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TO THE HONORABLE SUPREME COURT OF NORTH CAROLINA: 

Harper Plaintiffs respectfully petition this Court to issue a temporary stay and a writ 

of supersedeas partially staying enforcement of the February 23, 2022 Order of the Wake 

County Superior Court to the extent that it adopts the remedial State Senate plan enacted 

as S.B. 744, pending review by this Court. The Court should instead order adoption of the 

Harper Plaintiffs’ proposed remedial Senate map, and order the opening of candidate filing 

tomorrow using Harper Plaintiffs’ proposed remedial Senate map, and the remedial House 

and Congressional maps adopted by the trial court.     

INTRODUCTION 

All four of the Special Masters’ quantitative experts found that S.B. 744 is a 

substantial, pro-Republican partisan gerrymander that denies the Democrats any chance 

at a majority even when they win well over a majority of the statewide vote.  This Court 

held a week ago that “voters are entitled to have substantially the same opportunity to 

electing a supermajority or majority of representatives as the voters of the opposing party 

would be afforded if they comprised [a given] percent of the statewide vote share in that 

same election.”  Harper v. Hall, No. 413PA21, Opinion ¶ 169 (N.C. Feb. 14, 2022).  All 

four experts concluded that S.B. 744 flunks that partisan symmetry test.  Nonetheless, the 

Special Masters and the trial court approved S.B. 744 because under certain statewide 

vote fractions, S.B. 744 did not score outside a patently unacceptable range on one of the 

metrics the Court identified, the efficiency gap.    

This Court should stay S.B. 744, which “violates the North Carolina Constitution” 

because “it deprives [the] voter[s] of [their] right to substantially equal voting power on 
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the basis of partisan affiliation.” Harper v. Hall, No. 413PA21, Order ¶ 5 (N.C. Feb. 4, 

2022).  Despite this Court’s clear instructions, the General Assembly once again enacted, 

and the trial court approved, a Senate plan that will predictably secure “partisan 

advantage incommensurate with a political party’s level of statewide voter support.” id. 

¶ 5.  

The remedial Senate plan once again clearly violates North Carolina’s Free 

Elections Clause, Equal Protection Clause, Free Speech Clause, and Freedom of 

Assembly Clause.  Analysis from Harper Plaintiffs’ experts, the Special Masters’ 

assistants, and even Legislative Defendants’ own experts uniformly concluded that the 

enacted remedial Senate plan does not provide anything approaching the partisan 

symmetry the North Carolina Constitution demands.  The asymmetry is stark and 

profoundly antidemocratic.  Democratic voters under this Senate plan will not be able to 

elect a majority at any realistic vote share.  By contrast, Republicans will elect majorities 

even when winning less than a majority of the vote.  And Republicans will frequently win 

supermajorities at vote shares where Democrats would not even win a majority.  These 

facts are undisputed. 

It is imperative that this Court demand full compliance with North Carolina’s 

Declaration of Rights by staying adoption of the Senate map adopted by the trial court 

today. Because this cycle’s districting plans will supply the first benchmark for how 

much partisan advantage is tolerable under North Carolina law, it is especially important 

to prevent a gerrymander from taking root before the ink on this Court’s landmark Order 

has dried. Cf. Clarno v. Fagan, No. 21CV40180, 2021 WL 5632371, *5 (Or. Nov. 24, 
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2021) (rejecting partisan gerrymandering claim where enacted map’s partisan advantage 

was comparable to the partisan advantage in previous judicially adopted maps). And the 

gerrymanders adopted by the superior court today are hardly subtle. Legislative 

Defendants did not even bother fixing lines in several Senate clusters that were 

specifically found to be partisan gerrymanders, including in Forsyth County and 

Buncombe County. If the plan is left in place, Harper Plaintiffs will suffer irreparable 

harm because they will be forced to vote in unconstitutional districts where they do not 

have a “substantially equal opportunity to translate votes into seats across the plan.”  Feb. 

4 Order ¶ 6. Balancing the equities further supports immediate relief because North 

Carolina voters deserve to vote in districts that comply with the state’s constitution.   

Nothing about North Carolina’s political geography requires this biased map.  The 

special masters’ experts found that Harper Plaintiffs’ proposed remedial plan is 

equivalent to S.B. 744 on nonpartisan metrics like compactness and preserving counties, 

and results in substantially less partisan bias.  The Court can accordingly order the 

election to go forward tomorrow using Harper Plaintiffs’ proposed Senate map.    

For these and the additional reasons explained below, the maps adopted by the 

superior court are likely to be vacated on appeal and emergency temporary relief is 

warranted in the interim. Because the issues here are extraordinarily important and time-

sensitive, Harper Plaintiffs understand this Court’s February 4th Order to waive the 

ordinary requirement that appellants first seek further relief below. Accordingly, Harper 

Plaintiffs now petition this Court directly for a writ of supersedeas and temporary stay.   
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REASONS WHY THE WRIT OF SUPERSEDEAS SHOULD ISSUE 

In determining whether to grant a writ of supersedeas and temporary stay, North 

Carolina courts apply the familiar test balancing the petitioner’s likelihood of success on 

the merits of the appeal, whether irreparable injury will occur absent a stay, and whether 

the balance of the equities supports temporary relief. See Abbott v. Highlands, 52 N.C. 

App. 69, 79, 277 S.E.2d 820, 827 (1981); Home Indem. Co. v. Hoechst Celanese Corp., 

128 N.C. App. 113, 117-19, 493 S.E.2d 806, 809-11 (1997); see also N. Iredell 

Neighbors for Rural Life v. Iredell Cnty., 196 N.C. App. 68, 79, 674 S.E.2d 436, 443 

(2009). Here, each of these factors favors the grant of a temporary stay and writ of 

supersedeas. 

I. Harper Plaintiffs are likely to succeed on the merits in enjoining use of the 
enacted Senate plan, which systematically prevents Democrats from 
winning a Senate majority. 

This Court is likely to enjoin use of Legislative Defendants’ enacted remedial 

Senate plan, S.B. 744, which the trial court adopted.  The evidence is undisputed that the 

remedial Senate plan prevents Democrats from winning a majority in the Senate under 

any reasonable election scenario and frequently gives a supermajority to Republicans 

even at vote shares close to 50-50.  All four of the experts the Special Masters hired to 

evaluate the Senate map found it to be a pro-Republican partisan gerrymander with 

substantial partisan bias on the metrics this Court identified.   

A. The North Carolina Constitution Requires Partisan Symmetry 

This Court has held that North Carolina’s redistricting plans must give “voters of 

all political parties substantially equal opportunity to translate votes into seats across the 
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plan.”  Feb. 4 Order ¶ 6.  In particular, “voters are entitled to have substantially the same 

opportunity to elect[] a supermajority or majority of representatives as the voters of the 

opposing party would be afforded if they comprised” a given percentage “of the 

statewide vote share in that same election.”  Slip op. ¶ 169.  “What matters here, as in the 

one-person, one-vote context, is that each voter’s vote carries roughly the same weight 

when drawing a redistricting plan that translates votes into seats in the legislative body.”  

Id.   

A reapportionment plan is thus unconstitutional where the plan “makes it 

systematically more difficult for a voter to aggregate his or her vote with other 

likeminded voters.” Feb. 4 Order ¶ 5. This violation can be measured “by comparing the 

number of representatives that a group of voters of one partisan affiliation can plausibly 

elect with the number of representatives that a group of voters of the same size of another 

partisan affiliation can plausibly elect.” Id. Alternatively, a plan’s unconstitutionality can 

be demonstrated “by comparing the relative chances of voters from each party electing a 

supermajority or majority of representatives under various possible electoral conditions.” 

Id. This Court specifically endorsed “mean-median difference analysis, efficiency gap 

analysis, close-votes, close seats analysis, and partisan symmetry analysis” to assess 

“whether the mapmaker adhered to traditional neutral districting criteria” and “whether a 

meaningful partisan skew necessarily results from North Carolina’s unique political 

geography.” Id. ¶ 6. 
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B. S.B. 744 undisputedly fails to provide partisan symmetry. 

Legislative Defendants’ remedial Senate map, which the trial court adopted, flouts 

this Court’s order and opinion by failing to provide voters the substantially equal voting 

opportunity this Court has required.  On this key point, all of the parties’ analytical 

experts, as well as the Special Masters’ assistants, were in agreement.  No evidence, let 

alone substantial evidence, supported the trial court’s decision to adopt this map. 

1. The Special Masters’ assistants uniformly found that S.B. 744 does not 
provide partisan symmetry. 

The Special Masters retained assistants to provide quantitative analysis of the 

proposed remedial plans.  See App. 25 (Special Masters’ Report at 1).  All four of these 

assistants concluded that S.B. 744 fails partisan symmetry.  In particular: 

Dr. Eric McGhee concluded that S.B. 744, although better than the 2021 plan, 

flunked partisan symmetry: “in a tied election Republicans would still hold 27 or 28 

seats,” while “Democrats would need to win as much as 53 percent of the vote to claim 

25 seats.” App. 38 (McGhee Senate Report at 6).  Dr. McGhee also found that S.B. 744 

had a mean-median differential of 2.2%, App. 36 (Report at 4), which exceeds both the 

0.8% differential he found for Harper Plaintiffs’ plan and the 1% mean-median threshold 

identified by this Court as presumptively constitutional, see Slip Op. ¶ 166. 

Dr. Tyler Jarvis concluded that Legislative Defendants’ proposed Senate remedial 

plan “is often a significant outlier in favor of the Republicans” in comparison to Dr. 

Mattingly’s non-partisan ensemble.  App. 53 (Jarvis Report at 15).  By contrast, Harper 

Plaintiffs’ proposed Senate plan is “mostly typical of the ensemble.”  Id.  Dr. Jarvis also 
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found “strong evidence of partisan gerrymandering in the LD plan.”  App. 56 (Jarvis 

Report at 18). 

Dr. Jarvis also found that the average mean-median differential for the Legislative 

Defendants’ plan was 1.4% in favor of the Republicans, with a score as high as 3% in one 

election.  App. 61 (Report at 23).  By contrast, Harper Plaintiffs’ plan had an average 

mean-median score of 0.  Id.  He found that the average “partisan bias” score for the 

Legislative Defendants’ plan was 4% in favor of Republicans, compared to 0.5% in favor 

of Republicans for Harper Plaintiffs’ plan.  Id.  The average efficiency gap score was 4% 

for Legislative Defendants’ plan, and 1.1% for Harper Plaintiffs, both in favor of 

Republicans.  App. 62 (Report at 24).   

Dr. Sam Wang agreed that S.B. 744 systematically favors Republicans, finding 

that across elections the “seat partisan asymmetry is a 2.1-seat difference in favor of 

Republicans.”  App. 84 (Report at 11).  And “[a]ll of the five other metrics”—mean-

median difference, partisan bias, lopsided wins difference, declination, and efficiency 

gap—“also favor Republicans.”  Id.; see App. 85. While Dr. Wang concluded that S.B. 

744’s mean-median differential was less than 1%, he did so using a single election 

composite where the Republicans win approximately 51% of the two-party vote share.  

App. 77 (Report at 4).1  

 
1 Dr. Wang also appears to have made typographical or computational errors in assessing 
Harper Plaintiffs’ remedial plans. For example, page 12 of Dr. Wang’s report states that 
Harper Plaintiffs’ plan produces a 11.1 degree declination angle that favors Democrats, 
while page 14 states that the angle favors Republicans.  He inconsistently reports that 
Harper Plaintiffs’ plan gives the Republicans a .8 seat advantage in a 50-50 election, but 
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Dr. Bernard Grofman likewise found “a substantial pro-Republican bias [in the 

Senate map] in terms of the likelihood that a majority of the voters will be able to win a 

majority of the seats.” App. 112.  He concluded that “only a win by considerably more 

than 50% of the statewide vote can yield the Democrats a majority of the seats.” Id. “In a 

state that is in recent history one that is nearly evenly divided,” S.B. 744 “creates a 

distribution of voting strength across districts that is very lopsidedly Republican.” Id. The 

map creates “24 Republican leaning districts that, based on averaged recent data will, 

barring a political tsunami, elect Republicans; 17 Democratic leaning districts that will, 

barring a political tsunami, elect Democrats; and [9] competitive districts.  Democrats 

would have to win nine of the nine competitive seats to win a majority in the Senate.” Id. 

“Because they all point in the same direction, the political effects statistical indicators of 

partisan gerrymandering argue for the conclusion that this NC Senate map should be 

viewed as a pro-Republican  gerrymander.” App. 113. And while Dr. Grofman concluded 

that S.B. 744’s mean-median differential was less than 1%, he (similar to Dr. Wang) 

calculated the mean-median gap based on only a single averaged election where the 

Republicans win 50.8% of the two-party vote share.  See App. 109, 112–13.  

The Special Masters’ report, which formed the basis for the trial court’s opinion, 

largely ignored these uniform findings that S.B. 744 lacks partisan symmetry.  The report 

instead focused only on two metrics, noting that (1) all of the advisors had found that the 

 
gives Democrats a 1.3 average seat advantage.  In fact, as all the other expert reports 
confirm, Harper Plaintiffs’ plan is largely symmetrical but the asymmetries favor 
Republicans, not Democrats.  
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efficiency gap of the proposed Senate plan was less than 7% and that (2) “[t]he majority 

of the advisors and experts found the mean-median difference of the proposed remedial 

Senate plan to be less than 1%.”  App. 27 (Special Masters’ Report at 3).  The second 

statement is simply incorrect; only two of the Special Masters’ assistants determined that 

the mean-median differential was less than 1% and, as explained above, both used a 

methodology that did not account for variation in the mean-median differential across 

different elections.  Meanwhile, two of the assistants found that the mean-median 

differential exceeded 1%—a conclusion consistent with that of Harper Plaintiffs’ experts 

and the NCLCV Plaintiffs’ expert.   

And more broadly, the Special Masters (and in turn the trial court) failed to even 

acknowledge the uniform findings of the assistants regarding the significant partisan 

skew of this map on other key metrics of fairness.  Dr. McGhee, for example, concluded 

that “in a tied election Republicans would still hold 27 or 28 seats,” while “Democrats 

would need to win as much as 53 percent of the vote to claim 25 seats.” App. 38 

(McGhee Senate Report at 6).  That outcome is not substantially equal. 

2. Harper Plaintiffs’ experts find significant, asymmetric treatment of 
Democratic and Republican voters.   

Harper Plaintiffs’ experts agreed with these uniform findings from the Special 

Masters’ assistants.  To implement this Court’s directive that voters have substantially the 

same opportunity to elect a majority or supermajority at a given vote share, Harper 

Plaintiffs’ testifying expert Dr. Jonathan Mattingly and his colleague Dr. Gregory 

Herschlag (the Phillip Griffiths Assistant Research Professor of Mathematics at Duke 



 11 

University) measured the partisan symmetry of S.B. 744 and of Harper Plaintiffs’ 

proposed remedial plan using a metric that uses symmetric, reciprocal pairs of 

Democratic vote shares across a range of recent, statewide elections and calculates how 

those two symmetric vote shares would translate into seats elected for that party in 

Senate.  See App. 132–33 (Mattingly-Herschlag Remedial Report at 2-3).   

To take an example: Dr. Mattingly and Dr. Herschlag began with the results of the 

2016 gubernatorial election and applied a “uniform swing” to the election results to 

reflect a 48% Democratic statewide vote share for that election. They calculated how 

many Republican Senators would be elected under S.B. 744 with that 48% Democratic 

vote share. They then applied a uniform swing to that election so that it reflected the 

corresponding, reciprocal Democratic vote share—i.e., 52%. They then computed the 

number of Democratic Senators that would be elected with that 52% Democratic vote 

share. They then calculated the absolute difference between the number of Republican 

Senators elected with 48% Democratic vote share and the number of Democratic 

Senators elected with a 52% Democratic vote share. Thus, if 27 Republicans were elected 

with 48% Democratic vote share, and 25 Democrats were elected with 52% vote share, 

the absolute difference would be 2 seats. (Because the figure is absolute, the value is 

always positive. It does not reflect which party benefits from the asymmetry; it captures 

only the degree of asymmetry.) Dr. Mattingly and Dr. Herschlag repeated that process 

using several sets of reciprocal vote fractions—45% and 55%, 46% and 54%, 47% and 

53%, and 49% and 51%. They did this for each of the 16 statewide elections listed above, 

and then calculated an average of the absolute difference between the number of 
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Republican seats elected (under the lower Democratic vote share) and the number of 

Democratic seats elected (under the higher Democratic vote share).  See App. 132–33 

(Mattingly-Herschlag Remedial Report at 2-3). 

The metric thus captures the average, absolute deviation, across elections and 

across vote shares, between the number of seats that the two parties are expected to elect 

at the same given vote share. Lower numbers reflect greater partisan symmetry, and in 

particular, reflect a more “equal opportunity to electing a supermajority or majority of 

representatives as the voters of the opposing party would be afforded if they comprised” a 

given percentage “of the statewide vote share in that same election.” Harper slip op. 

¶ 169. Legislative Defendants’ expert Dr. Michael Barber endorsed this general approach 

to evaluating partisan symmetry:  “The basic idea is to look at the vote share in each 

district and increase/decrease the vote share in each district by a uniform amount across a 

range of outcomes,” and “as Democrats gain more votes statewide, the translation of 

those votes to seats should be similar to when Republicans gain an equally large share of 

the votes.”  App. 184–85 (Barber Remedial Report at 17-18). 

Under this measure of partisan symmetry, the deviation in Legislative Defendants’ 

plan is an enormous 4.0125 seats.  This means that in any given election, across a range 

of vote shares between 50 and 55%, Republicans would be expected to elect four more 

Senators than Democrats would elect at the same vote share.  This is an extreme 

asymmetry.  Harper Plaintiffs’ proposed Senate plan produced an average deviation in 

seats won at a given party vote share of only 1.04375 seats.  And nothing in North 

Carolina’s political geography requires Legislative Defendants’ four-Senator differential.  
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If Legislative Defendants had selected even a single random plan from Dr. Mattingly’s 

ensemble of 80,000 computer-generated maps—which were not drawn to prioritize 

partisan symmetry in any way—that plan would have had better partisan symmetry than 

S.B. 744 with 99.6% probability.  App. 136 (Mattingly-Herschlag Rep. 6).  

This asymmetry is significant across election outcomes, as shown in Figure 4 from 

the Mattingly-Herschlag report, which shows the number of seats for each party that are 

expected at the same vote share in S.B. 744 and in Harper Plaintiffs’ proposed Senate 

plan, using uniform swing analysis.  Once again, the contrast is stark; it shows that S.B. 

744 isn’t even trying to ensure that the parties have a substantially equal opportunity to 

translate votes into seats: 

 

Seat counts under historical elections confirm S.B. 744’s extreme asymmetry.  

Figure 3 from the Mattingly-Herschlag report shows that Democrats win a minority of 

seats in half the elections where they won a majority of the vote. Yet again, this 

antidemocratic result is not symmetrical: there isn’t a single election where the 

Republicans win a majority of votes but a minority of seats.  The asymmetry also protects 
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Republican supermajorities: When Democrats win 51.21% of the vote under the 2020 

Secretary of State election, they barely win a majority of seats. Meanwhile, when 

Republicans get a similar vote share under the 2020 Commissioner of Insurance election, 

they win a safe supermajority: 

 

Finally, Drs. Mattingly and Herschlag concluded that Legislative Defendants’ 

proposed Senate plan also fails the 1% mean-median threshold identified by this Court as 

presumptively constitutional, with a mean-median difference of 1.304%.  App. 136 

(Mattingly-Herschlag Remedial Rep. 6).  By comparison, Harper Plaintiffs’ proposed 
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Senate plan has a mean-median difference of 0.228% and an efficiency gap of less than 

2%.  Id. 

3. Legislative Defendants’ expert agrees that S.B. 744 treats voters 
asymmetrically. 

Finally, even the analysis of Legislative Defendants’ expert, Dr. Michael Barber, 

confirms the lack of partisan symmetry in their Senate plan.  As shown in Dr. Barber’s 

Figure 9(b) from his remedial-phase report, highlighted in red and blue below, Democrats 

need dramatic increases in vote share to produce additional seats and have effectively no 

chance at winning a supermajority even at unprecedented vote shares.  App. 206.  For 

example, Democrats must ascend from 50% vote share to nearly 55% vote share before 

gaining a 28th seat, and are still 2 seats short of a supermajority.  If Republicans 

experience that same 5-point increase from 50% to 55%, their seat count jumps to 33 

seats—well over a supermajority. 
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* * * 

 In short, all of the quantitative evidence presented to the trial court showed the 

same thing: The enacted remedial Senate plan does not give voters “substantially the 

same opportunity to elect[] a supermajority or majority of representatives as the voters of 

the opposing party would be afforded if they comprised” a given percentage “of the 

statewide vote share in that same election.”  Slip op. ¶ 169.  The plan does not comply 

with this Court’s ruling, and the Court is likely to hold that the trial court clearly erred by 

adopting it. 

II. The trial court’s Order will cause irreparable injury and is contrary to the 
balance of the equities and the public interest. 

As explained above, the superior court’s order today adopts an unconstitutional 

plan wherein “some peoples’ votes have more power than others.” Harper, slip. op. ¶ 5. 
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If this map is used in the upcoming elections, Plaintiffs will be forced to vote in 2022 in 

unlawful districts that violate “the individual rights of voters to cast votes that matter 

equally, as guaranteed by our constitution in article I, sections 10, 12, 14, and 19.” Slip 

op. ¶ 9; see Northampton Cnty. Drainage Dist. No. One v. Bailey, 326 N.C. 742, 747 

(1990) (The “right to vote on equal terms is a fundamental right.”).  

The “fundamental right[s]” at issue “encompass[] the opportunity to aggregate 

one’s vote with likeminded citizens to elect a governing majority of elected officials who 

reflect those citizens’ views.” Slip op. ¶ 179. And when, as here, “on the basis of 

partisanship the General Assembly enacts a districting plan that diminishes or dilutes a 

voter’s opportunity to aggregate with likeminded voters to elect a governing majority . . . 

the General Assembly infringes upon that voter’s fundamental right to vote.” Slip op. 

¶ 179. The loss of these constitutional rights irreparably injures Plaintiffs and all North 

Carolinians. See Elrod v. Burns, 427 U.S. 347, 373 (1976) (“[A]n infringement of voting 

and associational rights . . . cannot be alleviated after the election.); Council of 

Alternative Political Parties v. Hooks, 121 F.3d 876, 883 (3d Cir. 1997); see also League 

of Women Voters of N.C. v. North Carolina, 769 F.3d 224, 247 (4th Cir. 2014) 

(recognizing courts routinely deem restrictions on fundamental rights to cause irreparable 

injury). 

This Court must therefore once again exercise its “most fundamental [] sacred 

dut[y]” to “protect the constitutional rights of the people of North Carolina from 

overreach by the General Assembly.”  Slip op. ¶ 7. Just as with the 2016 congressional 

plan and the 2021 redistricting plans, the superior court’s ordered plans will “prevent 
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elections from reflecting the will of the people impartially” and “dilut[e] voting power on 

the basis of partisan affiliation.” Slip Op. ¶ 141. Only a fair, nonpartisan remedial plan 

can ensure that the districts where Plaintiffs live and vote are not the product of illegal 

discrimination by their government. 

This case is about the rights of all North Carolina citizens to vote in lawful 

districts that will reveal, fairly and truthfully, the will of the people. Absent this Court’s 

intervention, Plaintiffs and their fellow citizens will be forced to cast their ballots in 

invalid, unconstitutional Senate districts in 2022. It would be inequitable in the extreme 

to force them do so. 

MOTION FOR TEMPORARY STAY 

Pursuant to Rules 8 and 23(e) of the North Carolina Rules of Appellate Procedure 

and this Court’s February 4, 2022 Order, Harper Plaintiffs respectfully apply to this 

Court for an order temporarily staying enforcement of S.B. 744 until determination of 

this Court as to whether it shall issue its writ of supersedeas. Harper Plaintiffs 

incorporate and rely on the arguments presented in the foregoing Petition for Writ of 

Supersedeas in support of this Motion for Temporary Stay.  

CONCLUSION 

 Wherefore, Harper Plaintiffs respectfully pray that this Court issue a writ of 

supersedeas to the superior court, staying enforcement of the Order entered today as to 

only the adoption of a remedial Senate map pending issuance of the mandate to this Court 

following its review and determination upon the appeal which will be timely perfected; 

and that Harper Plaintiffs shall have such other relief as to the Court may seem proper. 
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Harper Plaintiffs also request that this Court temporarily stay enforcement of the Order 

entered below as to the adoption of a remedial Senate map until such time as this Court 

rules on the foregoing Petition for Writ of Supersedeas.   
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Respectfully submitted, this 23rd day of February, 2022.    
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To: Special Masters, North Carolina Superior Court, Wake County

From: Eric McGhee

Re: Remedial state senate maps in NCLCV v Hall and Harper v Hall

Date: February 20, 2022

The Special Masters appointed by the North Carolina Superior Court of Wake County have asked me to

provide my assessment of the partisan fairness of the remedial maps submitted by the parties to NCLCV v

Hall, and Harper v Hall. I am a political scientist who studies elections, election administration, redistricting,

public opinion, and legislative behavior. I am the creator of a popular measure of partisan gerrymandering

called the efficiency gap, and co-creator with Nicholas Stephanopoulos of Harvard University of a legal test

using the same. I am also a member of the Board of Directors of PlanScore, a nonpartisan website that

scores redistricting plans on measures of partisan advantage. I have numerous published articles on the

subject of partisan advantage in redistricting and am frequently consulted on the topic by policymakers and

the media. I have a PhD in political science from the University of California, Berkeley.

In this memo I will evaluate the remedial state senate maps against each other and against the original

enacted maps that were struck down. I will use four measures of partisan advantage: partisan symmetry

(PS), the mean-median difference (MMD), the efficiency gap (EG), and the declination (D). I will also offer

some evidence of the competitiveness of each plan, the compactness of the districts, and how many counties

have been split.

In an earlier memo (mcghee_nc_remedial_metrics.pdf) I described the logic behind each of the fairness

metrics, so I direct the reader to that memo for further information and I will not cover that topic here.

However, it is worth mentioning that PS and MMD have special significance for this state legislative analysis.

The two metrics offer a sense of how difficult it would be for a party with majority voter support to control a

majority of the seats. Majority control of North Carolina’s congressional delegation does not by itself dictate

majority control of the U.S. House of Representatives. But majority control of state legislative seats does

decide which party organizes chambers of the state legislature. This gives the PS and MMD a clearer nexus

to the fair allocation of political power for state legislature in a competitive state like North Carolina, where

majority support is a live issue.

I will use PlanScore to conduct the great majority of this analysis. In an earlier memo analyzing the

congressional plans (mcghee_nc_remedial_congress.pdf) I offered an explanation of PlanScore’s approach

1
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to estimating partisan outcomes, so I direct the reader to that memo for most of the details on that topic. In

my analysis of the congressional plans I mentioned that PlanScore also reports EG values using presidential

and U.S. Senate votes, without any statistical modeling. I prefer the model predictions, but I will note how

the presidential and U.S. Senate values compare for each of the plans.

The Stephenson rule

In North Carolina redistricting, the Stephenson rule controls how many counties may be split across multiple

districts. Counties are grouped together before any lines are drawn, and boundaries are chosen within each

of these county groups. In this particular litigation it appears that both sides agree on the parameters of

the Stephenson constraint, so the precise groupings of counties is not at issue in this case.

The Stephenson rule does not fundamentally change the partisan fairness evaluation I will conduct here.

The partisan fairness metrics used in this memo can tell us which party is advantaged by a plan, but not

whether that advantage can be avoided without running afoul of other legal constraints like the Stephenson

rule. That question can only be answered by identifying one or more alternative plans that do successfully

avoid the bias. These plans might be submitted by other parties, or they might be generated randomly by

a computer through an ensemble analysis that programs the Stephenson rule into its algorithm.

It is tempting to think that the Stephenson rule requires breaking the partisan fairness evaluation into a

series of separate assessments, one for each county group. It certainly breaks up line drawing this way. But

the fairness metrics are always a plan-wide consideration, because the overall effect is what matters for the

allocation of political power and so for fairness. To evaluate each county group separately would be akin to

deciding the winner of a basketball game by counting the number of quarters won by each team: it might

say something about which team played better, but would miss the main point of the game.

Partisan fairness

Table 1 contains a comparison of PlanScore results for the original enacted plans that were struck down

and each of the proposed remedial plans. The columns headed “Open” contain predictions that simulate

what might happen if no incumbents ran for reelection and every seat was open. The columns headed

“Incumb.” place incumbents in the seats they were drawn into and treat as open any seat where the

Legislative Defendants indicated the incumbent was retiring (see footnote 11 on p. 21 of the file “22.02.18 -

2

- App. 34 -



LD Memo re Remedial Maps and Related Materials.pdf”).1 The difference between these columns in each

case is the effect of incumbency on the outcome.

The PlanScore pages for these results can be found at each of the links below:

• Enacted

– Open

– Incumbent

• Legislative Defendants

– Open

– Incumbent

• NCLCV

– Open

– Incumbent

• Harper

– Open

– Incumbent

The metrics are on different scales (see the memo on metrics) so the best way to understand the values is

to compare the plans to each other on the same metric, to compare the direction of the bias across different

measures of the same plan, and to see how likely those directions are to persist over the life of the plan. To

facilitate this last evaluation, I have added an asterisk (∗) to those values that are likely to favor the same

party over all five elections of the plan according to the model.

The original enacted plan is the most biased of the ones considered here, with similar Republican advantages

when every seat is open (EG: 7.0%; MMD: 3.6%; PS: 7.3%; D: 0.30) and when incumbents are running (EG:

6.9%; MMD: 4.3%; PS: 7.5%; D: 0.32). These advantages would all be highly likely to favor Republicans

throughout the decade. The MMD and PS values suggest the Democrats would find it difficult to win a

majority of the seats without an extraordinary majority of popular support.
1A note is in order on “double bunking,” where more than one incumbent has a residence in the same district. When at least

one Republican and one Democrat were double bunked, I treated these incumbency effects as offsetting, making the district
functionally open for the purposes of the analysis. This occurred in District 37 in the Legislative Defendants’ plan and District
21 in the Harper plaintiffs’ plan. When only incumbents of the same party were double bunked, I treated such districts as
having one incumbent of the doubled-bunked party. Every submission had at least one doubled-bunked district of this type.

3
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Table 1: Legislative Defendants’ plan is fairer than enacted plans but not plaintiff submissions

Efficiency Gap Mean-Median Diff. Symmetry Declination

Open Incumb. Open Incumb. Open Incumb. Open Incumb.

Enacted 7.0R∗ 6.9R∗ 3.6R∗ 4.3R∗ 7.3R∗ 7.5R∗ 0.30R∗ 0.32R∗

Legislative
Defendants 4.8R∗ 4.5R∗ 2.2R∗ 3.0R∗ 4.8R∗ 5.1R∗ 0.20R∗ 0.20R∗

NCLCV 2.6R 2.2R 1.1R 1.3R 2.3R 2.4R 0.10R 0.10R

Harper 2.2R 2.4R 0.8R 1.4R 1.9R 2.6R 0.08R 0.11R

Note: "Open" values are predictions from the PlanScore model that simulate an election
where all incumbents stepped down and every seat was open. "Incumb." values assume incumbents
will run in the district that contains their home residence. The districts containing the residences
of the incumbents who are retiring—according to the Legislative Defendants—are treated as open in
both calculations. * = value that is more than 50% likely to favor the same party over the course of
the decade, using the uncertainty estimates from the PlanScore model.

The Legislative Defendants’ remedial plan still favors Republicans when all seats are open, but somewhat less

(EG: 4.8%; MMD: 2.2%; PS: 4.8%; D: 0.20). The EG value now clearly falls below the commonly identified

threshold of 7%, though the MMD value falls well above the 1% number cited by the Legislative Defendants

(see p. 7 of their brief). The values with incumbency factored in are substantially similar (EG: 4.5%; MMD:

3.0%; PS: 5.1%; D: 0.20). All the metric values for both the open seat and incumbency scenarios are more

than 50% likely to favor Republicans throughout the decade. The model-free calculations using presidential

and U.S. Senate votes are very similar to the PlanScore model results for this plan.

The remaining two remedial plans in Table 1 are very similar to each other on these metrics. The values are

only fractionally different within the open seats and incumbency scenarios. Like the other plans in Table 1,

these also favor Republicans in all cases. However, this Republican advantage is often less than half the size

of the same advantage in the Legislative Defendants’ plan. Neither of the plaintiffs’ submissions is more than

50% likely to favor Republicans throughout the decade on any of the metrics. However, the MMD and PS

values in the Harper plaintiffs’ submission are close to 50% in the incumbency scenario, with probabilities

higher than 40% in both cases. Once again, the model-free calculations with presidential and U.S. Senate

votes are very similar to the numbers presented here.

4
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Competition and traditional geography

In addition to these questions of partisan fairness, it is possible to evaluate the maps in terms of competi-

tiveness and respect for traditional geography.

A plan can favor one party but have more or fewer competitive seats. PlanScore identifies districts that are

more than 50% likely to switch party hands at least once in the five elections under the plan. As a practical

matter, this works out to districts with expected two-party vote shares between about 45 and 55 percent.

For traditional geography, I look at two dimensions of the issue. The first is compactness: the extent to

which the districts resemble a simple shape like a circle. I capture this concept with two different metrics:

the Reock score and the Polsby-Popper score. Neither is dispositive of compactness, but they tend to capture

some sense of what is meant by the concept and they are correlated with each other. I also report the total

number of counties that have have been split across multiple districts, as reported by Dave’s Redistricting

App.

Table 2: Competition and compactness are largely similar across remedial plans

Competitive Seats Compactness

Open Incumb. Reock Polsby-Popper Split Counties

Enacted 9 7 0.42 0.34 15

Legislative Defendants 10 7 0.43 0.38 15

NCLCV 11 9 0.43 0.37 15

Harper 12 10 0.41 0.35 15

Note: "Open" values are predictions from the PlanScore model that simulate an election
where all incumbents stepped down and every seat was open. "Incumb." values assume incumbents
will run in the district that contains their home residence. The districts containing the residences
of the incumbents who are retiring—according to the Legislative Defendants—are treated as open
in both calculations. "Competitive Seats" are those more than 50% likely to favor the same party over
the course of the decade, using the uncertainty estimates from the PlanScore model. The Reock and
Polsby-Popper compactness scores both range from zero for not compact to one for maximally compact.
"Split Counties" is the number of counties that have been divided into more than one district,
as identified in Dave’s Redistricting App.

Table 2 has the results. The enacted plan has the fewest competitive seats when all seats are open (9),

followed by the Legislative Defendants’ plan (10), the NCLCV plan (11), and the Harper plaintiffs’ plan

(12). Incumbents bring the number of competitive seats down somewhat, and there emerges a modest

distinction between the number for the enacted and Legislative Defendants’ plans (7 each), and the number

5
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in the NCLCV (9) and Harper plaintiffs’ (10) plans.

Likely reflecting the constraints of the Stephenson rule, all four plans do a reasonably good job of respecting

traditional geographic principles. All four have very similar compactness on both measures considered here,

and each splits 15 counties.

Conclusion

Much like with the congressional submissions, the Legislative Defendants’ remedial senate plan appears to

fall in between the original enacted plan and the plaintiffs’ remedial proposals on the fairness metrics. The

MMD and PS metrics, which are more relevant for a state legislative plan because they connect directly to

control of the chamber, suggest that in a tied election Republicans would still hold 27 or 28 seats, and that

Democrats would need to win as much as 53 percent of the vote to claim 25 seats. The odds are about three

to one that Republicans would maintain this advantage throughout the decade. Over the course of the last

decade, Republicans managed to win 53 percent of the state senate vote once, while the most Democrats

achieved was just over 50 percent.

In the plaintiffs’ submissions, Republicans would win about 26 seats in a tied election, and Democrats would

need about 51 percent of the vote to tie Republicans at 25 seats. The odds are about two to one or better

that Republicans would lose this advantage at some point over the next decade. This suggests that there is

nothing foreordained about the advantages in the Legislative Defendants’ plan. The question would seem to

turn instead on whether the Legislative Defendants’ plan is to be preferred for other reasons.

There is far less difference between the plans in competitiveness or traditional geographic criteria. The plans

are virtually identical on geography, and while the number of competitive seats is lower in the enacted and

Legislative Defendants’ plans, the difference is small.

6
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∗I am a Professor of Mathematics at Brigham Young University. I have a Ph.D and master’s
degree in mathematics from Princeton University. I lead a research group at Brigham Young Uni-
versity that conducts non-partisan research to understand and quantify partisan gerrymandering.
I have previously consulted on quantifying gerrymandering for the Utah Independent Redistrict-
ing Commission. I was assisted in the analysis done in this report by Annika King, Jacob Murri,
William Terry and Broderick Craig, all of whom worked under my direction.

1. Overview

I was asked to perform an ensemble analysis of eight proposed remedial plans: two (Congres-
sional and Senate) from the Harper plaintiffs, and three each (Congressional, House, and Senate)
from NCLCV and the legislative defendants.

Ensemble analysis consists first of constructing a large number of possible alternative plans (the
ensemble). The plans are generated without using any partisan information, but in accordance
with accepted criteria for redistricting in the state, including approximately equal population per
district, contiguity of districts, relative compactness of districts, few boundary traversals, and so
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forth. Historical election data is then used to compare election results under the proposed plans
with elections results under the ensemble.

I was asked to include the following well-known metrics in my ensemble analysis: mean–median
(MM), efficiency gap (EG), partisan bias (PB), and declination (D). All of these have the property
that a more negative score is supposed to represent more benefit to Republicans and a more positive
score is supposed to represent more benefit to Democrats. Scores closer to zero are generally
expected to be less indicative of a partisan gerrymander.

But the range of possible scores also varies widely from state to state because of widely varying
political geography from state to state, varying criteria for redistricting, and varying results from
different elections. Although one might make a philosophical argument for why scores for a given
metric that lie outside a given range should be considered evidence of a partisan gerrymander,
this is an unreasonable standard if all or most of the possible scores lie outside that range. Indeed,
in some cases it may not even be possible for the scores in a given state under a given set of
redistricting rules to lie in that prescribed range.

Ensembles provide important context for interpreting these scores by helping to identify a typical
range of score values as well as identifying outliers.

1.1. Ensembles. The best way to do an ensemble analysis is to generate an ensemble with a
distribution of plans that specifically reflects the redistricting criteria for case under consideration.
But doing that properly takes much more time than is available. Because of this I chose to use
ensembles previously generated by Professor Jonathan Mattingly and his collaborators at Duke
University [1]. These were generated using well-accepted MCMC methods.

My analysis is conditioned on the assumption that these ensembles are somewhat representative
of the distribution of possible plans reflecting established law and intent of the court. In the case
of the Congressional ensemble, I am more confident of this for the Congressional ensemble than
in the case of the House and Senate ensembles. I discuss this in more detail in Sections 2.2, 3.1,
and 4.

1.2. Election Data. For all three types of plans (congressional, senate, and house) I used his-
torical results from the following 11 elections: the 2016 Attorney General (G16AG), Presiden-
tial (G16PR), Lieutenant Governor (G16LG) and Governor (G16AG), as well as the 2020 At-
torney General (G20AG), Presidential (G20PR), Lieutenant Governor (G20LG), 2020 Governor
(G16AG), Treasurer (G20TR), US Senate (G20USS), and Secretary of State (G20SST). To calcu-
late the vote shares and other scores for the proposed plans, I used 2016 and 2020 precinct-level
election results from the Voting and Election Science Team (VEST) and prorated the data to 2020
census blocks.

1.3. Racial Considerations. It is important to note that I have not considered racial factors or
the VRA in this analysis. Incorporating those considerations may lead to other conclusions than
those I have drawn here.

2. Congressional Plans Analysis

Using data from the 11 different historical elections mentioned above, I evaluated three congres-
sional plans: one each from the Harper plaintiffs (Harper), NCLCV, and the legislative defendants
(LD). I also analyzed the number of seats that would have been won under these various vote
counts and the margins of victory in the most contested districts.

2.1. Summary of Congressional Analysis. My analysis below shows that, by all the measures
I used, the LD plan favors Republicans more than the other two plans do, the NCLCV plan favors
Democrats more than the other two plans, and the Harper plan lies somewhere between them.
Both the LD and Harper plans are fairly typical in the ensemble distributions for all the measures
I considered. The NCLCV plan, however, shows up as a significant outlier for the seat margins
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for competitive seats (see Section 2.4) as well as for the mean–median and partisan bias scores.
Taken together these give some evidence of partisan gerrymandering in the NCLCV congressional
plan.

These conclusions do not take VRA racial considerations into account.

2.2. Ensemble. For analyzing the congressional plans I used the ensemble [2] (sometimes denoted
the Duke congressional ensemble in this report). According to my reading of [4], this ensemble is
generated using well-accepted Markov chain Monte Carlo methods (a parallel tempering framework
using a proposal from the Multiscale Forest RECOM algorithm). Under this method specific
parameters for the distribution to enforce certain requirements and to encourage certain properties
of the plans chosen. According to [4] the resulting plans split no more than 14 counties and split no
county into more than two districts. All districts are required to consist of one contiguous region.
The deviation of the total population in any district is within 1% of the ideal district population.
Districts traverse counties as few times as possible, and plans with a higher Polsby–Popper score
(more compact) are more likely to be selected. This model was tuned to give similar Polsby–
Popper score to the enacted congressional plan. Some have argued that tuning for a specific range
of Polsby–Popper scores might skew the distribution somewhat, but in my own (unpublished)
research I have explicitly checked for correlation between Polsby–Popper scores and metrics of
partisan bias in ReCom MCMC and found none. I expect that this absence of correlation would
hold in the other ReCom-based MCMC methods as well, including the method used to generate
this ensemble. The ensemble has nearly 80,000 plans, and according to [4] the distribution seems
well mixed has been sufficiently sampled to provide stable statistics. I cannot verify the mixing
directly, but in my use of the ensemble, I saw no signs that the ensemble was not well mixed.
Based on these I conclude that this ensemble is suitable to evaluate the Congressional plans.

2.3. Distribution of Seats Across Elections. Different plans perform differently under differ-
ent elections. When a plan gives more seats to one party than most of the plans in the ensemble
do, that can suggest a possible partisan gerrymander, especially when this occurs over several
elections. To analyze this, I used histograms of seats won for the ensemble for each race, collected
in Figure 1.

These histograms show that while the LD plan consistently favors Republicans and the the
Harper plan consistently favors Democrats, in both cases the number of seats they give in most
races is fairly typical of the ensemble distribution. The NCLCV plan also consistently favors
Democrats, usually much more so than the Harper plan, and in one case (G20PR) more so than
99.7% of the ensemble, making it a significant outlier in that election.

An alternative view of the same data collected into one diagram, with histograms replaced by
violin plots, is shown in Figure 2.

2.4. Rank-Ordered Violin Plots. The number of seats won by a plan in an election does not
indicate how close the election would be. A plan that gives Democrats 51% of the vote share
in their winning districts is very different from one that gives them 70% of the vote share in
those districts. To analyze this effect for the proposed plans I used rank-ordered violin plots; see
Figures 3 and 4. In a rank-ordered violin plot for a given election, all the congressional districts
for each plan are ordered left-to-right by their Democratic vote share in the election. The numbers
on the horizontal axis represent the position of the district in rank ordering (not the name given
to the district in the plan). The vote share for the plans in the ensemble is represented by the
gray violin-shaped distributions in each distribution, and the vote share for each plan is indicated
by the corresponding colored bar.

Figure 3 shows a rank-ordered violin plot for the election G20LG, which reveals that although
the NCLCV plan gives one more seat (District 8 in the figure) to the Democrats than the Harper
plan, that extra seat comes by a very fine margin, with the NCLCV plan just over 50% and the
Harper plan just under 50% in that district. None of the plans is a far outlier compared to the
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Figure 1. Histograms of congressional seats won in all 11 elections for the ensemble
plans (gray). The proposed plans are indicated as colored vertical lines.
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Figure 2. Congressional seats won across elections: shows the number of seats won
(vertical axis) by Democratic candidates under each plan (colored lines) over the 11
elections (horizontal axis). The ensemble distribution of seats won for each election is
indicated with the gray “violins,” with wider gray regions around a point indicating
more ensemble plans with the indicated number of seats won, and narrower regions
indicating fewer ensemble plans with the indicated number of seats won.

ensemble in this district. This suggests that the difference in the number of seats between NCLCV
and Harper in this election is not significant.

However, in this election the NCLCV plan makes District 7 much more competitive (favoring
the Democrats) than either the Harper or LD plans do. Although NCLCV does not actually give
the seat in District 7, NCLCV gives this district a much higher Democratic vote share than either
Harper or LD and, more significantly, much higher than most of the ensemble. This makes that
district very close to a win for the Democrats, without actually giving the seat to them.

Taken together, Figures 4 and 3 show that in seven of the elections (G20LG, G20GV, G20AG,
G20US, G20TR, G20PR, and G16GV) the NCLCV plan places the Democratic vote share in this
borderline district (7) substantially higher than most of the ensemble, which either gives the seat
to the Democrats or nearly gives them the seat, by pushing the Democratic vote share close to
50%. The other plans (Harper and LD) stay in a fairly typical part of the ensemble distribution
across all elections. I take this as some evidence of partisan gerrymandering in the NCLCV plan,
but not in the LD and Harper plans.
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Figure 3. For each plan, all the congressional districts (horizontal axis) are ordered
left-to-right by their Democratic vote share in the G20LG election. The numbers
on the horizontal axis represent the position of the district in rank ordering (not
the number given in the proposal). The vote share for the plans in the ensemble
is represented by the gray violin-shaped distributions in each distribution, and the
vote share for each plan is indicated by the corresponding colored bar. Points above
the gray 50-percent line indicate a seat that goes to the Democrats and those below
go to the Republicans.

- App. 44 -



7

Figure 4. Rank-ordered congressional districts for all the elections except G20LG
(shown above in Figure 3). These plots show only the most competitive districts.
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2.5. Other Metrics. I also analyzed the plans using the mean–median score, partisan bias score,
efficiency gap, and partisan declination. The first three scores are well-known and widely used. The
declination is a relatively new measure proposed by Warrington. All four measures are reviewed in
[5], so I will not describe them in detail here. All four of them give a single score for which a more
negative score is supposed to represent more benefit to Republicans and a more positive score is
supposed to represent more benefit to Democrats. Scores closer to zero are generally expected to
be less indicative of a partisan gerrymander, but that depends heavily on the political geography
of the state, so it is important to interpret these scores in the context of ensembles.

In the ensemble analysis below, all four scores show the LD plan favors Republicans more than
the other two plans do, the NCLCV plan favors Democrats more than Harper or LD, and the
Harper plan lies somewhere between them. Both the LD and Harper plans are fairly typical in the
ensemble distributions for all four scores across almost all elections. The NCLCV plan, however,
shows up as a significant outlier the mean–median and partisan bias scores.

2.5.1. Mean–Median. Table 1 shows my calculations of the mean–median scores of the three plans
in the different races. These scores should be interpreted in light of the full distribution of scores
(histograms)—not as isolated numbers.

As shown in Figure 5 the mean–median score consistently identifies the LD plan as favoring
Republicans more than the others but it is still not an outlier for the ensemble distribution. The
Harper plan is is also not an outlier for the ensemble. The NCLCV plan is identified as favoring
Democrats more than the others (higher scores) and is a significant outlier (greater than 99th
percentile) in six of the elections.

2.5.2. Partisan Bias. Table 2 shows my calculations of the partisan bias scores of the three plans
in the different races. These scores should be interpreted in light of the full distribution of scores
(histograms)—not as isolated numbers.

As shown in Figure 6, the partisan bias score also consistently identifies the LD plan as favoring
Republicans more than the others but overall is more typical of the distribution than either of the
other two plans. The NCLCV plan is identified as favoring Democrats more than the others and is
on the very high end (over 97th percentile) of the ensemble distribution in many of the elections.

2.5.3. Efficiency Gap. Table 3 shows my calculations of the efficiency gap scores of the three plans
in the different races. These scores should be interpreted in light of the full distribution of scores
(histograms)—not as isolated numbers.

As shown in Figure 7 the LD and Harper plans are mostly typical for the distribution of efficiency
gap across elections. The the NCLCV plan is a significant outlier in one election (G20PR), and is
somewhat high (above 90th percentile) for three other elections.

2.5.4. Declination. Table 4 shows my calculations of the declination scores of the three plans in
the different races. These scores should be interpreted in light of the full distribution of scores
(histograms)—not as isolated numbers.

As shown in Figure 8 the declination only marks the NCLCV plan as a significant outlier (over
99%), but all three plans are on the outer edges (above 90% or below 10%) for some of the elections.

2.6. Congressional Conclusion. Both the LD and Harper plans are fairly typical in the en-
semble distributions for all the measures I considered. The NCLCV plan, however, shows up
as a significant outlier for the seat margins for competitive seats (see Section 2.4) as well as for
the mean–median and partisan bias scores. Taken together these give evidence of partisan ger-
rymandering in the NCLCV congressional plan, but VRA racial considerations, which I have not
considered here, might change that conclusion.
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Figure 5. Histogram of congressional mean–median score for all 11 elections. The
percentages in the legend represent percentile of the corresponding score in the
ensemble.
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Figure 6. Histogram of partisan bias for all 11 elections. The numbers in the
legend are the percentile in the ensemble for the corresponding plan.
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Figure 7. Histogram of congressional efficiency gap for all 11 elections. The per-
centages in the legend represent percentile of the corresponding score in the ensem-
ble.
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Figure 8. Histogram of congressional partisan declination for all 11 elections. The
percentages in the legend represent percentile of the corresponding score in the
ensemble.
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Congressional Mean–Median
Proposed Plan Harper LD NCLCV Enacted
G20PRE −0.1 0.1 0.9 −6.4
G20USS −0.5 −0.7 1.3 −5.7
G20GOV 0.0 −0.1 1.5 −5.7
G20LTG 0.1 −0.3 1.5 −6.2
G20ATG −0.0 −0.3 1.7 −6.2
G20TRE −0.3 −0.7 1.3 −5.5
G20SOS −0.1 −0.3 2.2 −6.1
G16PRE 0.3 −1.3 1.1 −5.3
G16GOV −1.0 −1.9 0.6 −4.1
G16LTG −1.3 −2.7 −0.2 −4.4
G16ATG −1.0 −2.2 0.1 −3.8
Average −0.3 −0.9 1.1 −5.4

Table 1. Mean–median scores listed as percentages (times 100) for the proposed
Congressional plans across the 11 elections. These scores should be interpreted in
light of the full distribution of scores (histograms in Figure 5)—not as isolated
numbers.

Congressional Partisan Bias
Proposed Plan Harper LD NCLCV
G20PRE 0.0 0.0 7.1 −21.4
G20USS 0.0 −7.1 7.1 −21.4
G20GOV 0.0 0.0 7.1 −21.4
G20LTG 0.0 −7.1 7.1 −21.4
G20ATG 0.0 −7.1 7.1 −21.4
G20TRE 0.0 −7.1 7.1 −21.4
G20SOS 0.0 0.0 7.1 −21.4
G16PRE 0.0 −7.1 7.1 −21.4
G16GOV 0.0 −7.1 0.0 −21.4
G16LTG 0.0 −7.1 0.0 −21.4
G16ATG 0.0 −7.1 0.0 −21.4
Average 0.0 −5.2 5.2 −21.4

Table 2. Partisan bias scores listed as percentages (times 100) for the proposed
Congressional plans across the 11 elections. These scores should be interpreted in
light of the full distribution of scores (histograms in Figure 6)—not as isolated
numbers.
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Congressional Efficiency Gap
Proposed Plan Harper LD NCLCV Enacted
G20PRE −5.8 −12.8 7.5 −20.1
G20USS −5.1 −5.3 0.7 −19.5
G20GOV 1.7 2.2 1.5 −26.0
G20LTG −3.7 −17.9 2.1 −18.1
G20ATG −1.1 −7.4 5.9 −21.6
G20TRE −1.8 −16.0 −3.1 −16.2
G20SOS −3.1 4.6 3.9 −17.4
G16PRE 3.3 −16.9 2.9 −17.2
G16GOV −0.5 −6.8 −1.0 −21.0
G16LTG −0.3 −13.9 −0.7 −14.1
G16ATG −0.8 −7.1 −1.3 −21.3
Average −1.6 −8.8 1.7 −19.3

Table 3. Efficiency gap scores listed as percentages (times 100) for the proposed
Congressional plans across the 11 elections. These scores should be interpreted in
light of the full distribution of scores (histograms in Figure 7)—not as isolated
numbers.

Congressional Declination
Proposed Plan Harper LD NCLCV Enacted
G20PRE −8.0 −16.2 11.8 −32.0
G20USS −6.4 −4.7 3.7 −29.7
G20GOV 1.1 −0.6 −0.4 −41.4
G20LTG −3.9 −24.1 6.6 −27.7
G20ATG −0.6 −9.1 8.3 −33.8
G20TRE 0.5 −18.7 2.4 −22.3
G20SOS −4.7 4.2 4.1 −24.6
G16PRE 7.4 −24.5 7.5 −28.3
G16GOV −0.0 −8.5 −0.3 −32.4
G16LTG 3.3 −16.1 5.3 −19.9
G16ATG −0.8 −9.1 −1.1 −32.6
Average −1.1 −11.6 4.4 −29.5

Table 4. Partisan declination scores listed as percentages (times 100) for the pro-
posed Congressional plans across the 11 elections. These scores should be interpreted
in light of the full distribution of scores (histograms in Figure 8)—not as isolated
numbers.
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3. Senate Plan Analysis

I received three proposed Senate plans (LD, Harper, and NCLCV) to evaluate. I used the same
methods to evaluate these plans as I did for the Congressional plans, but with a different ensemble.

3.1. Senate Ensembles. For analyzing the senate plans I used Dr. Mattingly’s ensemble [3]. It
was generated with the same method as the Congressional plan. According to my reading of [4]
the resulting plans comply with the county clustering rules of Stephenson, maintain a population
balance that deviates by no more than 5%, They are also designed to produce contiguous districts
that are relatively compact and to reduce the number of counties split. This ensemble does not
explicitly preserve municipalities, except as a secondary consequence of other parameter settings.
This is important because municipality splits are known to have a significant interaction with
partisan vote shares and measures of partisan symmetry. According to [4] the distribution seems
well mixed, but I cannot verify the mixing directly.

3.2. Seats Won. The histograms of seats won in Figure 9 show Harper and NCLCV both are
mostly typical of the ensemble, while LD is often a significant outlier in favor of the Republicans.

3.3. Rank-Ordered Violin Plots. As with seats won the rank-ordered violin plots show Harper
and NCLCV are both mostly typical of the ensemble, while LD is often deviates in favor of the
Republicans; see Figure 10.
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Figure 9. Histograms of congressional seats won in all 11 elections for the ensemble
plans. The percentages in the legend represent percentile of the corresponding score
in the ensemble.
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Figure 10. Rank-ordered senate districts for 10 of the elections (all elections but
G20LG). These plots show only the most competitive districts.

3.4. Other Metrics.
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3.4.1. Mean–Median. Table 5 shows my calculations of the mean–median scores of the three plans
in the different races. These scores should be interpreted in light of the full distribution of scores
(histograms)—not as isolated numbers.

As shown in Figure 11 the mean–median score identifies the LD plan as a Republican-favoring
outlier (lower than the 5th percentile) for three of the 11 elections (G20PR, G16AG, and G16LG).

The NCLCV plan is a pro-Democratic outlier (greater than 95th percentile) in four of the
elections (G20PR, G20LG, G20USS, and G20GV).

The Harper plan leans toward the Democratic side of the distribution, but is not an outlier.

3.4.2. Partisan Bias. Table 6 shows my calculations of the partisan bias scores of the three plans
in the different races. These scores should be interpreted in light of the full distribution of scores
(histograms)—not as isolated numbers.

As shown in Figure 12, the LD plan is a Republican-favoring outlier twice, and the Harper plan
is a pro-Democratic outlier once. But the NCLCV plan stands out as a pro-Democratic outlier
for partisan bias in four elections (G20PR, G20TR, G20USS, and G20GV).

3.4.3. Efficiency Gap. Table 7 shows my calculations of the efficiency gap scores of the three plans
in the different races. These scores should be interpreted in light of the full distribution of scores
(histograms)—not as isolated numbers.

In Figure 13 the efficiency gap flag the NCLCV plan as a pro-Democratic outlier five times, and
four of those are significant (99th percentile or greater). Harper shows up twice as Democratic
outlier and LD shows up twice as a Republican outlier.

3.4.4. Declination. Table 8 shows my calculations of the declination scores of the three plans in
the different races. These scores should be interpreted in light of the full distribution of scores
(histograms)—not as isolated numbers.

As shown in Figure 14 the declination marks the LD plan as a Republican outlier (below 5%)
three times. The NCLCV plan shows as a Democratic outlier (over 95%) three times and Harper
twice (G20GV and G20SST).

3.5. Senate Conclusion. The partisan symmetry scores give weak evidence of of partisan ger-
rymandering in the LD plan, and the seat margins in the rank-ordered violin plots give strong
evidence of partisan gerrymandering in the LD plan.

The seat margins in the rank-ordered violin plots give some evidence of partisan gerrymandering
in the NCLCV plan, and that is corroborated by the many outliers among the partisan symmetry
scores.

These conclusions do not take VRA racial considerations into account.
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Figure 11. Histogram of senate ensemble mean–median score for all 11 elections.
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Figure 12. Histogram of partisan bias for all 11 elections.
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Figure 13. Histogram of senate ensemble efficiency gap for all 11 elections. The
percentages in the legend represent percentile of the corresponding score in the
ensemble.
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Figure 14. Histogram of senate ensemble partisan declination for all 11 elections.
The percentages in the legend represent percentile of the corresponding score in the
ensemble.
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Senate Mean–Median
Proposed Plan Harper LD NCLCV Enacted
G20PRE −0.4 −3.0 0.4 −3.8
G20USS −0.1 −1.4 0.6 −4.0
G20GOV 0.2 −1.5 0.7 −4.5
G20LTG −0.1 −1.2 0.3 −3.7
G20ATG −0.2 −0.9 −0.3 −3.9
G20TRE 0.2 −0.9 0.2 −3.3
G20SOS 0.0 −0.4 0.5 −3.7
G16PRE −0.4 −1.0 0.0 −2.0
G16GOV 0.4 −1.3 0.2 −3.1
G16LTG 0.5 −2.3 −1.4 −4.1
G16ATG −0.3 −1.7 −1.1 −3.2
Average −0.0 −1.4 0.0 −3.6

Table 5. Mean–median scores listed as percentages (times 100) for the proposed
Senate plans across the 11 elections. These scores should be interpreted in light of
the full distribution of scores (histograms in Figure 11)—not as isolated numbers.

Senate Partisan Bias
Proposed Plan Harper LD NCLCV Enacted
G20PRE −2.0 −4.0 2.0 −8.0
G20USS 0.0 −6.0 2.0 −8.0
G20GOV 2.0 −2.0 2.0 −6.0
G20LTG 0.0 −2.0 0.0 −8.0
G20ATG −4.0 −4.0 0.0 −8.0
G20TRE 0.0 −4.0 2.0 −10.0
G20SOS 0.0 −2.0 0.0 −6.0
G16PRE −2.0 −4.0 0.0 −10.0
G16GOV 2.0 −4.0 4.0 −10.0
G16LTG 2.0 −6.0 −4.0 −8.0
G16ATG −4.0 −6.0 −4.0 −10.0
Average −0.5 −4.0 0.4 −8.4

Table 6. Partisan bias scores listed as percentages (times 100) for the proposed
Senate plans across the 11 elections. These scores should be interpreted in light of
the full distribution of scores (histograms in Figure 12)—not as isolated numbers.
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Proposed Plan Harper LD NCLCV Enacted
G20PRE −4.1 −4.3 1.8 −8.5
G20USS −1.6 −3.9 −2.1 −8.0
G20GOV −0.8 −4.9 −0.6 −8.8
G20LTG −4.2 −4.5 −4.7 −10.9
G20ATG −1.7 −3.8 0.2 −8.0
G20TRE −2.3 −6.8 −4.9 −11.2
G20SOS 3.5 −0.6 3.7 −4.6
G16PRE 0.1 −4.0 −2.1 −8.5
G16GOV 2.4 −3.6 4.4 −10.2
G16LTG −1.3 −3.2 −1.3 −5.5
G16ATG −2.1 −4.2 −4.2 −10.5
Average −1.1 −4.0 −0.9 −8.6

Table 7. Efficiency gap scores listed as percentages (times 100) for the proposed
Senate plans across the 11 elections. These scores should be interpreted in light of
the full distribution of scores (histograms in Figure 13)—not as isolated numbers.

Senate Declination
Proposed Plan Harper LD NCLCV Enacted
G20PRE −7.8 −8.4 2.2 −16.9
G20USS −3.0 −6.9 −3.4 −15.3
G20GOV −2.4 −9.1 −2.4 −16.2
G20LTG −7.2 −8.0 −7.7 −20.9
G20ATG −3.8 −7.5 −0.9 −15.3
G20TRE −2.7 −10.6 −6.7 −20.5
G20SOS 5.1 −1.5 5.0 −8.5
G16PRE 0.5 −7.1 −3.3 −16.2
G16GOV 3.3 −6.4 6.4 −17.9
G16LTG 0.5 −4.3 −0.6 −10.0
G16ATG −3.8 −7.2 −7.2 −18.4
Average −1.9 −7.0 −1.7 −16.0

Table 8. Declination scores listed as percentages (times 100) for the proposed
Senate plans across the 11 elections. These scores should be interpreted in light of
the full distribution of scores (histograms in Figure 14)—not as isolated numbers.
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4. House Plan Analysis

I followed the same procedures for analyzing the House plans as I did for the Senate and
Congressional plans, but here I had only two plans (LD and NCLCV). I used the ensemble [?],
whose characteristics are similar to those of the Senate ensemble used above.

4.1. Seats Won. Considering the number of seats won in each election, as shown in Figure 15,
Both the LD and NCLCV plans appear to be mostly typical in terms of the number of seats
won, except in G20PR and G16LG where NCLCV is much higher (pro Democrat) than the main
distribution.

4.2. Rank-Ordered Violin Plots. Referring to Figure 16, which focuses only on the most com-
petitive districts, the NCLCV plan appears to deviate much more from the ensemble than the LD
plan does.
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Figure 15. Histograms of congressional seats won in all 11 elections for Ensemble
0 plans. The percentages in the legend represent percentile of the corresponding
score in the ensemble.
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Figure 16. Rank-ordered house districts for 10 of the elections (all elections but
G20LG) using Ensemble 0. These plots show only the most competitive districts.
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4.3. Other Metrics.

4.3.1. Mean–Median. Table 9 shows my calculations of the mean–median scores of the three plans
in the different races. These scores should be interpreted in light of the full distribution of scores
(histograms in Figure 17)—not as isolated numbers.

The distribution is shifted in the negative direction, so scores very close to 0 look more like
outliers than large negative scores. Specifically, the NCLCV score of 0.1% in the election G20PR
is very close to zero, but it is more Democratic favoring than 98% of all plans, so this plan is an
outlier for this distribution, while the LD plan’s score of −0.7% is more typical of the distribution.

Although there are occasional outliers, taken as a whole, neither proposed plan looks to me like
a partisan gerrymander with respect to the distribution of mean–median scores.

4.3.2. Partisan Bias. Table 10 shows my calculations of the partisan bias scores of the three plans
in the different races. These scores should be interpreted in light of the full distribution of scores
(histograms in Figure 18)—not as isolated numbers.

Although there are occasional outliers, taken as a whole, neither proposed plan looks to me like
a partisan gerrymander with respect to the distribution of partisan bias scores.

4.3.3. Efficiency Gap. Table 11 shows my calculations of the efficiency gap scores of the three
plans in the different races. These scores should be interpreted in light of the full distribution of
scores (histograms in Figure 19)—not as isolated numbers.

Although there are occasional outliers, taken as a whole, neither proposed plan looks to me like
a partisan gerrymander with respect to the distribution of efficiency gap scores.

4.3.4. Declination. Table 4 shows my calculations of the declination scores of the three plans in
the different races. These scores should be interpreted in light of the full distribution of scores
(histograms in Figure 20)—not as isolated numbers.

Although there are occasional outliers, taken as a whole, neither proposed plan looks to me like
a partisan gerrymander with respect to the distribution of declination scores.

4.4. House Conclusion. The seat margins shown in the rank-ordered violin plots of Figure 16
give evidence of partisan gerrymandering in the NCLCV plan.

These conclusions do not take VRA racial considerations into account.
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Figure 17. Histogram of house ensemble 0 mean–median score for all 11 elections.
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Figure 18. Histogram of partisan bias for all 11 elections for Ensemble 0.
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Figure 19. Histogram of house ensemble 0 efficiency gap for all 11 elections.
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Figure 20. Histogram of house ensemble 0 partisan declination for all 11 elections.
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House Mean–Median
Proposed Plan LD NCLCV Enacted
G20PRE −0.7 0.1 −3.0
G20USS −1.5 −1.0 −3.4
G20GOV −0.5 −0.3 −3.3
G20LTG −1.3 −1.0 −3.4
G20ATG −1.4 −1.2 −3.1
G20TRE −1.1 −1.4 −3.4
G20SOS −0.7 −0.8 −3.1
G16PRE −1.8 −1.6 −5.1
G16GOV −2.0 −2.2 −4.1
G16LTG −3.0 −3.2 −4.4
G16ATG −2.6 −2.5 −4.5
Average −1.5 −1.4 −3.7

Table 9. Mean–median scores listed as percentages (times 100) for the proposed
House plans across the 11 elections. These scores should be interpreted in light of
the full distribution of scores (histograms)—not as isolated numbers.

House Partisan Bias
Proposed Plan LD NCLCV Enacted
G20PRE −0.8 0.0 −6.7
G20USS −2.5 −0.8 −7.5
G20GOV −1.7 −0.8 −8.3
G20LTG −1.7 −0.8 −7.5
G20ATG −0.8 −1.7 −7.5
G20TRE −1.7 −1.7 −7.5
G20SOS −0.8 −1.7 −7.5
G16PRE −4.2 −1.7 −9.2
G16GOV −5.0 −2.5 −8.3
G16LTG −5.0 −0.8 −8.3
G16ATG −5.8 −2.5 −9.2
Average −2.7 −1.4 −8.0

Table 10. Partisan bias scores listed as percentages (times 100) for the proposed
House plans across the 11 elections. These scores should be interpreted in light of
the full distribution of scores (histograms)—not as isolated numbers.
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House Efficiency Gap
Proposed Plan LD NCLCV Enacted
G20PRE 0.4 1.0 −7.5
G20USS −1.5 −2.8 −8.7
G20GOV −1.4 −2.7 −6.3
G20LTG −2.1 −1.8 −8.9
G20ATG −1.2 −2.4 −8.6
G20TRE −4.6 −3.2 −8.0
G20SOS −1.9 −1.8 −8.9
G16PRE −3.1 0.1 −5.2
G16GOV −4.7 −1.8 −8.2
G16LTG −4.4 1.0 −7.0
G16ATG −5.5 −3.4 −9.0
Hou EG mean −2.7 −1.6 −7.8

Table 11. Efficiency gap scores listed as percentages (times 100) for the proposed
House plans across the 11 elections. These scores should be interpreted in light of
the full distribution of scores (histograms)—not as isolated numbers.

House Declination
Proposed Plan LD NCLCV Enacted
G20PRE −0.3 1.3 −14.9
G20USS −3.9 −4.0 −16.8
G20GOV −3.6 −5.1 −12.7
G20LTG −4.5 −3.0 −18.0
G20ATG −3.2 −4.7 −15.7
G20TRE −8.1 −5.1 −15.2
G20SOS −4.1 −2.6 −16.3
G16PRE −6.5 −0.2 −11.8
G16GOV −9.4 −3.5 −15.7
G16LTG −8.7 2.4 −14.4
G16ATG −10.2 −6.0 −16.4
Average −5.7 −2.8 −15.3

Table 12. Declination scores listed as percentages (times 100) for the proposed
House plans across the 11 elections. These scores should be interpreted in light of
the full distribution of scores (histograms)—not as isolated numbers.
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Evaluation of Remedial Plans
Prof. Sam Wang, Princeton University

February 21, 2022

Summary: This report evaluates the likely performance and partisan fairness of remedial plans for
North Carolina Congressional, state Senate, and state House maps in the cases of Harper v. Hall and
NCLCV v. Hall. Remedial plans were submitted by the North Carolina General Assembly (“Legislative
Defendants”). Harper plaintiffs offered two remedial maps, Congressional and state Senate. The
NCLCV plaintiffs also offered a set of three remedial maps. This report finds that all three of the
Legislative Defendants’ plans favor Republicans in six metrics evaluated: seat partisan asymmetry,
mean-median difference, partisan bias, lopsided wins, declination angle, and efficiency gap. The seat
partisan asymmetry in 1.7 seats in the Congressional plan, 2.1 seats in the Senate plan, and 7.2 seats
in the House plan. The Harper plaintiffs’ plans show mixed or no advantage for either party. The
NCLCV plaintiffs’ plans show a Democratic advantage for the Congressional plan, mixed or no
advantage for the Senate plan, and a Republican advantage for the House plan. In no case did the
Legislative Defendants’ remedial map come closer to partisan symmetry than the plaintiffs’
alternative(s).

I. INTRODUCTION
II. MEASURING PARTISAN FAIRNESS

A. Partisan seat asymmetry
B. The mean-median difference
C. Tests of voter packing

III. ELECTION DATA AND ANALYSIS METHODS
IV. EVALUATION OF CONGRESSIONAL REMEDIAL PLANS

A. Legislative Defendants’ Plan
1. Partisan seat asymmetry
2. Metrics of partisan fairness

B. Comparison with the Harper and NCLCV Plans
V. EVALUATION OF STATE SENATE REMEDIAL PLANS

A. Legislative Defendants’ Plan
1. Partisan seat asymmetry
2. Metrics of partisan fairness

B. Comparison with the Harper and NCLCV Plans
VI. EVALUATION OF STATE HOUSE REMEDIAL PLANS

A. Legislative Defendants’ Plan
1. Partisan seat asymmetry
2. Metrics of partisan fairness

B. Comparison with the NCLCV Plan
VII. CONCLUSIONS
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About Prof. Wang: Sam Wang is a professor at Princeton University, appointed in neuroscience with
affiliation with the Program in Law and Public Affairs. He directs the Electoral Innovation Lab, a policy
and research group which uses statistics, science, and law to analyze election systems, and in which
capacity he soversee the Princeton Gerrymandering Project (gerrymander.princeton.edu), which
provides non-partisan analysis of redistricting plans and reforms. He has published extensively on the
subject of redistricting. In particular, he has written in the Stanford Law Review and the Election Law
Journal on the subject of practical tests for detecting partisan gerrymandering. In these articles he has
analyzed the mean-median difference and introduced a new measure, the lopsided-wins test. These
measures fall into a broad category of tests of partisan symmetry, a topic on which he has been cited in
two U.S. Supreme Court decisions.

I. INTRODUCTION

This report analyzes the remedial plans offered by parties in the North Carolina redistricting cases
Harper v. Hall and NCLCV v. Hall. Those cases found that North Carolina’s new Congressional, state
House, and state Senate redistricting plans were illegal partisan gerrymanders in violation of the state
constitution. The state Supreme Court has instructed the General Assembly to provide remedial maps
for all three plans. The General Assembly provided these remedial maps on Friday, February 18, 2022,
two passed on a partisan vote (Congressional and Senate) and one passed on a bipartisan vote
(House). At that time the NCLCV plaintiffs also offered a set of three remedial maps. Harper plaintiffs
offered two remedial maps, Congressional and state Senate.

I have analyzed these plans to determine their likely partisan performance. I apply statistical measures
of partisan fairness to determine the amount of partisan favor that these maps show to either
Republicans or Democrats.

Before applying the many tests for partisan fairness, I will briefly review the rationale and interpretations
of the various tests.

II. MEASURING PARTISAN FAIRNESS

The broad majority of metrics used by the court to evaluate partisan fairness address the question of
whether voters, counted in total within the state, are represented fairly given a particular arrangement of
Congressional or legislative districts. These metrics are calculated based on voter behavior in recent
elections. Some of the metrics allow a variety of likely future scenarios to be explored empirically.

Because the relationship between voting and representation is complex, it is useful to evaluate multiple
metrics. The use of multiple metrics helps guard against the possibility that a particular metric may vary
by chance. The use of multiple metrics also guards against the possibility that redistricters might cater
to one specific metric, to create the appearance of compliance while maintaining a hidden partisan
advantage. I will therefore consider a variety of metrics together, in their totality.

2
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A. Partisan seat asymmetry

An important concept is whether the two parties would have commensurate outcomes if their vote
shares were exchanged. The general concept of partisan symmetry has old roots1. A particularly simple
measure is to ask how many seats each party would win if it attained the same statewide share of the
vote; in this report I refer to the difference between the two seat counts as partisan seat asymmetry.
Partisan seat asymmetry can also be calculated for a variety of likely swings in voter behavior; in this
case, the average amount of asymmetry serves as a straightforward measure of partisan advantage
over a range of plausible scenarios.

Another method for evaluating the fairness in the number of seats, given a total statewide vote, is the
efficiency gap. The efficiency gap measures how far a pattern of outcomes deviates from expectations
for a particular statewide vote, and is therefore a way of quantifying partisan advantage (though not
necessarily a bright-line test)2. It has been proposed that an efficiency gap of 7 percentage points be
used as a threshold to define undue advantage. However, it must be noted that the efficiency gap can
jump in value when a single close race is won or lost. Therefore it is helpful to average the efficiency
gap across a range of scenarios.

B. The mean-median difference

The mean-median difference is a long-standing measure of what statisticians call skewness3. Applied to
a district plan, the mean-median difference provides one way of testing whether an unusual pattern of
districts is found above or below the statewide average. Such an unusual pattern is one way that an
artful redistricting plan can build systematic advantage for one party. The mean-median difference can
often help detect undue partisan advantage in a closely divided state such as North Carolina4.

C. Tests of voter packing

When one side’s voters are packed into a few districts to reduce their opportunities to elect
representatives, they will be present in unusually large numbers in those districts. A direct way to
measure packing is to compare the average vote share of Democratic-leaning and Republican-leaning
districts. The party with the larger average win is potentially packed by its opponents in order to dilute

4 Samuel S.-H. Wang, Three Tests for Practical Evaluation of Partisan Gerrymandering, 68 STAN. L. REV.
1263, 1263–1321 (2016); Michael D. McDonald & Robin E. Best, Unfair Partisan Gerrymanders in Politics and
Law1: A Diagnostic Applied to Six Cases, 14 ELECTION L.J. 312, 312 (2015).

3 David P. Doane & Lori E. Seward, Measuring Skewness: A Forgotten Statistic?, J. STAT. EDUC., July 2011, at
9-10; Karl Pearson, Contributions to the Mathematical Theory of Evolution—1: Skew Variation in Homogeneous
Material, PHIL.TRANSACTIONS ROYAL SOC’Y, 1895, at 343, 374-76.

2 Eric McGhee, Symposium: The efficiency gap is a measure, not a test. SCOTUSblog, August 11, 2017.
https://www.scotusblog.com/2017/08/symposium-efficiency-gap-measure-not-test/ (last visited on February 21,
2022).

1 Gill v. Whitford, 138 S. Ct. 1916, 1933 (2018).(citing Brief of Heather K. Gerken et al. as Amici Curiae Supporting
Appellees at 27.
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voting power. The concept of comparing averages dates to the foundations of statistics5, and when
applied to redistricting such a comparison is called the “lopsided-wins test”.

A more recent measure of packing is the declination, a measure that can be read from a graph visually.
Declination takes advantage of the fact that a pattern of packing induces an elbow-like shape in the
graph. The amount of bend in the elbow defines the declination. Declination also makes use of the
number of districts won by each party. the larger the declination, the more voters are packed into a
small number of districts.

III. ELECTION DATA AND ANALYSIS METHODS

I estimated the likely performance of Congressional, Senate, and House maps in two ways. First, I
evaluated vote totals in the proposed districts using ten statewide elections from 2014 to 2020. Second,
I allowed the vote totals to vary above and below an average of these elections, as a means of
evaluating a range of future scenarios that may arise in the coming decade. After these two steps, I
then evaluated a variety of measures of partisan symmetry.

I used datasets for the following elections:
- President: 2016, 2020
- Senate: 2014, 2016, 2020
- Governor: 2016, 2020
- Lieutenant Governor: 2016, 2020
- Attorney General: 2016, 2020

In these elections, the two-party vote share ranged between 46.7% and 52.3% for Democrats, and
between 47.7% and 53.3% for Republicans.

In addition, I used a composite (“2016-2020 Composite”) that is averaged with equal weights from three
components: (1) the average of President 2016 and 2020, (2) the average of Senate 2016 and 2020,
and (3) the average of Governor and Attorney General 2020. In the 2016-2020 Composite, the
two-party vote share was 49.0% for Democrats and 51.0% for Republicans.

IV. EVALUATION OF CONGRESSIONAL REMEDIAL PLANS

A. Legislative Defendants’ Plan

As an example of how the analysis is done, Exhibit 1 shows calculations for the Legislative
Defendants’ plan in district-by-district form, using the 2016-2020 Composite. The plan is also evaluated
according to the 10 individual election datasets (Exhibit 2).

5 Rigorous methods for comparing averages were first developed for controlling the quality of ingredients in
the production of Guinness beer. The “Student t test” was devised by a master brewer, William Sealy
Gossett, working pseudonymously to protect the trade secret. S.L. Zabell, “On Student’s 1908 Article
‘The Probable Error of a Mean’”, 103 JOURNAL OF THE AMERICAN STATISTICAL ASSOCIATION 1.
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For all 10 election datasets evaluated, the projected outcome for the Legislative Defendants’ map was
always between 4 and 8 Democratic seats, and between 6 and 10 Republican seats. The average
outcome for the 10 election datasets was 5.3 Democratic seats and 8.7 Republican seats.

Exhibit 1: A fairness “dashboard” for the Legislative Defendants’ remedial Congressional plan.
Pink shading indicates Republican advantage, and blue shading indicates Democratic advantage.
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Exhibit 2: Evaluation of the Legislative Defendants’ remedial Congressional plan using data from
ten elections.
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1. Partisan seat asymmetry

I calculated the partisan seat asymmetry, i.e. the difference in seat breakdown that would result if the
two parties traded total vote shares. I did this by creating a counterfactual in which I added a fixed
percentage to the vote share in all districts, an assumption called “uniform swing.’ In 9 out of 10 cases6,
Republicans won more seats than the Democrats with the same vote share. For example, using the
Governor 2020 race, Democrats win 52.3% of the vote and get 8 out of 14 districts. In my
counterfactual, if Republicans win 52.3% of the vote, they would get 10 out of 14 districts. The
difference between 10 and 8 is 2 - in other words, this plan has 2-seat partisan seat asymmetry.

Averaging across all 10 elections, the advantage was 1.7 more seats for Republicans, or 12% of the
14-seat Congressional delegation.

To test the robustness of this finding, I re-calculated the partisan seat asymmetry by taking the
2016-2020 composite and adding uniform swings to create scenarios in which Democrats and
Republicans win an additional margin up to 7 points on top of their performance in the 2016-2020
composite. In each of these scenarios, I then calculated the partisan seat asymmetry as previously
described. Averaging across these scenarios, the partisan seat asymmetry was again 1.7 seats
favoring Republicans.

To summarize the partisan seat asymmetry analysis: The Legislative Defendants’ remedial plan
contains an average advantage of approximately 1.7 Congressional seats for Republicans, and this
advantage persists across a wide range of likely scenarios that may arise.

2. Metrics of partisan fairness

I then calculated five metrics that are used to test for partisan advantage: (a) the mean-median
difference, (b) partisan bias, (c) lopsided wins, (d) the efficiency gap, and (e) the declination. I found
that for all five tests, the metric showed an advantage for Republicans.

Across 10 elections, the average mean-median difference was 1.2% favoring Republicans.

I calculated the efficiency gap for a variety of scenarios, in the same way that I calculated partisan seat
asymmetry: I added uniform swings to create scenarios in which Democrats and Republicans win an
additional margin up to 7 points on top of their performance in the 2016-2020 composite. Under these
assumptions, the average efficiency gap was 6.8% favoring Republicans. In six out of 10 election
datasets, the efficiency gap was greater than 7%.

B. Comparisons with the Harper and NCLCV Plans

To compare the Legislative Defendants’ plan with two other Congressional plans offered by the Harper
plaintiffs and the North Carolina League of Conservation Voters (NCLCV), I evaluated all three plans
using the 2016-2020 Composite. This Composite has two advantages: it is close to 50% for each party

6 The only case where there was no asymmetry was Senator 2020.
7
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(favoring Republicans slightly), and it averages out effects that may be peculiar to a specific election or
type of office.

The results are shown below in Exhibit 3.

Exhibit 3: Comparison of Legislative Defendants’ Congressional Plan, the Harper plaintiffs’ plan,
and the NCLCV’s plan.

First, it should be noted that the Legislative Defendants’ plan has 6 Democratic-favored districts, the
Harper plaintiffs’ plan has 7 Democratic-favored districts, and the NCLCV plan has 8
Democratic-favored districts. However, such an estimate does not capture the full complexity of the
pattern of districts as constructed in each plan. For this reason it is helpful to evaluate the other
measures. The Legislative Defendants’ plan shows favor to Republicans in all six measures tested. The
NCLCV plan shows favor to Democrats in all six measures.

The Harper plaintiffs’ plan shows no clear pattern of advantages to either party. The metrics for the
Harper plain are generally close to zero, including seat partisan asymmetry of 0.2 seat, a mean-median
difference of 0.1%, and an efficiency gap of 1.1%. The smallness and mixed nature of these metrics
indicates that the Harper plaintiffs’ plan is balanced in a way that gives special favor to neither
Democrats or Republicans.

Dashboards for the Harper and NCLCV plaintiffs’ plans are given in Exhbits 4 and 5.
8
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Exhibit 4: Fairness dashboard for the Harper plaintiffs’ Congressional plan.
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 Exhibit 5: Fairness dashboard for the NCLCV plaintiffs’ Congressional plan. 
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V. EVALUATION OF STATE SENATE REMEDIAL PLANS

A. The Legislative Defendants’ remedial plan

A comparison of metrics for the Legislative Defendants’ remedial Senate plan, as well as the Harper
plaintiffs’ and NCLVL plaintiffs’ proposed plans, are shown in Exhibit 6. Individual dashboards for the
three plans are shown in Exhibits 7, 8, and 9.

The Legislative Defendants’ plan favors 22 Democrats and 28 Republicans as scored according to the
2016-2020 election composite (Exhibit 6). The range of likely outcomes is 19 to 26 Senate seats for
Democrats, and 24 to 31 Senate seats for Republicans. The seat partisan asymmetry is a 2.1-seat
difference in favor of Republicans. All of the five other metrics also favor Republicans. This plan
contains 7 competitive races, as defined as margins of 7 percentage points or smaller (Exhibit 7).

A. The Harper plaintiffs’ and NCLCV plaintiffs’ plans

The Harper plaintiffs’ plan favors 22 Democrats and 28 Republicans. The range of likely outcomes is 21
to 28 Senate seats for Democrats, and 22 to 29 Senate seats for Republicans. The seat partisan
asymmetry is a 1.3-seat difference in favor of Democrats. The five other metrics are of mixed effect,
showing no clear advantage. This plan contains 7 competitive races (Exhibit 8).

The NCLCV plaintiffs’ plan favors 24 Democrats and 26 Republicans. The range of likely outcomes is
19 to 28 Senate seats for Democrats, and 22 to 31 Senate seats for Republicans. The seat partisan
asymmetry is a 1.3-seat difference in favor of Democrats. The five other metrics are of mixed effect,
showing no clear advantage. This plan contains 9 competitive races (Exhibit 9).
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Exhibit 6: Comparison of state Senate plans.
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Exhibit 7: Fairness dashboard for the Legislative Defendants’ state Senate remedial plan.
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Exhibit 8: Fairness dashboard for the Harper plaintiffs’ state Senate plan.
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Exhibit 9: Fairness dashboard for the NCLCV plaintiffs’ state Senate plan.
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Exhibit 10: Comparison of state House plans.
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Exhibit 11: Fairness dashboard for the Legislative defendants’ state House plan.
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44 62.3% 37.7% 24.6

45 57.4% 42.6% 14.8

46 37.9% 62.1% ‐24.1

47 49.1% 50.9% ‐1.9

48 54.6% 45.4% 9.2

49 67.7% 32.3% 35.3

50 57.5% 42.5% 15.1

51 40.7% 59.3% ‐18.6

52 43.5% 56.5% ‐13.0

53 35.2% 64.8% ‐29.6

54 53.8% 46.2% 7.6

55 41.6% 58.4% ‐16.7

56 85.9% 14.1% 71.8

57 57.6% 42.4% 15.2

58 73.0% 27.0% 46.0

59 50.3% 49.7% 0.7

60 62.3% 37.7% 24.6

61 80.7% 19.3% 61.4

62 50.3% 49.7% 0.6

63 52.2% 47.8% 4.5

64 40.5% 59.5% ‐18.9

65 35.8% 64.2% ‐28.5

66 70.7% 29.3% 41.4

67 28.9% 71.1% ‐42.3

68 38.3% 61.7% ‐23.5

69 34.8% 65.2% ‐30.4

70 24.6% 75.4% ‐50.9

71 71.0% 29.0% 42.1

72 75.2% 24.8% 50.5

73 50.9% 49.1% 1.9

74 47.5% 52.5% ‐4.9

75 44.4% 55.6% ‐11.1

76 39.2% 60.8% ‐21.6

77 24.7% 75.3% ‐50.6

78 26.3% 73.7% ‐47.5

79 38.7% 61.3% ‐22.6

80 25.6% 74.4% ‐48.8

81 28.9% 71.1% ‐42.2

82 46.2% 53.8% ‐7.6

83 25.9% 74.1% ‐48.2

84 33.9% 66.1% ‐32.2

85 27.6% 72.4% ‐44.8

86 31.5% 68.5% ‐37.0

87 27.2% 72.8% ‐45.5

88 69.5% 30.5% 39.0

89 26.0% 74.0% ‐48.0

90 24.9% 75.1% ‐50.1
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91 30.9% 69.1% ‐38.3

92 69.3% 30.7% 38.6

93 42.9% 57.1% ‐14.2

94 24.0% 76.0% ‐52.1

95 34.5% 65.5% ‐30.9

96 37.1% 62.9% ‐25.7

97 27.5% 72.5% ‐45.0

98 48.6% 51.4% ‐2.8

99 84.1% 15.9% 68.2

100 75.9% 24.1% 51.8

101 76.6% 23.4% 53.2

102 78.9% 21.1% 57.8

103 51.1% 48.9% 2.3

104 54.3% 45.7% 8.6

105 55.9% 44.1% 11.8

106 69.0% 31.0% 38.0

107 82.3% 17.7% 64.5

108 32.9% 67.1% ‐34.3

109 40.8% 59.2% ‐18.5

110 33.3% 66.7% ‐33.5

111 31.2% 68.8% ‐37.7

112 61.2% 38.8% 22.5

113 34.3% 65.7% ‐31.4

114 65.7% 34.3% 31.3

115 55.1% 44.9% 10.2

116 59.3% 40.7% 18.6

117 40.4% 59.6% ‐19.2

118 38.5% 61.5% ‐22.9

119 43.9% 56.1% ‐12.1

120 27.0% 73.0% ‐46.1
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Exhibit 12: Fairness dashboard for the NCLCV plaintiffs’ state House plan.
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44 72.4% 27.6% 44.9

45 60.5% 39.5% 20.9

46 40.0% 60.0% ‐20.0

47 46.8% 53.2% ‐6.4

48 54.6% 45.4% 9.2

49 65.3% 34.7% 30.5

50 56.7% 43.3% 13.3

51 34.9% 65.1% ‐30.2

52 41.3% 58.7% ‐17.3

53 33.0% 67.0% ‐33.9

54 58.0% 42.0% 16.1

55 43.0% 57.0% ‐14.0

56 85.8% 14.2% 71.6

57 65.6% 34.4% 31.3

58 65.8% 34.2% 31.7

59 54.7% 45.3% 9.3

60 58.1% 41.9% 16.1

61 80.8% 19.2% 61.7

62 49.0% 51.0% ‐2.0

63 54.2% 45.8% 8.3

64 39.2% 60.8% ‐21.5

65 35.8% 64.2% ‐28.5

66 63.6% 36.4% 27.2

67 28.9% 71.1% ‐42.3

68 36.6% 63.4% ‐26.7

69 35.2% 64.8% ‐29.6

70 24.3% 75.7% ‐51.4

71 69.7% 30.3% 39.4

72 74.0% 26.0% 48.1

73 44.3% 55.7% ‐11.4

74 47.4% 52.6% ‐5.2

75 42.6% 57.4% ‐14.7

76 39.2% 60.8% ‐21.6

77 24.7% 75.3% ‐50.6

78 26.5% 73.5% ‐47.0

79 36.0% 64.0% ‐28.1

80 28.0% 72.0% ‐44.1

81 26.4% 73.6% ‐47.1

82 41.7% 58.3% ‐16.5

83 35.2% 64.8% ‐29.5

84 33.6% 66.4% ‐32.8

85 27.7% 72.3% ‐44.7

86 31.5% 68.5% ‐37.0

87 26.6% 73.4% ‐46.8

88 75.0% 25.0% 49.9

89 27.5% 72.5% ‐45.0

90 24.8% 75.2% ‐50.4
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91 35.0% 65.0% ‐30.0

92 69.5% 30.5% 39.0

93 43.0% 57.0% ‐14.0

94 24.1% 75.9% ‐51.8

95 34.3% 65.7% ‐31.4

96 36.1% 63.9% ‐27.9

97 27.5% 72.5% ‐45.0

98 48.2% 51.8% ‐3.5

99 59.9% 40.1% 19.9

100 69.1% 30.9% 38.2

101 75.0% 25.0% 50.0

102 80.5% 19.5% 61.1

103 50.7% 49.3% 1.4

104 56.9% 43.1% 13.7

105 57.1% 42.9% 14.2

106 83.1% 16.9% 66.2

107 76.3% 23.7% 52.7

108 32.7% 67.3% ‐34.6

109 43.2% 56.8% ‐13.6

110 31.5% 68.5% ‐37.1

111 32.7% 67.3% ‐34.7

112 75.6% 24.4% 51.2

113 33.1% 66.9% ‐33.8

114 62.5% 37.5% 25.0

115 61.0% 39.0% 21.9

116 56.7% 43.3% 13.5

117 41.1% 58.9% ‐17.8

118 38.5% 61.5% ‐22.9

119 43.9% 56.1% ‐12.1

120 27.0% 73.0% ‐46.1
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VIII. CONCLUSIONS

All three of the Legislative Defendants’ plans favor Republicans in six metrics evaluated. The Harper
plaintiffs’ plans show mixed or no advantage for either party. The NCLCV plaintiffs’ plans show a
Democratic advantage for the Congressional plan, mixed or no advantage for the Senate plan, and a
Republican advantage for the House plan. In each case, the plaintiffs’ alternative(s) came closer to
partisan symmetry than the Legislative Defendants’ remedial maps.
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Preliminary Report:  

 Proposed Legislative and Congressional Remedial Plans  in North Carolina 

 Revised  draft (please discared the older version) 

Bernard Grofman* 

March 21, 2022 

* I am Jack W. Peltason Chair of Democracy Studies and Distinguished Professor of Political 
Science at the University of California, Irvine. My research deals primarily with issues of 
representation, including minority voting rights and party competition. I am a Fellow of the 
American Academy of Arts and Sciences. I have an honorary Ph.D. from the University of 
Copenhagen for my work on the cross-national study of elections and voting rules. I am the 
recipient of a lifetime achievement award from the American Political Science Association for 
my work on elections and voting rights.  I am co-author of five books with major university 
presses (Cambridge (4), Yale (1), and co-editor of 26 other books, (including books with Oxford 
(3), U. Michigan (4), and Princeton) with over 300 research articles and book chapters.. Over the 
past six years I have served as a special master to draw remedial maps for five different federal 
courts, including redrawing a Virginia congressional district and redrawing eleven districts in the 
Virginia House of Delegates, and preparing remedial maps s in local elections in Georgia, 
Virginia, and Utah.  In addition I served as co-special master in the 2021 redistricting, drawing 
the remedial maps adopted by the Virginia State Supreme Court for that state’s legislative and 
congressional districts. Over a 40+ year career, I have served as an expert witness or consultant 
in redistricting cases in nearly a dozen states I have worked as an expert for both political parties, 
the NAACP, MALDEF, the U.S, Department of Justice, and non-partisan redistricting 
authorities. My work has been cited in a dozen different U.S. Supreme Court cases, perhaps most 
notably in Thornburg v. Gingles 478 U.S. 30 (1986). In mid-February 2022 I was asked to serve 
as an expert consultant to the three Special Masters appointed to present recommendations to the 
North Carolina Supreme Court in the case of Harper v. Hall.  North Carolina maps and block 
equivalency files were provided by the parties in this case; North Carolina election data was 
provided courtesy of the Voting and Election Science Team:  
https://dataverse.harvard.edu/dataverse/electionscience, disseminated by Dave’s Redistricting 
App : https://davesredistricting.org of which I made extensive use.. I am also deeply indebted to 
my research assistant,   Zachary Griggy, for the work he provided under my direction.
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I. Introduction: Thinking About Partisan Gerrymandering. 

We can address the questions of partisan or racial gerrymandering  either directly in terms of 
observed or expected political or racial consequences or, more indirectly, by examining features 
of maps  (e.g., undue fragmentation of existing political subunits) that are often manipulated for 
partisan purposes.  In this report my focus is on political consequences.1

Another useful distinction in thinking about gerrymandering is whether the focus is to be on 
statewide indicators of gerrymandering or on evidence of gerrymandering  at the district (or 
additionally, in North Carolina, county cluster) level. I believe in a holistic view of 
gerrymandering in which we examine both statewide effects and look in detail at evidence of 
manipulation at the level of districts/districts within clusters. Below I discuss both approaches.2

(1) Using statistical metrics to directly evaluate the degree to which a map as a whole  is non-dilutive in 
its expected partisan (or racial) consequences?   

Most analyses of partisan effects of gerrymandering rely on a set of measures in the political 
science literature such as the mean minus median gap, or partisan bias that are applied on a 
jurisdiction-wide basis.  These two metrics are intended to be effectively independent of the 
actual state-wide vote share in any given election.3 The mean-median gap builds in the value of 
the statewide vote average; by comparing means and medians of the partisan distribution, it is 
looking at one aspect of the skewness of a distribution, which is a measure of asymmetry. The 
partisan bias measure is evaluated in terms of what happens when both parties get a 50% vote 
share, and thus checks to see if one party is advantaged when the vote share is evenly divided at 

1 Since I have written extensively on racially polarized voting and racial vote dilution, if 
requested, I could extend my Report to analyze racial representation in the proposed maps. But, 
given the intense time pressure, I have limited myself here to issues involving partisan 
gerrymandering.

2 Courts have differed in how they approached this issue. One possible synthesis is to evaluate 
maps at the jurisdiction wide level but to determine remedies in particular districts or particular 
areas of the state where the key problems seemed to lie. In the racial context, the finding of 
violations and the remedies for gerrymandering  (or for a violation of the Shaw v. Reno 509 U.S. 
630 (1993) test for a constitutionally unlawful racially preponderant motive) have usually been 
localized. 

3 However, ceteris paribus, both methods work best when, as in North Carolina, the state-wide 
two party vote share is close to fifty-fifty. 
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the statewide level. 4 Note also that the mean-median gap and partisan bias are NOT tests for 
proportionality; they are tests for unequal treatment.

The best known metric to evaluate partisan inequities is partisan bias, one measure of which is 
reported for proposed NC maps in  Table 1 later in the Report.5 The partisan bias metric, which 
focuses on what happens when the vote share is 50%, implicitly incorporates what  Dr. Duchin in 
her first expert witness report refers to as the majoritarian principle, namely that a majority of 
votes should translate into a majority of seats. As the Supreme Court said in Reynolds v. Sims," 
to sanction minority control of state legislative bodies would appear to deny majority rights in a 

4 Similarly, the difference between the value of the efficiency gap for a given plan and a value of 
the efficiency gap of zero can be taken to be an indicator of possible gerrymandering.

5 The partisan bias test, based on symmetry, was developed by the Princeton political scientist, 
Edward Tufte in 1973 and the statistical methodology for calculating it was improved by  the 
Harvard political scientist Gary King and his co-authors in the 1980s, mostly notably in joint 
work with the Columbia University statistician, Andrew Gelman. A relatively non-technical 
introduction can be found in Bernard Grofman and Gary King.  “Partisan Symmetry and the Test 
for Gerrymandering Claims after LULAC v. Perry.”  6 Election L.J. 2 (2007). Also see  Katz 
Jonathan N., Gary King, and Elizabeth Rosenblatt. 2019. “Theoretical Foundations and 
Empirical Evaluations of Partisan Fairness in District-Based Democracies.” American Political 
Science Review. Partisan has a simple intuition but requires a somewhat complicated method to 
generate results.  Take a situation in which  Democrats typically won approximately 53% of the 
statewide two-party vote. Say that with 53% of the vote Democrats would win 57% of the seats 
in some legislative or congressional election.  Now, say that in a succeeding election, Democrats 
lost 6 percentage points in the popular vote so that they, not the Republicans had 47% of the 
popular vote. If the map were perfectly symmetric, with  53% of the vote, the Republicans also 
should win 57% of the seats, as the Democrats did with this same vote share. Calculating 
partisan symmetry requires that a researcher estimate a 50-50 election. In our example above, the 
researcher begins with a 53% vote share and then shifts the vote share, on average, a point at a 
time in both the Republican and Democratic direction while tracking the expected outcomes in 
seats won and lost. Then the relationship between vote share and seat share is calculated. If the 
parties move identically up and down what is called a votes-seats curve, the deviations should 
cancel out and you are left with a 0 deviation from symmetry, i.e., an estimated seat share of 
50% at a vote share of 50% (i.e.,  vote share of 50% at a seat share of 50%). If the outcome at a 
50% vote share is something other than a 50% seat share then there is partisan bias in favor of 
one party or the other. While this metric can be time consuming to calculate by hand,  a 
computer can calculate this quickly. Note that a 53% vote share need not require a 53% seat 
share for the map to be non-dilutive. Note also that we need to a test to see if the observed  level 
of bias is statistically significant. If  a large proportion of  seats  are competitive, then an 
estimated bias may not be statistically significant, since a small change in vote share in some of 
the competitive seats can shift seat share substantially. This metric is the only one to attract 
favorable mention by some Supreme Court Justices (see Grofman and
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way that far surpasses any possible denial of minority rights that might otherwise be thought to 
result " 377 U.S. 533 at 565 (1964).6

While the mean-median gap is a very useful and easy to calculate tool for getting a handle on the 
presence of partisan gerrymandering, it cannot stand as the sole statistical measure of partisan 
gerrymandering. Not only does it need to be informed by the results other measures, such as 
partisan bias,  but it also can usefully be supplemented by measures which extend its basic 
approach beyond a single district.   

Dr. Duchin in her first expert witness trial report (PX150, Figure 2, at p.7) shows data for the 
enacted congressional map and congressional ensembles.  and looks at the set of most 
competitive districts (not just at one district, the median district). She examines whether the set 
of competitive districts are skewed in favor of one party. She refers to this approach as the “close 
votes, close seats” principle.  Analogous analyses are performed by Dr. Chen in his trial 
testimony (see PX482, pp. 30-31). This approach can be thought of as a generalization of the 
mean-median gap, and is arguably to be preferred to it, since the mean-median gap only deals 
with results for a single district and thus can present a misleading picture of the partisan 
consequences of a map as a whole. Also, the mean-median gap may be easier to manipulate by 
mapmakers than some other measures, e.g., by assuring that in the particular district which is the 
median, the mean-median gap is not that big  even though the map as a whole remains a clear 
partisan gerrymander.  Nonetheless, largely because of its simplicity, the mean-median metric is 
an important one.  I have used it myself in evaluating  maps when appointed in 2021 by the 
Virginia Supreme Court as co-Special Master for Virginia congressional and legislative 
redistricting.   

But, regardless of which measure of partisan vote dilution is being used, it is important to also 
consider how likely to be durable is the gerrymandering effect. As the Supreme Court of North 
Carolina observed in Harper v. Hall. “While partisan gerrymandering is not a new tool, 
modern technologies enable mapmakers to achieve extremes of imbalance that, ‘with 
almost surgical precision,’ undermine our constitutional system of government.
Indeed, the programs and algorithms now available for drawing electoral districts 
have become so sophisticated that it is possible to implement extreme and durable 
partisan gerrymanders that can enable one party to effectively guarantee itself a 
supermajority for an entire decade, even as electoral conditions change and voter 
preferences shift” (slip op., p.1, footnotes omitted).

(2) Looking at  evidence of partisan manipulation at the district or county cluster level 

6 The majoritarian principle is much weaker than the proportionality principle; the latter  requires 
that a given vote share for a party translate into the identical share of legislative seats for that 
party.   My 1985 essay,  “Criteria for Districting: A Social Science Perspective.”  UCLA Law 
Review, 33(1):77-184,” is among the many which discuss the importance of the majoritarian 
principle for democratic theory and election law 
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To look for evidence of gerrymandering at the district or county cluster requires an intensively 
local appraisal of how political subunits, concentrations of voters of a given party,  and  
demographic groups are being treated (as well as of the degree to which compactness concerns 
were being met).  This can be accomplished in two different  ways. 

One way is to look for evidence about intentional manipulation of boundaries at  the district or 
county cluster level  by careful use of the eyeball (and  perhaps also some simple descriptive 
statistics) by individuals who have detailed knowledge of the state and who then provide a 
description of how particular pieces of geography were manipulated. Here, we can either be 
looking to identify areas where gerrymandering is found and to which remedies might be 
directed and/or we look  for ”patterns and practices” that are common across subunits of a kind 
that are indicative of gerrymandering even if we do not formally test for statistical significance7

This type of common-sense evidence can be compelling, both at the level of individual districts 
and for understanding an overall pattern of dilutive acts.  

The second way is to make use statistical analyses for districts or county clusters is to do 
analyses based on ensembles in ways that closely resemble those used for statewide analyses.     

For example, one useful approach to understanding the  degree to which the two  key tools of 
gerrymandering, packing and cracking, were used by mapmakers at the district level employs 
ensemble analysis and calculation of statistical outliers.  Dr. Jowei Chen in his expert witness 
trial report. Dr. Chen  (PX882, Figure 4, p. 25) ranked congressional districts from most 
Republican to least Republican in the enacted congressional map, and considered whether there 
was evidence of manipulation in that the districts Republicans did best in  were, in general,  
being won by lower than expected vote margins (i.e., the map “efficiently” placed Republican  
voters to win without wasting Republican votes), while the districts in which the  Democrats did 
best were, in general, being won by higher than expected vote margins (i.e., the map 
“inefficiently” placed Democratic  voters to “pack” them and thus waste their votes), while 
districts that were somewhat competitive by and large showed a higher than expected Republican 
votes hare (those districts were “shored up” to make Republican loss unlikely).This creates an s-
shaped pattern in the data that is clearly visible in Figure 4. 8  This type of evidence suggests, 
even if it cannot prove,   intentional partisan gerrymandering, 

7Descriptive statistics simply describe data and patterns in the data; inferential statistics seek to 
assign probability of occurrence of events relative to some null hypothesis. With ensemble 
analysis, the null hypothesis against which statistical significance is determined is that the plan 
was drawn from a set of plans like those in the ensemble.

8 Chen observes statistically significant results in 10 of 14 of the county clusters and the overall  
pattern is striking.  Here it is important not to be misled by the fact that there were some clusters 
that were not statistically significant; it is the overall pattern that shows the improbability of the 
results. Indeed, even if there were NO  clusters  with statistically significant results but the 
directionality of manipulation was as predicted across virtually all the  clusters,  properly applied 
statistical calculations that look at multiple clusters at the same time can show the reality of 
statistically significant results even if no single cluster is a statistically significant outlier. 8
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At the county cluster level, we can also evaluate whether there were excess city splits or county 
cuts within that cluster from what we would expect of  plans in the ensemble in that same 
clusters. We should also note that we can ask if expected partisan outcomes within the cluster in 
terms of mean expected wins were extreme statistical outliers, or whether particular groups such 
as African-Americans or other minorities were either cracked or packed within the cluster in 
ways that signaled improper attention to race. But we must be careful not to mistake failures to 
find statistically significant results at the cluster level with the absence of significant (and 
substantively important) bias in the plan as a whole, since what is a clear overall pattern of 
discrimination can be missed if we look only small groupings. 

But, in looking at districts or clusters,  just as in looking at stateside indicia of partisan 
gerrymandering, we must also ask whether difference from what is predicted in an ensemble 
takes us toward partisan equity or away from it (see below).     

II. Baselines and Thresholds in Evaluating Partisan Gerrymandering 

What is the appropriate baseline against which to judge whether some given value of a metric such as 
partisan bias or mean-median difference supports a claim of egregious gerrymandering? 

There are two ways in which the question of appropriate baseline for statistical analyses of 
partisan gerrymandering effects has been addressed in the political science literature. The most 
obvious way to evaluate statistical metrics used to identify partisan gerrymandering effects, such 
as those shown in Table 1,  is simply to ask questions such as: “How close is the mean-median 
gap to zero?” “How close to a zero level of (vote or seat) partisan bias does the plan have?, etc. 
As a result of my recent experiences as a special master I have come to the view that this is not 
just the simplest, but also the best, way to think about statistical metrics that seek to directly 
measure gerrymandering.   But a second way in which this question has been addressed is to ask:  
“How does a map compare in its properties  vis-a-vis various metrics to those in an ensemble of 
computer drawn maps constructed in a partisan blind fashion?”   

Ensembles are sets of computer-generated plans based on  the geographic distribution of 
population in the unit (usually at the level of census blocks) which may also  have “built in” 
instructions to the computer to take into some features besides population, e.g., respecting county 
or other subunit borders, or avoiding pairing incumbents, or seeking to draw compact districts.9
For ensembles, for any given metric, the  baseline is established by answer the question: “Is a 
given map a statistical outlier with respect to the ensemble, with properties that by chance alone 
would occur only at the tails of the ensemble distribution, e.g., with probability less than .05 (the 
familiar two standard deviation test  for adverse impact  from Griggs v. Duke Power Co, 401 US 

9 In North Carolina, ensemble simulations for state legislative districts (NC House and NC 
Senate)  introduced by experts in Harper v. Hall are programmed to take into account, the state’s 
county clustering rule. 
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424 (1971))?”  Ensemble analysis can be applied to features of maps such as splitting of counties 
or other subunits, or features such as compactness, but it can also be applied to measuring 
expected political effects of a map via the kinds of metrics used by experts in the Hall v. Harper
litigation, that were subsequently referenced  in the Harper v. Hall majority opinion.10  Election-
related metrics are calculated using a distribution of recent partisan (and/or racial) voting 
patterns in the unit (usually with data drawn from statewide elections that is projected into 
census geography). with the values of these metrics and of expected partisan outcomes in the 
plan (or portions of the plan) are compared to those in the ensemble.    

In evaluating any map in terms of political effect metrics  it is important to be able to separate 
out the effects of so-called “natural” bias, i.e., partisan bias that arises from historical patterns of 
electoral geography and environmental features such as mountains or rivers, 11 from partisan bias 
that arises from contemporaneous map-making practices, including and especially intentional 
gerrymandering.  Using ensembles as the basis for our evaluations directly allows us to compare 
the bias (or other features) in any given map with the bias (or other feature) in the ensemble, 
since we are holding constant the electoral geography of the state and other features of the state, 
such as rivers or mountains.  

The use of ensembles has allowed for major theoretical and empirical advances in studying 
redistricting and gerrymandering, and I strongly endorse their previous use in this litigation. If a 
map exhibits more evidence of bias or other kinds of distortions than we find in an ensemble to a 
statistically significant degree, I view this fact as very strong prima facie evidence of 
manipulation. But there are two ways to make errors based on ensemble analyses involving 
political election-based metrics: on the one hand, concluding that a plan is dilutive when instead 
it is vote-dilution reducing and, on the other hand, concluding that a plan is not dilutive because 
it is not an outlier in the ensemble for some parameters when, in fact, it is a carefully crafted 
gerrymander (Type I and Type II errors).  

First, we must be careful to look at the directionality of deviation from ensemble expectation.   If 
a map has lower (absolute) values on metrics such as partisan bias than most of the maps in 
the ensemble, ceteris paribus, that is something to be desired, not condemned, even if the 
map is outside the 95% confidence range of  the ensemble. It is only when the map has 
higher values of metrics that show vote dilution  than most of the maps in the ensemble that we 
see evidence of partisan gerrymandering that might rise to the level of unconstitutionality. Thus, 
even if we opt only for an ensemble based approach to evaluating vote dilution, when we do look 
at how far from an ensemble expectation is the observed value on some metric  it is critical to 

10 See, e.g., the discussion of the findings of Plaintiffs expert Dr. Jowei Chen in League of 
Women Voters v. Pennsylvania  (J-1-2018, Supreme Court Of Pennsylvania Middle District). 

11 Although I have used the term “natural bias” because it has become standard, I regard it as a 
misnomer.  For example, there is nothing natural about the disproportionate presence of African-
Americans in areas good for cotton growing that continues to the present day, unless you think 
slavery is natural. And redlining and other practices have led to geographic segregation of 
minorities within cities. 
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distinguish whether the value in the map takes us in the direction of more dilution or in the 
direction of less dilution. 

Second, even if a map is within the 95% confidence bounds of an ensemble on some 
particular metric, that does not mean that the map is NOT a partisan gerrymander.  There  
are multiple statistical metrics to evaluate the level of partisan gerrymandering, and we need to 
be careful to look at multiple indicators, both at the state level and ones that are district or 
county-cluster  specific. Also, there may be non-statistical evidence of intentional 
gerrymandering derived from careful analysis by knowledgeable observers of exactly where 
particular lines on the map have been drawn. Such evidence may lead to a conclusion of a 
constitutional violation even in the absence of use of ensembles or of statistical inference tests.12

Or they may  be inferences of intentional gerrymandering based on the redistricting process itself 
or based on statements made by mapmakers.  

Third, because of how ensembles are created, when we look at the political effects metrics, 
they may show a map to be non-dilutive even when dilution is present because the natural 
bias in a state favors a particular party and thus tilts the ensembles toward maps favorable 
to that party. 

An ensemble-based standard for vote dilution takes as given the distribution of voters in the state 
at some low level of census geography such as the block.  But because it is built on the 
distribution of voters, when we look at partisan behavior in past elections, we often find that the 
voters of one party are more concentrated than voters in the other party. In particular, Democrats 
(and minorities) are likely to be highly concentrated in cities. When one group has its voters 
more geographically concentrated than another,  redistricting can create inequities, e.g., by 
packing Democratic voters into districts in such a fashion as to “waste” their votes.  

While I can attest from my own knowledge that Dr. Duchin  (PX150, p. 4) is correct that North 
Carolina is a jurisdiction that has a low level of so-called natural bias compared to most other 
states, 13 a low level of natural bias is not zero bias.  

Consider the ensembles created by Dr. Daniel Magleby which he uses to evaluate whether some 
given plan’s mean-median value is (considerably) outside the 95% confidence range generated 
by the ensemble (see PX 1483). For Congress, Magleby finds the mean-median value in his 
ensemble to be around 1% more Republican than the statewide average (see Figure 5 in his first 
Report). A similar 1% pro-Republican bias is found for the Senate (see Figure 4 in his first 

12 Much of the litigation involving claims involving racial gerrymandering or race as a 
preponderant motive illustrates this point. 

13 The existence of what has been called “natural bias,” has led some commentators to claim that 
whatever bias is found in a given plan is due to geography, not intent to discriminate.  However, 
as Dr. Duchin  correctly points out,  the level of natural bias in North Carolina in no way 
prevents the production of  “maps that give the two major parties a roughly equal opportunity to 
elect their candidates” (PX150, p. 4). 
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Report), while the pro-Republican bias in the House for the mean-median ensemble is between 
2% and 3%.(see Figure 2  in his first Report)   

Further evidence of a pro-Republican “natural bias” obtain from simulations that focus on the 
expected number of seats a party will be expected to get if the partisan vote share is at the 
historical recent average.  Dr. Magleby has done analyses of this kind (see PX1483), but so have 
other plaintiffs’ experts.  For example, with a projected 50.8% Republican vote share, while the 
10-4  projected vote outcome in the 2022 enacted legislative congressional map is a clear 
statistical  outlier, Dr. Chen finds that a modal congressional outcome in his simulation would 
have an expected 9 Republican and 5 Democratic seats for the U.S. House (see Report of Dr. 
Chen  PX882, Figure 7, p. 33).  Dr. Mageleby’s simulation (Figure 6 in his first Report) is 
similar, with about  8-9 Republican seats. 

In sum , so-called “natural bias” tilts the ensembles for the North Carolina upper and lower 
chambers and for the U.S. House of Representatives somewhat in a pro-Republican direction.14

Resting analyses of partisan bias solely on outlier analysis in ensembles creates a two-sided risk. 
On the one hand, plans that are highly dilutive might be accepted if the only analysis of 
equal treatment is an ensemble-based comparison. Indeed, if we judge partisan outcomes 
only by whether they closely match the mean results in an ensemble, we might conclude 
that, in North Carolina, for both branches of the legislature and for Congress, only at least 
a somewhat pro-Republican gerrymander is non-dilutive. 15 On the other hand,  any attempt 
to move toward a truly unbiased map might require moving away from the level of bias that is 
created by geography, i.e., outside the middle zone of the ensembles, and thus be attacked as a 
gerrymandering outlier. Such perverse results would, in my view, fly in the face of the North 
Carolina Supreme Court’s assertion that “We hold that our constitution’s Declaration of Rights 
guarantees the equal power of each person’s voice in our government through voting in elections 
that matter” (slip op. p.1).  

14 As best I can judge all the ensembles created by plaintiffs’ experts show an expected pro-
Republican tilt in partisan effects measures such as mean-median difference. 

15 The ensemble analyses conducted by Plaintiffs experts in Harper v. Hall concluded that the 
enacted maps to be partisan gerrymanders in that these maps were so egregiously gerrymandered 
that, on multiple indicators, they fell very far outside the ensemble-based expectations of the 
amount of expected pro-Republican bias even though the computer-generated ensembles were 
themselves exhibiting a pro-Republican bias (see above). The ensembles-based conclusions that 
these maps were egregiously gerrymandered in favor of Republicans, combined with the other 
evidence of intent and examination of how gerrymandering was done in particular areas of the 
state, combined with the evidence that the extreme level of pro-Republican bias in these plans 
would continue throughout the decade under realistic scenarios of future changes in statewide 
vote, thus locking in a permanent Republican majority in both houses of the legislature and in the 
state’s congressional delegation, made it apparent that the plans should have been struck down as 
unconstitutional once partisan vote dilution was held to be justiciable under North Carolina state 
law.
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Can we specify some threshold  value of a metric such as partisan bias or mean-median difference  as 
being required  to supports a claim of egregious gerrymandering that rises to the level of 
unconstitutionality ?  

Both the zero baseline approach  and the ensemble-based approach  still leave open the question 
of the point at which the accumulated evidence of gerrymandering leads to a conclusion that this 
gerrymandering rises to a level of unconstitutionality.   But there is one question on which I think 
there would be widespread agreement, namely that a legislative map does not have to be the 
“best possible map.”  The mere fact that a better map on multiple criteria exists does not require 
a court to choose that map over a map  that is adopted through legal channels and due process.  
The Court’s role as mapmaker only begins after the challenged map has been found to be 
unconstitutional and the legislature has forfeited any right to continue to prepare alternative 
maps.  Moreover, if we think about criteria for demonstrating unconstitutional partisan 
gerrymandering, there probably also would  be agreement that (a) the mere fact that the value of 
on some metric is  a statistical outlier is not enough to show a violation, rather there must be 
evidence of the substantive importance of the discrepancy,16 and (b) before a finding of a 
constitutional violation, it would be important to demonstrate that the political effects of a plan 
are likely to be non-ephemeral. 

However, while it might be seen as desirable for courts to clearly set a threshold for what 
differences from zero  for any given metric are de minimis with respect to a claim of 
unconstitutional partisan gerrymandering, there are two reasons to reject such an approach at this 
time.  First, state courts are only recently come to grips with partisan gerrymandering claims 
brought under state law. There simply has not been time enough for a body of jurisprudence to 
emerge. Rather, as the Court Opinion in Harper v. Hall suggested, courts should strike down 
egregious examples of partisan gerrymandering.  Only in later cases will courts be in a position 
to set clear “safe harbor”  thresholds if they eventually determine, as the U.S. Supreme Court did 
in the “one person, one vote” cases, that numerical de minimis standards were appropriate.17

16 In the context of redistricting, this would translate as a finding that the consequences of the 
statistically significant disparate impact involved an expected seat share change of, say, at least 
one district (though that number might vary with the size of the legislature). For example, in 
League of Women Voters v. Pennsylvania (slip op. p. 128) the Pennsylvania Supreme Court 
favorably cites to Dr. Jowei Chen’s finding that “ while his simulated plans [the ensemble] 
created a range of up to 10 safe Republican districts… , the 2011 [enacted] Plan creates 13 safe 
Republican districts.”   

17 There are multiple statistical measures of malapportionment such as  total deviation, defined 
as the sum of the deviation from ideal in the largest district plus the deviation from ideal in the 
smallest district, and average deviation, among others measures (see e.g., Cervas, Jonathan R., 
and Bernard Grofman.  2021. Legal, political science and economics approaches to measuring 
malapportionment: The U.S. House, the Senate, and the Electoral College 1790-2010.  Social  
Sciences Quarterly. 101(6): 2238-2256), but, after a while, the Supreme Court largely settled on 
total population deviation as the key metric for   OPOV.  In the OPOV cases, after dealing with 
“horribles,” The US. Supreme Court eventually adopted  a 10% total population deviation safe 
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Second, ascertaining the level of gerrymandering in a map is harder than ascertaining the degree 
of malapportionment in a map. Not only are some of the statistical tools, such as ensembles,  
much more complicated than simple arithmetic but, perhaps even more importantly, there are 
multiple (but related) metrics and multiple factors to consider, all of which require careful 
parsing in terms of forging an overall assessment.  Thus, I see the early phases of state court 
partisan gerrymandering litigation employing  a “totality of the circumstances approach,” even 
though also relying on the various specific statistical indicators the Harper v. Hall opinion 
highlighted. 18

III. Preliminary Evaluations from a Political Science Perspective of the New                  
Legislatively-Drawn Maps for Congress, the NC Senate, and the NC House  

Below is a table showing, for each of the five proposed plans and for the three previously 
enacted maps, a variety of metrics:  projections of how many Democratic and Republican 
leaning seats would be expected and how many districts would be competitive (from 45% to 
55%) and also, among the competitive seats, what is the relative balance of Democratic and 
Republican vote shares; the mean-median gap; two standard measures of partisan bias based on 
symmetry in  a seats-votes curve  (one based on how much above a 50% vote share the party 
with diluted votes would need to win a majority of seats, the other based on the seat share a 
minority party would get if it won 50% of the vote);  the efficiency gap; and a composite 
measure of compactness that incorporates Polsby-Popper and Reock scores. The calculations are 
provided from a program, Dave’s Redistricting App, which can calculate the standard election-
based indices of partisan gerrymandering. The political data reflect major statewide races 2016-
2020.  The metrics used give a historical baseline of 49.4% Democratic two party vote and 
50.8% Republican two-party vote.19

harbor for legislative districts – at least absent evidence of discrepancies lacking a legitimate 
state purpose, but required population deviation as close as practicable to zero for congressional 
maps. Having read the OPOV cases and gone back to read key academic commentary both just 
before and just after Baker v. Carr, I think it fair to say that nobody could have predicted the 
final OPOV standards chosen .

18 Brnovich v. Democratic National Committee  594 U.S. ___ (2021) makes it clear that, in 
federal jurisprudence, in the context of Section 2 of the Voting Rights Act, a finding of disparate 
impact is not sufficient, standing alone, to prove a Section 2 violation, since other factors need to 
be taken into account,  the U.S. Supreme Court also asserted “§2 does not transfer the States’ 
authority to set non-discriminatory voting rules to the federal courts.”  This observation is doubly 
relevant, in my view, to the present litigation. On the one hand, the Supreme Court recognized 
the power of the states to set non-discriminatory voting rules.  On the other hand, the Supreme 
Court recognized that no single metric may be enough to prove (or disprove)  a constitutional 
violation, and that contextual analysis is needed. 

19 There is no dispute among experts that, in Dr. Duchin’s words, “North Carolina voting 
has displayed a partisan split staying consistently close to even between the two major 
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<<Table 1 about here. See below>> 

parties over the last ten years.” (PX150, p.4). 
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TABLE 1:  Plan Comparisons on Multiple Metrics 

Plan Name Map Type

# of 

Districts

Rep 

Districts

Dem 

Districts

Competive  

Districts

Mean-

Median Dist

Votes 

Bias

Seats 

Bias

Efficiency 

Gap Compactness

Overturned Congress Plan Congress 14 8 3 3 (2R, 1D) 5.78% 3.68% 16.86% 17.32% 51

Legislature Congress Plan Congress 14 6 3 5 (2R, 3D) 0.66% 1.27% 5.27% 6.37% 45

Harper et al. Congress Plan Congress 14 6 4 4 (1R, 3 D) 0.05% 0.32% 0.93% 1.50% 66

LCV et al. Congress Plan Congress 14 5 3 6 (1R, 5D) -1.66% -0.10% -0.36% 0.67% 74

Overturned Senate Plan Senate 50 24 17 9 (5R, 4D) 3.66% 3.31% 7.22% 7.14% 61

Legislature Senate Plan Senate 50 24 17 9 (4R, 5D) 0.77% 2.02% 4.07% 4.24% 69

Harper et al. Senate Plan Senate 50 21 19 10 (7R, 3D) -0.08% 0.48% 1.07% 1.21% 63

LCV et al. Senate Plan Senate 50 22 17 11 (4R, 7D) -0.07% 0.72% 1.56% 1.67% 69

Overturned House Plan House 120 56 40 24 (14R, 10D) 3.61% 2.94% 6.77% 6.71% 65

Legislature House Plan House 120 54 43 23 (9R,14D) 0.89% 1.29% 2.70% 2.72% 72

LCV et al. House Plan House 120 55 44 21 (7R, 14D) 1.11% 0.91% 1.69% 1.58% 81
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Because lack of constitutionality must be established before any consideration can be given to 
choosing an alternative map, here I will limit myself to political science perspectives on the 
constitutionality of each of the legislature’s proposed maps. I will not discuss the question of 
which alternative map should be adopted by the court if the map proposed by the legislature is 
found to be unconstitutional, except to note that the maps proposed by one or more plaintiffs 
would seem to be ones that the Court could adopt (perhaps as is, perhaps with very minor 
modifications) if  the corresponding legislative map was struck down. However, while I will not 
discuss which alternative map is best, since that issue is premature, I will use the alternative 
maps to show how much closer to zero values on the various metrics it would have been possible 
to come. 

My discussion will be limited to the data presented in Table 1, which  reports only metrics 
calculated at  the statewide level.20 I recognize that the information in this table is not the only 
relevant material. Thus, my conclusions might be changed upon exposure to expert witness 
testimony about the various plans. In particular, I am not able to incorporate into my conclusions 
finding about the maps in terms of the spatial  configurations of  individual districts or county 
clusters and how those might have been manipulated  For these reasons, I have labeled my 
Report a Preliminary Report. 

Before I turn to the three specific maps proposed by the legislature I should note that, on 
virtually all statistical metrics, the new plans are significant improvements from the old plans. 
But the plans previously rejected by the Court were such egregious gerrymanders that the 
standard of doing better is a very low bar. I would also note that perusal of Figure 4 in 22.2.21 
NCLV Plaintiffs’ Remedial Comments (at p. 18) suggests that the new proposed congressional 
map has the most pro-Republican bias of the three proposed maps, and the State House map has 
the least pro-Republican bias. This is generally consistent with my own findings. Thus, a legal 
decision about which proposed maps are  constitutional/unconstitutional need not be the same for 
all three maps. 

Congress 

There are several key facts about the congressional map proposed by the legislature.  

First and foremost, in a state that is in recent history one that is nearly evenly divided, it  creates 
a distribution of voting strength across districts that is very lopsidedly Republican: 6 Republican 
leaning districts that, based on averaged recent data will, barring a political tsunami, elect 
Republicans; 3 Democratic leaning districts that will, barring a political tsunami, elect 
Democrats; and 5 competitive districts. A sports analogy may be helpful here. Imagine a playoff 
series of 14 games of which a majority (9 of 14) have already been played, with five games still 
to go.  The team that has won only 3 of the 9 games would need to win all five of the remaining 

20 I believe the data presented in Table 1 to be a faithful representation of what is found App  for 
the various metrics in Dave’s Redistricting, but I recognize that there is always the possibility of 
error in converting shape files from one GIS program to another and always the possibility of 
typographical error in my entering data into this Report. 
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games in order to win the series, and it would need to win four of the five just to get a tie. If the 
teams were evenly matched in the remaining games of the series the likelihood of winning all 
five is under 5%.21  Of course, we need to examine much more closely the expected degree of 
competition in the districts that DRA labels competitive districts in the  proposed congressional 
map. While there is an apparent Democratic 3-2 advantage in the competitive seats, a close look 
at the data shows that in  2 of the 3 competitive seats showing a mean Democratic edge that edge 
is razor thin, and smaller than the still narrow pro-Republican edge in the two Republican 
leaning competitive districts, while the 3rd district labeled as competitive has a substantial 
Democratic edge and is a very heavily African-American district   Looking at vote margins more 
closely, we might thus view this map  as {6R, 4D, 4 very competitive}.22  But even so, 
Democrats would still have to win four of the four competitive seats to win a majority in the 
delegation. 

Second, while the results in the  median district look a lot like the statewide average, but with a 
slight Republican edge, the median is only one district and we must look at the overall map.  
Here the 5.27% seats bias suggest a substantial pro-Republican bias in terms of the likelihood 
that a majority of the voters will be able to win a majority of the seats, and  the 1.27% vote bias 
suggests that only a win by more than 50% of the statewide vote can yield  the Democrats a 
majority of the seats. When we compare these levels of partisan bias to the level of partisan bias 
in the Harper and NCLCV maps we see that each of these two bias measures is multiple times 
higher  in the legislative map than in the alternatives and, even when we look at differences in 
absolute value rather than ratios, it is still clear that the legislatively proposed congressional map 
is much more extreme with respect to partisan bias.  

Third, the level of compactness of the districts in the previous map was a statistical outlier 
relative to the ensembles (Chen Expert Report PX482, pp. 17-19 )  and since the DRA 
compactness score the new congressional map proposed by the legislature is even lower, my 
expectation is that, with respect to district compactness the new map will also be a clear 
statistical outlier. However, unlike its predecessor (Chen Expert Report PX482, Figure 1, p. 14), 
doing a visual check, the new congressional map does not appear to split any counties in more 
than two pieces.   

Fourth, there has been a substantial drop in the efficiency gap in the new map as compared to the 
congressional map found to be unconstitutional. But the efficiency gap is not directly a test for 

21 Of course, this is an improved situation for the Democrats compared to the enacted 
congressional map, since that map (8 Rep, 3 Dem, 3 competitive) in effect said that the outcome 
was foreordained before the last three games were played. Barring a political tsunami, that map 
locked in a permanent Republican majority, and it was shown in the expert witness testimony to 
make a 10R-4D outcome very likely. Of course, that map was also one of the handful of most 
blatant and egregious partisan gerrymanders in the nation. 

22 Note that to do this exactly we would need to look election by election to see how often 
Democrats won, since the mean vote share  averaged across elections  can lead to  misleading 
conclusions because of variation in Democratic performance. See discussion of essentially this 
point in Dr. Duchin’s Rebuttal Expert Witness Report (PX234). 
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bias; rather it measures, roughly speaking, how far from a responsiveness level of 2 a map 
implements. As Dr. Duchin has argued in her previous work, in a view that I share, high values  
of the efficiency gap are a sign that something may be seriously wrong and signal a need to 
investigate carefully. However, in my view, low values of the efficiency gap, are not a proof that 
there is no vote dilution.  By offering a map with an efficiency gap of 6.37% for their 
congressional map, i.e., one with an efficiency gap below 7,  the legislative map drawers have 
apparently sought to draw  a congressional map  that just narrowly pass a supposed threshold test 
for partisan gerrymandering (see Memorandum on Remedial Process 4876-1419-931, at p. 7).  
And the efficiency gap is still a result in a pro-Republican direction. 

Because they all point in the same direction, the political effects statistical indicators of partisan 
gerrymandering strongly suggest the conclusion that this congressional map should be viewed as 
a pro-Republican  gerrymander, but whether these gerrymandering effect rises to the level of a 
constitutional violation must, of course, be left to legal determination.  On the other hand, if I am 
correct that the compactness of the districts is at a level to show proof of severe outlier status, 
that in and of itself may be sufficient reason to reject the plan. But of course, that again is 
entirely a legal question up to the Court to resolve. 

NC Senate 

My analysis and conclusions for the legislatively proposed NC Senate map are similar to those 
for legislatively proposed congressional map. In a state that is in recent history one that is nearly 
evenly divided, this map, too, creates a distribution of voting strength across districts that is very 
lopsidedly Republican: 24 Republican leaning districts that, based on averaged recent data will, 
barring a political tsunami, elect Republicans; 17 Democratic leaning districts that will, barring a 
political tsunami, elect Democrats; and 5 competitive districts.   Democrats would have to win 
nine of the nine competitive seats to win a majority in the Senate. 

Second, while the median district again looks a lot like the statewide average, but again with a 
slight Republican edge, the median is only one district and we must look at the overall map.  
Here the 4.07% seats bias still suggest a substantial pro-Republican bias in terms of the 
likelihood that a majority of the voters will be able to win a majority of the seats, even though it 
is one percentage point or so lower than the comparable statistic in the congressional map, while  
the 2.00 % vote bias suggests that only a win by considerably more than 50% of the statewide 
vote can yield  the Democrats a majority of the seats.  Indeed, on this metric the new NC Senate 
map is more extreme by nearly a percentage point than the new NC House map. When we 
compare these levels of partisan bias to the level of partisan bias in the Harper and NCLCV maps 
we see that each of these two bias measures is at least twice as high in the legislative map as in 
the alternatives and, even when we look at differences in absolute value rather than ratios, it is 
still clear that the legislatively proposed congressional map is much more extreme with respect to 
partisan bias than either of the alternatives.  

Third, the compactness level in the Senate map is comparable or higher than that in the 
alternative Senate maps.    
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Fourth, there has been a substantial drop in the efficiency gap in the new map as compared to the 
congressional map found to be unconstitutional. But it remains in a pro-Republican direction. 

Because they all point in the same direction, the political effects statistical indicators of partisan 
gerrymandering  argue for the conclusion that this NC Senate  map should be viewed as a pro-
Republican  gerrymander. While, overall, the dilutive effects of this map do not appear quite as 
severe as in the congressional map  they are still still quite substantial. However, I have not had 
time to analyze  how the map  may have been manipulated at the level of individual districts in 
terms of things like city cuts or county transversals. Of course, whether the clear indicators of 
partisan gerrymandering effects identified  in Table 1 and my discussion rise to the level of a 
constitutional violation requires determination by this Court. 

NC State House 

My analysis for the legislatively proposed NC House map  uses the same approach as for the 
previously considered  maps. In a state that is in recent history one that is nearly evenly divided, 
this map, too, creates a distribution of voting strength across districts that is very lopsidedly 
Republican: 54 Republican leaning districts that, based on averaged recent data will, barring a 
political tsunami, elect Republicans; 43 Democratic leaning districts that will, barring a political 
tsunami, elect Democrats; and 23 competitive districts.  In the House, however, unlike the other 
maps, the Democrats do not have to win all of the competitive seats to win a majority in the 
House. Moreover, unlike the other two proposed maps, when we look at the proposed NC House 
map we see that the competitive seats are substantially Democrat in directionality (9R, 14D). 
This map is genuinely far more competitive than either of the other two legislatively proposed 
maps even though (see below) it remains tilted in a pro-Republican direction.

Second, while the median district again looks a lot like the statewide average, but again with a 
slight Republican edge, the 2.70% seats bias still suggest a substantial pro-Republican bias in 
terms of the likelihood that a majority of the voters will be able to win a majority of the seats. 
But the value on this metric is one which is more than one percentage point lower than the 
comparable statistic in the Senate map,  and  the 1.29%  vote bias in this map  is again almost 
one percentage point lower than the 2.00 value of this metric for  the Senate. But arguably quit 
important in judging the constitutionality of this map in the full context are the facts that:  (a) the 
Harper plaintiffs have not chosen to offer an alternative NC House map but are apparently 
content to see the legislative map implemented by the Court, (b) the map was passed by a clear 
bipartisan consensus in the legislature, including members of the legislature who belong to 
particular minority communities, and (c) that while it still is further from being non-dilutive than 
the NCLCV House map alternative, it is far closer to Plaintiffs’ map than it is to the rejected 
enacted NC House map.    

Third, the compactness level in the Senate map is high relative to the other maps in Table 1, even 
though the NCLCV House map alternative has an even higher score. 

Fourth, there has been a substantial drop in the efficiency gap in the new map as compared to the 
NC House map found to be unconstitutional. It is at the low level of 2.72 even though it remains 
in a pro-Republican direction. 
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I have not had time to analyze  how this map  may have been manipulated at the level of 
individual districts in terms of things like city cuts or county transversals or racial fragmentaion. 
But of the three legislatively proposed maps, for the reasons given above, this is the one that I 
would feel most comfortable with seeing ordered by the Court. Looking at the totality of the 
circumstances insofar as these are presently known to me, and recognizing that this map is still 
not ideal (nor need it be), this legislatively proposed NC House map simply lacks the same clear 
indicia of egregious bias found in the previously rejected maps and still found, but to a lesser 
extent than in the rejected maps, in the legislatively proposed maps for Congress and for the NC 
Senate that I discuss above.
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HARPER PLAINTIFFS’ RESPONSE TO 
LEGISLATIVE DEFENDANTS’ PROPOSED REMEDIAL MAPS 

It is now the law of this State that North Carolina’s redistricting plans must give “voters 

of all political parties substantially equal opportunity to translate votes into seats across the 

plan.”  Harper v. Hall, No. 413PA21, Order ¶ 6  (N.C. Feb. 4, 2022).  In particular, “voters are 

entitled to have substantially the same opportunity to elect[] a supermajority or majority of 
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representatives as the voters of the opposing party would be afforded if they comprised” a given 

percentage “of the statewide vote share in that same election.”  Harper v. Hall, No. 413PA21, 

slip op. ¶ 169 (N.C. Feb. 14, 2022).  “What matters here, as in the one-person, one-vote context, 

is that each voter’s vote carries roughly the same weight when drawing a redistricting plan that 

translates votes into seats in the legislative body.”  Id.  

Legislative Defendants’ proposed remedial congressional and Senate plans flout the 

Supreme Court’s order and opinion.  They do not provide voters of both parties remotely equal 

opportunity to elect representatives.  Rather, their proposed remedial plans fail several key 

measures of partisan symmetry—and are substantially worse than the remedial plans Harper 

Plaintiffs have proposed.  Legislative Defendants’ own expert, Dr. Barber, shows Legislative 

Defendants’ proposed plans to be Republican gerrymanders.  

These skewed results are not surprising.  The congressional and Senate plans enacted by 

the General Assembly last week were forced through the committees and passed on strict party-

line votes in both chambers.  These proposed plans replicate central unconstitutional features of 

the now-invalidated plans.  For example, this Court found that the 2021 congressional plan’s 

“creation of three safe Republican districts in the Piedmont Triad area”—by placing Greensboro, 

High Point, and Winston-Salem in separate districts—was “designed in order to accomplish the 

legislature’s predominant partisan goals.”  Judgment, FOF ¶¶ 473, 480.  Yet Legislative 

Defendants’ proposed remedial congressional plan does the same thing.  And Legislative 

Defendants’ Senate plan recreates the splitting of voters in Wilmington that the three-judge panel 

found unconstitutional in Common Cause v. Lewis, No. 18 CVS 014001, 2019 WL 4569584, at 

*53 (N.C. Super. Sep. 03, 2019).  
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This Court should reject Legislative Defendants’ unconstitutional congressional and 

Senate plans and should instead adopt Harper Plaintiffs’ proposed plans, which are superior on 

every metric the Supreme Court identified and would afford voters of both parties an equal 

opportunity to translate votes into seats. 

I. Legislative Defendants’ Proposed Remedial Congressional Plan Is Unconstitutional 

Legislative Defendants’ plan does not provide voters substantially equal voting power. 

Legislative Defendants’ proposed congressional plan, S.B. 745, fails on the key measures that 

the Supreme Court identified as dispositive.  For starters, the Supreme Court repeatedly 

emphasized that “partisan symmetry” is essential to ensuring that all voters have substantially 

equal voting power.  Order ¶ 5; slip op. ¶ 4.  Requiring a “substantially equal opportunity to 

translate votes into seats across the plan,” slip op. ¶ 163, is the essence of partisan symmetry 

analysis.  Accordingly, Dr. Jonathan Mattingly and his Duke colleague Dr. Gregory Herschlag in 

their report submitted with this response measured the partisan symmetry of S.B. 745 using the 

same metric described in Harper Plaintiffs’ written submission regarding their own proposed 

plans.  See Harper Pls.’ Feb. 18, 2022 Stmt. 4-6; Mattingly-Herschlag Remedial Rep. 2-3.  This 

partisan-symmetry metric measures the absolute deviation between the number of seats that the 

two parties are expected to elect at the same given vote share, calculated based on the results of 

16 recent statewide elections applying a variety of “uniform swings.”  Mattingly-Herschlag 

Remedial Rep. 2-3.  Legislative Defendants’ expert Dr. Michael Barber endorses this approach 

to evaluating partisan symmetry:  “The basic idea is to look at the vote share in each district and 

increase/decrease the vote share in each district by a uniform amount across a range of 

outcomes,” and “as Democrats gain more votes statewide, the translation of those votes to seats 

should be similar to when Republicans gain an equally large share of the votes.”  Barber 

Remedial Rep. 17-18.  
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For S.B. 745, the symmetry deviation is 1.575 seats.  Mattingly-Herschlag Remedial 

Rep. 3.  Thus, for any given statewide election, the difference between the number of 

Democratic and Republican seats elected at the same respective party vote fraction will more 

often than not be 2 seats of only 14 total seats available.  Id.  This is an extreme asymmetry.  And 

nothing in North Carolina’s political geography requires it.  If Legislative Defendants had simply 

picked 20 plans at random from Dr. Mattingly’s ensemble—which was not even designed with 

partisan symmetry in mind—there is a 99.998% chance they would have found a plan with better 

partisan symmetry than S.B. 745.  Id.  In sharp contrast, Harper Plaintiffs’ proposed 

congressional plan shows a deviation of only 0.36875 seats; meaning that for any given 

statewide election, the number of Democratic and Republican seats elected at a given vote 

fraction will typically be the same.  Id. 

Figure 2 from Dr. Mattingly and Dr. Herschlag’s report illustrates the huge partisan 

asymmetry in S.B. 745, with the red line showing the average number of expected seats when 

Republicans win a particular vote share, and the blue line showing the same figure for Democrats 

when they win the same vote share.  Id. at 4.  To produce these figures Drs. Mattingly and 

Herschlag conducted a partisan swing analysis for all 16 statewide elections in 2016 and 2020, 

then calculated the average seat share for each party at different vote shares.  Id. at 3-4.  The 

contrast between S.B. 745 and Harper Plaintiffs’ proposed remedial congressional plan is stark, 

particularly for the closer, frequently occurring vote shares near 50%: 
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The asymmetry in S.B. 745 is also clear based on raw expected seats for both parties 

under various historical elections.  As Figure 1 from the Mattingly-Herschlag report shows using 

purple markers, in half (3 of 6) of the statewide elections in 2016 and 2020 where the Democrats 

won a majority of the vote (AG16, AG20, and GV20), they still win only 6 seats (a minority) 

under S.B. 745.  But there is not a single election where the Republicans win a majority of votes 

but a minority of seats.  As another example, under the 2016 Presidential election, where 

Democrats won 48% of the vote, Democrats win only 4 seats under S.B. 745.  Yet under the 

2020 Governor election, where Republicans won just over 48% of the vote, Republicans win 6 

seats.  This significant, inescapable asymmetry affects real seats across a range of elections.  By 

contrast, with Harper Plaintiffs’ proposed plan (as shown with green markers), the party with a 

majority of votes wins at least half the seats in every single election. 
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Legislative Defendants’ proposed congressional plan also fails two other metrics the 

Supreme Court identified as significant: the mean-median difference and the efficiency gap.  

Legislative Defendants’ plan has an average efficiency gap of 7.312% (calculated by conducting 

uniform swings on the 16 historical election results), which is above the 7% threshold of 

presumptive constitutionality identified by the Supreme Court.  Mattingly-Herschlag Rep. 3; see 

Harper, slip op. ¶ 167.  And Legislative Defendants’ mean-median difference is 1.01%, which 

exceeds the 1% threshold identified by the Supreme Court.  Mattingly-Herschlag Rep. 3; see 

Harper, slip op. ¶ 166.  By comparison, Harper Plaintiffs’ proposed congressional plan has an 

efficiency gap of less than 3% and a mean-median difference of 0.4504%, well within the 

Supreme Court’s thresholds.  Mattingly-Herschlag Rep. 3.  Even accounting for the difference 

that choices of election can make, Dr. Barber’s efficiency gap and mean-median difference 

calculations for the Legislative Defendants’ congressional plan are simply wrong.  The publicly 

available website PlanScore reports a mean-median gap of 1.1% favoring Republicans and an 

efficiency gap of 6.4% favoring Republicans for S.B. 745.   

Dr. Barber’s results show that S.B. 745 fails partisan symmetry.  Dr. Barber’s own 

partisan symmetry analysis, in his Figure 3(b), shows that S.B. 745 dramatically favors 

Republicans in their ability to translate increasing vote shares into increased seat counts.  As 

shown below using blue highlighting on Dr. Barber’s Figure 3(b), Dr. Barber concludes that 

even when Democrats increase their vote share from approximately 50.6% to nearly 55%—in 

North Carolina, a landslide—they still can win only eight congressional seats.  By contrast, as 

shown using red highlighting, Republicans, by increasing their vote share from merely 49.4% to 

approximately 51% gain an 8th, 9th, and even 10th seat.  In other words, even under Dr. Barber’s 

analysis, Democrats can gain nearly 4.5% vote share (to a whopping 55%) without gaining even 
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one additional seat (and even then win only 8 total); whereas Republicans need only an increase 

of approximately 1.6% vote share to gain three additional seats (and 10 total).  Clearly, 

Legislative Defendants’ plan does not give voters from both political parties “substantially the 

same opportunity” to elect representatives at a given percentage “of the statewide vote share in 

that same election.”  Harper, slip op. ¶ 169. 

 

Dr. Barber’s “close-votes-close-seats analysis” is even more damning.  Barber Remedial 

Rep. 16.  Dr. Barber uses a four-square plot (Figure 2) to show which recent statewide election 

results would produce a “majoritarian outcome” (where the party with a majority vote share wins 

a majority of seats) versus an “antimajoritarian outcome” (where a majority of votes does not 
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yield a majority of seats).  His plot shows only one election that produces an antimajoritarian 

outcome: the 2016 Attorney General race, where Democrats won over a majority of votes but 

would get only 6 seats under Legislative Defendants’ map.  

But Dr. Barber’s analysis selectively excluded four recent statewide elections—two of 

which (2016 Governor and 2016 Attorney General) are antimajoritarian.  No surprise, both of 

these excluded antimajoritarian elections disfavor the Democrats.  As shown in Table 1 from the 

Mattingly-Herschlag report, once Dr. Barber’s selectively deleted elections are added back in, 

his analysis shows that in fully half (3 of 6) of the statewide elections in 2016 and 2020 where 

the Democrats won a majority of the vote, they still win 6 seats (a minority) under S.B. 745.1 By 

comparison, under Harper Plaintiffs’ proposed plan, the party who wins the majority of the vote 

wins at least 50% of the seats every single time. 

 

 

 
1 Dr. Barber suggests that he selectively excluded these 4 elections because Dr. Mattingly’s 
merits-phase report did.  That is wrong.  Dr. Mattingly analyzed the 2021 congressional map 
using all 16 2016 and 2020 statewide elections, see Mattingly Rep. 75-76, 95-97, and all of his 
statewide analysis for the state Senate and House plans used those same 16 elections, id. at 11, 
19, 22, 28.    
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II. Legislative Defendants’ Proposed Remedial Senate Plan Is Unconstitutional 

Legislative Defendants’ Senate plan does not provide voters substantially equal voting 

power.  Harper Plaintiffs’ proposed Senate plan produced an average deviation in seats won at a 

given party vote share of only 1.04375 seats.  The deviation in Legislative Defendants’ plan is 

nearly quadruple that: 4.0125 seats.  If Legislative Defendants had selected even a single random 

plan from Dr. Mattingly’s ensemble—which again was not drawn to prioritize partisan 

symmetry in any way—that plan would have had better partisan symmetry than S.B. 744 with 

99.6% probability.  Mattingly-Herschlag Rep. 6.  

And as with the congressional plan, this asymmetry is significant across election 

outcomes, as shown in Figure 4 from the Mattingly-Herschlag report, which shows the number 

of seats for each party that are expected at the same vote share in S.B. 744 and in Harper 

Plaintiffs’ proposed Senate plan, using uniform swing analysis.  Once again, the contrast is stark; 

it shows that S.B. 744 isn’t even trying to ensure that the parties have a substantially equal 

opportunity to translate votes into seats: 
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Seat counts under historical elections confirm S.B. 744’s extreme asymmetry.  Figure 3 

from the Mattingly-Herschlag report shows that—just like with the congressional plan—

Democrats win a minority of seats in half the elections where they won a majority of the vote. 

Yet again, this antidemocratic result is not symmetrical: there isn’t a single election where the 

Republicans win a majority of votes but a minority of seats.  The asymmetry also protects 

Republican supermajorities: When Democrats win 51.21% of the vote under the 2020 Secretary 

of State election, they barely win a majority of seats. Meanwhile, when Republicans get a similar 

vote share under the 2020 Commissioner of Insurance election, they win a safe supermajority: 
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Legislative Defendants’ proposed Senate plan also fails the 1% mean-median threshold 

identified by the Supreme Court as presumptively constitutional, with a mean-median difference 

of 1.304%.  Mattingly-Herschlag Remedial Rep. 6.  As with the proposed congressional plan, Dr. 

Barber’s mean-median calculation here (of 0.61%) is wrong: The public website PlanScore 

reports a 2.2% difference favoring Republicans for S.B. 744.2  By comparison, Harper Plaintiffs’ 

proposed Senate plan has a mean-median difference of 0.228% and an efficiency gap of less than 

2%.  Mattingly-Herschlag Remedial Rep. 6. 

Dr. Barber’s analysis confirms that S.B. 744 fails partisan symmetry.  As with 

Legislative Defendants’ proposed congressional plan, Dr. Barber’s analysis confirms the lack of 

partisan symmetry in their Senate plan.  As shown in Dr. Barber’s Figure 9(b), highlighted in red 

and blue below, Democrats need dramatic increases in vote share to produce additional seats and 

have effectively no chance at winning a supermajority even at unprecedented vote shares.  For 

example, Democrats must ascend from 50% vote share to nearly 55% vote share before gaining a 

28th seat, and are still 2 seats short of a supermajority.  If Republicans experience that same 5-

point increase from 50% to 55%, their seat count jumps to 33 seats—well over a supermajority. 

 
2 https://planscore.campaignlegal.org/plan.html?20220218T174649.330672091Z 
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III. Ensemble Comparisons, While Inappropriate, Confirm That Legislative 
Defendants’ Plans Are Gerrymanders 

The ensemble analysis presented to this Court at trial established that the 2021 maps were 

partisan gerrymanders.  But the North Carolina Supreme Court’s ruling has made clear that the 

question is no longer simply whether a given map compares favorably with an ensemble of 

randomly generated plans.  None of Plaintiffs’ experts simulated plans were designed to 

maximize partisan fairness or symmetry, and performing at the median of a random sample of 

maps that were not designed to maximize partisan fairness would not necessarily show that 

voters are being treated fairly and equally.  Rather, North Carolina’s Constitution requires 

- App. 127 -



14 

mapmakers to affirmatively draw maps to secure partisan symmetry, unless partisan symmetry is 

not possible while preserving counties, ensuring equal population, and drawing compact maps.  

As Harper Plaintiffs’ proposed Congressional and Senate map shows, it is easy to draw maps 

that show a high degree of partisan symmetry without sacrificing any of those objectives and 

while protecting incumbents.   

But the General Assembly’s remedial maps are outliers even under ensemble analysis.  

For example, S.B. 744 still gives Republicans a Senate supermajority when they get just under 

48.4% of the statewide vote, a result that almost never occurred in Dr. Mattingly’s ensemble.  

Mattingly Rep. 28.  And S.B. 744 still gives Republicans a majority even when Democrats win 

52.32% of the statewide vote, also a result that almost never occurred in Dr. Mattingly’s 

ensemble.  Mattingly Rep. 28.  (The proper comparison is to Dr. Mattingly’s secondary Senate 

ensemble that did not minimize municipality splits, because the Supreme Court did not identify 

municipality preservation as a principle that could justify partisan asymmetries.)   

Likewise, S.B. 745 still guarantees a 10-4 split favoring Republicans unless the 

Democrats win at least 49% of the statewide vote.  Those results are well outside the median 

range of Dr. Mattingly’s congressional ensemble.  Mattingly Rep. 74.  And as described above, 

both of the legislature’s proposed remedial plans compare poorly to the ensembles on basic 

measures of partisan symmetry even though the ensembles weren’t designed with that in mind.  

Mattingly-Herschlag Remedial Rep. 3, 6.   

IV. The Court Should Address Article II’s Residency Requirements 

The NCLCV Plaintiffs have asked the Court to order that, if any citizen has established 

his or her residence in a Senate or House district modified by any remedial redistricting plan 

adopted or approved by this Court, then that citizen shall be qualified to serve if elected, 

notwithstanding any requirements that Sections 6 and 7 of Article II of the North Carolina 
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Constitution would otherwise impose.  See NCLCV Pls.’ Cmts. 23-24 (citing Covington v. North 

Carolina, 267 F. Supp. 3d 664, 668 (M.D.N.C. 2017)).  Harper Plaintiffs join that request. 
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Remedial Report : Congressional and NC Senate Plans

Greg Herschlag and Jonathan C. Mattingly

February 21, 2022

1 Introduction and summary

We have been asked by the Harper Plaintiffs and the Common Cause Plaintiffs to analyze two redistricting maps for both the
North Carolina Congressional districts and the North Carolina Senate districts. Specifically, we will examine the Congres-
sional and Senate maps that were recently passed by the General Assembly in laws 2022-3 (Congressional, S745), 2022-2
(Senate, S744), as well as alternative maps put forward by the Harper plaintiffs. The comments and analysis addressing
the Harper Plaintiffs’ proposed map were done solely at the request of the Harper Plaintiffs and not by the Common Cause
Plaintiffs.

Because of the language in the court ruling, our primary tool of analysis is to examine partisan symmetry, which is the
idea that a specific vote share should translate into a specific seat share, independent of which party received that vote.[1] The
exact translation of votes to seats need not be known ahead of time; the important aspect of symmetry is that the translation
is the same for both parties. As one example, under a map that has partisan symmetry, if the Republicans receive 55% of
the vote and 70% of the seats, then when the Democrats receive 55%, they will also receive 70% of the seats. Prioritizing
symmetry does not translate into any proportionality standard. However under a symmetric map, the party that wins the
majority of the vote should win the majority of the seats (or at least not be in the minority).

The Supreme Court’s order also mentioned other metrics that can give some insight into the symmetry properties (as well
as other properties) of a map, including the mean-median difference and the efficiency gap. We prefer to report directly on
measures of partisan symmetry and focus on those in this report, but we also report mean-median difference and efficiency
gaps.

We examine partisan symmetry characteristics of the four maps under 16 historic elections from 2016 and 2020: 2016
Attorney General, 2016 Governor, 2016 Lieutenant Governor, 2016 Presidential, 2016 U.S. Senate, 2020 State Auditor, 2020
Attorney General, 2020 Commissioner of Agriculture, 2020 Commissioner of Insurance, 2020 Commissioner of Labor, 2020
Governor, 2020 Lieutenant Governor, 2020 Presidential, 2020 Secretary of State, 2020 Treasurer, and 2020 U.S. Senate.

We find that the plaintiff maps show significantly greater amounts of symmetry than the recently passed maps put forward
by the North Carolina legislature. We also demonstrate that if twenty maps were drawn from our original ensemble, which
was constructed without regard to partisan symmetry, it would be extremely likely to find a map with significantly superior
partisan symmetry when compared with the legislature’s enacted remedial maps. In other words, even drawing maps at
random, it is not difficult to draw maps that achieve significantly better partisan symmetry than the legislature’s proposed
remedial maps.

2 Qualifications

We are Professors of Mathematics at Duke University. Dr. Mattingly is also a Professor of Statistical Science at Duke
University. His degrees are from the North Carolina School of Science and Math (High School Diploma), Yale University
(B.S.), and Princeton University (Ph.D.). He grew up in Charlotte, North Carolina, and currently lives in Durham, North
Carolina. Dr. Herschlag’s degrees are from Taylor Allderdice (High School Diploma), University of Chicago (B.S.), and the
University of North Carolina at Chapel Hill (Ph.D.). He has lived in North Carolina since 2007.

Both of us lead a group at Duke University that conducts non-partisan research to understand and quantify gerrymander-
ing. This report grows out of aspects of our group’s work around the current North Carolina legislative districts which are
relevant to the case being filed.

Dr. Mattingly previously submitted an expert report in Common Cause v. Rucho, No. 18-CV-1026 (M.D.N.C.), Diamond
v. Torres, No. 17-CV-5054 (E.D. Pa.), Common Cause v. Lewis (N.C. Sup. Ct No. 18-cvs-014001), and Harper v. Lewis
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(No. 19-cv-012667) and was an expert witness for the plaintiffs in Common Cause v Rucho and Common Cause v. Lewis.
Dr. Herschlag previously submitted an affidavit in North Carolina v. Covington, No. 1:15-cv-00399. We are being paid at a
rate of $400/per hour for this work. Much of the work, including the randomly generated maps, derives from an independent
research effort, unrelated to this lawsuit, to understand gerrymandering nationally and in North Carolina specifically. Some of
the analysis described in this report was previously released publicly as part of a non-partisan effort to inform the discussion
around the redistricting process.

3 Methods

We evaluate the proposed plans using a partisan symmetry metric described below. We also report the the mean-median
difference and the efficiency gap. Each of these metrics was calculated using the results of sixteen recent statewide elections:
2016 Attorney General, 2016 Governor, 2016 Lieutenant Governor, 2016 Presidential, 2016 U.S. Senate, 2020 State Auditor,
2020 Attorney General, 2020 Commissioner of Agriculture, 2020 Commissioner of Insurance, 2020 Commissioner of Labor,
2020 Governor, 2020 Lieutenant Governor, 2020 Presidential, 2020 Secretary of State, 2020 Treasurer, and 2020 U.S. Senate.
In many analyses, we also consider the uniform swing of the elections under consideration which allows us to consider a
varied range of statewide partisan vote fractions over multiple plausible voting patterns.

In line with the classic definition of partisan symmetry, the North Carolina Supreme Court explained, “voters are entitled
to have substantially the same opportunity to electing a supermajority or majority of representatives as the voters of the
opposing party would be afforded if they comprised” a given percentage “of the statewide vote share in that same election.”
Harper v. Hall, No. 413PA21, slip op. ¶169 (N.C. Feb. 14, 2022). To implement this directive, we measure the partisan
symmetry by calculating the number of seats awarded to the party winning the majority of votes in pairs of elections that
have total statewide partisan vote shares which are symmetric about the 50% level. Examples of symmetric pairs are 49%
and 51% or 48% and 52%. We then report the absolute difference in the number of seats awarded. If both parties were
treated symmetrically, this difference would be zero.

To take an example: we begin with the results of the 2016 Governor election and apply a “uniform swing” to reflect a
48% Democratic statewide vote share for that election. We calculate how many Republican representatives would be elected
with this 48% Democratic vote share. We then apply a uniform swing to the election so that it reflects the corresponding,
reciprocal Democratic vote share–i.e., 52%. We then compute the number of Democratic representatives that would be
elected with that 52% Democratic vote share. We then calculate the absolute difference between the number of Republican
representatives elected with 48% Democratic vote share and the number of Democratic representatives elected with a 52%
Democratic vote share. Thus, if 8 Republicans were elected with 48% Democratic vote share, and 7 Democrats were elected
with 52% vote share, the absolute difference would be 1 seat. (Because the figure is absolute, the value is always positive. It
does not reflect which party benefits from the asymmetry; it captures only the degree of asymmetry.) We repeat this process
using several sets of vote fractions which are equidistant from the majority line of 50%. Namely, we consider 45% and 55%,
46% and 54%, 47% and 53%, and 49% and 51%.

Reciprocity in a single election does not speak to possible variations in the spatial voting patterns seen across the state
in different elections. Therefore, we repeat this procedure across the 16 historic statewide elections listed above, and then
calculate an average of the absolute difference between the number of Republican seats elected (under the lower Democratic
vote share) and the number of Democratic seats elected (under the higher Democratic vote share). The metric thus captures
the average, absolute deviation, across elections and across vote shares, between the number of seats that the two parties are
expected to elect at the same given vote share. Lower numbers reflect greater partisan symmetry, and in particular, reflect a
more “equal opportunity to electing a supermajority or majority of representatives as the voters of the opposing party would
be afforded if they comprised” a given percentage “of the statewide vote share in that same election.” Harper slip op. ¶169.

We emphasize that we consider the average deviation across 16 different elections, thereby capturing the degree of
partisan symmetry exhibited by the map across a variety of different election climates. This is very different from considering
a single electoral vote pattern constructed by averaging elections to create a different, possibly unobserved, vote pattern, and
only then assessing the deviation.

In addition to examining the averaged deviation from partisan symmetry, we also examine the mean-median difference
and the efficiency gap. The mean-median is defined to be the difference between the average Democratic vote share and the
median Democratic vote share.1 The efficiency gap is defined to be the difference in wasted votes across the two parties

1Here we define Democratic/Republican vote share to be the fraction of the vote that went to one party compared with the vote going to both parties,
i.e. D/(R+D) where D and R are the Democratic and Republican votes in a district.
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divided by the total vote for the two parties. Wasted votes are found by summing overall votes in losing districts and all
votes in winning districts that are more than half the total votes; for example, if D and R are the Democratic and Republican
votes in a district, and D < R then the Democrats would have wasted D votes and the Republicans would have wasted
R� (D +R)/2 votes. When computing the efficiency gap we uniformly swing each election to range from 45% to 55% of
the vote in increments of 1%, which provides greater diversity to the elections considered. 2

4 Congressional Districts

Using the set of statewide elections listed in Section 3, the partisan symmetry of the Harper Plaintiffs’ proposed congressional
map – as measured using the metric described below, which reflects the average deviation in seats won between the parties
given a particular vote share – is 0.36875 seats. In practical terms, this means that for any given statewide election, the
number of Democratic and Republican seats elected at a given party vote fraction will more often than not be the same
number; and the expected difference averaged across a range of sixteen statewide elections is only 0.36875 seats. Only 96 of
the 80,000 sampled congressional plans both accounted for incumbency and had a partisan symmetry score of less than 0.40
seats.

The legislature’s 2022 remedial congressional plan has an average partisan symmetry deviation of 1.575 seats – meaning
the average seat deviation between the parties given the same vote share is 4 times as high as it is in Harper plaintiffs
proposed plan. This reflects that, under the enacted plan, Republicans win 8 or 9 seats when they get 51% of the vote, while
Democrats win 7 or 8 seats when they get 51% of the vote. If the map makers would have examined just 20 random plans
from our ensemble, they would have found a plan with higher partisan symmetry than the S745 plan with a 99.998% chance.
Furthermore, there would be a 98.56% chance that at least one of those plans would have a seat deviation of less than 1.
The 2022 enacted remedial Congressional plan has a mean-median gap of 1.01%. The average efficiency gap calculated by
conducting uniform swings on these election results, ranging from 45% to 55% Democratic vote share, is 7.312%.

As to other partisan fairness metrics identified in the Supreme Courts order and opinion: The average mean-median
difference for the Harper Plaintiffs’ proposed map is 0.4504%. The average efficiency gap calculated by conducting uniform
swings on these election results, ranging from 45% to 55% Democratic vote share, is 2.7180%.
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Figure 1: We show the number of seats (horizontal axis) compared with the statewide vote (vertical axis) in our 16 historic elections under the Harper Plaintiffs’ map
(left), and the enacted map (S745; middle). We also directly compare the two maps (right)

2When performing a uniform swing analysis, it is more efficient to estimate the efficiency gap using the Democratic/Republican vote fractions as
opposed to the vote. Under equal votes in each district, the use of the fractions gives the exact same result, however, it will provide a slight difference if
this is not true. When employing uniform swings, we use the vote fractions. In our experience, this sightly different formulation creates little difference
in the values because the populations are balanced across districts.
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Figure 2: We show the statewide vote percentage won by the party in the majority of the vote (horizontal axis) compared with the statewide seats won by the majority
party (vertical axis) in our 16 historic elections under the enacted map (S745; left), and the Harper Plaintiffs’ plan (right). In a perfectly symmetric map, the blue line
would always coincide with the red line.

To better illuminate the extent to which the two maps treat the parties symmetrically, we plot in Figure 1 what would
be results of congressional elections run with historical elections mentioned in Section 3. We begin by noticing that the
Harper Plaintiffs’ proposed map always gives at at least half of the seats to the party which wins the majority of the votes. In
contrast, the Legislature’s S745 map only gives the Democrats at least half the seat in three of the six elections where they
win the majority while always giving the Republicans at least half the seats in the elections where they win the majority of
the votes. One can also understand the degree to which the maps produce seat counts which are symmetric. In a symmetric
map, the behavior in the bottom half of these plots should “mirror” the behavior in the top half.

To better examine this, we calculate the seats won by the party with the majority of the vote under the sixteen specified
elections when they are shifted, using the uniform swing hypothesis, to have a statewide Democratic share ranging from 45%
to 55%. We then average these 16 seat counts over each of the statewide vote fractions. We plot this average in Figure 2
as a function of the statewide majority vote fraction. When the Democrats are in the Majority (Democratic vote shares of
50%-55%) we use a blue curve and plot the Democratic seat share. When the Republicans are in the Majority (Democratic
vote shares of 45%-50%), we use a red curve and plot the Republican seat share. If the map is symmetric, the seats elected
in response to Democratic majority votes will be the same as the seats elected in response to Republican majority votes, and
the two curves will lie on top of each other. The gray shaded region emphasizes the deviation from ideal partisan symmetry.

Looking at Figure 2, we see that there is a significant deviation from symmetry in the legislature’s proposed 2022 remedial
Congressional plan while the Harper Plaintiffs’ proposed plan shows a high degree of symmetry, particularly between 49%
and 51%. Both maps favor the Republicans with respect to their deviation from partisan symmetry, as shown by the fact that
the red curve is above the blue curve.
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Democratic Elections Republican Elections

S745 (Cong.) Plaintiffs’ Cong. S745 (Cong.) Plaintiffs’ Cong.

Election Democratic 
Vote (%)

Dem. 
Seats

Dem. Split or 
Won Majority

Dem. 
Seats

Dem. Split or 
Won Majority

Election Republican 
Vote (%)

Rep. 
Seats

Rep. Split or 
Won Majority

Rep. 
Seats

Rep. Split or 
Won Majority

GV16 50.05 6 No 7 Yes PR20 50.64 9 Yes 8 Yes

AG20 50.13 6 No 7 Yes CL20 50.78 9 Yes 7 Yes

AG16 50.20 6 No 7 Yes USS 20 50.86 8 Yes 8 Yes

AD20 50.88 7 Yes 7 Yes LG20 51.60 10 Yes 8 Yes

SST20 51.21 8 Yes 7 Yes CI20 51.73 10 Yes 7 Yes

GV20 52.32 8 Yes 8 Yes PR16 51.98 10 Yes 7 Yes

TR20 52.53 10 Yes 8 Yes

USS 16 53.02 10 Yes 8 Yes

LG16 53.41 10 Yes 8 Yes

CA20 53.85 10 Yes 9 Yes

1

Table 1: We summarize Figure 2 on the congressional two maps with the above table. Pay particular attention to the number of times which map fails to give a party the
majority of seats when they win the majority of the votes. Notice that this only occurs for the Democrats.
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Figure 3: We show the number of seats (horizontal axis) compared with the statewide vote (vertical axis) in our 16 historic elections under the Harper Plaintiffs’ map
(left), and the NC Legislature’s enacted map (S744; middle). We also directly compare the two maps (right).

5 Senate Districts

Using the set of statewide elections listed in Section 3, the partisan symmetry of the Harper Plaintiffs’ proposed senate map
– as measured using the metric described above for the congressional plans, which reflects the average deviation in seats won
between the parties given a particular vote share – is 1.04375 seats.3

The legislature’s 2022 enacted remedial senate plan has an average partisan symmetry deviation of 4.0125 seats – mean-
ing the average seat deviation between the parties given the same vote share is again 4 times as high as it is in Harper
plaintiffs proposed plan. This reflects that, under the enacted plan, Republicans win 29 or 30 seats when they get 52% of the
vote, while Democrats win 25 or 26 seats when they get 52% of the vote. This is enough to potentially grant the Republicans
a supermajority, whereas the Democrats either split the chamber or gain the smallest possible majority. If the map makers
would have examined just 1 random plan from our ensemble, they would have found a plan with higher partisan symmetry
than the S744 plan with a 99.6% chance. Furthermore, there would be a 92.5% chance that at least one of those plans would
have a symmetry deviation of less than 3 seats. If they had considered 20 plans, they would have been essentially guaranteed
to find one with a symmetry deviation of less than 3 seats. The 2022 enacted remedial Senate plan has a mean-median gap
of 1.304%. The average efficiency gap calculated by conducting uniform swings on these election results, ranging from 45%
to 55% Democratic vote share, is 4.072%.

As to other partisan fairness metrics identified in the Supreme Courts order and opinion: The average mean-median
difference for the Harper Plaintiffs’ proposed senate map is 0.228%. The average efficiency gap calculated by conducting
uniform swings on these election results, ranging from 45% to 55% Democratic vote share, is 1.955%.

In Figure 3, we plot what would be results of North Carolina Senate elections run with historical elections mentioned in
Section 3. We begin by noticing that both the Harper Plaintiffs’ proposed NC Senate map and the Legislature’s S744 map
always give at least half of the seats to the Republican Party when they win the majority. The Harper Plaintiffs’ proposed
NC Senate map gives the majority of the seats to the Democrats in four out of six elections where they win the majority of
the votes while the Legislature’s S744 map does so in three out of six elections. More telling, the Legislature’s S744 map
gives the Republicans the supermajority of seats or close to it, when they receive between 51% and 52% of the votes while
the Democrats barely get or share the majority when they receive between 51% and 52% of the votes.

To better understand the extent to which the two plans respond symmetrically to swings in the Democratic or Republican

3We remark that the coarse averaging of the measure we use is a rough approximation for the area of the gray regions shown in Figure 4 In this case,
the 45%,55% vote pairing is over-weighted and drives the average up (there are only 4 other number we are averaging with). If we would have instead
averaged the seat deviation across all vote fractions between 50%-55%, the deviation would have been closer to 0.5.
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Figure 4: We show the statewide vote percentage won by the party with the majority of the vote (horizontal axis) compared with the statewide won seats by the majority
party (vertical axis) in our 16 historic elections under the enacted map (S744; left), and the Harper Plaintiffs’ plan (right). In a perfectly symmetric map, the blue line
would always coincide with the red line

direction, we calculate the seats won by the party with the majority of the vote under the sixteen specified elections when
they are shifted, using the uniform swing hypothesis, to have statewide Democratic share ranging from 45% to 55%. We
then average these 16 seat counts over each of the statewide vote fractions. We plot this average in Figure 4 as a function of
the statewide majority vote fraction. When the Democrats are in the Majority (Democratic vote shares of 50%-55%) we use
a blue curve. When the Republicans are in the Majority (Democratic vote shares of 45%-50%), we use a red curve and plot
the Republican seat share. If the response to Democratic majority votes is the same as Republican majority votes the two
curves will be on top of each other. The gray shaded region emphasizes the deviation from ideal partisan symmetry.

It is clear from Figure 4 that the Legislature’s S744 map is significantly less symmetric than the Harper Plaintiffs’ plan.
It is particularly striking that Harper Plaintiffs’ plan shows almost perfect symmetry for deviations immediately around 50%.
Beyond that range the Harper Plaintiffs’ plan actually treats Republicans more favorably than Democrats.
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We declare under penalty of perjury under the laws of the state of North Carolina that the foregoing is true and correct
to the best of our knowledge.

Greg Herschlag 2/21/2022

Jonathan Mattingly, 2/21/2022
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Herschlag, G., Liu, J. G., & Layton, A. T. (2015). An exact solution for stokes
flow in a channel with arbitrarily large wall permeability. SIAM Journal on
Applied Mathematics, 75(5), 2246-2267, doi:10.1137/140995854.

G. Herschlag, T. C. Elston, M. G. Forest, G. Garcia, B. Reinhardt, B. Button,
R. Tarran and B. Lindley. A mechanochemical model for auto-regulation of lung
airway surface layer volume. Journal of Theoretical Biology. 325 (2013) 4251

G. Herschlag and L. A. Miller. Reynolds number limits for jet propulsion: A
numerical study of simplified jellyfish. Journal of Theoretical Biology 285 (2011)
84-95

Pre-prints

Herschlag, G., Mattingly, J. C., Sachs, M., & Wyse, E. (2020). Non-reversible
Markov chain Monte Carlo for sampling of districting maps. arXiv preprint
arXiv:2008.07843.
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Carter, D., Herschlag, G., Hunter, Z., & Mattingly, J. (2019). A merge-split
proposal for reversible monte carlo markov chain sampling of redistricting plans.
arXiv preprint arXiv:1911.01503.

Herschlag, G., Ravier, R., & Mattingly, J. C. (2017). Evaluating partisan
gerrymandering in Wisconsin. arXiv preprint arXiv:1709.01596.

Other work

Contributer and maintainer of the Duke Quantifying Gerrymandering Blog at
https://sites.duke.edu/quantifyinggerrymandering/ (2018-present)

Aided in preparing the affidavit of Jonathan Mattingly in Harper v. Lewis
https://sites.duke.edu/quantifyinggerrymandering/files/2019/12/Mattingly-
Nov.-26-Declaration.pdf (2019)

Aided in preparing the expert report and rebuttal of Jonathan Mattingly in Com-
mon Cause v. Lewis. https://sites.duke.edu/quantifyinggerrymandering/files/2019/09/Report.pdf
(2019)

Guy-Uriel Charles, Andrew Chin, Gregory Herschlag and Jonathan C. Mattingly.
Op-Ed: “The fight against partisan gerrymandering continues.” Harold Sun
https://www.heraldsun.com/opinion/article217639645.html August 31, 2018
10:25 AM

Herschlag. Affidavit on Evidence of Racial Gerrymandering in Covington V.
North Carolina (2017)

Aided in preparing the expert report of Jonathan Mattingly in Rucho v. Common
Cause. https://s10294.pcdn.co/wp-content/uploads/2016/05/Expert-Report-
of-Jonathan-Mattingly.pdf (2017)

Code Repositories

Multi-scale merge-split; a hierarchical sampling algorithm on multi-level graph
partitions:
https://git.math.duke.edu/gitlab/gjh/multiscalemergesplit_codebase

Merge-split; a sampling algorithm on graph partitions:
https://git.math.duke.edu/gitlab/gjh/mergesplitcodebase

An optimal county clustering algorithm based on legal redistricting criteria:
https://git.math.duke.edu/gitlab/gjh/countycluster.git
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Courses Taught

• MATH 493: Research Independent Study on Bayesian Methods to Evaluate
School Report Cards (with Atsushi Hu; Fall 2020, Fall 2021)

• MATH 494: Research Independent Study on Bayesian Methods to Evaluate
School Report Cards (with Atsushi Hu; Fall 2020, Fall 2021)

• MATH 490/790-95: Sampling: Theory and Practice (Spring 2021)
• IDS 798: Capstone Project (Spring 2020, Fall 2020, Spring 2021)
• MATH 202D: Multivariable Calculus for Economics (Fall 2020)
• MATH 230/730; STA 230: Probability (Fall 2019)
• MATH 390: Special Topics in Mathematics (Bass Connections on Gerry-

mandering) (Fall 2018, Spring 2019)
• MATH 393: Research Independent Study on Election Data Analysis (with

Yashas Manjunatha; Spring 2019)
• MATH 353: Ordinary and Partial Differential Equations (Fall 2013, Fall

2014, Fall 2016(two sections), Fall 2017 (two sections))
• MATH 361S: Numerical Analysis (Spring 2016)
• MATH 431: Advanced calculus (Spring 2015)
• MATH 212: Multivariable calculus (Fall 2015)

Mentoring Activities

• Post-doc in Mathematics Eric Autrey on graph partition algorithms (Sum-
mer 2019 - present)

• Organized, facilitated and ran the Master’s in Interdisciplinary Data Science
Capstone projects: 18 projects and 39 students in the Spring of 2020, and
52 students and 17 projects in the 2020-21 accademic year. This includes
actively engaging, guiding, and mentoring project teams throughout the
program.

• Organized, facilitated and ran the Data+ program in the summer of 2020
and 2021. This includes actively engaging, guiding, and mentoring project
teams throughout the program.

• Three Master’s students in MIDS, Jaryl Ngan, Anshupriya Srivastava,
and Ishan Gupta, on understanding the history of segregation in Durham
Public Schools and effects of redistricting (2020-2021)

• Master’s student Evan Wyse on non-reversible sampling methods in the
context of sampling graph partitions (Fall 2019 - present)

• Undergraduate math major Atsushi Hu on a project examining Simpson’s
Paradox and Bayesian Inference within reporting School Quality; PRUV
mentor and advisor for senior thesis (Summer 2020-Spring 2021)

• Doctoral student in Biomedical Engineering Daniel Puleri on lattice Boltz-
mann Methods (2018 - present)

• Post-doc in Mathematics Matthias Sachs on non-reversible skew detailed
balance algorithms (2018 - 2020)
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• Master’s student in Biomedical Engineering Ismael Perez on lattice Boltz-
mann Methods (2018 - 2019)

• Mentored Onuoha Odim on a Public Policy undergraduate capstone project.
The project was on racially polarized voting in Dallas, Texas, and lead
to an undergraduate publication “Segregation and Integration in Dallas
County” in DUJPPE Fall 2020 (Spring through Fall of 2019).

• Undergraduate computer science majors Luke Farrell and Jacob Schulman
on undergraduate honors thesis around stratified sampling graph partitions
related to quantifying gerrymandering; Supervisor (2018-2019).

• Undergraduate math major Claire Weibe on honor thesis concerning voting
patterns and representation; committee member and mentor (2018-2019)

• Lead a Bass Connections course on understanding gerrymandering spanning
the 2018-2019 accademic school year; involved 18 students and 4 research
projects. (2018-2019)

• Master’s student in Computer Science Elizabeth Margolin, a student of
Ashwin Machanavajjhala, assisted with data analysis and algorithms for
evaluating the effects of differential privacy on redistricting (2018-2019)

• High School students (at NCSSM) Daniel Carter, Zach Hunter on advance
sampling algorithms (Summer 2019)

• High School students (at NCSSM) Daniel Carter, Zach Hunter, Olivia
Fujikawa, and Sam Ferguson on optimal clustering algorithms, modelling
how spatial patterns effect district representation, and advance sampling
algorithms (2018-2019)

• Master’s student in Statistics Lisa Libovich on analyzing redistricting in
Maryland (2017-Summer 2018)

Presentations and Invited Talks

• Monte Carlo Methods for Revealing Gerrymandering. NYU Center for
Data Science; Math & Democracy Seminar, December 2022.

• Quanityfing Gerrymandering. BU Mathematics and Statistics Colloquium,
Fall 2022.

• Uncovering Gerrymandering. CSU San Bernardino Mathematics Collo-
quium, March 2021.

• Voting: The Struggle for Voice in American Politics. Virtual. Kavli
Frontiers in Science NSF. July 3, 2020

• County Preservation. TRIPODS Redistricting Conference, Durham, NC.
Duke University. March 4, 2020

• Duke Law School Lunch. Duke Law School. October 2, 2019
• Supreme Court Lunch. UNC Law School. July 1, 2019
• Quantifying Gerrymandering. Florida State University Department of

Mathematics. Florida State University. February 5, 2019
• Quantifying Gerrymandering: Separating Natural Bias from Political Bias.

Political Science Department. University of Delaware. October 4, 2018
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• Quantifying Gerrymandering: Sampling the Space of Redistricting Plans.
Mathematics Department. University of Delaware. October 3, 2018

• GPU Data Access on Complex Geometries for D3Q19 Lattice Boltzmann
Method. Vancouver, BC. IEEE. May 1, 2018

• GPU Data Layouts for D3Q19 Lattice Boltzmann Methods. University of
North Carolina At Chapel Hill. March 4, 2018

• Using GIS tools to understand the space of political redistricting plans.
Duke Computer Science Department. November 3, 2017

• Computational methods for sampling the space of redistricting plans. Duke
University. November 3, 2017

• Quantifying Gerrymandering. Gross Hall. Information Initiative at Duke.
October 1, 2017

• Introduction to Computing with GPUs. Physics Building. Mathematics
Department at Duke University. April 6, 2017

• Continuum-atomistic computations for dendritic solidification. University
of North Carolina Chapel Hill. August 1, 2013

• Continuum approximation of the chemical master equation. SIAM CSE,
Boston. March 5, 2013

• Simulation of Solidification by Coupling of Phase Field and Microscopic
Computations. ICIAM Vancouver. December 6, 2011

• Memory access patterns for Lattice Boltzmann methods on GPUs. Poster
session at the Duke Research Computing Symposium. Duke University.
January 2017

Public Appearances and Outreach

• Lecture on Gerrymandering in Ellen Veomett’s undergraduate seminar.
January 2021

• Claiming the Power of the Vote. Virtual. STEMEMPOWER; middle and
high school students. July 3, 2020

• Quantifying Gerrymandering. Raleigh Charter High School. November 5,
2019

• Gerrymandering on trial: The case for fair maps. May 3, 2019
• Panelist at Measures of Gerrymandering. Tucson, AZ. University of Ari-

zona. October 5, 2018
• Quantifying Gerrymandering Public Lecture. San Francisco, CA. Univer-

sity of San Francisco. March 4, 2018

Service to Profession

Event/Org Administration

Organizer. TRIPODS Redistricting Conference 2020. Duke University. March
2020
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Organizer. TRIPODS Quantifying Gerrymandering 2019. Duke University.
November 2019

Organizer. Minisymposium at SIAM-SEAS. University of North Carolina at
Chapel Hill. March 2018

Organizer. Triangle Research Group Meetings (meets roughly once per month
since 2018)

Member. Industrial Affiliates Coordinator between Pratt and iID Practicum.

Participant. DCI Math Cicles; meet weekly over Spring 2021 with a group of
5th grade students.

Academic and Administrative Activities of the University

Organizer of Data+ (2020 to present)

Masters in Interdisciplinary Data Science Capstone director (2020 to present)

Journals in which provided peer review since 2019

Applied Math Modeling
Physics of Fluids
Computer Physics Communications
Election Law Journal
Communications in Statistics - Theory and Methods
Statistics and Public Policy

Submitted Grant Proposals

Submitted NSF grant for Computational Mathematics titled “Sampling Graph
Partitions: Algorithms, Geospatial Structure, and Fairness” in November of 2020
as a co-PI

Submitted NSF grant on Harnessing the Data Revolution (HDR): Institutes for
Data-Intensive Research in Science and Engineering in November of 2020 as
senior personnel
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Pursuant to this Court’s February 8, 2022 Order regarding the submission of remedial 

maps and its February 17 Order appointing special masters, Harper Plaintiffs respectfully submit 

this statement regarding the proposed remedial districting plans they are submitting to the Court 

today for North Carolina’s congressional districts and the state Senate.   

Because the General Assembly has enacted a remedial state House plan on a bipartisan 

basis, Harper Plaintiffs are not submitting any alternative remedial House plan for the Court’s 

review. But Harper Plaintiffs are submitting proposed maps for Congress and the state Senate 

because—unlike the General Assembly’s enacted remedial House map—the congressional and 

Senate maps enacted yesterday were forced through the General Assembly by Republicans, were 

passed on strict-party line votes. The General Assembly’s remedial congressional and Senate 

maps are partisan gerrymanders that flout the Supreme Court’s decisions in this case. Harper 

Plaintiffs will explain these maps’ deficiencies more fully in their responsive submission due 

February 21. But, in short, the newly enacted congressional and Senate maps do not come close 

to meeting the partisan fairness and other key metrics identified by the Supreme Court, and those 

maps repeat key features that this Court and the Supreme Court found reflected partisan intent 

and effect, including the General Assembly’s new congressional map once again divides the 

cities of the Piedmont Triad into three separate districts to dilute the voting power of Democratic 

voters there, with ripple effects throughout the map. 

The following describes the process of creating Harper Plaintiffs’ proposed remedial 

congressional and Senate plans, and provides key data and information about those plans, 

including the data and information specified in this Court’s February 8 and February 17 Orders. 
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I. Proposed Remedial Congressional Plan 

Harper Plaintiffs’ proposed remedial congressional plan is a plan filed by Senator Jay 

Chaudhuri as Senate Bill 738 on October 28, 2021, during the initial 2021 redistricting process.1 

Senator Chaudhuri drew this plan at a public terminal during the legislative map-drawing process 

that eventually led to enactment of the now-invalidated plans. Harper Plaintiffs submit this plan 

as it was publicly filed, without alteration. 

Harper Plaintiffs have submitted by email block equivalency files for this proposed 

remedial plan in .CSV format, as well as ESRI shapefiles, for each district and for the plan as a 

whole. Attached hereto as exhibits are the following documents associated with this plan: 

 Color versions of the statewide map and all districts in .PDF format (Exhibit A). 

The statewide map is the official version filed publicly as part of Senate Bill 738 

and available on the General Assembly’s website. The individual district maps 

were produced using this statewide map. 

 The official StatPack Report available on the General Assembly’s website, which 

demonstrates the proposed plan’s adherence to traditional non-partisan districting 

criteria, including population deviation, county splits, and incumbency (Exhibit 

B). As shown in Exhibit B, the proposed plan does not pair any incumbents 

expected to run for Congress in 2022.  

 The official Compactness Report available on the General Assembly’s website, 

further demonstrating the proposed plan’s adherence to traditional non-partisan 

districting criteria (Exhibit C). 

 
1 See https://www.ncleg.gov/BillLookUp/2021/S738. 

- App. 156 -

https://www.ncleg.gov/BillLookUp/2021/S738


4 

Harper Plaintiffs evaluated this proposed remedial plan using three measures of partisan 

fairness: the mean-median difference, the efficiency gap, and a partisan symmetry metric 

described below. See Harper v. Hall, No. 413PA21, Order ¶ 6 (N.C. Feb. 4, 2022). Each of these 

metrics was calculated using the results of 16 recent statewide elections: 2016 Attorney General, 

2016 Governor, 2016 Lieutenant Governor, 2016 Presidential, 2016 U.S. Senate, 2020 State 

Auditor, 2020 Attorney General, 2020 Commissioner of Agriculture, 2020 Commissioner of 

Insurance, 2020 Commissioner of Labor, 2020 Governor, 2020 Lieutenant Governor, 2020 

Presidential, 2020 Secretary of State, 2020 Treasurer, and 2020 U.S. Senate.  

Using this set of statewide elections, the partisan symmetry of Harper Plaintiffs’ 

proposed remedial congressional plan is 0.36875 seats, which, as explained further below, 

reflects the average deviation in seats won between the parties given a particular vote share. This 

score reflects an exceptionally high degree of partisan symmetry. By way of comparison, only 62 

of Dr. Mattingly’s 80,000 simulated congressional plans both accounted for incumbency and had 

a partisan symmetry score of less than 0.36875 seats.  

In measuring partisan symmetry, Harper Plaintiffs’ overriding goal was to ensure, as the 

Supreme Court directed, that “voters of all political parties” have “substantially equal 

opportunity to translate votes into seats across the plan.” Harper Order ¶ 6. As the Supreme 

Court explained, “voters are entitled to have substantially the same opportunity to electing a 

supermajority or majority of representatives as the voters of the opposing party would be 

afforded if they comprised” a given percentage “of the statewide vote share in that same 

election.” Harper v. Hall, No. 413PA21, slip op. ¶ 169 (N.C. Feb. 14, 2022). To implement this 

directive, Harper Plaintiffs’ expert Dr. Jonathan Mattingly and his colleague Dr. Gregory 

Herschlag (the Phillip Griffiths Assistant Research Professor of Mathematics at Duke 
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University) measured partisan symmetry using a metric that uses symmetric, reciprocal pairs of 

Democratic vote shares across a range of recent, statewide elections and calculates how those 

two symmetric vote shares would translate into seats elected for that party in Congress. 

To take an example: Dr. Mattingly and Dr. Herschlag began with the results of the 2016 

Governor election and applied a “uniform swing” to the election results to reflect a 48% 

Democratic statewide vote share for that election. They calculated how many Republican 

representatives would be elected with that 48% Democratic vote share. They then applied a 

uniform swing to that election so that it reflected the corresponding, reciprocal Democratic vote 

share—i.e., 52%. They then computed the number of Democratic representatives that would be 

elected with that 52% Democratic vote share. They then calculated the absolute difference 

between the number of Republican representatives elected with 48% Democratic vote share and 

the number of Democratic representatives elected with a 52% Democratic vote share. Thus, if 8 

Republicans were elected with 48% Democratic vote share, and 7 Democrats were elected with 

52% vote share, the absolute difference would be 1 seat. (Because the figure is absolute, the 

value is always positive. It does not reflect which party benefits from the asymmetry; it captures 

only the degree of asymmetry.) Dr. Mattingly and Dr. Herschlag repeated that process using 

several sets of reciprocal vote fractions—45% and 55%, 46% and 54%, 47% and 53%, and 49% 

and 51%. They did this for each of the 16 statewide elections listed above, and then calculated an 

average of the absolute difference between the number of Republican seats elected (under the 

lower Democratic vote share) and the number of Democratic seats elected (under the higher 

Democratic vote share).  

The metric thus captures the average, absolute deviation, across elections and across vote 

shares, between the number of seats that the two parties are expected to elect at the same given 
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vote share. Lower numbers reflect greater partisan symmetry, and in particular, reflect a more 

“equal opportunity to electing a supermajority or majority of representatives as the voters of the 

opposing party would be afforded if they comprised” a given percentage “of the statewide vote 

share in that same election.” Harper slip op. ¶ 169. As mentioned, the partisan symmetry metric 

for this proposed congressional plan is a deviation of 0.36875 seats. In practical terms, this 

means that for any given statewide election, the number of Democratic and Republican seats 

elected at a given party vote fraction will more often than not be the same number; and the 

expected difference averaged across a range of 16 statewide elections is only 0.36875 seats. As 

noted above, this is an exceptionally high degree of partisan symmetry. 

As to other partisan fairness metrics identified in the Supreme Court’s order and opinion: 

The average mean-median difference for this proposed map is 0.4504%. The average efficiency 

gap using historical election results, without applying any uniform swing to these results, is 

2.6676%. The average efficiency gap calculated by conducting uniform swings on these election 

results, ranging from 45% to 55% Democratic vote share, is 2.7180%. 

The plot below illustrates this plan’s extraordinary partisan fairness. IT shows the 

expected number of Democratic seats using the results of the 16 statewide elections listed above. 

For example, under the 2020 Lieutenant Governor race, which had a 48.4% Democratic vote 

share, Democrats would be expected to win 6 seats and Republicans would be expected to win 8 

seats under the proposed map. In generally symmetric fashion, under the Governor 2020 race, 

which had a 52.32% Democratic vote share, Democrats would be expected to win 8 seats and 

Republicans would be expected to win 6 seats. Further demonstrating the symmetry of the plan, 

in elections where Republicans get 50% of the vote or more, they win 7 or 8 seats (or 9, in the 

election where they won 54% of the vote); similarly, in elections where Democrats get 50% of 
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the vote or more, they win 7 seats (or 8, in the election where they got 52.5% of the vote). In 

short, this is the partisan symmetry the Supreme Court directed.  

Harper Plaintiffs’ proposed plan is dramatically superior to the now-invalidated 2021 

enacted Congressional plan on the metrics that the Supreme Court identified. The 2021 enacted 

congressional plan, using Dr. Mattingly and Dr. Herschlag’s partisan symmetry metric, had a 

partisan symmetry score of 5.50625—meaning the average seat deviation between the parties 

given the same vote share was 15 times as high as it is in Harper plaintiffs’ proposed remedial 

plan. This reflects that, under the enacted plan, Republicans win 10 seats when they get 51% of 

the vote, while Democrats win 4 seats when they get 51% of the vote—a highly asymmetric 

deviation of six seats. The 2021 enacted Congressional plan had a mean-median gap of 5.49%, 

and an enormous average efficiency gap of 18.267% (using historical election results) or 

19.813% (by conducting uniform swing on those results). The proposed plan is also superior to 

the 2022 remedial congressional plan enacted by the General Assembly on party-line votes, as 

Harper Plaintiffs will detail in their February 21 filing.   
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II. Proposed Remedial Senate Plan 

Harper Plaintiffs’ proposed remedial Senate plan began with a base map selected from an 

ensemble generated by Dr. Jonathan Mattingly’s computer algorithm, with a small number of 

adjustments aimed to (1) unpair incumbents where possible and (2) improve compactness. 

The initial base map was selected from Dr. Mattingly’s ensemble of simulations as 

follows: Dr. Mattingly began with a full ensemble of approximately 80,000 computer-generated 

Senate plans. Dr. Mattingly created this ensemble in connection with his academic work, prior to 

being retained as an expert in this case. All of the simulated plans in the ensemble follow 

traditional redistricting criteria that the Supreme Court described, including improving 

compactness and limiting the number of county splits. This ensemble did not seek to minimize 

municipality splits, which was not one of the criteria that the Supreme Court identified as 

potentially justifying deviations from partisan symmetry.  See Harper Order ¶ 8 (listing 

compactness, equal population, preserving counties, and contiguity).  The algorithm also did not 

restrict the county groupings to those used in the now-invalidated 2021 enacted Senate plan. 

Rather, the computer-generated plans in the ensemble could use any county groupings that 

comply with the Whole County Rule and Stephenson.  

Dr. Mattingly and Dr. Herschlag then filtered this full ensemble of plans using metrics of 

partisan fairness, to ensure that any plan ultimately selected from the ensemble would strictly 

comply with the Supreme Court’s directives. They used two filtering mechanisms: the first 

referred to as the “majority vote, majority seats” ratio, and the second being the same “partisan 

symmetry” metric described above in the context of the proposed congressional plan. For each 

map, the “majority vote, majority seats” ratio was calculated for each party as follows: Dr. 

Mattingly and Dr. Herschlag began with the results of the recent, statewide elections listed 
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above; counted the number of those elections where Democrats won the majority of the seats 

under that map; and divided that number by the number of elections where Democrats won a 

majority of the vote. That division produces a ratio representing the proportion of elections in 

which, when Democrats won a majority of the vote, they also won a majority of seats. For 

example, a Democratic “majority votes, majority seats” ratio of 0.75 would mean that, in 75% of 

the elections where the Democrats won a majority of the votes, Democrats won a majority of 

seats in the Senate. They then calculated the corresponding ratio for the Republicans. 

Dr. Mattingly and Dr. Herschlag filtered the plans in the ensemble to require a “majority 

votes, majority seats” ratio exceeding 0.99 for both parties—i.e., a plan was filtered out unless 

the party winning a majority of votes won a majority of seats over 99% of the time. Plans also 

were filtered to require a partisan symmetry score (as described above) of less than 0.85 seats. 

This filtering process yielded a small subset of 15 potential Senate plans—less than 

0.02% of the approximately 80,000 in the full ensemble. Among this subset, the base map 

chosen scored among the two best across each of the partisan fairness metrics and in terms of 

compactness. As noted, the ensemble from which this map was selected was not restricted to the 

county groupings used by the General Assembly in the now-invalidated 2021 enacted Senate 

plan. The base map varied from that now-invalidated map in three of the four clusters where 

there was a choice of county groupings under the Whole County Rule and Stephenson—

specifically, for the Northeastern county clusters and the clusters containing Forsyth County and 

Buncombe County. 

A small number of changes were then made to the base map exclusively for two 

purposes: to unpair all incumbents who can be unpaired consistent with the map’s county-cluster 

boundaries, and to improve the map’s compactness. In addition to Harper Plaintiffs’ counsel, the 
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other individuals who participated in making the changes were John Holden, a GIS expert who 

served as Harper Plaintiffs’ consulting expert during the merits phase of this case, and, with 

respect to certain changes, Harper Plaintiffs’ testifying expert Dr. Christopher Cooper. 

In particular, changes were made within four county groupings where it was possible to 

unpair incumbents: (1) Alamance-Anson-Cabarrus-Montgomery-Randolph-Richmond-Union; 

(2) Forsyth-Yadkin; (3) Iredell-Mecklenburg; (4) Guilford-Rockingham. Further changes were 

made in the Granville-Wake grouping to equalize population, given that Dr. Mattingly’s 

ensemble did not permit splitting VTDs and splitting VTDs is necessary to get to 5% deviation in 

this cluster.  Other changes were made to improve compactness in the Cumberland-Moore and 

Durham-Chatham county groupings.  The proposed plan ultimately pairs incumbents in four 

clusters, all of which are unavoidable under the Whole County Rule: Alamance-Anson-Cabarrus-

Montgomery-Randolph-Richmond-Union; Catawba-Cherokee; Carteret-Chowan: and Hoke-

Scotland-Robeson.  (The Alamance cluster had previously paired three incumbents under the 

base map.)   

In making changes to the base map, conscious choices were made to avoid any changes 

that would alter the partisan makeup, with one exception: in the Guilford-Rockingham county 

grouping, the base map created three Democratic-leaning districts.  The changes necessary to 

unpair Senator Berger and Senator Robinson replaced one of those Democratic-leaning districts 

with a competitive-to-Republican-leaning district.  In other words, the only change to the base 

map that had partisan effects favored the Republican Party. 

Harper Plaintiffs have submitted by email block equivalency files for this proposed plan 

in CSV format, as well as ESRI shapefiles, for each district and for the plan as a whole. Harper 

Plaintiffs also have attached as exhibits color versions of the statewide map (Exhibit D) and 
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maps of each county grouping (Exhibit E) in PDF format.2  Harper Plaintiffs are also submitting 

spreadsheets identifying county splits and listing the population and population deviation in each 

district in the proposed plan.  These spreadsheets confirm that the plan complies with the Whole 

County Rule and the equal population requirements.  The average Reock score for the proposed 

plan is 0.414627, and the average Polsby-Popper score is 0.349573. 

Harper Plaintiffs have also evaluated this proposed plan using the same measures of 

partisan fairness described above in the context of their proposed congressional plan: mean-

median difference, efficiency gap, and partisan symmetry. See Harper Order ¶ 6. Using the same 

set of statewide elections listed above, the average mean-median difference for this proposed 

map is 0.2278%. The average efficiency gap using historical election results, without applying 

any uniform swing to these results, is 1.9817%. The average efficiency gap calculated by 

conducting uniform swings on these election results, ranging from 45% to 55% Democratic vote 

share, is 1.9551%.  

The partisan symmetry metric—i.e., the average deviation in seats won at a given party 

vote share—is 1.04375 seats. That compares to an average seat deviation in the 2021 enacted 

Senate plan, using the same metric, of 7.54 seats.  The plot below, akin to the plot described 

above for the proposed congressional plan, further illustrates the plan’s partisan fairness, 

showing the number of Democratic seats elected under the results of 16 recent statewide 

elections. 

 
2 Because Harper Plaintiffs did not assert any race-based claims in this litigation, they have not 
submitted any analysis of whether Section 2 of the Voting Rights Act requires the drawing of a 
majority-minority district. 
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The proposed plan is dramatically superior to the 2021 enacted Senate plan on the metrics 

that the Supreme Court identified.  The 2021 enacted senate plan had enormous average seat 

deviations between the parties when they did the same in statewide elections, an average of over 

7 seats.  The 2021 enacted senate plan had a mean-median gap of 3.46%, an average efficiency 

gap of 7.192% (using historical election results) or 7.798% (by conducting uniform swing on 

those results).  The proposed plan is also superior to the 2022 remedial Senate plan enacted by 

the General Assembly on party-line votes, as Harper Plaintiffs will detail in their February 21 

filing.      
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Respectfully submitted, this the 18th day of February, 2022. 

  By: /s/ Narendra K. Ghosh 
PATTERSON HARKAVY LLP 
 
Burton Craige, NC Bar No. 9180 
Narendra K. Ghosh, NC Bar No. 37649 
Paul E. Smith, NC Bar No. 45014 
100 Europa Dr., Suite 420 
Chapel Hill, NC 27517 
(919) 942-5200 
bcraige@pathlaw.com 
nghosh@pathlaw.com 
psmith@pathlaw.com  
 
Counsel for Harper Plaintiffs 
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1 Introduction and Qualifications

I have been asked by counsel for the Legislative Defendants to analyze the 2022

Remedial district plans for the North Carolina House, Senate, and Congressional districts

recently passed by the North Carolina General Assembly. These were enacted as N.C. session

laws 2022-2 (Senate, S744), 2022-3 (Congressional, S745), and 2022-4 (House, H980).

I analyze the plans by measuring each plan according to measures of partisan fairness

suggested by the North Carolina Supreme Court. These measures are: the median-mean,

efficiency gap, close-votes close-seats, and partisan symmetry. I also compute a partisan

index based on 12 statewide elections used by one of Plaintiff’s experts and present this

index and the range of statewide election results for each district in each plan.

The results show that in all three plans (Congress, House, Senate), and across all

measures, the Remedial plans exhibit extremely small degrees of bias and are significant

improvements over the previous districts on these metrics.

I am an associate professor of political science at Brigham Young University and

faculty fellow at the Center for the Study of Elections and Democracy in Provo, Utah.

I received my PhD in political science from Princeton University in 2014 with emphases

in American politics and quantitative methods/statistical analyses. My dissertation was

awarded the 2014 Carl Albert Award for best dissertation in the area of American Politics

by the American Political Science Association.

I teach a number of undergraduate courses in American politics and quantitative

research methods.1 These include classes about political representation, Congressional elec-

tions, statistical methods, and research design.

I have worked as an expert witness in a number of cases in which I have been asked

to analyze and evaluate various political and elections-related data and statistical methods.

Cases in which I have testified at trial or by deposition are listed in my CV, which is at-

tached to the end of this report. I have previously provided expert reports in a number of

1The political science department at Brigham Young University does not offer any graduate degrees.
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cases related to voting, redistricting, and election-related issues: Nancy Carola Jacobson,

et al., Plaintiffs, vs. Laurel M. Lee, et al., Defendants. Case No. 4:18-cv-00262 MW-CAS

(U.S. District Court for the Northern District of Florida); Common Cause, et al., Plaintiffs,

vs. Lewis, et al., Defendants. Case No. 18-CVS-14001 (Wake County, North Carolina);

Kelvin Jones, et al., Plaintiffs, v. Ron DeSantis, et al., Defendants, Consolidated Case No.

4:19-cv-300 (U.S. District Court for the Northern District of Florida); Community Success

Initiative, et al., Plaintiffs, v. Timothy K. Moore, et al., Defendants, Case No. 19-cv-15941

(Wake County, North Carolina); Richard Rose et al., Plaintiffs, v. Brad Raffensperger,

Defendant, Civil Action No. 1:20-cv-02921-SDG (U.S. District Court for the Northern Dis-

trict of Georgia); Georgia Coalition for the People’s Agenda, Inc., et. al., Plaintiffs, v. Brad

Raffensberger, Defendant. Civil Action No. 1:18-cv-04727-ELR (U.S. District Court for

the Northern District of Georgia); Alabama, et al., Plaintiffs, v. United States Department

of Commerce; Gina Raimondo, et al., Defendants. Case No. CASE NO. 3:21-cv-00211-

RAH-ECM-KCN (U.S. District Court for the Middle District of Alabama Eastern Division);

League of Women Voters of Ohio, et al., Relators, v. Ohio Redistricting Commission, et al.,

Respondents. Case No. 2021-1193 (Supreme Court of Ohio); Adams, et al., Relators, v.

DeWine, et al., Respondents. Case No. 2021-1428 (Supreme Court of Ohio)

In my position as a professor of political science, I have conducted research on a

variety of election- and voting-related topics in American politics and public opinion. Much

of my research uses advanced statistical methods for the analysis of quantitative data. I

have worked on a number of research projects that use “big data” that include millions of

observations, including a number of state voter files, campaign contribution lists, and data

from the US Census. I have also used geographic information systems and other mapping

techniques in my work with political data.

Much of this research has been published in peer-reviewed journals. I have published

nearly 20 peer-reviewed articles, including in our discipline’s flagship journal, The American

Political Science Review as well as the inter-disciplinary journal, Science Advances. My CV,
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which details my complete publication record, is attached to this report as Appendix A.

The analysis and opinions I provide in this report are consistent with my education,

training in statistical analysis, and knowledge of the relevant academic literature. These

skills are well-suited for this type of analysis in political science and quantitative analysis

more generally. My conclusions stated herein are based upon my review of the information

available to me at this time. I reserve the right to alter, amend, or supplement these conclu-

sions based upon further study or based upon the availability of additional information. I am

being compensated for my time in preparing this report at an hourly rate of $400/hour. My

compensation is in no way contingent on the conclusions reached as a result of my analysis.

The opinions in this report are my own, and do not represent the view of Brigham Young

University.

2 Data and Methods

Across all three plans (Congress, House, Senate) I rely upon election data from 12

statewide elections from 2016-2020. Specifically, I use the 2016 Lieutenant Governor and US

Presidential races and the 2020 Commissioner of Agriculture, Treasurer, Lieutenant Gover-

nor, US Senate, Commissioner of Labor, US President, Attorney General, Auditor, Secretary

of State, and Governor races. These are the same 12 elections used by Dr. Mattingly in his

original expert report for his county cluster by county cluster analysis.

3 Congressional Plan

3.1 Partisan Lean of Districts

To measure the expected seat share in the remedial Congressional plan, I compute a

partisan index of statewide elections for the 12 statewide partisan elections between 2016-

2020 noted above. The index is simply the average of the two-party vote share for all 12

6
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elections. In other words, if a district has an index value of 0.51, this would mean that

51% of the votes cast for the two major parties across these 12 elections went to Democratic

candidates. Figure 1 shows this value for each of the 14 Congressional seats. Districts are

ordered from least Democratic-leaning at the bottom to most Democratic-leaning at the top.

Districts with a partisan index less than 0.50 (i.e. Republican-leaning) are shown as squares

and districts with a partisan index greater than 0.50 (i.e. Democratic-leaning) are displayed

as triangles.

Of the 14 Congressional districts there are 8 districts with an index less than 0.50

(Republican-leaning, shown as squares) and 6 districts with an index greater than 0.50

(Democratic-leaning shown as triangles). A vertical dashed line is placed at 0.50 in the

figure for reference. In the now-enjoined 2021 Enacted Congressional plan there were 10

Republican-leaning districts and 4 Democratic leaning districts.

The grey horizontal lines around each point show the range of election outcomes for

all of the 12 statewide elections used to generate the index. As can be seen by the width of

the grey horizontal bars in each district, there is substantial variation across the 12 elections.

Districts in which the Republican candidate for statewide elections won the majority of the

two-party vote share in all 12 races are colored red while districts where the Democratic

candidate for statewide elections won the majority of the two-party vote share in all 12 races

are colored blue. I call these districts safely partisan since in all 12 of the statewide races

the same party won a majority of votes. Districts where the grey horizontal lines cross the

0.50 vertical line indicate districts where both parties have won a majority of the votes in

that district. Districts where both parties have won a majority of the two-party vote share

in these 12 races are colored green.

Looking at the range across the index, there are 6 districts colored red (reliably

Republican) in the figure, 4 blue districts (reliable Democratic), and 4 green districts (com-

petitive) in the Congressional map. Using an alternative definition of competitiveness based

on the closeness of the index to 0.50, there are 6 districts with an index less than 0.48, 4
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districts between 0.48 and 0.52 (a commonly used range to define hyper-competitive seats),

and 4 districts with an index of greater than 0.52.
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Figure 1: Partisan Index of Congressional Districts in 2022 Remedial plan: Partisan Index
based on the average of 12 statewide partisan races between 2016-2020. Districts with a partisan index less
than .50 (i.e. Republican leaning) are shown as squares and districts with a partisan index greater than .50
(i.e. Democratic leaning) are displayed as triangles. A vertical dashed line is placed at .50 in each panel for
reference. The grey lines around each point show the range of election outcomes for all of the 12 statewide
elections used to generate the index. Districts in which the Republican candidate for statewide elections won
the majority of the two-party vote share in all 12 races are colored red while districts where the Democratic
candidate for statewide elections won the majority of the two-party vote share in all 12 races are colored
blue. Districts where both parties have won a majority of the two-party vote share in these 12 races are
colored green.
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3.2 Measures of Partisan Bias

In its ruling, the Court makes reference to four different measures of partisan bias,

based on the analysis, reports, and testimony put forward by various experts during the

trial. While scholars of these metrics note their limitations and drawbacks, for purposes of

this report I assume their usefulness in light of the Court’s decision.2 Thus, I will consider

each of these measures of partisan bias for the Congressional plan.

3.3 Median-Mean Measure

Academic literature describes the median-mean measure as being useful to measure

the partisan bias of a districting plan.3 The median-mean measure is calculated by taking

the median value of the partisan index across all 14 districts in a plan (the value for which

half of the observations are smaller and half the observations are larger) and subtracting from

that the mean partisan index (the simple average) of all of the districts from the median.

Consider an example in which there are three districts in a plan with partisan indices of

0.91, 0.46, and 0.40. To find the median we look for the district for which there is one

district larger and one district smaller (0.46 in this case). To find the mean, we take the

average by dividing the sum of the partisan indices by the number of districts. In this case,

(0.91+0.46+0.40)/3 = 0.59. The median-mean value would then be 0.46-0.59 = -0.13. As

in this example I take the Democratic vote share of the median district minus the mean

2Stephanopoulos, Nicholas O., and Eric M. McGhee. “Partisan gerrymandering and the efficiency gap.”
U. Chi. L. Rev. 82 (2015): 831.
Best, Robin E., Shawn J. Donahue, Jonathan Krasno, Daniel B. Magleby, and Michael D. McDonald. “Con-
sidering the prospects for establishing a packing gerrymandering standard.” Election Law Journal 17, no. 1
(2018): 1-20.
McGhee, Eric. “Rejoinder to ‘Considering the prospects for establishing a packing gerrymandering stan-
dard’.” Election Law Journal 17, no. 1 (2018): 73-82.

3See Best, Robin E., Shawn J. Donahue, Jonathan Krasno, Daniel B. Magleby, and Michael D. McDonald.
“Considering the prospects for establishing a packing gerrymandering standard.” Election Law Journal 17,
no. 1 (2018): 1-20. Warrington, Gregory S. “A comparison of partisan-gerrymandering measures.” Election
Law Journal: Rules, Politics, and Policy 18, no. 3 (2019): 262-281.
Wang, Samuel S-H. “Three tests for practical evaluation of partisan gerrymandering.” Stan. L. Rev. 68
(2016): 1263. McDonald, Michael D., and Robin E. Best. “Unfair partisan gerrymanders in politics and
law: A diagnostic applied to six cases.” Election Law Journal 14, no. 4 (2015): 312-330.
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Democratic vote share for all 14 districts in the Remedial plan. Negative numbers indicate

a districting plan that favors Republicans and positive numbers indicate a slant in favor of

Democrats.

Using the 12 statewide elections described above, the proposed remedial Congressional

map has a median-mean value of -0.61%. This value is within the ±1% standard outlined

by the court’s ruling. Using the same data and method, the now-enjoined 2021 Enacted

Congressional plan had a median-mean measure of -5.97%.

3.4 Efficiency Gap Measure

The efficiency gap is another redistricting metric discussed by academics and is similar

to the median-mean measure in that it looks for the degree to which a political party’s votes

statewide are translated into seats in each district.4 A description of this measure provided

by the Brennen Center for Justice summarizes it: “[T]he efficiency gap counts the number of

votes each party wastes in an election to determine whether either party enjoyed a systematic

advantage in turning votes into seats. Any vote cast for a losing candidate is considered

wasted, as are all the votes cast for a winning candidate in excess of the number needed

to win.”5 In other words, under the efficiency gap the ideal strategy for a political party

to maximize the impact of their voters is to distribute them as evenly as possible across

districts so as to win by a narrow margin in the districts they win and lose by very large

margins in the districts where they lose. Put another way, under the theory of minimizing

wasted votes, “win by a little, lose by a lot” is the ideal strategy for a party to maximize

their impact of their voters.6

The Brennen Center provides a simple example of how the efficiency gap is calculated:

4McGhee, Eric. ”Measuring efficiency in redistricting.” Election Law Journal: Rules, Politics, and Policy
16, no. 4 (2017): 417-442. Veomett, Ellen. ”Efficiency gap, voter turnout, and the efficiency principle.”
Election Law Journal: Rules, Politics, and Policy 17, no. 4 (2018): 249-263. Plener Cover, Benjamin.
”Quantifying partisan gerrymandering: An evaluation of the efficiency gap proposal.” Stan. L. Rev. 70
(2018): 1131.

5https://www.brennancenter.org/sites/default/files/legal-work/How the Efficiency Gap Standard Works.pdf
6Of course, parties have other priorities and winning by a single vote might not be their ideal scenario in

reality.
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To understand how the efficiency gap works, consider a hypothetical state with

500 residents that is divided into five legislative districts, each with 100 voters. In

the most recent election cycle, Democrats won Districts 1 and 2 by wide margins,

while Republicans won Districts 3, 4, and 5 in closer races. Overall, Democratic

candidates received 55 percent of the statewide vote but won just 40 percent of

the legislative seats, while Republican candidates received 45 percent and won 60

percent of the seats. The table below shows the election results for each district.7

District D votes R Votes Result
1 75 25 D wins
2 60 40 D wins
3 43 57 R wins
4 48 52 R wins
5 49 51 R wins
Total: 275 225

Once we have the election results, the first step is to consider the number of “wasted

votes” in each district. Because the Republican candidate in this example lost in District 1,

all 25 of the votes cast for that candidates are wasted. The Democratic candidate in District

1 won, but by 24 more votes than would be necessary (since all that is needed is 51 votes

to win). Thus, there are 24 wasted Democratic votes in this district. Taking the difference

indicates that there was a net of 1 Republican wasted vote in this district.

The efficiency gap is then calculated as Efficiency Gap = (Total Democratic Wasted

Votes - Total Republican Wasted Votes) / Total Votes.8 In this example and in analyzing

the remedial Congressional plan, I use the Democratic seat and vote margins which means

that negative efficiency gap numbers indicate a districting plan that favors Republican voters

and positive numbers indicate a plan that favors Democratic voters.

Using the 12 statewide elections described above, the proposed remedial Congressional

map has an efficiency gap value of -5.29%. This value is within the ±7% standard outlined by

7https://www.brennancenter.org/sites/default/files/legal-work/How the Efficiency Gap Standard Works.pdf
8See McGhee, Eric. ”Measuring efficiency in redistricting.” Election Law Journal: Rules, Politics, and

Policy 16, no. 4 (2017): 417-442.
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the court’s ruling. Using the same data and method, the now enjoined Enacted Congressional

plan had a efficiency gap measure of -19.51%.

3.5 Close Votes, Close Seats

The court makes reference to “Dr. Duchin’s close-votes-close-seats” analysis and

quotes the trial court’s determination that a map should not “prevent Democrats from

gaining a tie or a majority in the House” (paragraph 199). This measure of partisan fairness

is less defined than the median-mean and efficiency gap, and I am not aware of any published

work by Dr. Duchin or others that explicitly lays out the mathematical definition or technical

components of this test. However, Dr. Duchin describes the general idea in her initial expert

report submitted in this case where she states, “The numerical notions of partisan fairness

all tend to agree on one central point: an electoral climate with a roughly 50-50 split in

partisan preference should produce a roughly 50-50 representational split. I will call this the

Close-Votes-Close-Seats principle” (pg. 4, Duchin Report). She goes on to state, “[Close-

Votes-Close-Seats] is closely related to the principle of Majority Rule: a party or group with

more than half of the votes should be able to secure more than half of the seats. In fact,

Close-Votes-Close-Seats is essentially a corollary (or byproduct) of Majority Rule. It is not

practicable to design a map that always attains these properties, but by contrast a map

that consistently thwarts them should be closely scrutinized and usually rejected.” (pg. 4,

Duchin Report).

In another redistricting case in Pennsylvania, Dr. Duchin further describes how she

would measure and display this concept. She states, “To illustrate Close-Votes-Close-Seats,

Majority Rule, and other norms of partisan fairness, it is helpful to examine a plot that

shows vote shares on one axis and seat outcomes on the other. A plan can be overlaid with a

vote pattern to see how the seat share relates to the vote share for that election. Repeating

this across a range of different kinds of elections provides a robust view of the performance

of the plan. Majority Rule, then, translates to the idea that the Southeast and Northwest
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quadrants should be avoided” (pg. 14).9

With this in mind, Figure 2 produces the type of chart that Dr. Duchin describes.

The left figure shows the results for the 2021 Enacted Congressional plan and the right

panel shows the results for the 2022 Remedial Congressional plan. The horizontal axis of

each chart measures the statewide vote share earned by the Democratic candidates for each

of the 12 statewide elections discussed above. The vertical axis of each figure measure the

proportion of districts where the Democratic candidate won a majority of the votes in that

same election. In other words, this chart is measuring the degree to which statewide votes

are translated to seats. Per Dr. Duchin’s test, the “northwest” and “southeast” quadrants

of this figure, colored in red, indicate outcomes that are anti-majoritarian, or places where

a party wins a majority of the votes statewide but those votes are not translated into a

majority of the seats.10

In each figure there are 12 dots, one for each of the 12 statewide elections. We see that

in the enjoined 2021 Enacted Congressional plan there are 4 points in the lower right panel

representing anti-majoritarian outcomes. Furthermore, as one moves along the horizontal

axis, the dots tend not to move upwards along the vertical axis, indicating a map that is not

especially responsive to changes in voters’ preferences.

The 2022 Remedial map is very different. Only 1 of the 12 points (Attorney General

2020) reside in the lower right quadrant where the Democratic candidate for office won a

majority of the votes but those votes would not have translated into a majority of the seats.

Notably, in this one election the Democratic candidate won with 50.13% of the vote.

All of the remaining 11 elections produce majoritarian outcomes where a majority of

votes statewide translate into a majority of the seats for Congress. These are the dots in the

lower left (southwest) and upper right (northeast) quadrants of the figure.

9https://www.pacourts.us/Storage/media/pdfs/20220216/190511-feb.14,2022-
exceptionswithbriefinsupportincorporated(govwolf).pdf, retrieved Feb 16, 2022.

10It is important to note that when discussing “seats won” by a party, we are not discussing actual
congressional or legislative election outcomes but rather whether the candidate for statewide office being
considered, when their votes are disaggregated across the different legislative districts, won a majority of
votes in each of those districts.
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It is not expected that all of the points will fall outside of the red quadrants. As Dr.

Duchin states, “It is not practicable to design a map that always attains these properties”

(pg. 4, Duchin Report), however, the Remedial Congressional plan performs very well in

that 11 of the 12 elections result in majoritarian outcomes.

Furthermore, the points in the 2022 Remedial Congressional plan exhibit a general

upward slope, meaning that as a party wins more votes statewide their share of the seats

based on those votes tends to likewise increase. This indicates a map that is more responsive

to changes in voters’ preferences.
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Figure 2: Close-Votes-Close-Seats Analysis

(a) 2021 Enacted Plan (b) 2022 Remedial plan
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Note: Each dot in the figure is a statewide election. The horizontal axis shows the Democratic vote share in each election. The vertical axis shows
the proportion of districts that would be won when statewide votes are disaggregated across districts. The left panel shows this for the 2021 Enacted
map. The right panel shows this for the 2022 Remedial map.
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3.6 Partisan Symmetry

According to academic literature, the idea behind the concept of partisan symmetry is

to attempt to measure whether a redistricting plan treats both parties equally. In his expert

report in this case, Dr. Chen discusses this concept, stating: “Another common measure of

partisan bias is based on the concept of partisan symmetry and asks the following question:

Under a given districting plan and given a particular election-based measure of district

partisanship, what share of seats would each party win in a hypothetical tied election (i.e.,

50% vote share for each of two parties)” (pg. 46). This statement illustrates one of the key

ideas of the concept of partisan symmetry - how seats are distributed across the two political

parties in a hypothetical election in which both political parties receive 50% of the votes.

The concept, however, can be extended beyond an analysis of a 50/50 tie. More

broadly, the concept of partisan symmetry implies that a particular vote share for Party A

that yields a particular seat share for Party A should, in turn, produce roughly the same

result for Party B.11 In other words, if Republicans win 53% of the statewide vote and obtain

60% of the seats in a chamber, then partisan symmetry would suggest that if Democrats

were to win 53% of the statewide vote, they should also win 60% of the seats.12

A common way academic studies measure partisan symmetry is by producing a seats-

votes curve generated by a uniform partisan swing.13 The basic idea is to look at the vote

share in each district and increase/decrease the vote share in each district by a uniform

amount across a range of outcomes. As you do this, we note the change in the number of

districts won/lost by a party. What this produces is a figure where the horizontal axis shows

the statewide vote share across a range of value and the vertical axis shows the proportion

of districts carried by a party for each of the vote shares. Each point then shows the

11Nagle, John F., and Alec Ramsay. “On measuring two-party partisan bias in unbalanced states.” Election
Law Journal: Rules, Politics, and Policy 20, no. 1 (2021): 116-138.

12It is often the case that the party that wins a majority of the votes wins more than their proportion of
votes in seats. This is referred to as the “winners bonus.”

13See https://www.amacad.org/news/redistricting-and-representation for an example and explanation by
Dr. Duchin.
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translation of statewide votes (horizontal axis) to the statewide proportion of seats (vertical

axis). Connecting these points creates what is called a seats-votes curve.

Under the partisan symmetry measure, a symmetric plan should exhibit two proper-

ties. First, the seats-votes curve should cross, or be very close to, the point (0.5, 0.5), which

would indicate a plan where 50% of the votes statewide yields 50% of the seats statewide.

Of course, not all plans will perfectly cross this point, but the further a seats-votes curve

is from the 50/50 point, the less symmetric the plan is. Furthermore, the seats-votes curve

should increase and decrease at roughly the same rate on either side of the 0.50 value. In

other words, as Democrats gain more votes statewide, the translation of those votes to seats

should be similar to when Republicans gain an equally large share of the votes.

Figure 3 shows the seats-votes curve from a uniform partisan swing for the Congres-

sional maps. The left panel shows this for the 2021 Enacted Congressional map and the

right panel shows this for the 2022 Remedial Congressional map. It is immediately appar-

ent that the 2021 Enacted Congressional map is less symmetric than the 2022 Remedial

Congressional map.

Each figure notes two important statistics. The first, seat bias at 50% vote, indicates

the distance between 50% of the seats and the predicted seat share when the both parties

obtain 50% of the votes. In the 2021 Enacted plan this value is 21.4%, or three seats in

the 14 district plan. In other words, in the enjoined 2021 Enacted Congressional plan when

Democrats win 50% of the vote we would predict that they would win 28.6% of the seats

(4/14). The 2022 Remedial Congressional plan is much improved by this measure. Now

when Democrats win 50% of the vote is is predicted that they will win 42.8% of the seats

(6/14).

The next statistic to note is the “vote bias for 50% of seats”, which measures the

proportion of the statewide vote that we would expect a party to need to win in order to

obtain 50% of the seats. In the enjoined 2021 Enacted Congressional plan this is 5.9%. In

other words, we would expect Democrats to have to win 55.9% of the statewide vote before
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they would receive 50% of the 14 seats in the congressional delegation. This statistic is also

much improved in the 2022 Remedial Congressional plan. Here the vote bias for 50% of seats

is 0.6%, meaning that we would expect Democrats to win 7 out of the 14 seats for Congress

when they obtain 50.6% of the statewide vote.

The final thing to note in the partisan symmetry analysis is the overall trajectory

of the seats-votes curves in each plot. The 2022 Remedial Congressional plan moves in a

much smoother and symmetric manner from the bottom left to top right quadrants of the

figure. This is not the case in the 2021 Enacted Congressional plan. Here the line is much

less symmetric in these two quadrants. In the bottom left quadrant the line is relatively flat

while in the top right quadrant the line is relatively steep. This would indicate asymmetry

in a plan whereas the line in the 2022 Remedial plan is much more symmetric.

4 Conclusion for Congressional Plan

Overall, the 2022 Remedial plan for North Carolina’s congressional districts is an

improvement over the 2021 Enacted Congressional plan on the four measures outlined by

the Court. The Remedial plan is within the Court’s thresholds on the median-mean (-0.61%)

and efficiency gap (-5.29%) measures. The plan produces majoritarian outcomes in 11 of

the 12 elections considered in the close-votes-close-seats analysis and the plan is much more

responsive and symmetric in the seats-votes curves that measure partisan symmetry.
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Figure 3: Partisan Symmetry Analysis

(a) 2021 Enacted Plan (b) 2022 Remedial plan

Partisan Symmetry and Seat/Vote Bias − NC Congress
 Average of 12 Statewide Elections
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Note: The horizontal axis measures the statewide vote share from a uniform swing. The vertical axis shows the expected Democratic share of seats.
The seats-votes curve shows the relationship between statewide vote shares and expected statewide seat shares. The left panel shows this for the 2021
Enacted map. The right panel shows this for the 2022 Remedial map.
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5 State House Plan

5.1 Partisan Lean of Districts

Figure 4 shows the partisan lean for each of the 120 seats in the 2022 Remedial

House plan for the North Carolina House of Representatives. Districts are ordered from

least Democratic-leaning at the bottom to most Democratic-leaning at the top. Districts

with a partisan index less than 0.50 (i.e. Republican-leaning) are shown as squares and

districts with a partisan index greater than 0.50 (i.e. Democratic-leaning) are displayed as

triangles.

Of the 120 districts in the 2022 Remedial House plan, there are 63 districts with an

index less than 0.50 (Republican-leaning, shown as squares) and 57 districts with an index

greater than 0.50 (Democratic-leaning shown as triangles). A vertical dashed line is placed

at 0.50 in the figure for reference. In the now-enjoined 2021 Enacted House plan there were

70 Republican-leaning districts and 50 Democratic leaning districts.

The grey horizontal lines around each point show the range of election outcomes for

all of the 12 statewide elections used to generate the index. As can be seen by the width of

the grey horizontal bars in each district, there is substantial variation across the 12 elections.

Districts in which the Republican candidate for statewide elections won the majority of the

two-party vote share in all 12 races are colored red while districts where the Democratic

candidate for statewide elections won the majority of the two-party vote share in all 12 races

are colored blue. I call these districts safely partisan since in all 12 of the statewide races

the same party won a majority of votes. Districts where the grey horizontal lines cross the

0.50 vertical line indicate districts where both parties have won a majority of the votes in

that district. Districts where both parties have won a majority of the two-party vote share

in these 12 races are colored green.

Looking at the range across the index, there are 55 districts colored red (reliably

Republican) in the figure, 42 blue districts (reliable Democratic), and 23 green districts
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(competitive) in the House map. Using an alternative definition of competitiveness based

on the closeness of the index to 0.50, there are 59 districts with an index less than 0.48, 12

districts between 0.48 and 0.52 (a commonly used range to define hyper-competitive seats),

and 49 districts with an index of greater than 0.52.
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Remedial Plan − House
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Figure 4: Partisan Index of House Districts in 2022 Remedial plan: Partisan Index based
on the average of 12 statewide partisan races between 2016-2020. Districts with a partisan index less than
.50 (i.e. Republican leaning) are shown as squares and districts with a partisan index greater than .50 (i.e.
Democratic leaning) are displayed as triangles. A vertical dashed line is placed at .50 in each panel for
reference. The grey lines around each point show the range of election outcomes for all of the 12 statewide
elections used to generate the index. Districts in which the Republican candidate for statewide elections won
the majority of the two-party vote share in all 12 races are colored red while districts where the Democratic
candidate for statewide elections won the majority of the two-party vote share in all 12 races are colored
blue. Districts where both parties have won a majority of the two-party vote share in these 12 races are
colored green.
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5.2 Median-Mean Measure

Using the 12 statewide elections described above, the proposed 2022 Remedial House

map has a median-mean value of -0.70%. This value is within the ±1% standard outlined

by the court’s ruling. Using the same data and method, the 2021 Enacted House plan had

a median-mean measure of -3.36%.

5.3 Efficiency Gap Measure

Using the 12 statewide elections described above, the proposed 2022 Remedial House

map has an efficiency gap value of -0.84%. This value is within the ±7% standard outlined

by the Court’s ruling. Using the same data and method, the 2021 Enacted House plan had

an efficiency gap measure of -7.16%.

5.4 Close Votes, Close Seats

Figure 5 shows the close-votes-close-seats analysis for both the 2021 now-enjoined

and 2022 Remedial House plan. The left figure shows the results for the 2021 Enacted House

plan and the right panel shows the results for the 2022 proposed Remedial House plan. The

horizontal axis of each chart measures the statewide vote share earned by the Democratic

candidates for each of the 12 statewide elections discussed above. The vertical axis of each

chart measures the proportion of districts where the Democratic candidate won a majority

of the votes in that same election. in other words, this chart is measuring the degree to

which statewide votes are translated to seats. The “northwest” and “southeast” quadrants,

colored in red, indicate outcomes that are anti-majoritarian, or places where a party wins

a majority of the votes statewide but those votes are not translated into a majority of the

seats.14

14It is important to note that when discussing “seats won” by a party, we are not discussing actual
congressional or legislative election outcomes but rather whether the candidate for statewide office being
considered, when their votes are disaggregated across the different legislative districts, won a majority of
votes in each of those districts.
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In each figure there are 12 dots, one for each of the 12 statewide elections. We see

that in the 2021 Enacted House plan there are 4 points in the lower right panel representing

anti-majoritarian outcomes. The 2022 Remedial House map is very different. Only 1 of the

12 points (Attorney General 2020) resides in the lower right quadrant where the Democratic

candidate for office won a majority of the votes but those votes would not have translated

into a majority of the seats. Notably, in this election the Democratic candidate won with

only 50.13% of the vote.

All of the remaining 11 elections produce majoritarian outcomes where a majority of

votes statewide translate into a majority of the seats in the House. These are the dots in

the lower left (southwest) and upper right (northeast) quadrants of the figure.

It is not expected that all of the points will fall outside of the red quadrants. As Dr.

Duchin states, “It is not practicable to design a map that always attains these properties”

(pg. 4, Duchin Report), however, the 2022 Remedial House plan performs very well in that

11 of the 12 elections result in majoritarian outcomes.

Furthermore, the points in the 2022 Remedial plan exhibit a general upward slope,

meaning that as a party wins more votes statewide their share of the seats based on those

votes tends to likewise increase. This indicates a map that is more responsive to changes in

voters’ preferences.
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Figure 5: Close-Votes-Close-Seats Analysis

(a) 2021 Enacted Plan (b) 2022 Remedial plan

Majoritarian Outcomes − NC House
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Note: Each dot in the figure is a statewide election. The horizontal axis shows the Democratic vote share in each election. The vertical axis shows
the proportion of districts that would be won when statewide votes are disaggregated across districts. The left panel shows this for the 2021 Enacted
map. The right panel shows this for the 2022 Remedial map.
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5.5 Partisan Symmetry

Figure 6 shows the seats-votes curve from a uniform partisan swing for the state

House maps. The left panel shows this for the 2021 Enacted House map and the right panel

shows this for the 2022 Remedial House map. It is immediately apparent that the 2021

Enacted House map is less symmetric than the 2022 Remedial House map.

Each figure notes two important statistics. The first, seat bias at 50% vote, indicates

the distance between 50% of the seats and the predicted seat share when the both parties

obtain 50% of the votes. In the 2021 Enacted plan this value is 7.5%. In other words, in

the 2021 Enacted House plan when Democrats win 50% of the vote we would predict that

they would win 42.5% of the seats. The 2022 Remedial House plan is much improved on the

partisan symmetry metric. Now when Democrats win 50% of the vote it is predicted that

they will win 50% of the seats.

The next statistic to note is the “vote bias for 50% of seats”, which measures the

proportion of the statewide vote that we would expect a party to need to win in order to

obtain 50% of the seats. In the 2021 Enacted House plan this is 3.1%. In other words,

we would expect Democrats to have to win 53.1% of the statewide vote before they would

receive 50% of the seats in the state House. This statistic is also much improved in the 2022

Remedial House plan. Here the vote bias for 50% of seats is -0.2%, meaning that we would

expect Democrats to win 60 out of the 120 seats in the chamber when they obtain 49.8% of

the statewide vote.

The final thing to note is the overall trajectory of the seats-votes curves in each

plot. The 2022 Remedial House plan moves in a much smoother and symmetric manner

from the bottom left to top right quadrants of the figure. This is not the case in the 2021

Enacted House plan, where the line is much less symmetric in these two quadrants. The

2022 Remedial House plan also passes exactly through the 50/50 point at the middle of the

graph.
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Figure 6: Partisan Symmetry Analysis

(a) 2021 Enacted Plan (b) 2022 Remedial plan

Partisan Symmetry and Seat/Vote Bias − NC House
 Average of 12 Statewide Elections
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Note: The horizontal axis measures the statewide vote share from a uniform swing. The vertical axis shows the expected Democratic share of seats.
The seats-votes curve shows the relationship between statewide vote shares and expected statewide seat shares. The left panel shows this for the 2021
Enacted map. The right panel shows this for the 2022 Remedial map.
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5.6 Considerations of Race

During the trail court hearing various plaintiffs discussed the racial composition of

House districts, the presence or absence of racially polarized voting, and the thresholds

necessary for Black voters to elect the candidates of their choice. Table 1 below shows the

Black voting age population percent for districts with Black incumbents for the districts

used in the 2018 election cycle, the 2020 election cycle, the 2021 now-enjoined districts, and

the 2022 Remedial plan.

6 Conclusion for North Carolina House Plan

Overall, the 2022 Remedial plan for North Carolina’s state House districts is an

improvement over the 2021 Enacted House plan on the four measures outlined by the Court.

The Remedial House plan is within the Court’s thresholds on the median-mean (-0.70%)

and efficiency gap (-0.84%) measures. The plan produces majoritarian outcomes in 11 of the

12 elections considered in the close-votes-close-seats analysis and the plan is responsive and

symmetric using the seats-votes curve to measure partisan symmetry.
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Table 1: BVAP for House Districts with Black Incumbents

Incumbent 2018 District
2018 District
%BVAP

Incumbent 2020 District
2020 District
%BVAP

SL-2021-175
District

SL-2021-175
%BVAP

2022 Remedial
District

2022 Remedial
District
%BVAP

Hunter 5 44.32% Hunter 5 42.23% 5 38.59% 5 38.59%
Smith, K. 8 44.85% Smith, K. 8 43.74% 8 45.45% 8 38.13%
Smith, R. 21 39.00% Smith, R. 21 38.68% 10 34.27% 10 34.37%
Willingham 23 51.83% Willingham 23 51.53% 23 53.41% 23 53.41%
Cooper-Suggs 24 38.11% Cooper-Suggs 24 39.14% 24 37.52% 24 38.50%
Gailliard 25 40.73% Gailliard 25 43.63% 25 41.00% 25 39.97%
Alston 29 37.49% Alston 29 38.43% 29 39.58% 29 31.03%
Hawkins 31 49.56% Hawkins 31 41.29% 31 39.72% 31 45.63%
Garrison 32 49.12% Garrison 32 49.17% 32 43.24% 32 43.36%
Gill 33 44.18% Gill 33 41.48% 33 30.91% 33 34.01%
Batch 37 14.34%
Hulley 38 48.30% Jones, A. 38 41.46% 38 45.44% 38 43.91%

Roberson 39 37.83% 39 33.04% 39 33.65%
Lucas 42 42.23% Lucas 42 40.97% 42 40.97% 42 41.97%
Floyd 43 49.96%
Pierce 48 36.13% Pierce 48 37.09% 48 37.09% 48 37.09%
Reives 54 15.74% Reives 54 13.56% 54 11.60% 54 11.60%
Quick 58 42.66% Quick 58 44.95% 58 44.65% 58 48.38%
Brockman 60 40.06% Brockman 60 35.86% 60 36.15% 60 34.68%
Terry 71 36.56% Terry 71 42.04% 71 41.19% 71 34.81%
Montgomery 72 47.51% Baker, A. 72 35.76% 72 34.96% 72 40.46%
Beasley 92 30.16% Brown 92 42.04% 92 40.82% 92 34.38%
Majeed 99 49.54% Majeed 99 37.71% 99 48.91% 99 48.75%
Logan 101 50.82% Logan 101 49.89% 101 48.79% 101 53.42%
Lofton 104 6.22% Lofton 104 12.76% 104 9.10% 104 9.76%
Cunningham 106 38.00% Cunningham 106 48.48% 106 45.47% 106 37.58%
Alexander 107 49.39% Alexander 107 55.65% 107 49.16% 107 59.22%

Note: BVAP percents are “% any part Black.”
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7 State Senate Plan

7.1 Partisan Lean of Districts

Figure 7 shows the partisan lean based on the index of statewide elections for each

of the 50 seats in the 2022 Remedial plan for the North Carolina Senate. Districts are

ordered from least Democratic-leaning at the bottom to most Democratic-leaning at the

top. Districts with a partisan index less than 0.50 (i.e. Republican-leaning) are shown as

squares and districts with a partisan index greater than 0.50 (i.e. Democratic-leaning) are

displayed as triangles.

Of the 50 districts there are 28 districts with an index less than 0.50 (Republican-

leaning, shown as squares) and 22 districts with an index greater than 0.50 (Democratic-

leaning shown as triangles). A vertical dashed line is placed at 0.50 in the figure for reference.

In the now-enjoined 2021 Enacted plan there were 30 Republican-leaning districts and 20

Democratic leaning districts.

The grey horizontal lines around each point show the range of election outcomes for

all of the 12 statewide elections used to generate the index. As can be seen by the width of

the grey horizontal bars in each district, there is substantial variation across the 12 elections.

Districts in which the Republican candidate for statewide elections won the majority of the

two-party vote share in all 12 races are colored red while districts where the Democratic

candidate for statewide elections won the majority of the two-party vote share in all 12 races

are colored blue. I call these districts safely partisan since in all 12 of the statewide races

the same party won a majority of votes. Districts where the grey horizontal lines cross the

0.50 vertical line indicate districts where both parties have won a majority of the votes in

that district. Districts where both parties have won a majority of the two-party vote share

in these 12 races are colored green.

Looking at the range across the index, there are 24 districts colored red (reliably

Republican) in the figure, 18 blue districts (reliable Democratic), and 8 green districts (com-
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petitive) in the House map. Using an alternative definition of competitiveness based on the

closeness of the index to 0.50, there are 25 districts with an index less than 0.48, 6 districts

between 0.48 and 0.52 (a commonly used range to define hyper-competitive seats), and 19

districts with an index of greater than 0.52.
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Remedial Plan − Senate
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Figure 7: Partisan Index of Senate Districts in 2022 Remedial plan: Partisan Index based
on the average of 12 statewide partisan races between 2016-2020. Districts with a partisan index less than
.50 (i.e. Republican leaning) are shown as squares and districts with a partisan index greater than .50 (i.e.
Democratic leaning) are displayed as triangles. A vertical dashed line is placed at .50 in each panel for
reference. The grey lines around each point show the range of election outcomes for all of the 12 statewide
elections used to generate the index. Districts in which the Republican candidate for statewide elections won
the majority of the two-party vote share in all 12 races are colored red while districts where the Democratic
candidate for statewide elections won the majority of the two-party vote share in all 12 races are colored
blue. Districts where both parties have won a majority of the two-party vote share in these 12 races are
colored green.

33

- App. 200 -



7.2 Median-Mean Measure

Using the 12 statewide elections described above, the proposed 2022 Remedial Senate

map has a median-mean value of -0.65%. This value is within the ±1% standard outlined by

the court’s ruling. Using the same data and method, the now-enjoined 2021 Enacted Senate

plan had a median-mean measure of -3.49%.

7.3 Efficiency Gap Measure

Using the 12 statewide elections described above, the proposed 2022 Remedial Senate

plan has an efficiency gap value of -3.97%. This value is within the ±7% standard outlined

by the court’s ruling. Using the same data and method, the now enjoined 2021 Enacted

Senate plan had an efficiency gap value of -8.04%.

7.4 Close Votes, Close Seats

Figure 8 shows the close-votes-close-seats analysis for the Senate plan. The left figure

shows the results for the 2021 Enacted Senate plan and the right panel shows the results

for the 2022 proposed Remedial Senate plan. The horizontal axis of each chart measures

the statewide vote share earned by the Democratic candidates for each of the 12 statewide

elections discussed above. The vertical axis of each chart measures the proportion of districts

where the Democratic candidate won a majority of the votes in that same election. In other

words, this chart is measuring the degree to which statewide votes are translated to seats.

The “northwest” and “southeast” quadrants, colored in red, indicate outcomes that are anti-

majoritarian, or places where a party wins a majority of the votes statewide but those votes

are not translated into a majority of the seats.

In each figure there are 12 dots, one for each of the 12 statewide elections. We see

that in the 2021 Enacted Senate plan there are 4 points in the lower right panel representing

anti-majoritarian outcomes. The 2022 Remedial Senate map is very different. Only 1 of the

34

- App. 201 -



12 points (Attorney General 2020) reside in the lower right quadrant where the Democratic

candidate for office one a majority of the votes but those votes would not have translated

into a majority of the seats. Notably, in this election the Democratic candidate won with

only 50.13% of the vote.

All of the remaining 11 elections produce majoritarian outcomes where a majority

of votes statewide translate into a majority of the seats for the state Senate (the Governor

2020 race produces a 25/25 tie). These are the dots in the lower left (southwest) and upper

right (northeast) quadrants of the figure.

It is not expected that all of the points will fall outside of the red quadrants. As Dr.

Duchin states, “It is not practicable to design a map that always attains these properties”

(pg. 4, Duchin Report), however, the 2022 Remedial plan performs very well in that 11 of

the 12 elections result in majoritarian outcomes.

Furthermore, the points in the 2022 Remedial plan exhibit a general upward slope,

meaning that as a party wins more votes statewide their share of the seats based on those

votes tends to likewise increase. This indicates a map that is more responsive to changes in

voters’ preferences.
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Figure 8: Close-Votes-Close-Seats Analysis

(a) 2021 Enacted Plan (b) 2022 Remedial plan
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Note: Each dot in the figure is a statewide election. The horizontal axis shows the Democratic vote share in each election. The vertical axis shows
the proportion of districts that would be won when statewide votes are disaggregated across districts. The left panel shows this for the 2021 Enacted
map. The right panel shows this for the 2022 Remedial map.
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7.5 Partisan Symmetry

Figure 9 shows the seats-votes curve from a uniform partisan swing for the state

Senate maps. The left panel shows this for the 2021 Enacted Senate map and the right

panel shows this for the 2022 Remedial Senate map. It is immediately apparent that the

2021 Enacted Senate map is less symmetric than the 2022 Remedial Senate map.

Each figure notes two important statistics. The first, seat bias at 50% vote, indicates

the distance between 50% of the seats and the predicted seat share when the both parties

obtain 50% of the votes. In the 2021 Enacted Senate plan this value is 6%. In other words,

in the 2021 Enacted Senate plan when Democrats win 50% of the vote we would predict

that they would win 44% of the seats. The 2022 Remedial Senate plan is much improved on

this measure. Now when Democrats win 50% of the vote it is predicted that they will win

50% of the seats.

The next statistic to note is the “vote bias for 50% of seats”, which measures the

proportion of the statewide vote that we would expect a party to need to win in order to

obtain 50% of the seats. In the 2021 Enacted Senate plan this is 2.9%. In other words,

we would expect Democrats to have to win 52.9% of the statewide vote before they would

receive 50% of the seats in the state Senate. This statistic is also much improved in the 2022

Remedial Senate plan. Here the vote bias for 50% of seats is exactly 0%, meaning that we

would expect Democrats to win 25 out of the 50 seats in the chamber when they obtain 50%

of the statewide vote.

The final thing to note is the overall trajectory of the seats-votes curves in each plot.

The 2022 Remedial Senate plan moves in a much smoother and symmetric manner from the

bottom left to top right quadrants of the figure. This is not the case in the 2021 Enacted

Senate plan. Here the line is much less symmetric in these two quadrants. In the bottom left

quadrant the line is relatively flat while in the top right quadrant the line is relatively steep.

This would indicate asymmetry in a plan whereas the line in the 2022 Remedial Senate plan

is much more symmetric and passes exactly through the 50/50 point at the middle of the
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graph.
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Figure 9: Partisan Symmetry Analysis

(a) 2021 Enacted Plan (b) 2022 Remedial plan
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Note: The horizontal axis measures the statewide vote share from a uniform swing. The vertical axis shows the expected Democratic share of seats.
The seats-votes curve shows the relationship between statewide vote shares and expected statewide seat shares. The left panel shows this for the 2021
Enacted map. The right panel shows this for the 2022 Remedial map.
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7.6 Considerations of Race

During the trail court hearing various plaintiffs discussed the racial composition of

Senate districts, the presence or absence of racially polarized voting, and the thresholds

necessary for Black voters to elect the candidates of their choice. Table 2 shows the Black

voting age population percent for districts with Black incumbents for the districts used in the

2018 election cycle, the 2020 election cycle, the 2021 now-enjoined Enacted Senate districts,

and the 2022 Remedial Senate plan.

8 Conclusion for North Carolina Senate Plan

Overall, the 2022 Remedial plan for North Carolina’s Senate districts is an improve-

ment over the 2021 Enacted plan on the four measures outlined by the Court. The 2022

Remedial plan is within the Court’s thresholds on the median-mean (-0.65%) and efficiency

gap (-3.97%) measures. The plan produces majoritarian outcomes in 11 of the 12 elections

considered in the close-votes-close-seats analysis and the plan is responsive and symmetric

using the seats-votes curve to measure partisan symmetry.
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Table 2: BVAP for House Districts with Black Incumbents

Incumbent 2018 District
2018 District
%BVAP

Incumbent 2020 District
2020 District
%BVAP

SL-2021-173
District

SL-2021-173
District %BVAP

2022 Remedial
District

2022 Remedial
District %BVAP

Smith, E. 3 44.36% Bazemore 3 43.04% 1 29.49% 3 42.33%
Fitch 4 47.46% Fitch 4 47.44% 4 35.02% 4 35.02%
Davis 5 32.94% Davis 5 35.89% 5 40.35% 5 40.35%
Blue 14 38.85% Blue 14 33.45% 14 43.25% 14 42.99%

Batch 17 9.49% 17 10.86% 17 11.47%
Murdock 20 40.35% Murdock 20 36.79% 20 27.34% 20 27.34%
Clark 21 42.15% Clark 21 44.13% 24 29.63% 24 29.63%

19 48.07% 19 39.24%
Foushee 23 12.81% Foushee 23 11.74% 23 16.73% 23 16.73%
Robinson 28 43.64% Robinson 28 45.64% 28 51.45%* 28 45.64%
Lewis 32 39.18% Lowe 32 25.00% 32 35.30% 32 25.19%

Salvador 39 22.64% 39 40.75% 39 23.13%
Wadell 40 38.88% Waddell 40 40.59% 40 49.54% 40 38.67%

Note: BVAP percents are “% any part Black.” *This district’s composition was the result of an amendment offered by that
district’s incumbent, Democratic Senator Robinson, who stated she thought the district, as amended, was fair and complied
with the VRA. The trail court wrote of this: “109. Ultimately, two amendments were accepted in the Senate Committee: (1) An
amendment offered by Senator Clark changing the Guilford/Rockingham County grouping (SD26, SD27, and SD28). Senator
Hise testified that this amendment was presented at the behest of Senator Robinson, a Democratic member from Guilford, who,
under the version presented by the chairs, was double-bunked with Senator Garrett. Trial Tr. 01/05/2022. During debate,
Senator Robinson attested in Committee that she understood the amendment complied with the VRA and considered it a fair
draw.”
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I declare under penalty of perjury under the laws of the state of North Carolina that the

foregoing is true and correct to the best of my knowledge.

Michael Barber

18 February 2022
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with Jeremy Pope (Revise and Resubmit)
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