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Gerrymandering

Manipulate the boundaries of an electoral constituency so as to
favor one party or class.

Three different ways to divide 50 people into five districts

1. Perfect 2. Compact, 3. Neither compact
representation but unfair nor fair
60% blue, 3 blue districts, 5 blue districts, 2 blue districts,
40% red 2 red districts 0 red districts 3 red districts
BLUE WINS BLUE WINS RED WINS

https: // www.washingtonpost.com/news/wonk/wp/2015/03/01/this-is-the-
best-explanation-of-gerrymandering-you- will-ever-see/



District shapes look weird

linois’s 4th congressional district
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Maryland’'s 3rd congressional district
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Texas's 35th congressional district
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Redistricting changes district's shape

linois’s 4th congressional district
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What are the rules?

Equal Population

Contiguity : connected, hole-free region
Compact: reasonable shape
Avoid splitting counties/ cities
Avoid splitting “communities of interest”

Respect Voting Rights Act - “opportunity” for minority groups



Precinct-Level Data

2010 Districting Data

- — GEOID District Dem Rep

extract data 40083000305 3 206 592

2020 Districting Data

GEOID District Dem Rep
Dave's Redistricting App. 40083000303_part1_51 3 38 106
https://davesredistricting.org/ maps#home 40083000303_part2_125 5 168 486
@ merge data
DR 0 DHOLI Gpowao  pary ot et —
" o 40079000102 DEM 75 80 reshape GEOID District_2010 District_2020 Dem Rep
2 2 40079000102 REP 365 412 40083000305 3 n.a. 206 592
3 3 40113000113 DEM 17 14
3 3 40113000113 REP 37 40 40083000305_part1_51 n.a. 3 38 106
3 3 40113000102 DEM 31 24 n.a.
3 3 40113000102 REP 126 167 40083000305_paﬂ2_1 25 2 168 486




Statistics in Gerrymandering Analysis

Voting Share Percentage (VSP) :
> (votes A party)

> (votes)

[?

Relationship (R) :

Votes Votes -

Dlsm:;i 3 o DlStg;::l: "% GEoID20 Party 2016 | 2020
2 2 40079000102 DEM 79 82 |
2 2 40079000102 REP 385 412
3 3 40113000113 DEM 17 14
3 3 40113000113 REP 37 40
3 3 40113000102 DEM 31 24
3 3 40113000102 REP 126 167

Distance (d):

Summary (S):

VSPDem > VSPRep : d(Rstate, Rdistrict)

VoteMargin(M) :
‘ VSPDem - VSPRep ‘

Summary (S):
S = count( M)

S = average(d)



How do we represent data visually?

Nominal/ Ordinal Quantitative
Party Voting Share Percentage (VSP)
Relationship (R)

District Cycle

Distance (d)
District

Summary (S)

Vote Margin (M)



How do we represent data visually?

State-level District-level

Voting Share Percentage (VSP)

Voting Share Percentage (VSP)

Distance (d)
Distance (d)

Summary (S)

\Distance (d)

9



1The hierarchical view design

State Relationship|

District Cycle A
@

@
District Cycle B

10

|District1 Relationship
| District2 Relationship
 |District3 Relationship

|District1 Relationship
| District2 Relationship
 |District3 Relationship



Representing Data Visually
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Representing Data Visually
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Representing Data Visually
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Representing Data Visually
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Representing Data Visually
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Representing Data Visually
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Repres

Distance / Mean Distance
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enting Data Visually
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Representing Data Visually
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Fmbed views In tree Visualization
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Fmbed views In tree Visualization
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Fmbed views In tree Visualization
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Representing Data Visually
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Representing Data Visually

28 23 Nominal/ Ordinal =
: : [
R DIStrICt CyC‘e Vertical Position
O O o
w District 0 A
R | e By ISTrIC O
I _{ O Vertical Position Shape
Party
- Quantitative
Distance (d) S
\ = ' Color Saturation
| | e - Summary (S) o
— —q O Distict2020Cycle 9
ey Color Saturation

VVoting Share % (VSP)



QO
G0

Representing Data Visually
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Representing Data Visually
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Representing Data Visually
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Fvaluating the efficiency gap

2020 presidential votes and
2020 district cycle

Republican:

14

Vo020

0o
oo

Votes20 )6 Paty ©

Votes2020 Purty

Nep

flsp D

OED
(P2 ] Ll

The Meun o Dastances
10-

AL

Votes2016 Party ~~_

o1

(O District2010Cycle

O Distric2020Cycle

he Mew o Dintarcns

146+

Vo(clele;i}ES"{-___-_ .

LJ T LJ LJ LJ L
02 03 oL 05K a6 07
The Maen of Wiireng Marg e

O Distric2010Cycle
O Distriz12020Cycle

T T
04 09

T T T T T T
€2 03 0F 05 85 07
The N of Winresg Marg ro

J
04




Fvaluating the efficiency gap

OED

0o
oom (P2 ] Ll

2020 presidential votes and
2020 district cycle

08
T4
Vole Shae
o -
0N &
° 40 B
0 o5+
. 0 s _ —A] (O District2010Cycle
Votes20 6 Paty ™7 Vu(chle.l‘ax-{.\“ ~— o3+
/ 10% ———{ O District2020Cycle
024
0 -4
| Hep 21
/
J
I' T LJ T L L LJ L L L
{ 9f 082 03 0L 05K A6 0T %4 08
/ Thee Maas of ‘Wiireng Margre
|l
J
J
J
J
J
J
|‘
.
o I -/
Vo020 \\
II.
|' e Mews o Dontarcm
II 18-
1
1
1
1
1
|
\ o8
\ Vets Share
lu‘ -
e 064
05
Sl
Votes202 Party ° orm\ .
~ ——( O Distric2010Cycle
~—= O Distic12020Cycle
214
‘s L T L T L T L T
02 03 oF 05 46 07 o4 08

14

The N of Winresg Marg ro




Fvaluating the efficiency gap

0o OED
oo (P2 ] Ll

2020 presidential votes and
2020 district cycle

Republican: | P N
Votes20 )6 Paty 7 Vu(c:l[)lb.l‘ax‘{\“ ~— Ty )
) 1% ’ " “c' OD;su)c!ZOIOC)CIC : : : —— i
° . II’:‘ 0% fep Den 51 . \\\\-_ 3
Voting share percentage (VSP):

e L
S
Worgal020 \\
Battern

\ he Mew o Dintarcns
\ 146+

Votes204 Purty ©

0 Pal . ."'-—___- 034
m\ —( O Distric2010Cycle

~_¢ ( O Distriz12020Cycle

T T T T T T T T
€2 03 OF 05 &6 O7 %4 08 10
The N of Winresg Marg ro

14



OED
(P2 ] Ll

Fvaluating the efficiency gap

0o
oo

The Meun o Dastances

2020 presidential votes and

Vole Shae
o - o7
0N .
[ ] A0
Republican: _
%~ ..
0 ) — et —ﬂ ODtslm(lOlOC\elc
A J—C
Votes20 )6 Party Votes2016 Party ~— Ty
o ~———{ (O Distrier2020Cycle
' 0 -4 ]
[ ) { Nep Den o1
. . .
Voting share percentage (VSP): 42% e
f To Wty of Wiireng Marg e
II
J
J
3 /
Vore20 | -/
Vol \\
Pattern
'.l e Mews o Dontarcm
\ 18-
O Distric2010Cycle
O Distriz12020Cycle
0z 03 0+ 05 48 07 93 08 10
The N of Winresg Marg ro

14



Fvaluating the efficiency gap

2020 presidential votes and
2020 district cycle

Republican:
Voting share percentage (VSP): 42%

14

Vo020

0o
oo

Vole Share
B -

40 -

M -

N~

Votes20 )6 Paty

\ Vol

Votes204 Purty ©

Nep

Shae
B -

0™

Votes2016 Party ~)(

OED
(P2 ] Ll

The Mewn o Dastances

104
08

A

024

o1

(O District2010Cycle

O Distric2020Cycle

0

LJ T LJ LJ LJ L
02 03 0L 05 86 07
Thee M of Winring Margre

e Mews o Dontarcm

10m

O Distric2010Cycle
O Distic12020Cycle

T T 3
] 08 10

T T T T T
03 OF 05 86 07
e N of Winreng Marg re

T
02

J T
¢4 08

10




0o
oom

The Mewn o Dastances

Fvaluating the efficiency gap

Vol Shae
05
(O District2010Cycle

-
Ehy

3 4

2020 presidential votes and

O Distric2020Cycle

Votes20 )6 Party
1 =
oc T T T
¢0 0 02 03
The Naa of Wavvreng Mg re

2020 district cycle

0 -4
fep  Den

Republican:
Voting share percentage (VSP): 42%
Winning Seat Ratio:
5

O Distric2010Cycle
O Distic12020Cycle

T T T T
86 07 €4 08

2 T
oL 05

T
03
The Nan of Winreng Narg ro

T T
oy 02

14



Fvaluating the efficiency gap

0o OED
oom (P2 ] Ll

2020 presidential votes and 5
2020 district cycle

05
0 % O Y (O District2010Cycle
Votes20 )(.P.ny e Votes2016 Party™ o3
— ~———{ (O Distrier2020Cycle

Voting share percentage (VSP): 42% [ B I

Republican:

Winning Seat Ratio: 2/12 = 16.7%

™he -
N { O Distric2010Cycle
= O District2020Cycle

14



Fvaluating the efficiency gap

2020 presidential votes and 5
2020 district cycle
Republican: e Hl N
Voting share percentage (VSP): 42% [ REEEE T
Winning Seat Ratio: 2/12 = 16.7% ' .
=
Efficiency Gap = Seat Margin - (2 x Vote Margin)
Republican
= (2/12-50%) - (2 x (42%-50%))
= (-33%) - (-16%) S R
=-17%

14



- Party

Votes2016 =

Votes2020 -

Relationship

essing electoral competition

0o = JSP1
am SP2] Ll

Winning Margin
[0, 10%]
(10%, 20%]

M (20%, 100%

- Party

Votes2016

District2010Cycle " District2010Cycle

Votes2020 -

District2020Cycle 0 District202

0 1 2 3 4 5 Number of Districts

Winning Margin
[0, 10%]
(10%, 20%]

W (20%, 100%

~ Party

Votes2016 =

District2010Cycle ] District2010Cycle

Votes2020

=]=
om

0% 10% 20% 30% 40% 50% 60% 70% 80% 90% 100% Vote Share

o o -1 ® Dem

® Rep
e o -2
o o] -3
o e -4
o e -5

0% 10% 20% 30% 40% 50% 60% 70% 80% 90% 100% Vote Share

@ @ '-1 ® Dem

® Rep
o @ -2
2] & -3
o & -4
® @ -5

0% 10% 20% 30% 4(?% 50% 60% 70% 80% 90% 100% Vote Share

o o -1 ® Dem

® Rep
o e -2
o e -3
e e -4
o o -5

0% 10% 20% 30% 40% 50% 60% 70% 80% 90% 100% Vote Share

District202

District2020Cycle S

0 1 2 3 4 5 Number of Districts

o ' o ' ' ' '-1 ® Dem

® Rep
® @ -2
o @ -3
o b -4
° i -5

15



- Party

Votes2016 =

Votes2020 -

Relationship

essing electoral competition

0o = JSP1
am SP2] Ll

Winning Margin
[0, 10%]
(10%, 20%]

M (20%, 100%

- Party

Votes2016

District2010Cycle " District2010Cycle

Votes2020 -

District2020Cycle 0 District202

0 1 2 3 4 5 Number of Districts

Winning Margin
[0, 10%]
(10%, 20%]

W (20%, 100%

~ Party

Votes2016 =

District2010Cycle ] District2010Cycle

Votes2020

=]=
om

0% 10% 20% 30% 40% 50% 60% 70% 80% 90% 100% Vote Share

o o -1 ® Dem

® Rep
e o -2
o o] -3
o e -4
o e -5

0% 10% 20% 30% 40% 50% 60% 70% 80% 90% 100% Vote Share

@ @ '-1 ® Dem

® Rep
o @ -2
2] & -3
o & -4
® @ -5

0% 10% 20% 30% 4(?% 50% 60% 70% 80% 90% 100% Vote Share

o o -1 ® Dem

® Rep
o e -2
o e -3
e e -4
o o -5

0% 10% 20% 30% 40% 50% 60% 70% 80% 90% 100% Vote Share

District202

District2020Cycle S

0 1 2 3 4 5 Number of Districts

o ' o ' ' ' '-1 ® Dem

® Rep
® @ -2
o @ -3
o b -4
° i -5

15



- Party

Votes2016 =

Votes2020 -

Relationship

essing electoral competition

0o = JSP1
am SP2] Ll

Winning Margin
[0, 10%]
(10%, 20%]

M (20%, 100%

- Party

Votes2016

District2010Cycle " District2010Cycle

Votes2020 -

District2020Cycle 0 District202

0 1 2 3 4 5 Number of Districts

Winning Margin
[0, 10%]
(10%, 20%]

W (20%, 100%

~ Party

Votes2016 =

District2010Cycle

District2010Cycle ]

Votes2020

=]=
om

0% 10% 20% 30% 40% 50% 60% 70% 80% 90% 100% Vote Share

o o -1 ® Dem

® Rep
e o -2
o o] -3
o e -4
o e -5

0% 10% 20% 30% 40% 50% 60% 70% 80% 90% 100% Vote Share

@ @ '-1 ® Dem

® Rep
o @ -2
2] & -3
o & -4
® @ -5

0% 10% 20% 30% 4(?% 50% 60% 70% 80% 90% 100% Vote Share

o o -1 ® Dem

® Rep
o e -2
o e -3
e e -4
o o -5

0% 10% 20% 30% 40% 50% 60% 70% 80% 90% 100% Vote Share

District202

District2020Cycle S

0 1 2 3 4 5 Number of Districts

o ' o ' ' ' '-1 ® Dem

® Rep
® @ -2
o @ -3
o b -4
° i -5

15



- Party

Votes2016 =

Votes2020 -

Relationship

essing electoral competition

0o = JSP1
am SP2] Ll

- Party

Votes2016

District2010Cycle

Votes2020 -

0 1 2 3 4

~ Party

Votes2016 =

District2010Cycle ]

Votes2020

District2020Cycle S

0 1 2 3 4

District2020Cycle 0 District202

Winning Margin
[0, 10%]
(10%, 20%]

M (20%, 100%

District2010Cycle

5 Number of Districts

Winning Margin
[0, 10%]
(10%, 20%]

W (20%, 100%

=]=
om

0% 10% 20% 30% 40% 50% 60% 70% 80% 90% 100% Vote Share

o o -1 ® Dem

® Rep
e o -2
o o] -3
o e -4
o e -5

]

0% 10% 20% 30% 40% 50% 60% 70% 80% 90% 100% Vote Share

@ @ '-1 ® Dem

® Rep
o @ -2
2] & -3
o & -4
® @ -5

0% 10% 20% 30% 4(?% 50% 60% 70% 80% 90% 100% Vote Share

o o -1 ® Dem

® Rep
o o -2
o e -3
e e -4

® o _SP

District2010Cycle

0% 10% 20% 30% 40% 50% 60% 70% 80% 90% 100% Vote Share

District202

5 Number of Districts

o ' o ' ' ' '-1 ® Dem

® Rep
® @ -2
o @ -3
o b -4
° i -5

15



- Party

Votes2016 =

Votes2020 -

Relationship

essing electoral competition

=]
am

= ISPl
SP2] Ll

- Party

Votes2016

District2010Cycle

Votes2020 -

Votes2016 =

0 1 2 3 4

~ Party

District2010Cycle ]

Votes2020

District2020Cycle S

0 1 2 3 4

District2020Cycle 0 District202

Winning Margin
[0, 10%]
(10%, 20%]

M (20%, 100%

District2010Cycle

5 Number of Districts

Winning Margin
[0, 10%]
(10%, 20%]

W (20%, 100%

=]=
om

0% 10% 20% 30% 40% 50% 60% 70% 80% 90% 100% Vote Share

o o -1 ® Dem

® Rep
e o -2
o o] -3
o e -4
o e -5

0% 10% 20% 30% 40% 50% 60% 70% 80% 90% 100% Vote Share
© & -1 ® Dem
® Rep

= & -2

2] & -3

@ & -4

@ & -5

0% 10% 20% 30% 4(?% 50% 60% 70% 80% 90% 100% Vote Share

o o -1 ® Dem

® Rep
o o -2
o e -3
e e -4

® o _SP

District2010Cycle

0% 10% 20% 30% 40% 50% 60% 70% 80% 90% 100% Vote Share

District202

5 Number of Districts

o ' @ '-1 ® Dem
® Rep
) ) -2
) o -3
) @ -4
o @ -54—

15



Assessing electoral competition

=l = ISP1 =]=

o 2({% 3({% 4(1)% 5(1)% 6({% 7(1)% 8({% 9(1)% 109% Vote Share

o st -1 ® Dem
® Rep
o ) -2
Winning Margin ® ® -3
= [0, 10%]
" W (20%, 100%
Votes2016 @ o -5
. . r
District2010Cycle l District2010Cycle 0% 10% 20% 30% 40% 50% 60% 70% 80% 90% 100% Vote Share
Votes2020 = ' ' ' h o | ' | @ & ' ' L | ® Dem
® Rep
o ) -2
District2020Cycle " District2020 . , _3
-
= 0 1 2 3 4 5 NumberofDistricts ® ® -4
Votes2016 @ @ -5
0% 10% 20% 30% 40% 50% 60% 70% 80% 90% 100% Vote Share
Votes2020 ' | | e el ' e &l ' ' L | ® Dem
. . ® Rep
Relationship 0 o -2
Winning Margin ® ® -3
2 [0, 10%)]
| W (20%, 100%
Votes2016 = o@ -5 ‘

District2010Cycle | District2010Cycle

0% 10% 20% 30% 40% 50% 60% 70% 80% 90% 100% Vote Share

Votes2020 o o ' -1 ® Dem

® Rep
@ @ -2
District2020Cycle | District2020 A . "
0 1 2 3 4 5 NumberotDistricts ® & -4

@ @ -54—

Our findings in Oklahoma is a strong sign that gerrymandering can
occur even without overturning the election.
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The mean distances encoded
- in the non-leaf nodes are
Democratic in the range of [0, 1].
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Precinct-level Data in DRA

2010 Districting Data

GEOID Dem

District

40079000102 2 82

2010 Districting Data

GEOID Dem

District

40083000305 3 206

2010 Districting Data

GEOID District
40131000030_part1_1 1
40131000030_part2_73 2

Unchanged Precinct: (1 to 1)

2020 Districting Data

Rep

GEOID Dem

District

412 40079000102 2 82

Splitting Precinct Case 1: (1 to n)
2020 Districting Data

GEOID District Dem
Rep
590 40083000303 _part1_51 3 38
40083000303_part2_125 5 168
Splitting Precinct Case 2: (m to n)
2020 Districting Data
Dem Rep GEOID District Dem
3 11 40131000030_part1_30 1 /8
511 2056 40131000030_part2_44 2 436

Rep

412

Rep
106

486

Rep
316

1751



Unchanged Precinct

2010 Districting Data

2020 President Data

2020 Districting Data

GEOID

40079000102

District

2

Dem Rep GEOID District Dem  Rep
82 412 40079000102 2 82 412
Merge on GEOID @
GEOQOID District_2010  District_2020 Dem Rep
40079000102 2 2 82 412
Melt &
GEOQOID District_ 2010  District_2020 Party Votes
40079000102 2 2 Dem 82
40079000102 2 2 Rep 412




Splitting Precinct Case 1 2020 President Data

2010 Districting Data 2020 Districting Data
GEOID District Dem Rep GEOID District Dem Rep
40083000303 t1_51
40083000305 3 206 592 -parti_ 3 38 106
40083000303_part2_125 5 168 486
Merge on GEOID @
. . GEOID District_2010 District_2020 Party Votes
GEOID District_2010 District_2020 Dem Rep
40083000305 3 A 506 59o | Melt | 40083000305 3 n.a. Dem 206
40083000305 3 a. Re
40083000305_part1_51  n.a. 3 38 106 |:> -4 P 992
40083000303_part1 n.a. 3 Dem 138
40083000305_part2_125 n.a. 5
—Pare 168 486 40083000303_part1 Na 3 Rep 106
40083000303_part2 n.a. 5 Dem 168
40083000303_part2 n.a. 5 Rep 486



Splitting Precinct Case 2

2010 Districting Data

GEOID District Dem Rep
40131000030_part1_1 1 3 11
40131000030_part2_73 2 511 2056
Merge on GEOID ! !

GEOID District 2010 District 2020 Dem Rep
40131000030_part1_1 1 n.a. 3 11
40131000030_part2_73 2 n.a. 511 2056
40131000030_part1_30 n.a. 1 78 316
40131000030_part2_44 n.a. 2 436 1751

2020 President Data

2020 Districting Data

GEOID District Dem Rep
40131000030_part1_30 1 78 316
40131000030_part2_44 2 436 1751

GEOID Dist 2010 Dist 2020 Party Votes
40131000030_part1_1 1 n.a. Dem 3
40131000030 _part1_1 1 n.a. Rep 11

Melt 511
40131000030_part2 73 2 n-a. Dem

I:> 40131000030_part2_ 73 2 n.a. Rep 2056
40131000030_part1 30  n.a. Dem 78
40131000030_part1 30  n.a. Rep 316
40131000030_part2_44  n.a. 5 Dem 436
40131000030_part2_44  n.a. 2 Rep 1751



Aggregate Pattern Calculation

Drop n.a. by column Dist_2010, then sum

GEOID Dist_2010 Dist_2020 Party Votes

40131000030_part1_1
40131000030_parti1_1

40131000030_part2_73
40131000030_part2_73

40131000030_part1_30
40131000030_part1_30

40131000030_part2_44
40131000030_part2_44

1
1

2

n.a.

n.a.

n.a.

n.a.

n.a. Dem 3
n.a. Rep 11
n.a. Dem 911
n.a. Rep 2056
Dem 78
Rep 316
, Dem 436
5 Rep 1751



