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Motivation and History
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vision

to provide a software tool that facilitates the
exploration and analysis of geospatial data as a
transition from simple description and
visualization to structured exploration and
formal modeling

no GIS needed, but compatible with GIS data
structures
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Abstract

This essay assesses the evolution of the way in which spatial data analytical methods
have been incorporated into software tools over the past two decades. It is part
retrospective and prospective, going beyond a historical review to outline some
ideas about important factors that drove the software development, such as
methodological advances, the open source movement and the advent of the Internet
and cyberinfrastructure. The review highlights activities carried out by the author
and his collaborators and uses SpaceStat, GeoDa, PySAL, and recent spatial analytical
web services developed at the ASU GeoDa Center as illustrative examples. It
outlines a vision for a spatial econometrics workbench as an example of the
incorporation of spatial analytical functionality in a cyberGlIS.

Keywords
spatial analysis, methods, spatial statistics and spatial econometrics, geographic
information science, modeling in GIS

Anselin (2012)
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brief history

antecedents
SpaceStat (1992), DynESDA (1998)

legacy GeoDa (2003)

Windows XP only, built on ESRI MapObjects
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open GeoDa

open source and cross-platform

hosted on Github

native look and feel on each OS

exploits many open source libraries

WxWidgets, Boost, GDAL, etc.
first release Version 1.0in 2011, 1.8 in 2016

close to 200,000 users worldwide
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GeoDa on Github

GeoDa (TM): Software providing an introduction to spatial data analysis.

View on GitHub Download .zip Download .tar.gz

geodacenter.github.io
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Windows 7/8/10
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GeoDa for Windows
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Mac OSX Yosemite

@ GeoDa File Edit Tools Table
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GeoDa for Mac OSX
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Ubuntu 14.04

GeoDa File Edit Tools Table Map Explore

Space Time Regression Options Help

Standard Deviation: RD60

Standard Deviation: RD6(
<-2(2)
-2--1(523)
-1--2.53e-12 (1204
-2.53e-12-1(789)

[ 1-2462)

W >:2005

Gulf of Mexico

Havana

GeoDa for Linux (Ubuntu)
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Functionality
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GeoDa

File

Edit

Tools

Table

Map Explore Space

the GeoDa Menu

the GeoDa toolbar
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GeoDa Update Dialog

A newer version of GeoDa is found. Do you want to update to version 1.8.6?

Check what's new in this update.

Cancel Skip Update

automatic updates
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() About GeoDa

L2

Copyright (C) 2011-2016 by Luc Anselin
All Rights Reserved

GeoDa 1.8.6 (beta), 6 May 2016

Enable Testing Mode

OK Check Updates
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distinctive features
multiple views on the data

dynamic linking and brushing

observations selected in one view are immediately
selected in all views

assessing spatial heterogeneity

structural breaks across space

space-time exploration
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data entry

supports multiple file formats
GDAL/OGR

data base connections
PostGIS, Oracle

web feature service (WFS)
CartoDB data sets

“Export” serves as file format converter
project file
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data manipulation

erz'aljwm O |5 |l #¥ % 550 @ VW 1D Bl B O K

table functionality

join different tables (dbf, csv)
new variable creation and transformation

queries/selection of observations

export selected observations

edit variable properties
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weights manager

o B w?O'I % iz le

create spatial weights

i
.

contiguity based, distance based
load spatial weights from external files
weights summary
connectivity histogram

Interactive connectivity map
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mapping and geovisualization

choropleth maps

rate maps and rate smoothing
cartogram

map movie

interactive custom break editor
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exploratory data analysis (EDA)

histogram

box plot

scatter plot (with lowess smoothing)
scatter plot matrix

bubble chart

3-D scatter plot

parallel coordinate plot (PCP)

conditional plot (map, histogram, scatter plot)
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spatial autocorrelation analysis

global spatial autocorrelation

Moran scatterplot, univariate and differential
(space-time)

spatial correlogram

local spatial autocorrelation

univariate and differential local Moran cluster
map

local G cluster map
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space-time analysis

time manager
time editor
time player
grouping variables
creating space-time variables
animations
averages tool

structural breaks, treatment effects, DID
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spatial regression

OLS regression with spatial diagnostics

tests for spatial effects
ML estimation of spatial lag model
ML estimation of spatial error model

residuals and predicted value maps
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What is new in |.8
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new features
automatic updates
CartoDB data connection
project files
background layers for maps
lowess scatter plot smoother
scatter plot matrix
spatial weights connectivity map
non-parametric spatial autocorrelation
differential (space-time) spatial autocorrelation
averages tool

pooled space-time regression/weights

Copyright © 2016 by Luc Anselin, All Rights Reserved



improved features
time manager
space-time analysis
table editor
variable properties editor

category editor
animation

many under-the-hood improvements
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Sample Data Sets
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75 Nepal districts
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Nepal districts
n=175
most data for 2013
cross-sectional only

socio-economic characteristics

open Nepal data: data.opennepal.net

variables

deprivation index, poverty index, per capital income,
malnourished kids, life expectancy, percentage
without safe water

Copyright © 2016 by Luc Anselin, All Rights Reserved



55 NYC sub-boroughs
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NYC Sub-Boroughs
n=>55
three time periods: 2002, 2005, 2008

socio-economic characteristics

Furman Center: furmancenter.org

variables

household size, percent kids, median rent, rent
burden, percent renter, percent owner, percent no
high school, unemployed, ethnicity, years in
neighborhood, percent foreign
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3085 US counties
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US Counties
n = 3085
four time periods: 1960, 1970, 1980, 1990

homicides and socio-economic characteristics

geodacenter.asu.edu sample data sets

variables

homicide rate, resource deprivation index,
unemployment rate, population component index,
divorce rate, median age, families below poverty,
Gini index, female headed households
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data input
creating spatial data sets

data cleanup

creating/transforming variables

selection
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Data Input

Copyright © 2016 by Luc Anselin, All Rights Reserved

Qo

(-]



@ C Connect to Data Source

File Database Web Service CartoDB

Input file ESRI Shapefile (*.shp)

ESRI File Geodatabase (*.gdb)
GeoJSON (*.geojson;*json)
SQLite/SpatiaLite (*.sqlite)
Geography Markup Language (*.gml)

|
|
|
i‘ ‘ : Keyhole Markup Language (*.kml)
|
|

Maplnfo (*.tab;* mif;*.mid)

g g dBase Database File (*.dbf)

Comma Separated Value (*.csv)

MS Excel (*.xls)

Open Document Spreadsheet (*.ods)
Data Source Overview/Help: https://geodacenter.asu.edu/geoda/formats, ~ GeoDa Project File (*.gda)

Connect Close

load different file types
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Connect to Data Source

File Web Service  CartoDB

Database Type v PostgreSQL/PostGIS Database

Oracle Spatial Database
Database Host MySQL Spatial Database
Database Port 5432

Database/Instance Name s |
User name luc

Password eecccccee

Connect Close

connect to a spatial data base
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Connect to Data Source

File Database Web Service CartoDB

User Name _

App Key 7 SRR Bed 228

Get a free CartoDB account: https://www.cartodb.com/

Connect Close

connect to CartoDB data bases
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Creating Spatial Data Sets

Copyright © 2016 by Luc Anselin, All Rights Reserved



0 @® New Map Coordinates
First Variable (X/Longitude) Second Variable (Y/Latitude)

HUMDAMT HUMDAMT
INDDAMT INDDAMT
5 MULTDAMT MULTDAMT
Table Map Explore Space Tin SOCDAMT SOCDAMT
Weights Manager TOURDAMT TOURDAMT
> Points from Table TRANDAMT TRANDAMT
Create Grid WATDAMT WATDAMT
TOTDAMT TOTDAMT
XCNTRD XCNTRD
YCNTRD
OK Cancel

creating a point layer from x,y coordinates
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Change Current Map Type
Save Categories

Rates
Save Rates

Shape Centers

Thiessen Polygons

Selection Shape
Color
v Show Status Bar

Save Selection
Copy Image To Clipboard
Save Image As

>

v

V A4

vy

Display Thiessen Polygons
Save Thiessen Polygons

Thiessen polygons from points
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Data Cleanup
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14753 182
15590 19,63
23894 340

HLTHSOCWK

193
182
119,63
340
451

132 14753 182

4619 1155901963

378 23894 340

edit values in table
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Variable Calculation | =

Add Variable | GNI integer
. Delete Variable(s) | HLTHSOCWK | string |
. Rename Variable "GNI" ‘ HOTELREST integer

HLTHSOCWK  strinjsd

HOTELREST real |

MANUF inte... |
MINQUAR date | HLTHSOCWK
otHsvce NN 193
182
GNI integer 1963
HLTHSOCWK integer 340
HOTELREST integer 451

changing the variable type

Copyright © 2016 by Luc Anselin, All Rights Reserved
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Creating/Transforming Variables
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1
2
3
4
5

BOYRATIO

0.116546
0.067674
0.082438
0.076907
0.055722

Result Add Variable

BOYRATIO

Variable Calculation

Add Variable

Delete Variable(s)

Rename Variable "POPULATION"
Edit Variable Properties

Variable Calculation

Special Univariate Spatial Lag

Rates

Variable / Constant Operator

_  BOYG1S5 DIVIDE

Variable / Constant

'POPULATION

A
v

BOYRATIO = BOYG1_5 / POPULATION

Apply Close

variable calculation
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Selection
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Selection Tool

Invert Selection

Clear Selection

Save Selection

Move Selected to Top

Selection Tool
Selection
© New Selection Select From Current Selection ~~ Append To Current Selection
Selection Variable POVINDEX Time <
Select All In Range | 33.8 ‘ <= POVINDEX =
Select All Undefined = POVINDEX

Invert Selection

o)

Add Neighbors To Selection Weights

Clear Selection

Assign Values to Currently Selected / Unselected

Add Variable

<>

Time

Unselected = ¢

Target Variable

Selected = 1

selection tool
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[ NON ) Table - Nepal_Districts2

J DEPECPROV POVINDEX PCINC PCINCPPP PCINCMP MALKIDS
9 23.340000 19.180000 1172 1894 84715 16.200!
10 24.710000 35.660000 672 1086 48586 37.100!
1 28.570000 42.240000 941 15620 67973 45.000!
12 ho 32.930000 38.030000 687 1110 49657 46.600!
13 27.740000 41.720000 580 938 41951 43.600!
14 33.070000 35.700000 571 922 41256 44.000!
15 26.590000 44.750000 421 681 30436 43.600!
16 ) 32.400000 36.350000 588 951 42524 44.400!
17 24.360000 43.860000 501 809 36177 37.700!
18 35.910000 37.950000 509 822 36767 36.300!
19 21.780000 40.090000 916 1480 66175 39.600!
20 r 23.320000 28.440000 873 1410 63079 25.100!
21 20.910000 36.370000 757 1223 54706 37.200
22 22.290000 46.430000 468 757 33840 39.700
23 28.880000 24.800000 951 15637 68748 42.000!

Map - Nepal_Districts2

)

#selected=35

selection in table and map - linking
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Change Current Map Type >
Save Categories

v

Rates
Save Rates

Shape Centers
Thiessen Polygons

Selection Shape Rectangle
Color v Circle
v Show Status Bar Line

VRA V V

Save Selection
Copy Image To Clipboard
Save Image As

T

selection by shape
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=W Edit Tools Table M

New Project From >
New Project 3N
| Open Project 30

Save Project

Save

Save As
Save Selected As

Project Information

Close Project

save selected observations as new layer

Copyright © 2016 by Luc Anselin, All Rights Reserved
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Geovisualization
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maps
linking and brushing
cartogram and map movie

category editor
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Maps
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(@0 @ Hinge=1.5: LIF40

RS QRQeH e
m Explore Space Time Regression O

Themeless Map ricts2 Hinge=1.5: LIF40
Quantile Map >
Percentile Map

Lower outlier (2) [3.31 : 4.23]
<25% (17) [4.23 :7.11]
25% - 50% (17) [7.11 :8.14]

Hinge=1.5

Standard Deviation Map Hinge=3.0

Unique Values Map 50% - 75% (20) [8.14 :9.02)
Natural Breaks Map > o -
Equal Intervals Map > >75% (13) [9.02:: 11.9] °

Upper outlier (6) [11.9 :inf]
Rates-Calculated Map >

Conditional Plot Map
Cartogram

Map Movie

hover obs 9

map menu - box map
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® (' @ BoxPlot (Hinge=1.5): LIF40

=}
o -
- s}
- H K ) Hinge=1.5: LIF40
@ o
a 3 T @ A & 32
i Hinge=1.5: LIF40
§L o [ Lower outlier (2) [3.31 : 4.23]
m
= [ <25%(17) [4.23 : 7.11]
o | [] 25%-50% (17) [7.11:8.14]
= [] 50% - 75% (20) [8.14 :9.02]
5 [] >75% (13) [9.02:11.9]
5 ] [ Upper outlier (6) [11.9 : inf]
o
o o
S
LIF40
min 3
max 14.48
Q1 7.105
median 8.14
Q3 9.02 #selected=6
IQR 1.915 :
mean 8.277
s.d. 2175
| #selected=6

box map principle
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Rates
Save Rates

Shape Centers
Thiessen Polygons

Selection Shape
Color
v Show Status Bar

Save Selection
Copy Image To Clipboard
Save Image As

Change Current Map Type | 2
Save Categories

>

vy VYV

Themeless

Quantile >
Percentile

Box Map | 2

Standard Deviation
Unique Values

Natural Breaks >

Equal Intervals | 2

B

Create New Custom

Natural Breaks: LIF40

L

A WN

o1

= © 00 N

Natural Breaks: LIF40
[] [8.31:6.11](9)
[] [6.23:7.55] (19)
[] [7.61:8.71(23)
[] [8.74:9.65] (12)
[ [(10.8:12](8)
Bl [12.8:14.5] (4)

hover obs 9

natural breaks map
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Clean Basemap Cache
Change Map Transparency

No Basemap

CartoDB Light

CartoDB Dark

CartoDB Light (No Labels)
CartoDB Dark (No Labels)
Nokia Day

Nokia Night

Nokia Hybrid

Nokia Satellite

Basemap Configuration

|

Hinge=1.5: LIF40

BO000ON

Lower outlier (2) [3.31 :4.23]
<25% (17) [4.23:7.11]
25% - 50% (17) [7.11 :8.14]
50% - 75% (20) [8.14 :9.02]
>75% (13) [9.02:11.9]
Upper outlier (6) [11.9 :inf]

o Cina POPS10
.Su-Mu-na v .7
Lin-Ka-
.Kuo-Ko
\ND .Shuo
T'e-la-
To-Mu,
Nyugku
“Kyerdo
Id i s Pa-Lu-te- -5383 tai
Hawani Ko-Su-Mu Lung _Lulu La-Kuo
.Orma iy Tingri.
__.Mainpu
Kaimar

) Ko-Ya-

oail'ly .Ta-Ko
salpur | Gokaran A
.Nath ™ verest
B844m]
.Shahjahanpur
Jalalabad»@ aa\ ‘
anj 173 - Sitapur 3‘ '.Bahraich
AR PRADESH ‘-..‘I Biswan ( .Balr:!urv::.:la
iy Sandla ™)) Fatep " .Gonda “Bansi )
<y T N o . N f 1
Kannau  Lucknow, (55 S RSt~
! i - . e “Fai ~Da - \ M
@ et B Tomkni e,
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f"lyj _7_.A-\“._I(<Hl‘a'npur @ J .Akbarpur‘ _ Chaura - |
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Kalpi | \ v
g [Ghatampur, __, Gohna, o

\

basemap
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Zoom in
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Linking and Brushing
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Space Time F PAVANL
Histogram / L4 (@
Box Plot Scatter Plot

Scatter Plot

Scatter Plot Matrix

Bubble Chart | NON ) Scatter Plot - x: PCINC, y: LIF40
3D Scatter Plot
Parallel Coordinate Plot
Averages Chart o o
Conditional Plot > = o
o
"’:! ’ o o : :
[n] o [n]
o
S A
o - o
E ]
3

2 o
(=)
<
od L L] L] | |
100.0 500.0 900.0 1300.0 1700.0 2100.0
PCINC

#obs R"2 consta std-erra t-stata p-valuea slopeb std-errb t-statb p-valueb

75 0.0366 9.29 0658 141 0 -0.00152 0.000911 -1.67 0.0999

0 0 0 0 0 0 0 0 0 0

75 0.0366 9.29 0.658 141 0 -0.00152 0.000911 -1.67 0.0999

scatter plot
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‘®e0e@ Scatter Plot - x: PCINC, y: LIF40

Selection Shape »
) Data »
T Smoother Sl v Show Linear Smoother
View > Show LOWESS Smoother
o Color > Edit LOWESS Parameters .
~
Save Selection r .
o Copy Image To Clipboard . <_/I . Scatter Plot - x: PC'NC, y: LIF40
e Save Image As
g oo
5 e’
o o
o

6.0
o

14.0
)|
o

4.0

0
12.0
L
o
a

M00.0 500.0 900.0 13000 17000 2100.0 00 O

10.0

LIF40

8.0

6.0

4.0

n% 00.0 500.0 900.0 1300.0 1700.0 2100.0
PCINC

lowess smoother
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® ( @ LOWESS Smoother...

Bandwidth: 0.40
o ° H
= o Iterations: 5
D° Delta Factor: 0.0200
o
o - Help  Reset  Apply i

LIF40
10.0

8.0

6.0

4.0

0

n% 00.0 500.0 900.0 1300.0 1700.0 2100.0
PCINC

customize lowess bandwidth
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Hinge=1.5: LIF40 @ Scatter Plot - x: PCINC, y: LIF40
- -~
k S| | Q Q 425 :: | s

Hinge=1.5: LIF40

I Lower outlier (2) [3.31 : 4.23] 2 )
<25% (17) [4.23:7.11] B o
[] 25%-50% (17) [7.11:8.14] " °
[] 50%-75% (20) [8.14:9.02] Sy . ° ¢
[ >75% (13) [9.02: 11.9] . o .
I Upper outlier (6) [11.9 :inf] Q - =
= ?‘/ Y g
o 4 k-
w
o
’#selected=1 hover obs 67 =
[ BON ] Table - Nepal_Districts2
ﬂTYPE_3 ENGTYPE_3  DISTRICT DEPECPROV POVINDEX PCINC PCIN
67 ~ Jilla District Manang 28.560000 25.520000 1959
1 Jila  District  Baglung 27.010000 27.330000 354 . . . . .
2 Jilla District Mustang 31.510000 31.160000 1189 100.0 500.0 900.0 1300.0 1700.0 2100.0
3 Jilla District Myagdi 30.030000 28.540000 636 PCINC
4 Jilla District Parbat 21.840000 24.620000 627 #obs R"2 consta std-erra t-stata p-valuea slopeb std-errb t-statb p-valueb
5 KJila  District  Bhaktapur 22.580000 19.430000 854 7]5 0'0356 9‘59 0‘%58 “3’ g ‘0‘08‘52 0-0039“ "567 0-0399
6 Jila  District  Dhading 20.850000 33.380000 607 74 0137 105 0703 149 0  -0.00344 000102 -3.38 0.00118

effect of outlier - linking
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[ NON ) Scatter Plot - x: PCINC, y: LIF40

| NON ) Hinge=1.5: LIF40
- o o
L SRR O G © W 4 o = .
(=]
(=)
q (=) o
Lower outlier (2) [3.31 : 4.23] = 00 ©
<25% (17) [4.23 :7.11] o ° o
=}
=

50% - 75% (20) [8.14:9.02]
>75% (13) [9.02:11.9]
Upper outlier (6) [11.9 :inf]

LIF40

|
=
[] 25%-50% (17) [7.11:8.14]
]
(|
[ |

8.0

6.0

Sr. . o
=]
#selected=36
(=}
o T T T T T
100.0 500.0 900.0 1300.0 1700.0 2100.0
PCINC
#obs R"2 consta std-erra t-stata p-valuea slopeb std-errb t-statb p-valueb
75 00366 929 0658 141 0 -0.00152 0.000911 -1.67 0.0999
36 00345 105 1.2 876 3.1e-10 -0.00227 0.00206 -1.1 0.278

39 000897 6.95 0.751 9.25 3.6%e-11 0.000525 0.000907 0.579 0.566
Chow test for sel/unsel regression subsets: distrib=F(2,71), ratio=8.306, p-val=0.0005735

test for structural stability
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12.0

10.0

LIF40

8.0

6.0

2 o
o
)
o T T T T T
100.0 500.0 800.0 1300.0 1700.0 21000
PCINC

#iobs R"2 consta std-era tstata p-valuea slopeb std-emb tstatb p-valueb
75 0.0366 929 0.658 141 0 -0.00152 0.000911 -1.67 0.0999
24 00299 111 16 6.95 5.64e-07 -0.00259 0.00315 -0.823 0419
51 0.00461 7.2 0.778 9.26 2.46e-12 0.000462 0.000969 0.476 0.636

Chow test for sel/unsel regression subsets: distrib=F(2,71), ratio=10.05, p-val=0.000144

140
L
o

LIF40
100
o

8.0

6.0

S o
o

o

o T T T T T
100.0 500.0 900.0 1300.0 1700.0 21000

PCINC

#obs R"2  consta std-erra t-stata p-valuea slopeb std-erb tstatb p-valueb

75 0.0366 9.29 0.658 141 0 -0.00152 0.000911 -1.67 0.0999

27 0.000987 7.83 117 6.69 5.2e-07 -0.000212 0.00135 -0.157 0.876
48 0077 104 0966 10.8 3.24e-14 -0.00303 0.00155 -1.96 0.0562

Chow test for sel/unsel regression subsets: distrib=F(2,71), ratio=1.875, p-val=0.1609

LIF40
100 120
L
o
o

8.0

6.0

4.0

o
T T T T T
N100,0 500.0 900.0 1300.0 1700.0 21000
PCINC
#obs R"2 consta std-era t-stata pvaluea slopeb std-erb tstatb p-valueb
75 0.0366 9.29 0.658 141 0 -0.00152 0.000911 -1.67 0.0999
30 0.0802 8.68 0.879 9.88 1.27e-10 -0.00177 0.00113 -1.56 0.129
45 0.00553 9.26 0.862 10.7 9.46e-14 -0.000617 0.00126 -0.489 0.627

Chow test for sel/iunsel regression subsets: distrib=F(2,71), ratio=4.076, p-val=0.02109
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Cartogram and Map Movie
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o000 Cartogram - size: LIF40, Hinge=1.5: LIF40

&Elh&i ﬂ. i!]!ﬂﬂ! A —

Hinge=1.5: LIF40

[ Lower outlier (2) [3.31:4.23]

m Explore  Space Time [ <25% (17) [4.23:7.11]

Themeless Map |:] 25% - 50% (17) [7.11 : 8.14]

Quantile Map > [] 50% - 75% (20) [8.14 :9.02]

Percentile Map [ >75% (13) [9.02: 11.9]

Box Map > . s

Standard Deviation Map - Upper outlier (6) [11.9 : inf]

Unique Values Map

Natural Breaks Map >

Equal Intervals Map > °

Rates-Calculated Map >

Conditional Plot Map

Cartogram

Map Movie

cartogram
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>

- Map Movie I

Animation

Variable LIF40

o)

observation: value:
min: 3.31 max: 14.5
Loop = Reverse << > >> Speed =
Cumulative © Ascending order | ' Descending order

animation - map movie
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[ XOXO) Animation

Variable LIF40 a

observation: 5 value: 3.31
min:  3.31 max: 14.5
Loop | Reverse << > >> Speed ==
Cumulative o Ascending order () Descending order
o [u]
ol o
[u]
o
Qe
o o o
- a® o

LIF40

|
\

(=]
(=]
3 - o
o
=
o L L L L L]
100.0 500.0 900.0 1300.0 1700.0 2100.0

PCINC

animation - one observation
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[ NOXO) Animation

Variable LIF40

(o]

observation: 8 value: 6.23
min: 3.31 max: 14.5
Loop | |Reverse << > >> Speed ——
Cumulative © Ascending order ) Descending order

N1 00.0 500.0 900.0 1300.0 1700.0 2100.0
PCINC

animation - ten observations
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® OO Animation

Variable = LIF40
observation: 6 value: 7.68
min: 3.31 max: 14.5
Loop | |Reverse << > >> Speed ==
Cumulative © Ascending order () Descending order

q (=]
S o

[u]

[u]
Qo
o - o o
& 00 o

o ° o
Q
o -
~— [w}
)

LIF40

od T T T T T
100.0 500.0 900.0 1300.0 1700.0 2100.0
PCINC

animation - thirty observations
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Category Editor
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-+

I T
il 5%

Tools Table Map E

Category - Category Editor .
Category Editor
Create Custom Breaks
:
New
Assoc. Var. ID_O & o
o
Breaks Unique Values < -
Color Scheme diverging c
Categories 4 c
o
o -
[ ) () New Categories Title
New Custom Categories Title:
Edit Custom Breaks Custom Breaks 1|
v -
0 o
b
break 3: 0.743333
<
3]
S
(=]

0.25
0.5
0.75
987

category editor
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Create Custom Breaks

Custom Breaks 1
New Edit Title Delete

LIF40
Quantile
Color Scheme diverging
Categories 4

Assoc. Var.

Breaks

Save Categories to Table

Edit Custom Breaks
Automatic Labels

W< O break 1: 7.1
[7.1,8.14) break 2: 8.14
[8.14,9.03] break 3: 9.03

M -o03

Category Editor

Frequency

200

16.0

12.0

8.0

4.0

0.0

3.31

-
~ o
L]

3
(=2}

14.5

Create Custom Breaks

Custom Breaks 1
New  Edit Title Delete

LIF40
User Defined
Color Scheme sequential

Categories 4

Assoc. Var.

Breaks

Save Categories to Table

Edit Custom Breaks
Automatic Labels

<4 break 1: 4

14, 8) ) break 2: 8

[8, 12] © break 3: 12
. >12

Category Editor

category editor - setting break points
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Frequency

30.0

240

18.0

120

6.0

0.0

3.3

Qo

12

9
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Change Current Map Type > Themeless ]

Save Categories Quantile >
Percentile

Rates > Box Map >

Save Rates

Standard Deviation
Unique Values

Natural Breaks »
Equal Intervals >

Shape Centers
Thiessen Polygons

Selection Shape
Color
v Show Status Bar

Create New Custom

vVVy VY

Save Selection
Copy Image To Clipboard
Save Image As

Custom Breaks 1: LIF40

Custom Breaks 1: LIF40
B <41

[4, 8) (34)

] [8.12](34)

B >126)

.Paryang

Hsi-Erh-
\ND .Shuo |Chung
T'e-la-
Lung-Ko- N
To-Mu. Teng-Ssu -Lin-Ku
Nyugku 1]
apha . Chi-Ku-Mu “Kyerdo 4
O je Pa-Lu-te- -5382 vet. Zhaxigang  Xaito
lldwani. S Ko-Su-Mu Lung Lulung -Le-kuo -MNERTINE
Bk agdr, .Orma Tingri. .Lhaze
“Sitarg: .Mainpu aiOyeoc
i Kaimar
LPilibhit 3 s, _Chuphar
.Puranpur -Gyirong o
0. 0-Ya= .
3ill .Gyangkar -Din|
L7 fCongdu .Ta-Ko yangka
salpur
.Shahjahanpur
Jalalabad
anj Sitapur .Bahraich
‘Biswan Balrampur
AR PRADESH \ P

| Fateh “Utraula .
Sandila | e .Gonda ‘Bansi

Kannauj Lucknow, -
@ .Safipur ,l@ ,@ 2 ,Faizabad'BaSt'

Khajni, - Tamkuhi‘Raj, -«

raiya . Kanpur (%) L Akbarpur CC'F‘I::rr;
» Il ) Rae Bareli, Muhammadabad . " Ziradei,
ﬁ,Ka P! 'Ghatampur Gohna, ‘[

custom categories in map
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Histogram: LIF40 eo0e Histogram: LIF40

Frequency

15.0

10.0

5.0

0.0

oqara d
Choose Intervals
Display Statistics

v Show Axes

Color
v Show Status Bar

Save Selection

Save Image As

l 9

Copy Image To Clipboard

atio Create New Custom 8
o
. &
>
—_ go
o 27
g
o
w

12.0
L

6.0

<
=]

3.31

4.7 6.1 75

' ) . . 331 4 8 12 145
89 10.3 17 13.1 14.5 LIFd0

T
Tiop
&

bin: 3, range: [8, 12), #obs: 34, %tot: 45.3%, #sel: 0, sd from mean: O

histogram with custom breaks
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Multivariate EDA
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scatter plot matrix
parallel coordinate plot

conditional plots
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Scatter Plot Matrix
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Space Time F

Histogram

Box Plot

Scatter Plot 7 e .
® O @ Scatter Plot Matrix Variables Add/Remove |/ | [es8

Bubble Chart )

3D Scatter Plot Variables Include | RSl

Parallel Coordinate Plot D O PCINC

Averages Chart ID—1 LIF40

Conditional Plot | 2 D 2 NOSAFH20

ID_3
DEPECPROV
POVINDEX
PCINCPPP
PCINCMP >
MALKIDS
BOYG1_5
GIRLG1_5
SCHOOLCNT
AD_ILLIT
VOTNUM
AGFOR

A LA

<

Up Down Help

scatter plot matrix setup

Copyright © 2016 by Luc Anselin, All Rights Reserved

Q0



N XX ) Scatter Plot Matrix
o - -5.98* -241
o . .
o a a
E .
o a .
o o o@® - e o -
m e i
= o o oo £ h o
g ?‘f --nﬂ:ﬁwﬂg n‘I “ E?H: n; a@
'o_ - - _
27 0012
&
T o
58
q ) n I
?J
0.053*
o -,
3 -] -] -] -] :
8 -1 o : o o 9 a .
I P I .
e I & oo .
nl llu -n mu : -- Hn s
S " ' a m
100.0 1100.0 21000 -3.0 25.0 530 20 8.0 14.0
PCINC NOSAFH20 LIF40

scatter plot matrix - linear fit
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O
O
®

Scatter Plot Matrix

o -5.08* -24.1

o o o

= o a

o -
6 . LI a a o o
a

q -

=

=

Q -

@A

NOSAFH20
25.0

l )

S o

@M o

= ° a

'q_. : a -] -] -] :
o
S 2

o. -] a

o

100.0 1100.0 21000 -3.0 25.0 3.0 2.0 8.0 14.0
PCINC NOSAFH20 LIF40

scatter plot matrix with selection
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[ NON | Scatter Plot Matrix
o - -5.98° -24.1
o a o
O -] -]
o -
2
5 -
o
o
=]
E - - [
27 . 0012
&
L o
= 4
o‘ I
@
0.053*"
o1 . = -,
g : -] -] a -] :
g -1 o : o o % a .
[T Il. -'P! o @o F ° ) a o
= BN 1% :-"
n-f . | : nn L ) L
S ° H o
100.0 11000 21000 -3.0 25.0 53.0 2.0 8.0
PCINC NOSAFH20 LIF40

scatter plot matrix with lowess fit
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Geo

a

Parallel Coordinate Plot (PCP)
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Space Time K

Histogram

Box Plot

Scatter Plot
Scatter Plot Matrix
Bubble Chart

3D Scatter Plot

Parallel Coordinate Plot

Averages Chart
Conditional Plot

>

] | B4 L

- Parallel Coordinate Plot .

0 ®
Exclude

ID_O

ID_1

ID_2

ID_3
DEPECPROV
POVINDEX
PCINCPPP
PCINCMP
MALKIDS
POPULATION
BOYG1_5
GIRLG1_5
SCHOOLCNT

Parallel Coordinate Plot
Include

PCINC

LIF40

NOSAFH20
>>

<<

OK Close

pCp setup
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eo0e® Parallel Coordinate Plot: PCINC, ..., NOSAFH20

Themeless (301 P%':; -
- (79) meanb 668.2

s.d. 2742

CH U

7

Tl AN
..:fl’"fn,‘.f;’l"""‘ \\‘?I;“‘,?’
DR

/ ?‘

%\‘.' || 2
Wi

| % 'fn"‘

LIF40
[3.31, 14.48]
mean 8.277

s.d. 2.175

gD
g "."ﬁ_:,i* 0/ \
il %\\‘\

Wi

\
{/

NOSAFH20

[2.14, 48.12) ©

mean 19.83
s.d. 12.27

parallel coordinate plot
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O Parallel Coordinate Plot: PCINC, ..., NOSAFH20

Themeless PCINC o
[301, 1959]

i
D (75) mean 668.2 \\ 1

s.d. 274.2 \g

LIF40
[3.31, 14.48]
mean 8.277

s.d. 2175

.";»—-"”-

NOSAFH20
[2.14, 48.12]
mean 19.83
s.d. 12.27

#selected=30obs 54 = (643, 14.5, 35.2)

selected observations in pcp

e 345
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Conditional Plots
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Horizontal Cells

ID_1

ID_2

ID_3
DEPECPROV
POVINDEX
PCINC
PCINCPPP
PCINCMP
MALKIDS
LIF40

Conditional Scatter Plot Variables

Vertical Cells
POVINDEX
PCINC
PCINCPPP
PCINCMP
MALKIDS
LIF40
NOSAFH20
POPULATION
BOYG1_5
GIRLG1_5

OK

Independent Var (x-axis)
ID_3
DEPECPROV
POVINDEX
PCINC
PCINCPPP
PCINCMP
MALKIDS
LIF40
NOSAFH20
POPULATION

Cancel
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Dependent Var (y-axis)

PCINCMP
MALKIDS
LIF40
POPULATION
BOYG1_5
GIRLG1_5
SCHOOLCNT
AD_ILLIT
VOTNUM

conditional scatter plot setup




00

Cond. Scatter Plot - x: POVINDEX, y: LIF40, x (ind.): PCINC, y (dep.): NOSAFH20

Quantile vert cat var: LIF40, dep. var: NOSAFH20

B.66
53.0 3.0

7.29
53.0 3.0

53.0

250

250

- -0.00419 2 -0.0156 & 1 -0.0435°
o o % o
-1 - wn
o o
(=]
o o
o “ o
T T T T c? T T :\? T
00.0 1100.0 21000 '100.0 1100.0 21000 1 2100.0
- 0.0163 2 0.013 2
=] Q
-1 un wn
o0 o o
(=]
o o
T T 0 T T e} y
00.0 1100.0 21000 '100.0 1100.0 21000 1 2100.0
- 0.0169° @ - -0.0896 & - -0.0085
o o
[To By wn -
o o
|
\
o o
00.0 1100.0 21000 100.0 1100.0 21000 100.0 1100.0 2100.0
29 a8

Quantile horiz cat var: POVINDEX, ind. var: PCINC

conditional scatter plot
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| NON | Cond. Histogram - x: POVINDEX, y: PCINC, histogram: MALKIDS

© © ©
g g g
@ Lii} @
=3 o | =3
o o o
o o o
- I I m - m - n
o L | L] | v | | v O v | v | | LJ | L o L | v | v | |
g § 16 30 44 59 16 30 44 59 16 30 44 59
O MALKIDS MALKIDS MALKIDS
. ~ N
L) g g
g8 3 o s
5 8 g 8
s o . BN “ s . S o H .
:‘g o ] v | v | | o |} v | v | | L o ] v | v | v | b
8 § 16 30 44 59 16 30 44 59 16 30 44 59
MALKIDS MALKIDS MALKIDS
© © ©
B - B
@ @« @
o | o | o |
o o o
o Qo o
w . [T w
o o o
D v | v 1 v | | v D v | | v | | L | L D v | v 1 v | |
16 30 44 59 16 30 44 59 16 30 44 59
MALKIDS MALKIDS MALKIDS
29 38

Quantile horiz cat var: POVINDEX

conditional histogram
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Conditional Map - x: POVINDEX, y: PCINC, Hinge=1.5: MALKIDS

Hinge=1.5: MALKIDS

Lower outlier (0) [-inf: 10.8]
<25% (19) [10.8 : 34.8]

25% - 50% (18) [34.8 : 44]
50% - 75% (19) [44 :50.7]
>75% (19) [50.7 : 74.6]
Upper outlier (0) [74.6 : 65.7]

BO000ON

Quantile: PCINC

700

562

Y &

29
Quantile:

conditional map
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