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GeoDa

* GeoDa je otvoreny softvér na explorativnu analyzu priestorovych
udajov
* Exploratory Spatial Data Analysis ESDA
* ESDA je sucast Exploratory Data Analysis (EDA) o je jedna z Casti
datovej vedy pricom dava dbéraz na priestorovy aspekt spolocenskych,
ekonomickych a environmentalnych procesov
e Kldcovym atributom je preto umiestnenie, vzdialenost a interakcia

* Je vyvijany od roku 2003 v Center for Spatial Data Science na
University of Chicago pod vedenim Luc Anselin a sucasne ho pouziva
asi 360 tisic uzivatelov po celom svete, tak praktikov ako aj
vyskumnych timov (Harvard, MIT, a Cornell)



Platformy a datové formaty

* Point and click format (ale aj R rozhranie)

* Program bezi na viacerych platformach: Windows, MacOSX a Linux

(Ubuntu)

e Datové formaty:
* shapefile, geodatabase, GeoJSON, Maplinfo, GML, KML

» Konvertovanie koordinatov z tabulkovych suborov (.csv, .dbf, .xls, .ods)
» Konvertovanie medzi réznymi typmi suborov (csv do .dbf alebo shapefile

do GeoJSON)

Connect Close
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Detekcia extrémnych hodnot

Analyza vzorov

Korelacna analyza
Priestorové a nepriestorové klastre
Priestorova autokorelacia

Casové trendy

Modelovanie (regresie, priestorové

regresie)

Detect:

outliers

patterns

correlations

non-spatial

clusters

spatial

spatial auto
correlation

continuous variables
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ucovy koncept - linking and brushing

tselectedb

Jow
v Data Point

Project to Z-Y

Project to X-Z

Project to X-Y

MD for brushing

X: Mod_RENT (2002)

Y. KIDS (2002)
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llustrativny priklad

* Explorativna analyza kvality v skolstve na zaklade testovania deviatakov
(T9) v matematike

* Data 2014 - 20109:

 NUCEM: velkost triedy, pocet zdravotne znevyhodnenych, pocet zo znevyhodneného
socialneho prostredia, zndmka, Uspesnost MAT, percentil

* Register Skolskych zariadeni: vlastnictvo (Statna, cirkevna, sukromna), jazyk
(slovensky, iny), typ (ZS, ind)

e Data su v skutocnosti o kvalite deviatakov, nie o kvalite samotnych skol

* Geokodovanie dat:
* Na zaklade adresy skoly — QGIS

* Finalna vzorka 1448 skol (to je nahoda!)
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histogram, boxplot a mapa
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Hinge=1.5: uspes_15

Lower outlier (59) [10.200 : 30.050]
< 25% (280} [30.050 : 52.700]

25% - 50% (343) [52.700 : §1.300]
50% - 75% (353) [51.300: 67.800]
= 73% (332) [67.800 : 90.450]
Upper outlier (3} [20.450 : inf]
undefined (&)



Analyza distribucie — linking
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@ Table - MAT9_2014_19_FINAL

1251 580608 Z5

1253 580610 Z5, Skolska 3, Jasov
1254 580611 Z8

1259 580617 Z5 a gymnazium s VIM
1269 580627 Z5's VIM - Alapiskola
1297 580725 CZ5 5 VIM VOJANY
1299 580727 255 MS

1305 520809 755 MS

1308 580812 78

1310 580815 Spojend skola, Z5 s VIM a 505 s VIM
1318 580902 78

1330 581006 Z5 s MS

1348 581037 Z5 sv. Michala

1361 581113 Z8

1371 581125 Z8

1377 581137 Z8s MS

1 510101 Z8 s MS M.R.Stefanika
2 510102 Z8
3 510105 Z$
4 510106 Z5

<

|Brow=1378 #selected=59

skola nazov

O X

ulica_cisl obec
....... - ey
Durkov 192 Durkov
Skolsks 3 Jasov
Kecerovce 79 Kecerovce

Ceskoslovenskej armady 1 Moldava nad
Skolska ulica 301/12 Turha nad Bot

Elektrarenska 50 Vojany
Zbince 145 Zbince

Letna 14 Nizné Sland
Rejdova 43 Rejdovd
Kemenského 5 Roifava
Blatné Remety 98 Blatné Remety
Skolskd 16 Markusovce
Skolski 1 Spiéské Toma:
Skolska 58 Nizny Zipov
Ivana Krasku 342/1 Trebiov
Hlavna 75 Hréel
Grosslingova 48 Bratislava
Mudrofiova 83 Bratislava
Hiboka cesta 4 Bratislava
Jelenia 16 Bratislava
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Box plot var, uspes_19
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Unigue Values horiz cat var: vlastnicty, Box plot var: uspes_15
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yza distribucie — conditional plot

sikromna



Analyza zavislosti — scatter plot (+ LOWESS
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uzpes_ 14 uspes_14

#obe R*Z2 consta std-erra t-stata p-valuea =lopeb std-errb t-statb p-value b

1370 0286 2853% 1283 22379 0 0.566 0024 235978 0
0 0 0 0 0 0 0 0 0 0
1370 0286 28.53% 1253 22379 0 0.566 0.024 23978 0

Chow test for selunsel regression subsets: need two valid regressions
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uspes_14

consta std-erra tstata p-valuea =lopeb stderrb tstatb povalue b
28939 1293 22379 0 0.568 0024 235978 0
13.354 6667  2.003 0.050 0.947 0.303 3126 0.003
34566 1520 22745 0 0.471 0.027 17243 0

Chow test for zellunsel regression subsets: distrib=F(2 1374), ratio=21.7383, p-val=0.0000

vza zavislosti — scatter plot (brushing
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uspes_14
#obs R*2 consta std-erra t-stata p-valuea =slopeb stderrb t-statb p-valueb
1370 0296 23939 1293 22379 0 0568 0024 23973 0
414 0.000 85598 5807 11698 0 0.005 0.083 0.060 0.952
956 0.313 20215 1750 11.493 0 0764 0037 20847 0

Chow test for zellunsel regression subsets: distrib=F(2 1374}, ratio=35.0583, p-val=0



Analyza zavislosti - Scatter plot matrix
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Analyza zavislosti — conditional plot

Hinge=1.5: uspes (2018)

- Lower outlier (59} [10.800 : 30.050]

[ < 25% 280) [30.050 : 52 700]

|:| 25% - 50% (343) [52.700 : 61.300]
50% - 75% (353) [51.300 : 67.800]

[T - 75% (332) [57.800 : 90.450]

- Upper outlier (3) [90.450 :inf]

Bl undefined (3)




Analyza zavislosti - Conditional plot
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vza (porovnanie distribucie
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miin 5 58333 3.3000 10.8000 7.8000 10.8000
max 00 00.5128 &0 o5 7. 7000 §2.1000
Q1 455000 43,5208 44,3000 47 1500 45,7000 52.7000
median 53.8516 51.4634 522000 55.7000 ) G1.3000
Q3 61.5789 55 4444 59.1000 52 6500 83 £7.8000
IR 16.0789 15.9236 14,3000 15.5000 17.3000 15.1000
mean  53.0307 50.6719 50.9842 54,1302 53,4731 59,0624

z.4d. 1259814 13.0354 12,3791 13.1066 13.7264 13.5048



Casova analyza outlierov (averages chart

Variable: | yspes (2014-2019) v =
»
Groups:  Selected vs. Unselected v e
Difference-in-Means Test: . f,;:-___ — o
o :;u""-o——_—}_; -
Group 1: | selected « | Period 1: {2014 o -
2
Group 2: Unselected Period 2: 2014 w
Run Diff-in-Diff Test Save Dummy
w
@
[] Save Test Results § P L —
e — J— N
ey
Group Obs. Mean S.D. .
Selected 51 32.22 15.04 e
i
Unselected 1300 54.00 12.06
© |
Do Means Differ? (ANOVA)
D.F. 1349
F-val 156.79
p-val 0.000
o

2014 2015 2016 2017 2018 2019



Variable: uspes (2014-2019)

Groups: | Selected vs. Unselected
Difference-in-Means Test:

Group 1: | gelected + | Period 1: | 2914

Group 2 | ynselected ~  Period 2: | 2014

Run Diff-in-Diff Test Save Dummy
[[]Save Test Results
Group Obs. Mean S.D.
Selected 352 52.36 14.67
Unselected 999 53.47 12.17

Do Means Differ? (ANOVA)

D.F. 1349
F-val 1.93
p-val 0.166

63

60

57

uspes

51

48

2014

2015

2018

2017

2018

2019

Varable: uspes (2014-2019) bt

Groups: | Selected vs. Unselected vl

Difference-in-Means Test:

Group 1: | gelected
Group Z: | Unscelected | Peried 2: | 2p19 v
Run Diff-in-Diff Test Save Dummy
[[] Save Test Results
Group Obs. Mean S.D.
Selected 352 55.76 15.41
Unselected 999 60.59 11.95

Do Means Differ? (ANOVA)

D.F. 1349
F-val 36.24
p-val 0.000




Klastrova analyza (K means clusters

Method - Baatia Unigue VWalues: CL
- (- - el aLlD

Number of clusters: 4 1857
Initialization method: KMeans++ M zia
Initialization re-runs: 150 3(122)
Maximum iterations: 1000 - 4 (38}
Transformation: Standardize (2)

Distance function: Euclidean

Cluster centers:

| |jazyk _iny [N _195 luspes (2019) |pNSZP_19|

| == | ==m—— e | —=————e | m=—mm—— e R |
ICL10 118.4842|58.4374 11.39154 |
1C210 IS1.044 |€7.039¢€ 10.278081|
IC311 119.10€€|51.3959 13.11224 |
|IC410.155172 |13.2241|28.€379 158.39¢ |

The total sum of squares 5
Within-cluster sum of squares:
| |Within cluster S.S. |

IC21344.77
IC3|23¢€.

2 1
|C4]|343.40

The total within-cluster sum
The between-cluster sum

(n]
"
n

9
[
[T
"
m

The ratio of between to tota



Priestorove vahy

@ Weights Manager - O X

e || o | Remone|

MAT9_5neigh_inv
i MAT9_2014_19_dist11inv 1

|

Intersection Union | Make Symmetric [] mutual

I Weights Name l
|

Property Value
type | custom

symmetry | unknown

file | MAT9_2014_19_dist11inv.gwt

id variable | skola

# observations | 1378

min neighbors | 1

max neighbors | 77

mean neighbors | 18.06

median neighbors | 14.00

% non-zero | 1.31%

Histogram ‘ l Connectivity Map l l Connectivity Graph

TRNAVKA

Nové Mesto

BRATISLAVA

Ruzindv
StaréMesto
PAL "
Retrzalka
Stupava
Svaty Jur
Zahoyska
Bystrica
Devinska Nova o 55"
Vet
Dl
- Sahorin



Priestorova autokorelacia — Moranovo | a LISA

Moran's [ 0220

0.80 2.50 4.20

lagged uspes (2019}
-0.20

[ not significant (794)
Il Hish-High (298)
B Lov-Low (130)
T . . T T [ Low-High (32)
-430 -260 -0.590 0.80 2.50 420 [ High-Low (56)

uspes (2019) Bl undefined (8)




Priestorova autokorelacia — Differential LISA

KMoran's |. 0.068
I

lagged uspes (2019) - uspes (2014)

-7 -5 -3 -1 1 3 o
uspes (2019) - uspes (2014)




Regresia

SUMMARY OF OUTPUT: ORDINARY LEAST SQUARES ESTIMATION

Data set MATS 2014_1S FINAL
Dependent Variable :uspes (201S) Number of Observations: 1370
Mean dependent var : 59.0€24 Number of Variables = 8
S.D. dependent var : 13.5 Degrees of Freedom : 1362
R-squared = 0.487527 F-statistic = 185.1
Adjusted R-squared : 0.484893 Prob(F-statistic) - 0
Sum squared residual: 127955 Log likelihood = -50561.7
Sigma-square 53.54€l1 Akaike info criterion : 10115.4
S.E. of regression : $.€9258 Schwarz criterion = 101l€l.2
Sigma-square ML - $3.3578
S.E of regression ML: S.c€e424
Variable Coefficient Std.Exrror t-Statistic Probability
CONSTANT 38.1917 1.275¢€4 25.535%4 0.00000
N_15 0.101458 0.0151485 €.70001 0.00000
pNSZP_15 -0.404022 0.021279¢€ -18.958¢€3 0.00000
pNC_19% -0.0554534 0.1€95%52 -0.58¢€42¢ 0.557¢€9%
pNZZ_15 -0.0884405% 0.0214553 -4_113¢¢€ 0.00004
jazyk_iny -5.33256 0.51504¢ -5.827¢€4 0.00000
sukromna €.42404 2.12481 3.02335 0.00285
uspes (2014) 0.355372 0.021€e825% 18.2343 0.00000



Priestorova regresia

SUMMARY OF OUTPUT: SPATIAL LAG MODEL - MAXIMUM LIKELIHOOD ESTIMATION
Data set : MATS 2014_1S5S FINAL
Spatial Weight : MATS 2014_195 distllinv

Dependent Variable :uspes (2019) Number of Observations: 1370
Mean dependent var : 55.0€24 Number of Variables : S
S.D. dependent var : 13.5 Degrees of Freedom 13¢€l
Lag coeff. (Rho) : 0.257815
R-squared - 0.517180 Log likelihood -5017.0¢€
Sq. Correlation s - Akaike info criterion 10052.1
Sigma-square 87.9534 Schwarz criterion 1008S.1
S.E of regression $.38048
Variable Coefficient Std.Exrror z-value Probability
W _uspes (201 0.297815 0.0344023 8.€5€82 0.00000
CONSTANT 22.3344 2.20887 10.125 0.00000
N_1S 0.0555038 0.0l1l4ce2e €.786€22 0.00000
pNSZP_195 -0.37€€82 0.0209277 -17.9951 0.00000
pNC_15 -0.12554¢ 0.le42¢l -0.7910S5 0.428895
pNZZ_15 -0.103014 0.0208085 -4 _95031 0.00000
jazyk _iny -3.5083 0.504342 -3.87€07 0.00011
sukromna 5.62912 2.05782 2.73588 0.00e22
uspes (2014) 0.3€0711 0.0214154 l€.843¢ 0.00000




Zaver z ilustrativneho prikladu

* existuju vyznamné rozdiely v kvalite skol (ziakov), probléemom je najma
velky pocet extrémne nekvalitnych skol

* nekvalitné skoly su najma na juhu stredného a na vychodnom Slovensku

* tento problem je dlhodoby — najma menej kvalitné skoly ostavaju pozadu
dlhodobo a problém sa zvacsuje v Case

* nekvalita je spojena s vyssim podielom deti zo socialne znevyhodneného
prostredia, zdravotne znevyhodneni, s inym jazykom, a statna mensou
velkostou trled na vychodnom Slovensku

* |dentifikovali sme skoly, ktoré maju nizku UspesSnost v MAT sU malé a maju
velky podiel NZSP

* ldentifikovali sme regiony kde su koncentrované dobre a zle skoly a regiony,
kde sa situacia zhorsuje a zlepsuje



Dakujem za pozornost



