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Chapter 9 

Contingency analysis 

•! Test the independence of two or more 

categorical variables 

•! We’ll learn one kind: !2 contingency 

analysis 

Music and wine buying 

OBSERVED French 

music 

playing 

German 

music 

playing 

Totals 

Bottles of 

French wine 

sold 

40 12 52 

Bottles of 

German 

wine sold 

8 22 30 

 Totals 48 34 82 

Mosaic plot 



Hypotheses 

•! H0: The nationality of the bottle of wine 

is independent of the nationality of the 

music played when it is sold. 

•! HA: The nationality of the bottle of wine 

sold depends on the nationality of the 

music being played when it is sold. 

Calculating the expectations 

With independence, 

Pr[ French wine AND French music] =  

  Pr[French wine] " Pr[French music]  

Calculating the expectations 

Pr[French wine] = 52/82=0.634 

Pr[French music] = 48/82= 0.585 

EXP. French 

music 

German 

music 

Totals 

French 

wine 

sold 
52 

German 

wine 

sold 
30 

 Totals 48 34 82 

If H0 is true,  

Pr[French wine AND French music] = (0.634)(0.585) = 0.37112 

Calculating the expectations 

EXP. French music German 

music 

Totals 

French wine 

sold 
0.37 (82) = 

30.4 
21.6 52 

German wine 

sold 17.6 12.4 30 

 Totals 48 34 82 

By H0,  

Pr[French wine AND French music] = (0.634)(0.585)=0.37112 



!2 

 

! 2
=

Observedi " Expectedi( )
2

Expectedii

#

=
40 " 30.4( )

2

30.4
+
12 " 21.6( )

2

21.6
+
8 "17.6( )

2

17.6
+
22 "12.4( )

2

12.4

= 20.0

Degrees of freedom 

df= (# columns -1 )(#rows -1) 

For music/wine example,  

  df  = (2-1)(2-1) = 1 

Conclusion 

!2 = 20.0  >> !2
1,#=0.05 = 3.84, 

So we can reject the null hypothesis of 
independence, and say that the nationality of 
the wine sold did depend on what music was 
played.  

Moreover, !2 = 20.0  >> !2
1,#=0.001 = 10.83, so we 

can say P < 0.001. 

Assumptions 

•! This !2 test is just a special case of the 

!2 goodness-of-fit test, so the same 

rules apply. 

•! You can’t have any expectation less 

than 1, and no more than 20% < 5. 



Fisher’s exact test   

•! For 2 x 2 contingency analysis 

•! Does not make assumptions about the 

size of expectations 

•! JMP (or other programs) will do it, but 

cumbersome to do by hand 

Winter Wren (Troglodytes troglodytes)!
•! Are western and eastern forms (currently considered subspecies) 

actually reproductively isolated, and therefore separate species? 

Tumbler Ridge, BC 

or ? 

T. (t.) pacificus 
T. t. hiemalis 

Photos by D. Irwin 

 Association of DNA and song: 

The winter wren contact zone 

OBSERVED Western 

song 

Eastern 

song 

Totals 

Western 

mtDNA 

12 0 12 

Eastern 

mtDNA 

0 4 4 

 Totals 12 4 16 

Data from Toews & Irwin 2008, Molecular Ecology 

Calculating the expectations 

A shortcut for calculating 

expectations (assuming H0 

is true): EXP. Western 

song 

Eastern 

song 

Totals 

Western 

mtDNA 12 

Eastern 

mtDNA 4 

 Totals 12 4 16 

Exp[row i, column j] =  

(row i total)(column j total) 

grand total 

Exp[w mtDNA, w song] = 12*12/16 = 9 



Comparing observed and expected 

EXP. Western 

song 

Eastern 

song 

Totals 

Western 

mtDNA 9 3 12 

Eastern 

mtDNA 3 1 4 

 Totals 12 4 16 

OBS. Western 

song 

Eastern 

song 

Totals 

Western 

mtDNA 12 0 12 

Eastern 

mtDNA 0 4 4 

 Totals 12 4 16 

Too many of the expected are below 5, so we cannot use 

the !2 contingency test. Instead, we use a computer to do 

Fisher’s exact test:  
 P = 0.00055, so we reject the H0 of no association. 

An aside: Odds 

 

O =
p

1! p

Odds of survival: 

 

O
men

=
0.20

1! 0.20
=
0.20

0.80
= 0.25

 

O
women

=
0.74

1! 0.74
=
0.74

0.26
= 2.85

Or “1 to 4” 

Or roughly 

“3 to 1” 

The probability of success divided by the 

probability of failure. 

Odds ratio 

 

OR =
O
1

O
2

Odds ratio of female to male survival: 

If interested, see text for how to calculate 

standard error and confidence interval. 

The odds of success in one group divided 

by the odds of success in another group. 

 

OR =
O
women

O
men

=
2.85

0.25
=11.4

Used often in 

medical research 


