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Racial fairness: Invented methods of ecological inference (for VRA)
Forecasting elections in new districts, for all sides
Public service: as consultants, expert witnesses, special masters
Measurable impact: in numerous legal cases, state laws

Political science disconnect from the real world: Compactness

Researchers: Assumed so complicated, numerous measures needed
Law: Assumed so simple, no definition needed!

Illinois Constitution: “Legislative Districts shall be compact”
Washington: “Each district shall be as compact as possible”
Iowa: “avoid drawing districts that are oddly shaped”
Supreme Court: “One need not use Justice Stewart’s classic definition
of obscenity—‘I know it when I see it’—. . . to recognize that
dramatically irregular shapes may have sufficient probative force to call
for an explanation”
Required in many other jurisdictions
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More
Compact

Less
Compact

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

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

Which is more compact?

 Measuring “you know it when you see it”: No rotational invariance
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Computer vision algorithm identifies “objects” in photos
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Both districts have 21 significant corners

13/26



Which is more compact?

14/26



Which is more compact? Depends on the standard!

14/26



Which is more compact? Depends on the standard!

Convex Hull 4 3 2 1

14/26



Which is more compact? Depends on the standard!

Convex Hull 4 3 2 1
Reock 1 2 3 4

14/26



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

14/26



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

14/26



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

14/26



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

14/26



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

14/26



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;

14/26



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

14/26



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?

14/26



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,

14/26



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%)

14/26
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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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Meaning of resulting measure:

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