
p. 5-30• Correspondence analysis

• Simpson’s paradox

smoker dead alive

yes 14 95 109 (.47)

no 7 114 121 (.53)

smoker dead alive

yes 29 7 36 (.22)

no 101 28 129 (.78)

smoker dead alive

yes .13 .87 1

no .06 .94 1

smoker dead alive

yes .81 .19 1

no .78 .22 1

smoker dead alive

yes 43 102 145 (.37)

no 108 142 250 (.63)

smoker dead alive

yes .30 .70 1

no .43 .57 1

age=35-44

age=65-74

marginal 
total over 

age







Cannot directly apply to 3-way table

Can combine two of the factors, say X1 and X2, into 

a factor with I×J levels and apply correspondence analysis

on the 2-way table formed by the new factor and X3

 Q: which two factors should be chosen to merge? 

Ans: pick up the two whose association is least interesting to us

example: 

 109/145 

=.75

 121/250

=.48

X1 (i): age

X2 (j): smoker

X3 (k): dead 

or alive

p. 5-31
 marginal association added over X1 is different from the 

conditional association observed within each category of X1

 Q: Why it occurs? Why the table of y+jk gives a 

Q: contradictory result to the tables of yjk|i?

 Note that smoker are more 

concentrated in the younger

age group and younger people 

are more likely to live longer



?

 Note.

• Mantel-Haenszel (MH) test for 2×2×K table

Designed to test independence in 2×2 tables across K categories
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p. 5-32

Recall. association of a 2×2 table can be completely 

characterized/measured by its odds-ratio ∆

■ ∆ <1 ⇔ negative association

■ ∆ =1 ⇔ independence ■ ∆ >1 ⇔ positive association

Null and alternative hypotheses of MH test 

 The test works better when the odds ratios of the K 2×2

tables do not vary greatly, e.g., the null of the GoF test for 

uniform association, ∆1=∆2=…=∆K, does not rejected

H0: ∆1 = ∆2 = … = ∆K = 1 (conditional independence)

H1: ∆1 = ∆2 = … = ∆K ≠ 1 (uniform association)

H1
*: at least one ∆k ≠ 1 (different association) or

Procedure of the MH test

 Suppose the marginal totals of each 2×2 table carry no 

information (e.g., fixed in advance) or are conditioned.

 under H0, can assume a hyper-geometric

distribution for y11k in each 2×2 table

 y11k is sufficient for testing independence of kth table

p. 5-33

 Reading: Faraway (2006, 1st ed.), 4.4

 MH statistic combine information of y11k’s from K tables:

where E(y11k) and Var(y11k) are calculated under the H0

 can calculate an exact p-value for smaller 

dataset using hypergeometric distribution

 useful when data is sparse, under which the χ2 approx-

 imations based on asymptotic thm is questionable

MH test is sometimes called Cochran-Mantel-Haenszel test because 

a version without the 1/2 is published earlier by Cochran (1954). 

Ordinal Variables

• Some variables have a nature ordering

between categories

e.g., education: HS, BA, MA; 

political ideology: VL, SL, M, SC, VC
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