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SEE
WHAT
OTHERS
CAN'T



Subjectivity
of Maps




The map as data

High Pr|or|ty 211 Calls in Baltlmore
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The map as data

High Priority 911

Calls in Baltimore
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Where are the hot spots? Where is the variation greater?



The map as data

High Priority 911 Calls in Baltimore

Where are the hot spots? Where is the variation greater?



The subjectivity of visual pattern analysis

Natural Breaks Quantile

AALTIMUN | SRR -

B =973.328661

[0 <2627.987385 [~ /575 Vgm0 | /< ] £389.331464
[] =4963.976172 [] =875.995795
[ <8857.290816 | <2043.990188
Bl <24810.820859 | . 7| M <24819.880859

Where are the hot spots? Where is the variation greater?



Minimizing the subjectivity

Turning the map into information
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Inferential
Statistics
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RANDOMNESS .



s there a PATTERN?
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Z-scores
p-values



z-scores and p-values

random

90% 90%

99% 99%

z-scores ...-.2.58 -1.96 -1.65
p-value ...0.01 0.05 0.10

1.65 1.96 2.58...
0.10 0.05 0.01...
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1.65 1.96 2.58...

..-2.58 -1.96 -1.65

...0.01

z-scores
p-values

0.10 0.05 0.01...

0

0.05 0.10



Minimizing the subjectivity

Turning the map into information
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"...everything is related to
everything else, but near
things are more related
than distant things.”



Hot Spot Analysis

given a set of weighted features, identifies
statistically significant hot spots and cold
spots using the Getis-Ord Gi* statistic



Polygons
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Neighborhood






is this )

significantly
different from

"~ this?







if significantly
higher...

feature is
marked as a
hot spot!
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Hot Spot - 90% Confidence
Hot Spot - 95% Confidence
- Hot Spot - 99% Confidence
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- Cold Spot - 99% Confidence
- Cold Spot - 95% Confidence
Cold Spot - 20% Confidence

Not Significant

Hot Spot - 90% Confidence
- Hot Spot - 95% Confidence
- Hot Spot - 99% Confidence




...how do we know if it's
SIGNIFICANTLY

different???






Getis-Ord Gi*
Statistic
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"Where are "Where are
the Hot [JREEERESNN] the highest

SpOtS?" the same as ValueS?"




How are
neighborhood
sizes determined?



Fixed Distance Band




Fixed Distance Band




Fixed Distance Band
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Fixed Distance Band




Fixed Distance Band




Fixed Distance Band
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Z-Score

W

Spatial Autocorrelation by Distance
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Z-Score

Spatial Autocorrelation by Distance
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180



Z-Score

Spatial Autocorrelation by Distance

Fixed Distance Band
= /0.3 meters

60 80 100 120 140 160 180
Distance (meters)












dispersed



clustered



Contiguity Edges




CO ntig Uity Rook’s Case




CO ntiQUity Edges/Corners




CO ntiQUity Queen’s Case




K Nearest Neighbors




K Nearest Neighbors
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K Nearest Neighbors



Network Spatial Weights




Network Spatial Welghts







Cluster and Outlier
Analysis

given a set of weighted features, identifies
statistically significant hot spots, cold spots,

and spatial outliers using the Anselin Local
Moran's | statistic






is the neighborhood
significantly different from
all other neighborhoods?




is the neighborhood
significantly different from
all other neighborhoods?

is the feature significantly
different from all other
features?






feature is higher than
other features,
neighborhood is higher
than other

H H neighborhoods




feature is higher than
other features,
neighborhood is higher
than other

H H neighborhoods

feature is lower than I I
other features,

neighborhood is lower
than other
neighborhoods



feature is higher than feature is higher than

other features, other features,
neighborhood is lower neighborhood is higher
than other than other

neighborhoods H L H H neighborhoods

feature is lower than I I
other features,

neighborhood is lower
than other
neighborhoods



feature is higher than feature is higher than

other features, other features,
neighborhood is lower neighborhood is higher
than other than other

neighborhoods H L H H neighborhoods

feature is lower than I I L H feature is lower than
other features, other features,

neighborhood is lower neighborhood is higher
than other than other
neighborhoods neighborhoods



Cluster and Outlier Analysis
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Space Time
Pattern Mining

Defining neighbors in space and time
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THE
SCIENCE
OF
WHERE
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