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Senate..A Democratic senator collapses..Paramedics called in..He
refuses to leave the Senate floor before the vote!

@ Republican senator uses parliamentary procedure..Insists the legal
description of all 148 districts be read into the record

@ Despite failing health, the Democratic senator stays (on the floor)
through the entire reading...his party wins the vote!

@ Redistricting: “One of the most conflictual forms of regular politics in
the US short of violence” — and often not short of violence

@ Is this any way to run a democracy? Our discipline ought to help.
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Required in many other jurisdictions
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A simple single compactness dimension that you know when you see

More Less
Compact Compact
@ The dimension is intuitive
@ How to estimate where a new district shape falls on this dimension?
@ Only a consensus measure can constrain advocates
e Dimension relative to geography; could generalize (e.g., population)
@ ~~ Let's start with existing measures by social scientists

5/27



-
Measure 1: Length/Width Ratio of Min Bounding Box

6/27



-
Measure 1: Length/Width Ratio of Min Bounding Box

Squarish districts more compact than long thin ones

6/27



|
Measure 1: Length/Width Ratio of Min Bounding Box

Squarish districts more compact than long thin ones

6/27



-
Measure 1: Length/Width Ratio of Min Bounding Box

Squarish districts more compact than long thin ones

6/27



-
Measure 1: Length/Width Ratio of Min Bounding Box

Squarish districts more compact than long thin ones

6/27



-
Measure 1: Length/Width Ratio of Min Bounding Box

Squarish districts more compact than long thin ones

In both districts: X/Y ~ 1.30

6/27



]
Measure 2: Reock, District / Bounding Circle Areas

7/27



]
Measure 2: Reock, District / Bounding Circle Areas

Circular districts are most compact

7/27



]
Measure 2: Reock, District / Bounding Circle Areas

Circular districts are most compact

7/27



]
Measure 2: Reock, District / Bounding Circle Areas

Circular districts are most compact

N
\\ ///

7/27



Measure 2: Reock, District / Bounding Circle Areas

Circular districts are most compact

7/27



Measure 2: Reock, District / Bounding Circle Areas

Circular districts are most compact

In both cases, X/(Y + X) ~ 0.37
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I I

In both cases, MAD(r)/7~ 0.31
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Human Perception: Not Rotationally Invariant

@ Existing measures of compactness:

o Nearly 100 proposed
o Almost all are rotationally invariant
e Blind to what humans perceive

@ Which is more compact?

@ ~~ Measuring “you know it when you see it": No rotational invariance
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Symmetric figures (circles, squares) are more compact
/| - -

In both cases, Overlap/Original Area ~ 0.34
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New Measure 2: Number of Visually Significant Corners

Computer vision algorithm identifies “objects” in photos
~ Fewer corners is more compact

Both districts have 21 significant corners
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Which is more compact? Depends on the standard!

Convex Hull 4 3 2 1
Reock 1 2 3 4
Polsby-Popper 4 1 2 3
Boyce-Clark 2 3 1 4
Length/Width 3 2 1 4
X-Axis Symmetry 1 4 3 2
Significant Corners 4 1 3 2

@ 7 measures; 7 unique rankings

@ Unusual? From 18,215 Congressional and State Legislative Districts,
we found 162 trillion others (about 0.15%)

@ Many more inconsistencies on individual districts
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@ (Recall) The concept of compactness
o Researchers: So complicated, numerous measures needed
e Law: So simple, no definition needed
@ Our Hypothesis: both are right
e The Theoretical Concept: multidimensional
o The Legal Concept: one dimensional
e Which dimension? The one we know when we see
@ How do we know if we find it?
e Public officials and many other types of people:

o Know it when they see it,
@ See the same dimension

o l.e., estimate the one dimension of legal interest; show it has:

@ high intercoder (and intracoder) reliability
o high predictive accuracy
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How to rank districts on the same dimension?
Paired Comparisons (Fechner 1860; Thurstone 1912) v Ranking (very old, rarely used)

Full Ranking — on line

MOST Compact Here

LEAST Compact Here

We show: very high reliability
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Paired Comparisons (Fechner 1860; Thurstone 1912) v Ranking (very old, rarely used)

@ Why Paired Comparisons is supposedly better
o Everyone does what they are good at:

o Respondents answer simple, concrete questions
@ Researchers reconstruct the scale

2
e Much easier: (20) = 190 pairs v 20! =~ 2 quintillion ranks

e Why Ranking is actually better (at least in our application)

e Humans use time-saving heuristics.
Would it take you 2 quintillion seconds to rank 20 districts?
e 190 paired comparisons is tedious and boring;
Ranking is more intellectually engaging
e Saves time: 1 task v 190 comparisons
e Paired Comparisons can be answered on different dimensions
Ranking: all evaluations on one dimension of user’s choice
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o Geometric: Perimeter, area, vertices, polygons, vertex variance, edge
length variance...
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@ Ensemble of predictive methods: least squares, AdaBoosted decision
trees, SVM, random forests...
@ Meaning of resulting measure:

e Polanyi's Paradox: we know more than we can tell
e Tell! squarish, with minimal arms, pockets, islands, or jagged edges
o (Not a description of any one existing measure)
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For more information

AaronRKaufman.com

GaryKing.org
4
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