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Chi-square test 
 Is a significance test of association 

 Association means that knowing the value of one variable tells us 

something about the value of the other variable 

 Two variables are said to be associated if the distribution of one 

variable varies according to the value of the other variable  

Example  

 

 

 

 

 

 

 

 In the example, ethnic group (predictor) & water source 

(outcome) are associated if the distribution of water source varies 

between the ethnic groups 
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Water source Ethnic group 

A B C Total 

Well 37 (57%) 18 (33%) 24 (50%) 79 

Spring 14 (22%) 17 (31%) 14 (29%) 45 

River/Stream 12 (19%) 19 (35%) 10 (21%) 41 

Total 63 (100%) 54 (100%) 48 (100%) 165 



Chi-square test 

Hypothesis: 

𝐻0 = 𝑁𝑜 𝑎𝑠𝑠𝑜𝑐𝑖𝑎𝑡𝑖𝑜𝑛 𝑖. 𝑒.  𝑑𝑖𝑠𝑡𝑟𝑖𝑏𝑢𝑡𝑖𝑜𝑛 𝑜𝑓 𝑤𝑎𝑡𝑒𝑟 𝑢𝑠𝑎𝑔𝑒 𝑖𝑠 𝑠𝑎𝑚𝑒 𝑟𝑒𝑔𝑎𝑟𝑑𝑙𝑒𝑠𝑠 𝑜𝑓 𝑒𝑡ℎ𝑛𝑖𝑐 𝑔𝑟𝑜𝑢𝑝 

𝐻𝑎 = 𝑇ℎ𝑒𝑟𝑒
′𝑠 𝑎𝑛 𝑎𝑠𝑠𝑜𝑐𝑖𝑎𝑡𝑖𝑜𝑛 𝑖. 𝑒. 𝑑𝑖𝑠𝑡𝑟𝑖𝑏𝑢𝑡𝑖𝑜𝑛 𝑜𝑓 𝑤𝑎𝑡𝑒𝑟 𝑢𝑠𝑔𝑎𝑒 𝑑𝑖𝑓𝑓𝑒𝑟𝑠 𝑎𝑐𝑟𝑜𝑠𝑠 𝑡ℎ𝑒 𝑒𝑡ℎ𝑛𝑖𝑐 𝑔𝑟𝑜𝑢𝑝𝑠  

𝑥2 = 
(𝑂 − 𝐸)2

𝐸
 

Where 𝐸 =  
𝑅𝑜𝑤 𝑡𝑜𝑡𝑎𝑙 ×𝐶𝑜𝑙𝑢𝑚𝑛 𝑡𝑜𝑡𝑎𝑙

𝑂𝑣𝑒𝑟𝑎𝑙𝑙 𝑡𝑜𝑡𝑎𝑙
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Chi-square test 

𝒅𝒇 = 𝑟 − 1 × 𝑐 − 1  

𝑑𝑓 = 3 − 1 × 3 − 1 = 4 

𝑥20.05 = 9.49 

𝟖. 𝟒𝟔 < 𝟗. 𝟒𝟗 𝑠𝑜 𝑎𝑐𝑐𝑒𝑝𝑡 𝐻0 𝑡ℎ𝑎𝑡 𝑡ℎ𝑒𝑟𝑒
′𝑠 𝒏𝒐 𝒂𝒔𝒔𝒐𝒄𝒊𝒕𝒊𝒐𝒏 𝒃𝒆𝒕𝒘𝒏 𝒘𝒂𝒕𝒆𝒓 𝒖𝒔𝒂𝒈𝒆 𝒂𝒏𝒅 𝒆𝒕𝒉𝒏𝒊𝒄𝒊𝒕𝒚 

Uses of 𝒙𝟐: 

 If total sample size 𝑛 > 40 and smallest expected value ≥ 5 

 Otherwise use Fisher’s exact test 
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Fisher’s exact test 

 As Chi-square, it’s a significance test of association 

 Calculates the exact probability of observing cell values in a 2 

by 2 table given that the row & margin totals are fixed 

Example 

 

 

 

𝑝 =  

𝑎 + 𝑐
𝑎
𝑏 + 𝑑
𝑏

𝑛
𝑎 + 𝑏

=

8
4
7
1
15
5

=  
70 × 7

3003
= 𝟎. 𝟏𝟔𝟑 

 

Hence no association betwn factor and disease 
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Disease + Disease - 

Factor + 4 (a) 1 (b) 5 (a+b) 

Factor - 4 (c) 6 (d) 10 (c+d) 

8 (a+c) 7 (b+d) 15 (n) 


