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Outlines

* Introduction
* Chi-squared Test of Association
* Fisher’s Exact Test

* McNemar’s Test
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Learning outcomes

* Understand

| the concepts behind each test

* Understand

| when to use each test

* Able to perform chi-squared, Fisher’s exact and
McNemar’s tests using SPSS, and interpret the

results
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Introduction
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Introduction

* Factor (IV) and Outcome (DV) variables are both
categorical

* Analyses of contingency / cross-tabulation table
* Depending on # categories of each
* e.g.2x2, 3x2, 3x3 and so on

* Analyze cell counts
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Introduction

* Analyses covered:

— Chi-squared test
— Fisher’s exact test

— McNemar’s test

Dr. Wan Nor Arifin Categorical Data Analysis



Chi-squared Test of Association
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About

* Non-parametric test
* TWO independent samples

* Association between TWO categorical variables
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About

* Cross-tabulation between TWO variables

* The association between the variables are made by
comparing the observed cell counts (from data) with
the expected cell counts (i.e. the count when
variables are not associated to each other)
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Observed Count (O)
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Lung Cancer
Smoker Row Total _
Yes No 62.5%
Yes 20 12 32 | o=
32.7%
No 55 113 168 —
Column
Total 75 125 200
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Expected Count (E)

Lung Cancer
Smoker Row Total
Yes No
32%75/200 32%125/200
Yes 12 ~ 20 32
168*75/200  168*125/200
No — 63 — 105 168
Column
Total 75 125 200

E = (Row Total x Column Total) / Grand Total
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Chi-square (X?)

XZ:SUM([OEE]Z)

df =(r—1)(c—1)

df = degree of freedom, r = # row, ¢ = # column




X2 = SUM([O - EJ¥E)

Lung Cancer

Smoker
Yes No
(20-12)¥12  (12-20)*/20
Yes =5.33 =3.20
A (13-
No (53-63)763 ' 145)2/105
=1.00 061

X2 = SUM([O-E]¥/E)

10.14
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If=(2-1)*(2-1)=1
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These values
will be used
by statistical
software to
get P-value
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Limitation

* Requirement — < 25% expected cell counts < 5

* If this assumption of X~ is violated — Use Fisher’s
exact
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Practical in SPSS

* Dataset: lung.sav

* Variables:

— Smoking = Yes/No
— Cancer = Yes/No
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* Open Crosstabs menu
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Practical in SPSS

Analyze — ' Sy

. . &
Descriptive | -
StatiStiCS —> - &4 Cancer
Crosstabs | Layer 1ot
TargetList = a
Smoking, | :
Column(s) = Cancer Do

| Paste ‘ ‘ Reset ‘ ‘Car"u:e | ‘ Help ‘
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Practical in SPSS

* Statistics button

- 8 Crosstabs: Statistics X

" [V]Chi-square .[] Correlations

— Check Chi-square | Nominal Ordina

— Continue

Dr. Wan Nor Arifin

[] Contingency coefficient [ ] Gamma

[] Phi and Cramer's V [ ] Somers'd

[[] Lambda [ ]Kendall's tau-b
[] Uncertainty coefficient [ ]Kendall's tauc

Nominal by Interval [ ] Kappa
[]Eta [_]Risk
[] McNemar

| [_] Cochran's and Mantel-Haenszel statistics

Continue ‘ Cancel Help
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Practical in SPSS

* Cells button

— Check Observed,
Expected and Row

— Continue, then OK
in Crosstabs main
window

Dr. Wan Nor Arifin

[ Q Crosstabs: Cell Display x|
Counts z-test
Observed [] Compare column proportions

Expected ]
[[] Hide small counts

Percentages Residuals

M Row [] Unstandardized

[] Column [] Standardized

[] Total [] Adjusted standardized
[_] Create APA style table

Noninteger Weights

® Round cell counts O Round case weights
O Truncate ce|l counts O Truncate case weights

O No adjustments

[T | Cancel Help
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Practical in SPSS

Smoking * Cancer Crosstabulation

* Results

cancer nocancer Total

Smoking smoking Count 20 12 32
Expected Count 12.0 20.0 32.0

% within Smoking 62.5% 37.5% 100.0%

no smoking  Count a5 113 168

Expected Count £3.0 105.0 168.0

% within Smoking 32.7% 67.3% 100.0%

Total Count 75 125 200
Expected Count 75.0 125.0 200.0

% within Smoking 37T.5% 62.5% 100.0%

Chi-Square Tests

Asymptotic
Significance Exact Sig. (2- Exact Sig. (1-

Yalue df (2-sided) sided) sided)
Fearson Chi-Square 10.159% 1 o .00
Continuity Carrection® 8.9249 1 003
Likelihood Ratio 9830 1 002
Fisher's Exact Test 002 002
Linear-hy-Linear 10108 1 001
Association

M ofWalid Cases 200

a. 0 cells (0.0%) have expected count less than 5. The minimum expected countis 12.00.
b. Computed anly for a 2x2 tahle
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Practical in SPSS

* Interpretation:

Based on the result of chi-squared test, there was a
significant association between smoking and lung
cancer.

* ¥*X*=10.159,df=1, P=0.001
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Fisher's Exact Test
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About

* Alternative of chi-squared test — when its
requirement 1s not fulfilled

* For cross-tabulation with small cell counts (rare
disease) — small expected cell counts

* (G1ves exact P-value, no statistical distribution
involved (unlike chi-squared distribution)

Dr. Wan Nor Arifin Categorical Data Analysis

22



Observed Count (O)

Lung Cancer
Smoker Row Total ,
Yes No
Yes 5 10 15
No 2 28 30
Column
Total 7 38 45
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Expected Count (E)

Lung Cancer
Smoker Row Total
Yes No
15%7/45 15*%38/45
Yes =2.33 =12.67 15
30%7/45 30%38/45
No =4.67 =25.33 30
Column
Total 7 38 45

Dr. Wan Nor Arifin

2/4 cells <5 =50%
Cannot use X?!
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Fisher's exact

Lung Cancer
Smoker Row Total
Yes No

Yes a b a+b

No C d c+d
C%I)Ii:;n a+c b+d n
~(a+b)!(c+d)!(a+c)!(b+d)!

P= a/b/c/d/n/
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Fisher’'s exact

Lung Cancer

Smoker Row Total
Yes No
Yes a=>5 b=10 a+b=15
No c=2 d =28
Column

at+tc=7 b+d=238

Total

~ 15/30/7738!/
P=5710/2/287457
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Fisher's exact

Lung Cancer
Smoker Row Total
Yes No
Yes a=2>5 b=10 a+b=15
No c=2 d =28 c+d=230
C%‘glm atc=7 b+d=38 n=45

p=0.028
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Practical in SPSS

* Dataset: lung small.sav

* Variables:

— Smoking = Yes/No
— Cancer = Yes/No
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Practical in SPSS

* Same steps as chi-squared test, read Fisher’s exact
result
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Practical

* Results

in SPSS

Smoker * Cancer Crosstabulation

Association

Cancer
R[] Yes Total

Smoker ho Count 28 2 30

Expected Count 253 47 30.0

% within Smuoker 93.3% 6.7% 100.0%

Yes Count 10 g 15

Expected Count 127 2.3 15.0

% within Smoker 66.7% 333% 100.0%

Total Count 38 7 45

Expected Count 380 7.0 45.0

% within Smoker 84.4% 15.6% 100.0%

Ghi-Square Tests
Asymptotic
Significance Exact Sig. (2- Exact Sig. (1-
Walle df (2-sided) sided) sided)

FPearson Chi-Square 5.414% 1 020
Coantinuity Correction® 3574 1 0549
Likelihood Ratio 5108 1 024

Fisher's Exact Test .03z2 032
Linear-by-Linear 5.293 1 0

M of Walid Cases

45

h. Computed only for a 2x2 table
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a. 2 cells (50.0%) have expected count less than 5. The minimum expected count is 2.33.



Practical in SPSS

* Interpretation:

Based on the result of Fisher’s exact test, there was a
significant association between smoking and lung
cancer.

* *Fisher’s exact P = 0.032, chi-squared test
assumption was not fulfilled as 50% cells come with
expected count < 5
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McNemar’'s Test
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About

* Non-parametric test

* TWO dependent samples

* Association between TWO repeated categorical
outcomes

* Change 1n proportions of outcome BEFORE and
AFTER

* Indirectly, associated with what 1s done 1n between
the time points (intervention etc.)
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About

* Cross-tabulation between TWO variables limited to
2x2 only

* It 1s concerned with whether the subjects still have
the same outcomes (concordant) or different
outcomes (discordant) upon repetition (pre-post)

* The association/change 1s determined by looking at
the discordant cells

Dr. Wan Nor Arifin Categorical Data Analysis
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Observed Count (O)

Knowledge

Before

Knowledge After

Good Poor

Poor

Column
Total

Row Total

63

173
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Chi-square (X?) for McNemar

Knowledge After
Knowledge Row Total

Before Good Poor

Good a b atb

Poor C d c+d
Column

Total ate b+d i

2
2 b - C .
X = ( ) withd f =1

b+c
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Chi-square (X?) for McNemar

l Knowledge After
O Row Total

Before Good Po

Good 15
Poor 5 30
Column
Total = 48
8—22)°
XZ:( 8+22> =6.53,df =1

37
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Practical in SPSS

* Dataset: knowledge.sav

* Variables:

— Betfore = Good/Poor
— After = Good/Poor

Dr. Wan Nor Arifin Categorical Data Analysis
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Practical in SPSS

* Open Crosstabs menu

| ?&J Crosstabs

- Analyze = ? o
Descriptive | . —
Statistics — | Sy
Crosstabs |

— TargetList = Before, -
Column(s) = After .

| []Display clustered bar charts
| []Suppress tables

‘ Paste [ﬂezet [Can:-:-

1] [ Help |

Dr. Wan Nor Arifin Categorical Data Analysis
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Practical

* Cells button

— Check Observed
and Total

— Continue, then OK
in Crosstabs main
window

Dr. Wan Nor Arifin

in SPSS

?'H Crosstabs: Cell Display X
Counts z-test
\/Ethewed Compare column proportions
i i p prop

[] Expected Il

[[] Hide small counts

Percentages Residuals

[JRow [] Unstandardized

[] Column [] Standardized

Total [] Adjusted standardized
[] Create APA style table

Noninteger Weights
® Round cell counts O Round case weights
O Truncate cell counts O Truncate case weights

O No adjustments

Continue ‘ Cancel

‘ Help ‘
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Practical in SPSS

* Open 2 Related Samples

menu
#3 Two-Related-Samples Tests
— Analyze — Non- Test Pas
. ¢ Before Pair Variable1 Variable2
parametric Tests — & s T
Legacy Dialogs —2 -
Related Samples -
[ wilcoxon
— Add Before and After s
in Test Pairs ] Marginal Homogensity
— Uncheck Wilcoxon, | e
Check McNemar
— OK

Dr. Wan Nor Arifin Categorical Data Analysis
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Practical in SPSS

Before * After Crosstabulation

* Results

Good Foor Total
Before Good  Count ga B 1]
% of Total 50.9% 4 6% 55.5%
Foar Count 22 55 [
% of Total 12.7% 8% 44 5%
Total Count 110 63 173
% of Total £3.6% 36.4% 100.0%

Test Statistics”

Before & After

M 173
Chi-Square® 5633
symp. Sig. 018

a. McMemar Test
b. Continuity Corrected
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Practical in SPSS

* Interpretation:

Based on the result of McNemar’s test, there was a
significant change 1n percentage of good knowledge
from 55.5% betore and 63.6% after intervention.
This difference/change 1s associated with the
education module used for the intervention

* *McNemar’s test, X*=5.63, P=0.018
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Tutorial
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* Datasets:

Tutorial

— X2: alzheimer.sav

— Fisher: eofad.sav

— McNemar: mmse.sav
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