
 

58. Tables 5 to 8 below present the expected wait time and probability of waiting at each polling 

place under two scenarios: (1) when straight-ticket voting is available, and (2) when straight-

ticket voting is not available. The expected wait time and the probability of waiting in these 

tables are calculated based on the M / M / c formula, and the values in the shaded cells represent 

instances in which the polling place became overloaded, making it impossible for the M / M / c 

-20 0 20 40 60 80 100 120 140
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formula to produce a numerical result. In those instances, average wait times and probability 

of waiting are computed using simulation model outputs.  

59. Table 5 represents the most conservative case, in which it took Fort Bend County voters an 

average of just 3 minutes to complete their ballots. If the average voting time in Fort Bend 

County on Election Day 2016 was just 3 minutes, all polling places in the sample would have 

had nearly no wait. If the straight-ticket voting option was unavailable, however, 4 out of the 

9 sample polling places would have had an average wait of over 25 minutes. The average wait 

time at three sample polling places would have been hours long. The average wait time at the 

George Bush H. S. polling place would have increased to over 5 hours. Under this most 

conservative scenario, without the straight-ticket voting option, polling places with a 

voter/machine ratio higher than 69 would have had an average wait of over 25 minutes. This 

means that, among the 84 polling places in Fort Bend County, 32% of polling places (27 polling 

places, at which 22,000 ballots were cast) would have had average wait times of over 25 

minutes.  

60. Table 6 represents the scenario in which it took Fort Bend County voters just 4 minutes to 

complete their ballots. Under that scenario, all polling places in the sample would have had 

nearly no wait. If the straight-ticket voting option was eliminated, however, 6 out of the 9 

sample polling places would have had average wait times of over 25 minutes. 5 of the sample 

polling places would have had hours-long waits. The average wait time at the George Bush 

H.S. polling place would have been more than 9 hours. Under this scenario, without the 

straight-ticket voting option, a polling place with a voter/machine ratio higher than 53 would 

have had an average wait time over 25 minutes. This means that, among the 84 polling places 

in Fort Bend County, more than half (45 polling places, at which more than 37,000 ballots 
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were case) would have had average wait times over 25 minutes.  

61. Table 7 represents the scenario in which it took Fort Bend County voters an average of just 5 

minutes to complete their ballots. Under that scenario, all polling places in the sample would 

have had less than a 5-minute wait. If the straight ticket voting was unavailable, however, 7 

out of the 9 sample polling places would have had hours-long average waits. The average wait 

time at the Great Oaks Baptist Church polling place would have increased to 1.4 hours 

(compared to no wait at all when the straight-ticket voting option was available). Under this 

scenario, without the straight-ticket voting option, a polling place with a voter/machine ratio 

higher than 49 would have had an average wait of over an hour. This means that, among the 

84 polling places in Fort Bend County, almost two-thirds (53 polling places, at which 41,000 

ballots were cast) would have had average wait times of over an hour.  

62. Table 8 represents the scenario in which it took Fort Bend County voters 6 minutes to cast their 

ballots. Under that scenario, all polling places in the sample would have had less than a 3-

minute wait, except the George Bush H. S. polling place, which would have had an average of 

37 minute wait. If the straight-ticket voting option was unavailable, however, 7 out of the 9 

sample polling places would have had hours-long average waits. The average wait time at the  

Sugar Lakes Clubhouse polling place would have increased to over 1 hour (compared to almost 

no wait when the straight-ticket voting option was available). Under this scenario, without the 

straight-ticket voting option, a polling place with a voter/machine ratio higher than 49 would 

have had an average wait of over two hours. This means that, among the 84 polling places in 

Fort Bend County, 63% of polling places (53 polling places, at which 41,000 ballots were cast), 

the average wait times would have been more than two hours.  

63. These results also highlight how, without straight-ticket voting, even very small fluctuations 
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in average voting time can produce exponential increases in waiting times at the polls. 

Consider, for example, the difference in expected wait time at the Missouri City Community 

Center in Tables 5 and 6. In Table 5, the expected wait time, with or without straight-ticket 

voting, would have been less than a minute. But if the average voting time in 2016 at the 

Missouri City Community Center was just one minute more, an extremely large disparity in 

wait times develops depending on whether straight-ticket voting was available. As Table 6 

shows, with straight-ticket voting available, that additional minute has no effect on wait times 

(i.e., there is still no wait); but without straight-ticket voting, that one additional minute causes 

the average wait time to become almost 30 minutes. 

Table 5 Average voting time = 3 min with straight ticket voting; Average voting time = 10.8 min without straight ticket voting 

Location Name Votes # Voting 
Machines Voter/machine 

With Straight 
Ticket 

Without Straight 
Ticket 

Exp 
Wait 

Prob 
Wait 

Exp 
Wait 

Prob 
Wait 

George Bush H. S. 1044 8 130.5 0.1 9% 337.5 99% 
Joy Lutheran Church 806 8 100.8 0.0 2% 181.4 98% 

Sugar Land City Hall 652 8 81.5 0.0 1% 79.3 96% 

Lost Creek Community Center 555 8 69.4 0.0 0% 27.3 90% 

Sugar Lakes Clubhouse 470 8 58.8 0.0 0% 7.4 65% 

Missouri City Community Center 1280 24 53.3 0.0 0% 0.5 22% 

Great Oaks Baptist Church 591 12 49.3 0.0 0% 0.8 25% 

First Colony Conference Center 915 24 38.1 0.0 0% 0.0 1% 

Thompsons City Hall 59 6 9.8 0.0 0% 0.0 0% 

 
Table 6 Average voting time = 4 min with straight ticket voting; Average voting time = 14.4 min without straight ticket voting 

Location Name Votes # Voting 
Machines Voter/machine 

With Straight 
Ticket 

Without 
Straight Ticket 

Exp 
Wait 

Prob 
Wait 

Exp 
Wait 

Prob 
Wait 

George Bush H. S. 1044 8 130.5 0.6 31% 572.1 99% 
Joy Lutheran Church 806 8 100.8 0.1 10% 356.0 99% 

Sugar Land City Hall 652 8 81.5 0.0 4% 221.2 98% 

Lost Creek Community Center 555 8 69.4 0.0 2% 138.6 97% 

Sugar Lakes Clubhouse 470 8 58.8 0.0 1% 63.8 94% 

Missouri City Community Center 1280 24 53.3 0.0 0% 27.1 91% 

Great Oaks Baptist Church 591 12 49.3 0.0 0% 14.0 79% 

First Colony Conference Center 915 24 38.1 0.0 0% 0.4 15% 
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Thompsons City Hall 59 6 9.8 0.0 0% 0.0 0% 

 
Table 7 Average voting time = 5 min with straight ticket voting; Average voting time = 18 min without straight ticket voting 

Location Name Votes # Voting 
Machines Voter/machine 

With Straight Ticket Without 
Straight Ticket 

Exp Wait Prob 
Wait 

Exp 
Wait 

Prob 
Wait 

George Bush H. S. 1044 8 130.5 4.8 72% 805.1 99% 
Joy Lutheran Church 806 8 100.8 0.6 27% 534.9 99% 

Sugar Land City Hall 652 8 81.5 0.2 11% 364.6 98% 

Lost Creek Community Center 555 8 69.4 0.1 5% 255.4 98% 

Sugar Lakes Clubhouse 470 8 58.8 0.0 2% 168.3 97% 

Missouri City Community Center 1280 24 53.3 0.0 0% 110.4 96% 

Great Oaks Baptist Church 591 12 49.3 0.0 0% 83.2 95% 

First Colony Conference Center 915 24 38.1 0.0 0% 12.0 75% 

Thompsons City Hall 59 6 9.8 0.0 0% 0.0 0% 

 
Table 8 Average voting time = 6 min with straight ticket voting; Average voting time = 21.6 min without straight ticket voting 

Location Name Votes # Voting 
Machines Voter/machine 

With Straight Ticket Without 
Straight Ticket 

Exp Wait Prob 
Wait 

Exp 
Wait 

Prob 
Wait 

George Bush H. S. 1044 8 130.5 37.0 96% 1031.6 99% 
Joy Lutheran Church 806 8 100.8 2.6 55% 716.6 99% 

Sugar Land City Hall 652 8 81.5 0.6 24% 506.0 98% 

Lost Creek Community Center 555 8 69.4 0.2 12% 376.6 98% 

Sugar Lakes Clubhouse 470 8 58.8 0.1 5% 260.9 97% 

Missouri City Community Center 1280 24 53.3 0.0 0% 199.4 97% 

Great Oaks Baptist Church 591 12 49.3 0.0 1% 162.9 96% 

First Colony Conference Center 915 24 38.1 0.0 0% 45.6 91% 

Thompsons City Hall 59 6 9.8 0.0 0% 0.1 1% 

 
General Insights  

 
64. According to M / M / c queue, the queueing system will not be overloaded as long as the 

average arrival rate is smaller than the average service rate. That is, in the context of voting,  

#	𝑜𝑓	𝑣𝑜𝑡𝑒𝑟	𝑎𝑟𝑟𝑖𝑣𝑎𝑙𝑠	𝑝𝑒𝑟	𝑚𝑖𝑛𝑢𝑡𝑒 < #	𝑜𝑓	𝑚𝑎𝑐ℎ𝑖𝑛𝑒𝑠 ×
1

𝑎𝑣𝑒𝑟𝑎𝑔𝑒	𝑣𝑜𝑡𝑖𝑛𝑔	𝑡𝑖𝑚𝑒	(min) 

After re-arranging this formula, I obtain the following formula,  

𝐴𝑣𝑒𝑟𝑎𝑔𝑒	𝑉𝑜𝑡𝑖𝑛𝑔	𝑇𝑖𝑚𝑒	(min) <
#	𝑜𝑓	𝑚𝑎𝑐ℎ𝑖𝑛𝑒𝑠

#	𝑜𝑓	𝑣𝑜𝑡𝑒𝑟	𝑎𝑟𝑟𝑖𝑣𝑎𝑙𝑠	𝑝𝑒𝑟	𝑚𝑖𝑛𝑢𝑡𝑒 																		(1) 
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65. This indicates that, as long as the average voting time (in minutes) is less than the threshold as 

in (1), the voting line will not be overloaded. In other words, the threshold in (1) is the longest 

average voting time allowed in a polling location given the voter arrival rate and the number 

of voting machines. Wait time at voting lines will be long whenever the average voting time 

exceeds the threshold. Note that the threshold provided in (1) is the ceiling, not the floor, for 

the average voting time. Voting lines can still be long even if average voting time is smaller 

than the threshold. 

66. Tables 9 and 10 give the average voting time threshold for the polling places in Travis County 

and Fort Bend County. Comparing the average voting time thresholds with the average voting 

times used in Tables 1 to 8 helps explain why the long lines I estimate in this report occur. 

Because the majority of the ballot items with which voters in 2016 were presented were 

covered by straight-ticket voting option (15 out of 20 items in Travis County, and nearly all 

items in Fort Bend), and a majority of voters on Election Day 2016 in both counties used 

straight-ticket voting (e.g., 52% in Travis County, 78% in Ft Bend County), eliminating the 

straight-ticket voting option substantially increases the average voting time. Such substantial 

increase in average voting time (e.g., 1.67 times longer in Travis County, 3.6 times longer in 

Fort Bend County) can easily cause a polling place to exceed its threshold (listed in Tables 9 

and 10), which results in long wait times. 

67. To mitigate the negative impact caused by eliminating the straight-ticket voting option, 

election officials must increase the threshold for average voting time. The best way to do so 

would be to increase the number of voting machines allocated at each polling place. Moreover, 

it is my understanding that turnout will be particularly high in this year’s general election. If 

more voters turn out than expected, the threshold for that polling places decreases, increasing 
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the likelihood of long lines.   

Table 9 Average voting time threshold at selected polling places in Travis County 

Location Name VOTES # Voting Machines Voter/machine Average Voting Time Threshold 
(min) 

Senior Activity Center - Lamar 548 3 182.7 3.94 
Randalls Brodie and Slaughter 1137 9 126.3 5.70 
River Place Elementary School 782 7 111.7 6.45 
Galindo Elementary School 404 4 101.0 7.13 
Lago Vista City Hall 894 9 99.3 7.25 
Gus Garcia Recreation Center 395 4 98.8 7.29 
Dottie Jordan Recreation Center 473 5 94.6 7.61 
Maplewood Elementary School 527 6 87.8 8.20 
Blanton Elementary School 472 6 78.7 9.15 
YMCA East Community Branch 448 6 74.7 9.64 
Rollingwood Municipal Building 431 6 71.8 10.02 
Sunset Valley City Hall 355 5 71.0 10.14 
Little Walnut Creek Library 338 5 67.6 10.65 
Pecan Springs Elementary School 309 5 61.8 11.65 
CityView at the Park Senior Apts 277 5 55.4 13.00 
Clayton Elementary School 431 8 53.9 13.36 
Renaissance Retirement Center 311 6 51.8 13.89 
St. Alban's Episcopal Church 263 6 43.8 16.43 
Highland Park Elementary School 147 7 21.0 34.29 

 

Table 10 Average voting time threshold at selected polling places in Fort Bend County 

Location Name VOTES # Voting 
Machines 

Voter/machine Average Voting Time Threshold 
(min) 

ED-George Bush H. S. 1044 8 130.5 5.52 
ED-Joy Lutheran Church 806 8 100.8 7.15 

ED-Sugar Land City Hall 652 8 81.5 8.83 

ED-Lost Creek Community Center 555 8 69.4 10.38 

ED-Sugar Lakes Clubhouse 470 8 58.8 12.26 

ED-Missouri City Community Center 1280 24 53.3 13.50 

ED-Great Oaks Baptist Church 591 12 49.3 14.62 

ED-First Colony Conference Center 915 24 38.1 18.89 

ED-Thompsons City Hall 59 6 9.8 73.22 

 

CONCLUSION 

68. My analyses above use queueing theory and simulation models to provide insights into the 

Case 5:20-cv-00035   Document 19-5   Filed on 03/30/20 in TXSD   Page 33 of 39



 

31 

impact that eliminating straight-ticket voting from Texas ballots will have on average wait 

times at the polls. By removing the straight-ticket option from ballots in Texas, HB 25 will 

significantly increase the average voting time for voters. Such increase in average voting time 

will cause more voters to wait in line, and for longer periods of time. The polling places with 

high “voter/machine” ratio are the most vulnerable to this effect.  

 

I reserve the right to supplement this and other reports 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:  3/26/2020   

      By:______________________________ 

            Muer Yang  
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