Analyza kategorickych
promennych
- crosstabs



Vicerozmerna analyza

e Jednorozmeérna analyza prinasi informace o jednotlivych proménnych

* Cilem (nejen) statistiky je identifikovat vztahy mezi proménnymi za
ucelem lepsiho poznani reality

* Praktickym vyjadrenim této snahy je vicerozmérna analyza — souhrn
postupl, které zahrnuji vicero proménnych



Vicerozmerna analyza

* Jaky je vztah mezi vzdélanim a vyskou prijmu?

* Souvisi Cas odevzdani seminarni prace s jejim hodnocenim?

* Maji starsi lidé vyssi pravdépodobnost ucasti ve volbach nez mladi?

* LiSi se znamky studentu v zavislosti na tom, zda vyuka probiha osobné
anebo online?



Co je dllezité védét?
* Jaké postupy jsou vhodné pro jaka data

* Jaké jsou silné stranky a limity danych postupu
 Jak chapat a interpretovat zjisténi danych postupu

* VV Cem je rozdil mezi statistickou a vécnou vyznamnosti



Vztahy dvou promennych
* Podoba analyzy zavisi na typu proménnych

e Kontingencni tabulky (crosstabs):
* Dvé kategorické proménné — nominalni, ordinalni
* NizSi pocet kategorii v proménnych (podminka jsou minimalné dveé)

» Korelace (correlation):
e Dvé kardinalni proménné, kardinalni a ordinalni, dvé ordinalni
» Specificky pripad — kardinalni a dichotomicka proménna



Kontingencni tabulky

e Cross-tabulation, crosstabs

* \Vztah mezi dvéma kategorickymi proménnymi
* Nominalni, ordinalni

* Priklady:
* pohlavi X ucast ve volbach
 Socialni tfida X vzdélani



Priklad

* Souvislost mezi prezitim (0/1) a cestovni tfidou (1-3) mezi ucastniky
potopeni Titanicu



SPSS

* Analyze - Descriptive Statistics = Crosstabs
* Rows: PClass

e Columns: Survived



Pozorovane Cetnosti (Observed)

Pclass * Survived Crosstabulation
Count
Survived
0 1 Total

Pclass  1st a0 136 216

2nd 97 =N 184

ard A6H 114 487
Total 545 342 287




SPSS

* Analyze - Descriptive Statistics = Crosstabs

* Cells: Counts: observed, Percentages: rows



Pozorované cCetnosti (Observed) + radkova procenta
(Row)

Pclass * Survived Crosstabulation

survived
0 1 Total

Pclass  1st Count 20 136 216
% within Pclass

2nd Count 87 87 184

% within Pclass A2, 7% 47.3%

3rd Count 368 114 487

% within Pclass 5 6% 24 4%

Total Count 545 342 887

% within Pclass 61,4% 38,6% 100,0%

0

radkova procenta davaji soucet 100 % na konci radku



Sance

* Pojem dulezZity pozdéji pro logistickou regresi
* Pro kontingencni tabulky jen terminologicky problem
e Sance # pravdépodobnost!!!

e Sance = pomér pravdépodobnosti mezi tim, Ze jev nastane a nenastane
* Hod korunou: Sance, Zze padne orel je 1:1 (pravdépodobnost je 0,5)
* Hod kostkou: Sance, Ze padne Sestka je 1:5 (pravdépodobnost je 0,16)

* Sance na pfeziti v 1. tfidé je 63:37 (cca 1,7)
» Sance na preZiti ve 3. tfidé je 25:75 (cca 0,3)
e Sance na preziti v 1. tfidé je zhruba 6x vétsi nez ve 3.tfidé

. II;radvpl)épodobnost preziti v 1. tridé vyssi 2,5x (je vyssi o 40 procentnich
odU



SPSS

* Analyze - Descriptive Statistics = Crosstabs

e Cells: Counts: observed, Percentages: columns



Pozorované cCetnosti (Observed) + sloupcova procenta
(Column)

Pclass * Survived Crosstabulation

SUnvived
0 1 Total

Pclass  1st Count 20 136 216
% within Survived 39 8% 24 4%

2nd Count 87 a7 184

% within Survived 25 4% 20 7%

3rd Count 368 1149 487

% within Survived 34 8% a4 9%

Total Count 45

3
% within Survived 100,0% 100,0% 100,0%

42
sloupcova procenta davaji soucet 100 % vespod sloupce
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SPSS

* Analyze - Descriptive Statistics = Crosstabs

e Cells: Counts: observed, Percentages: columns, rows, total



Pclass * Survived Crosstabulation

sunvived
0 1 Total

Pclass  1st Count g0 136 216
% within Pclass 37,0% 63,0% 100,0%

% within Survived 14,7% 39,8% 24 4%

% of Total 9,0% 15,3% 24 4%

2nd Count a7 87 184

% within Pclass 2 7T% 47,3% 100,0%

% within Survived 17,8% 25 4% 20,7%

% of Total 10,9% 9,8% 20,7%

3rd Count 368 1149 487

% within Pclass 75,6% 24 4% 100,0%

% within Survived 67,5% 34,8% 54,9%

% of Total 41,5% 13,4% 54,9%

Total Count h45 342 887
% within Pclass 61,4% 38,6% 100,0%

% within Survived 100,0% 100,0% 100,0%

% of Total 61,4% 38,6% 100,0%

A\



Crosstab vek x preziti?

Age * Survived Crosstabulation

Survived
0 1 Total

Foe 1 Cournt 2 12 14
% within Age 14.3% 85, 7% 100,0%

2 Count 7 4 1"
% within Age 63,6% I6.4% 100,0%

3 Count 2 5 7
% within Age 286% T14% 100,0%

4 Count 3 g 1"
% within Age 273% T2T% 100,0%

5 Count 2 4 ]
% within Age 33.3% 66.7% 100.0%

] Court 1 2 3
% within Age 333% 66,7 % 100,0%

7 Count 3 2 5
% within Age G0,0°% 40 0% 100,0°%

8 Court 4 2 i3
% within Age 66,7% 333% 100.0%

] Court L2 2 g
% within Age 750% 250% 100,0%

10 Count 2 0 2
% within Age 100,0% 0.0% 100,0%
1 Count 3 1 4
% within Age 75.0% /oY% 100,0%

12 Count 1 1 2
% within Age 50.0% 50,0% 100,0%

13 Count 0 2 2
% within Age 0.0% 100,0% 100,0%

14 Cournt 4 3 T
% within Age 57,1% 4209% 100,0%

15 Count 2 4 ]
% within Age 33,3% 66,7% 100,0%

16 Count 13 7 20
% within Age G5.0% IB0E 100,0%

17 Court 10 6 16
% within Age 625% TSR 100.0%

18 Count 23 13 36
% within Age 639% 36,1% 100,0%

19 Count 12 1 33
T Y N . B 9 L 400 O



reseni

* Rekddovani veku do kategorii
e Vécny smysl hranic intervall (dospélost, diichodovy vék,....)
e Kvantily (rizné moznosti poctu kategorii)

* Transform -> recode into different variable
* [nput: age
* Output name: vek_kat, potom change
* Old and new values
* Range, lowest through values: 20 -> new value 1 -> Add
* Range 21 through 30 -> new value 2 -> Add
e Range 31 through 40 -> new value 3 -> Add
* Range, value through Highest: 41 -> new value 4 -> Add
e Continue, ok



Priklad C. 2:
e Jak spolu souvisi vzdélani s volebni ucasti?

e Data: reprezentativni vzorek



SPSS

* Soubor ESS9CZ — data z European Social Survey 2018

* Analyze - Descriptive Statistics = Crosstabs
* Rows: Vzdelani_4kat
* Columns: ucast
* Cells: Counts: observed



Existuje vztah mezi vzdelanim a volebni ucasti?

Vzdelani_4kat ™ Ucast Crosstabulation

Count
Llcast
[ e Ano Total
Vzdelani_dkat 75 67 65 132
SShezM 336 441 777
SSsM 346 655 1001
WS 98 293 391

Total 847 1454 2301




SPSS

e Soubor ESS9CZ

* Analyze - Descriptive Statistics = Crosstabs
* Rows: Vzdelani_4kat
* Columns: ucast
e Cells: Counts: observed, percentages: Rows



Existuje vztah mezi vzdelanim a volebni ucasti?

Vzdelani_4kat * Ucast Crosstabulation
Ucast
e Ano Total
Vzdelani_4kat Z5 Count 67 65 132
% within Vzdelani 4lkaf epee  C4o2% ) 1000%

Lidé s vyssim vzdélanim se voleb zucastnili ve vyssi mire.

D3 se ale tento zavér uplatnit i na celou populaci CR?

V5 Count 08 293 391
% within Vzdelani_4kat 251% 749% ) 100,0%
Total Count 847 1454 2301

% within Vzdelani_4kat 36,8% 63,2% 100,0%




Pozorovane vs. ocekavane cetnostl

* Klicové pro pochopeni logiky kontingencnich tabulek

* Pozorované cetnosti (Observed) — realna pozorovani spadajici do
konkrétni kategorie

e Ocekavané Cetnosti (Expected) — Cetnost, ktera by se v konkrétni
kategorii méla pozorovat za predpokladu nezavislosti obou

proménnych

» Zakladni prvky pro vypocet chi-kvadratu



—_m

ry rv

Volebni ucast ano
Volebni ucast ne 100 100 200
celkem 200 200 400

—_ feny m

ry r v

Volebni ucast ano
Volebni ucast ne 80 20 100
celkem 320 80 400

—_m

s rv

Volebni ucast ano
Volebni ucast ne 150 50 100
celkem 200 200 400



SPSS

* Analyze - Descriptive Statistics = Crosstabs

* Cells: Counts: observed, expected



Pozorované Cetnosti (Observed) + oCekavane Cetnosti
(Expected)

Vzdelani_4kat * Ucast Crosstabulation

cast
MNe Ano Total
. e

Vzdelani_4kat Z5 Count 67 G5 132
Expected Count 15 (834) 1320

SShezM  Count 336 441 777

Expected Count 2860 491.0 Fi7.0

S5sM Count 346 G55 1001

Expected Count 3685 G325 1001.,0

WS Count m 293 391
Expected Count @ 247 1 3491.0

Total count 247 1454 2301
Expected Count 847 0 1454 0 2301.,0




Test Chi-kvadrat

* Posuzuje, zda jsou rozdily mezi pozorovanymi a ocekavanymi
cetnostmi natolik vyrazné, aby nebyly pouze vysledkem nahody
* Tj. statisticky vyznamné

* Je nutné si dat pozor na malé pocty pozorovani:
* 53 méné pozorovani v méné nez 20 % kategorii
e Kategorie s nenulovymi pocty pozorovani

* Analyze = Descriptive Statistics = Crosstabs
e Statistics: Chi-square, Phi and Cramers V



Chi-Square Tests

Asymptotic
Significance
Walue df (2-sided)
Fearson Chi-Sguare 50,2257 3 aoan
Likelihood Ratio 50,934 3 aon
Linear-hy-Linear 50,061 1 ann
Association
M of'alid Cases 2301

a. 0 cells (0,0%) have expected count less than 5. The
minimum expected count is 48,59,

Mezi vzdélanim a Ucasti ve volbach existuje signifikantni vztah = plati
pro populaci

Symmetric Measures

Approximate
Walue Significance

Mominal by Mominal — Phi 148 ,ooa

Cramer's 000

M of Valid Cases 23M




Cramer’s V (statology.org)

Degrees of freedom Small Medium Large
1 0.10 0.30 0.50
2 0.0/ 0.21 0.35
3 0.06 0.17 0.29
4 0.05 0.15 0.25
5 0.04 0.13 0.22

df = minimum(radky -1, sloupce -1)
*Tabulky 2x2, 4x2 nebo 10x2 maji stale jen 1 df
*OdliSné od df pro Chi kvadrat !!!



Rezidua

 Testy zavislosti mezi proménnymi ukazi, zda mezi proménnymi
existuje anebo neexistuje asociace

* Pro vécné pochopeni vztahu je dulezité poznat vice detailu

* Pro tento ucel sledujeme adj. standardizované rezidua:
* Vyjadruji standardizovany rozdil mezi pozorovanymi a ocekavanymi cetnostmi



SPSS

* Analyze - Descriptive Statistics = Crosstabs
* Cells: Counts: observed, expected|

e Statistics: Chi-square et al.



Pozorovane cCetnosti (Observed) + oCekavane Cetnosti
(Expected) + nestandard. rezidua (Unstandardized)

Vzdelani_4kat * Ucast Crosstabulation

Ucast
Me Ano Total
Vzdelani_4kat 75 Count 67 65 132
Expected Count 83,4 132,0
Residual C14 )  -184
SShezM  Count 336 441 (i
Expected Count 2860 4910 7iv.a
Fesidual 50,0 -50.0
SSsM Count 346 G55 1001
Expected Count 3685 6325 1001,0
Fesidual -22.5 225
W5 Count 43 293 391
Expected Count 143,49 2471 391.,0
Residual -45 4 459
Total Count a47 1454 2301

Expected Count 8470 14540 2301,0




Standard. rezidua

* Pro vypocet se vyuzivaji z-scores

__ pozorovana fetnost—ofekavana cetnost
volekavani tetnost

* Z

* V nasledném kroku se namérena hodnota porovna s pouzivanymi
hladinami signifikantnosti:
» +1,96>95%
* +258->99%
* +3,29->99,9%

* Adj. standard. rezidua maji vypotet £astedné odlisny (obsah pod odmocninou)



SPSS

* Analyze - Descriptive Statistics = Crosstabs

* Cells: Counts: observed, expected
* Residuals: unstandardized



SPSS

* Analyze - Descriptive Statistics = Crosstabs

* Cells: Counts: observed, expected
* Residuals: adjusted standardized



Pozorovane cCetnosti (Observed) + oCekavane Cetnosti
(Expected) + adj. standard. rezidua (Adj. St. Res.)

Vzdelani_4kat * Ucast Crosstabulation

lcast
i AR Tatal
g—
Vzdelani_4kat 75 Count 67 i1d] 132

Expected Count 834 132,0
adjusted Residual  C 34)  -34

SShezM  Count 336 441 777
Expected Count 2860 491.0 7TY.0
Adjusted Residual 46 -4 6
55sM Count 346 G55 1001
Expected Count 3685 6325 1001,0
Adjusted Residual -2.0 2.0
VS Count 98 293 391
Expected Count 14349 247 1 391,0
Adjusted Residual -5,3 5.3
Total Count 847 1454 2301

Expected Count 8470 14540 2301,0




Ktere skupiny podle vzdelani volily Casteji / ménée Casto oproti
predpokladu nezavislosti obou promennych?

Vzdelani_4kat ™ Ucast Crosstabulation

Ucast
e Ano Total
Wzdelani_4kat Z5 Count 67 65 132
Adjusted Residual
SsbezM  Count 336 441 v
Adjusted Residual
S5sM Count 346 G655 1001
Adjusted Residual
VS Count o] 293 391

9
g

Adjusted Residual
Total Count 847 1454 2301




Ne kazdy statisticky vyznamny vysledek
ma smysl

group * mayor Crosstabulation

mayaor
coalition  idependent opposition SMER Total
group 1 Count BA J65 252 297 9599
Expected Count 89,0 380,0 240 8 288 2 858 0
Adjusted Fesidual -5 -1,2 1.0 i
. Count 82 395 222 278 877
Expected Count 87,1 3716 2355 2829 g77.0
Adjusted Eesidual -7 -1,2 -4
3 Count G4 354 232 273 853
Expected Count 849 3625 2287 2759 8953,0
Adjusted Residual 1.3 -7 2 -3
Total Count 261 1114 706 848 259249

Expected Count 261,0 11140 706,0 848,0 29280




Shrnuti

Kontingencni tabulky jako nastroj pro zobrazeni vztahu mezi dvema kategorickymi
promennymi

Pomoci jednotlivych testu je mozné identifikovat existenci a silu vztahu mezi
promeénnymi

Dulezité je vnimat vécny rozmér zjisténi

Pozor na prilis obsahlé kontingencni tabulky

VeV /

* Zbytecné zghlceni publika mnoZstvim udaju (pozorované Cetnosti, oCekavané Cetnosti, fadkova
procenta, sloupcova procenta, rezidua)

* Hrozi, Ze v ¢asti kategorii bude jen maly pocet hodnot
Jde jen o souvislost, vliv 3. proménnych dokaze odfiltrovat logisticka regrese



