Multivariate Categorical Data Analysis

Introductory Multivariate Analysis Part 2 Course Reader 2023

Dr Retha Luus

Table of Contents

1

2

T Ao o [ o1 {[o] o PO TSROV PUSR TR 2
Probability Distributions for Categorical Data..........ccoccviiiiiiiiiiie e 2
2.1 BinOMIal DiStribULION.....ciiuiiiiieiieeteee ettt 2
2.2 Multinomial DistriBDUTION. .......ciiiiiee e e s 3
Characterizing and Displaying Univariate Categorical Data........cccccceeeeeieieciiiiiieieeee e 3
3.1 NUMeric descriptive StatiStiCS.....couiiii i e e e rbe e e e s be e e e e e aeeeas 3
3.2 Graphical descriptive StatistiCS......cccviiiiiiiiiee e e e e e e s e e nnre e 7
3.21 2T ol T [ S T O O PO S U T T O PPV PTOPPTOTOVOPTRTPON 7
3.2.2 Tl 6o = o SO TP TP PP PP PSTOPRRPRTOPONt 8
3.2.3 Ta Ty 1= o ST 9
Characterizing and Displaying Bivariate Categorical Data.......cccccccceeeeciiiirieeeee e, 11
4.1  Graphical descriptive STatiStiCS......uuiiiiiiiiiiiiiiie e et e e e e e 14
4.1.1 LG0T8 oT=To I o =T gl o o) £ RS 14
4.1.2 Ny 210 Lo l o -l o] (o &3PPSR 16
4.2 Comparing Proportions in 2x2 Contingency Tables..........ccocciiiiiiiiiiie e 18
4.2.1 Difference of Proportions. ... e e e e 18
4.2.2 REIALIVE RiISK.....veieiutiieitie ettt ettt et st e st e e st e e st e e s bt e e e sabeessteesanbeesanes 20
4.2.3 (070 o 31 21 o TR PP TS TP R PR PPTOTRRPPION 21
4.3 Tests of Independence: Nominal Variables.........cuoo i 24
43.1 Pearson’s Chi-squared STatiStiC........cucuuiieiiiiiiieiiiiiee e saee e e e 24
4.3.2 Standardized ReSIAUAIS. .......eoiiiiierie et 27
4.3.3 Limitations of Chi-SQUAred TeStS. ... e e e e e e e e e e e eannes 28

43.4 A1 =] S o Lot =1 TRt 28



4.4 CorreSPONAENCE ANGIYSIS.....ccuviiieieciieee ettt e ettt e e e e e e str e e e e eetree e e e e ataeeeeeaasaeeeeeasssaeeeennssaeeennn 30

441 2] [ FoToTo T =] [0} Fu O TP U PP PR 33
442 ROW Variables. ...c.uvieiiiiieeee et st s e e s 34
443 COlUMN VAITABIES. ...t et e e 37
4.4.4 Association between row and column variables...........ccoociieiiiiiniiin s 39
4.4.5 Correspondence analysis PlOt. ... uiiiii i e e e e e 40

4.5  Tests of Independence: Ordinal Variables.........ccuuiiiieciiiii e 41
4.6 Comparing Categorical and Numerical Variables..........cccovciiieiiiiiiiiiiciee et 43

5 SUMIMIAIY cctttttttttiiitttit e eeeses s e s s e e s e e e eeeeeeeeeeeeeeeeeeeeeaeeaesassesesesssssassssssssssssssssasssssssssseseeeseeeeseseessesesesennnnes 52

6 RN LT (=Y (L= L 52



Multivariate Categorical Data Analysis

Introductory Multivariate Analysis Part 2 Course Reader 2024

Dr Retha Luus

Table of Contents

1.

2.

3.

T o Te I3 4 o] o PO TPV PP PSPPSRI 3
Probability Distributions for Categorical Data..........cccccvviieiiiiieie e 6
2.1 Binomial DistribULION....c..coiiiiie e e 7
2.2 MUItINOMIAl DISEFIBUTION.....eiiiiiiieiiee e 7
Characterizing and Displaying Univariate Categorical Data........cccccccveeiiiiciieee e 8
3.1 NUMeEric DesCriptive STatiStiCS. .. ittt et e e e e e eaae e e e e eeeeeen 8
3.2 Graphical DesCriptive STatiStiCS.....ccciiiirriiiiiee ettt eeeeeeeeecbrrre e e e e e e e e e e e sarbaraeeeeeeeeeeessnannns 12
I R - T | O 61 - o PSP P PV U PPTRPRPRRRPIO 12
3.2.2  PIE CRal ettt b e bt bbbt et b e e she e bt sabenbeebenreen 14
e T | o 1 o T=Tot Al B ) T UPUPRUUSU 15
Characterizing and Displaying Bivariate Categorical Data........ccccoccvveeeiiiiiiee e 16
4.1 Graphical DesCriptive STatiStiCS.....ccciiirriiieeee et eeeeeeeec e e e e e e e e ee e earbareeeeeeeeeesessnnnnns 21
L St A ] o 10 o 1Yo I = F= Yl d o ) £ UPUPPPN 21
4.1.2  StAcked Bar PlOTS......oociiiiiiiieesie ettt 23
4.2 Comparing Proportions in 2x2 Contingency Tables.........cccvcieiiiiicieee e, 26
4.2.1  Difference of ProPOrtioNS. ... .uueeiei i i ittt et e e e e e e e e essarrrreeeeeeeeeesssasarssaeeeeeaeeens 27
4.2.2  RelatiVe RiSK...eeiueiiiiiiieiie et e e e s 29
4.2.3  O0dS RALIO...cetieuiiitieieeiiesieetest ettt ettt et sa et st e bt e st b e et bt e st eat e bt ent e he et e eaeenbeeaten 31
4.3 Tests of Independence: Nominal Variables...........eeeeeiiiiiiiiciiiiiieieee e 34
4.3.1 Pearson’s Chi-squared StatiStiC......covveeeieieiiiiiiiiiiiieeeeee e e e e e e eesetrrrereeeeeeeeeessannnns 34
4.3.2  Standardized ReSIAUAIS.........coooiiiiiiiiiee e 37

4.3.3  Limitations of Chi-SQUAred TESTS.......uuuuiiiiiiiiiiiiiiiiiiieeeee e e eeesitirrreeeeeeeeeessraarareeeeeeeeeesssnnnens 37



4.3.4  FiSher’'s EXACE TESt..eciiuiieiiieeiiiiee ittt sttt ettt et s e st e e st e sateesabeesbteesasteesbbeesaseeesananens 38
4.4 COrreSPONAENCE ANAIYSIS...ciiiiiiiiieiiiiiiee ettt e ettt e s e e e s s b e e e e s abee e e e sabaeeeessasaaeeeesssreeesesnnsens 40
441 BalloON PlOt...ciiiiieiieeiie ettt ettt ettt et e st e st e s bt e sab e e e sabeeesans 43
.42 ROW Variables..ccouiiieiie ettt ettt ettt et e st e s ab e s bt e e sbtee s bt e e s beeesneeenas 45
4.4.3  Column Variables........c.uei it e e 48
4.4.4 Association between Row and Column Variables..........cccoviiiiiiiiiniiiiiiiiiiec e 51
4.4.5 Correspondence ANAlysis PIOt.........uiiiiiiiiiieiiiiiee et 53
4.4.6 Correspondence Analysis With FActoMINER...........coiiiiiiiiiiiiiiie e 54
4.5 Tests of Independence: Ordinal Variables...........ooiiiiiiiiiiiiiecc e 57
4.6 Comparing Categorical and Numerical Variables...........cccovvviieiiieeieeiccciieieeeee e, 59
4.6.1 Numeric Descriptive ANAlYSiS......cuiiiciiiiiiiiiiiee et e s s s e e e sare e e e s saraeeeeeans 59
4.6.2  Graphical Descriptive ANalYSiS.....cuuiiiiiiiiiirieiiiee e e e e s abee e e e 60
4.6.3  Statistical Significance: Numeric and Nominal/Ordinal (2 levels)......ccccoceevieniieecieeniecnene, 62
4.6.4 Statistical Significance: Numeric and Nominal/Ordinal (more than 2 levels).........c..cc..c....... 66
SUIMIMIAIY e etttttttttiititt e ee s e s e s e s e e e eeeeeeeeeeeeaeaeae ettt et aaeaeansesessssssassss s aaaaasaseseasesesaeeeeeseseeseseseenenennnnns 69

21T o TeT 4= o] 1 1V ZS TSP 70



Multivariate Categorical Data Analysis

Introductory Multivariate Analysis Part 2 Course Reader 2025

Dr Retha Luus

Table of Contents

LISt OF TabIES. ettt b e ae e st b et st e e b sat e e be e she e et e e sbe e e ate e beeeaee e beeeaeas 3
I Ao T U T R PPRUPPRNS 4
O 1oL o o [¥ T d oY o FO SO UP PP PRSP 5
2.  Probability Distributions for Categorical Data..........ccccciiiiiiiiiie e e e e e e e annaeees 9
2.1 BinOmMial DiStribULION . ...ccoeiiiiiiie et et e e s e s nr e e e nnas 10
2.2 Multinomial DistribULION. ......ceiiiiiiie e s s 10

3.  Characterising and Displaying Univariate Categorical Data..........ccocccviiiiiiieee e 11
3.1 NI T =T g (ol DT ol g o A I = 1 3 o ot 11
3.2 Graphical Descriptive STatistiCS......ccoiiiiiiiiiee e e e e e e e e e e e e e e e e e eanenes 15
I R - - | o o =Y PP UPPTOPOPTURRIN 15
I (N @ - o STV URPOURTTOPI 17
. T [ T 7=t Al B ) S SSUER 18

4. Characterising and Displaying Bivariate Categorical Data.......cccccoeeeciiiiiieiee e 19
4.1 Graphical Descriptive STatistiCS......ccoiiiiiiiiiee e e e e e e e e e e e e e e e e e ennnnes 24
o 0t A o TU T o 1Yo I = 7=Vl = 1o £ ESUUPPN 24
4.1.2  Stacked Bar PlOtS.....coouie ettt e e ar e s neeesnree s 26

4.2 Comparing Proportions in 2x2 Contingency Tables.........cccciiiiiiieii e 29
4.2.1 Difference of ProportioNns. ... ...t e et e e e e e e e e e e e rrreaaaaaeean 30
4.2.2  RelatiVe RiSK...eie ittt e e s bee e s nreeea 32
N B O 1o [« [ 4 o O PP PO PRSP 34

4.3 Tests of Independence: Nominal Variables...........ooueiiiiiiciiii e 38

4.3.1 Pearson’s Chi-squared StatiStiC........ccceeeeeiiiieciieeee e e e e e e 38



4.3.2  StandardiSed ReSIAUAIS. .......uiiiiiiiiii ettt e ettt e e e et taae s e e e eesbsaaseeesessans 41

4.3.3  Limitations of Chi-SQUAred TeSTS......uuiiiiiiiiiriiiee et e e e e e sbre e e s e raee e s e snres 42
4.3.4  FiSher’'s EXACE TESt..eiiiuiieiiiieeeiiee ettt stte ettt ettt sib e st e e e st e sateessabeesbbeesabteesbbeesaseeesanaeens 42
4.4 B O Sz ettt et ettt e bt e st e s b e e s hbee s baeesbaeesneeenas 44
4.1 Cramer’s Voo eieeeciee ettt ettt e sttt e sttt e st e e sabe e e s bt e e s abeeesubeeesabeesaabee e abeeebbeesnteesbaeesbaeenane 45
4.5 COrreSPONAENCE ANAIYSIS...ciiiiiiiieeiiiiiiee ettt e ettt e et e e e s s bee e e e s sabeeeeesabaeeeeesssaaeeeesssreeesessnsens 47
4.5.1 Contingency Table VisualiSation.........ccuuiiiiiiiiiieiiiiiies s e e e aae e s 51
4.5.2  ROW Variables. ..o oueiieiiiieiee ettt ettt ettt et e st e s ab e e s bt e e sbaeesbbe e s beeesneeeas 52
4.5.3  ColumMN Variables.........uei it et 55
4.5.4 Association between Row and Column Variables..........cccovieiriiiiiniiiiiiiciiee e 58
4.5.5 Correspondence ANalysis PIOt.........uiiiiiiiiiiiiiiiies ettt 60
4.5.6 Correspondence Analysis With FActoMINER..........ccoiivciiiiiiiiiiee e 61
4.6 Tests of Independence: Ordinal Variables...........ooiiiiiiiiiiiiecc e 64
4.7 Comparing Categorical and Numerical Variables..........cccovviiiiiiciee e, 66
4.7.1  Numeric Descriptive ANalYSiS......cuiiiciiiiiiiiiiiee ettt e e s siee e e st e e e s sareeeeeeans 66
4.7.2  Graphical Descriptive ANalYSiS.....cuuuiiiiiiiiieieiiiiie e criee e e e e e rree e e e abee e s e 67
4.7.3  Statistical Significance: Numeric and nominal/ordinal (2 levels)......c.cccocceeveevieevieeneecneenne. 69
4.7.4  Point-Biserial Correlation........cocuiiiiiieiiiieeiieetee ettt st 74
4.7.5 Statistical Significance: Numeric and nominal/ordinal (more than 2 levels)............ccueeu....... 76
SUIMIMIAIY cettttttitttitttii s eee e s e s e s e e e eeeeeeeeeeeeaeaeeeerea et aaeaeansesssssssasssss s s s aaseseseaeesesaeeeeeseseseesessenenennnnns 79

21T o Lo T 4= o] o |V ZS R UPRRT 80



	Multivariate Categorical Data Analysis 
	Introductory Multivariate Analysis Part 2 Course Reader 2023 
	Multivariate Categorical Data Analysis 
	Introductory Multivariate Analysis Part 2 Course Reader 2024 
	Multivariate Categorical Data Analysis 
	Introductory Multivariate Analysis Part 2 Course Reader 2025 

