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11.2.1 Independence Test

[Example 11.2.1] In order to investigate whether college students who are 
wearing glasses are independent by gender, a sample of 100 students was 
collected and its contingency table was prepared as follows:
1) Using 『eStat』, draw a line graph of use of eyeglasses by gender.
2) Test the hypothesis at 5% of the significance level to see if gender and 

wearing of glasses are independent or related to each other.
3) Check the result of the independence test using 『eStatU』.

11.2  Testing Hypothesis for Contingency Table

Wear Glasses      No Glasses Total

Men

Women

40                10 

20                30 

50

50

Total 60                40 100
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<Answer of Example 11.2.1>

11.2  Testing Hypothesis for Contingency Table

Independent 
contingency table

Wear Glasses  No Glasses Total

Men

Women

30                20 

30                20 

50

50

Total 60                40 100
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<Answer of Example 11.2.1>

• Hypothesis   
𝑯𝟎 ∶ 𝐑𝐨𝐰 𝐚𝐧𝐝 𝐜𝐨𝐥𝐮𝐦𝐧 𝐯𝐚𝐫𝐢𝐚𝐛𝐥𝐞𝐬 𝐚𝐫𝐞 independent of each other
𝑯𝟏 ∶ 𝐑𝐨𝐰 𝐚𝐧𝐝 𝐜𝐨𝐥𝐮𝐦𝐧 𝐯𝐚𝐫𝐢𝐚𝐛𝐥𝐞𝐬 𝐚𝐫𝐞 related

• Test Statistic   

χ𝒐𝒃𝒔
𝟐 =

(𝟒𝟎 −𝟑𝟎)𝟐

𝟑𝟎
+ 

(𝟏𝟎 −𝟐𝟎)𝟐

𝟐𝟎
+ 

(𝟐𝟎 −𝟑𝟎)𝟐

𝟑𝟎
+

(𝟑𝟎 −𝟐𝟎)𝟐

𝟐𝟎
= 16.67

• Decision Rule

‘If χ𝒐𝒃𝒔
𝟐 > χ(𝒓−𝟏)(𝒄−𝟏); 𝜶

𝟐 , reject 𝑯𝟎‘

Since χ(𝟐−𝟏)(𝟐−𝟏); 𝟎.𝟎𝟓
𝟐 = 3.841, 𝑯𝟎 is rejected.

11.2  Testing Hypothesis for Contingency Table
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<Answer of Example 11.2.1>

11.2  Testing Hypothesis for Contingency Table
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11.2  Testing Hypothesis for Contingency Table

Observed frequency Column Variable B
𝑩𝟏 𝑩𝟐 ⋯ 𝑩𝒄 Total

Row Variable A   𝑨𝟏

𝑨𝟐

⋮

𝑨𝒓

𝑶𝟏𝟏 𝑶𝟏𝟐 ⋯ 𝑶𝟏𝒄

𝑶𝟐𝟏 𝑶𝟐𝟐 ⋯ 𝑶𝟐𝒄

⋮

𝑶𝒓𝟏 𝑶𝒓𝟐 ⋯ 𝑶𝒓𝒄

𝑻𝟏∙

𝑻𝟐∙

⋮

𝑻𝒓∙

Total 𝑻∙𝟏 𝑻∙𝟐 ⋯ 𝑻∙𝒄 𝒏

Observed frequency Column Variable B

𝑩𝟏 𝑩𝟐 ⋯ 𝑩𝒄

Row Variable A      𝑨𝟏

𝑨𝟐

⋮

𝑨𝒓

𝑬𝟏𝟏 = 𝑻𝟏∙
𝑻∙𝟏

𝒏
𝑬𝟏𝟐= 𝑻𝟏∙

𝑻∙𝟐

𝒏
⋯ 𝑬𝟏𝒄 = 𝑻𝟏∙

𝑻∙𝒄

𝒏

𝑬𝟐𝟏 = 𝑻𝟐∙
𝑻∙𝟏

𝒏
𝑬𝟐𝟐= 𝑻𝟐∙

𝑻∙𝟐

𝒏
⋯ 𝑬𝟐𝒄 = 𝑻𝟐∙

𝑻∙𝒄

𝒏

⋮

𝑬𝒓𝟏 = 𝑻𝒓∙
𝑻∙𝟏

𝒏
𝑬𝒓𝟐= 𝑻𝒓∙

𝑻∙𝟐

𝒏
⋯ 𝑬𝒓𝒄 = 𝑻𝒓∙

𝑻∙𝒄

𝒏

▪ Test Statistics: 

χ𝒐𝒃𝒔
𝟐 = σ𝒊=𝟏

𝒓 σ𝒋=𝟏
𝒄 (𝑶𝒊𝒋−𝑬𝒊𝒋)

𝟐

𝑬𝒊𝒋
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[Independence Test]

▪ Hypothesis: 
𝑯𝟎 : Row and column variables are independent. (𝐢. 𝐞. , 𝒑𝒊𝒋 = 𝒑𝒊∙ 𝒑∙𝒋) 

𝑯𝟏 : Row and column variables are not independent 

▪ Decision Rule:

‘If χ𝒐𝒃𝒔
𝟐 = σ𝒊=𝟏

𝒓 σ𝒋=𝟏
𝒄 (𝑶𝒊𝒋−𝑬𝒊𝒋)

𝟐

𝑬𝒊𝒋
> χ(𝒓−𝟏)(𝒄−𝟏); 𝜶

𝟐 , reject 𝑯𝟎‘

where 𝒓 and 𝒄 are the number of attributes of row and column variable

❖ In order to use the chi-square distribution for the independence test, all 
expected frequencies are at least 5 or more.

❖ If an expected frequency of a cell is smaller than 5, the cell is combined 
with adjacent cell for analysis.

11.2  Testing Hypothesis for Contingency Table
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[Example 11.2.2] A market research institute surveyed 500 people on how 
three beverage products (A, B and C) are preferred by region and obtained 
the following contingency table.
1) Draw a line graph of beverage preference by region using 『eStat』.
2) Test whether the beverage preference by the region is independent of 

each other at the significance level of 5%.
3) Check the result of the independence test using 『eStatU』.

11.2  Testing Hypothesis for Contingency Table

Region
Beverage

A         B        C
Total

New York

Los Angels

Atlanta

52       64      24 

60       59      52

50       65      74

140

171

189

Total 162      188     150 500
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<Answer of Example 11.2.2>

11.2  Testing Hypothesis for Contingency Table
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<Answer of Example 11.2.2>

• Hypothesis   
𝑯𝟎 ∶ 𝐑𝐞𝐠𝐢𝐨𝐧 𝐚𝐧𝐝 𝐛𝐞𝐯𝐞𝐫𝐚𝐠𝐞 𝐩𝐫𝐞𝐟𝐞𝐫𝐞𝐧𝐜𝐞 𝐚𝐫𝐞 independent of each other
𝑯𝟏 ∶ 𝐑𝐞𝐠𝐢𝐨𝐧 𝐚𝐧𝐝 𝐛𝐞𝐯𝐞𝐫𝐚𝐠𝐞 𝐩𝐫𝐞𝐟𝐞𝐫𝐞𝐧𝐜𝐞 𝐚𝐫𝐞 𝐧𝐨𝐭 independent

• Expected frequency 

(
𝑻∙𝟏

𝒏
, 
𝑻∙𝟐

𝒏
, 
𝑻∙𝟑

𝒏
) = (

𝟏𝟔𝟐

𝟓𝟎𝟎
, 

𝟖𝟖

𝟓𝟎𝟎
, 

𝟓𝟎

𝟓𝟎𝟎
) 

𝑬𝟏𝟏 = 𝑻𝟏∙
𝟏𝟔𝟐

𝟓𝟎𝟎
𝑬𝟏𝟐= 𝑻𝟏∙

𝟖𝟖

𝟓𝟎𝟎
𝑬𝟏𝟑 = 𝑻𝟏∙

𝟓𝟎

𝟓𝟎𝟎

𝑬𝟐𝟏 = 𝑻𝟐∙
𝟏𝟔𝟐

𝟓𝟎𝟎
𝑬𝟐𝟐= 𝑻𝟐∙

𝟖𝟖

𝟓𝟎𝟎
𝑬𝟐𝟑= 𝑻𝟐∙

𝟓𝟎

𝟓𝟎𝟎

𝑬𝟑𝟏 = 𝑻𝟑∙
𝟏𝟔𝟐

𝟓𝟎𝟎
𝑬𝟑𝟐= 𝑻𝟑∙

𝟖𝟖

𝟓𝟎𝟎
𝑬𝟑𝟑= 𝑻𝟑∙

𝟓𝟎

𝟓𝟎𝟎

11.2  Testing Hypothesis for Contingency Table
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<Answer of Example 11.2.2>

• Hypothesis   
𝑯𝟎 ∶ 𝐑𝐞𝐠𝐢𝐨𝐧 𝐚𝐧𝐝 𝐛𝐞𝐯𝐞𝐫𝐚𝐠𝐞 𝐩𝐫𝐞𝐟𝐞𝐫𝐞𝐧𝐜𝐞 𝐚𝐫𝐞 independent of each other
𝑯𝟏 ∶ 𝐑𝐞𝐠𝐢𝐨𝐧 𝐚𝐧𝐝 𝐛𝐞𝐯𝐞𝐫𝐚𝐠𝐞 𝐩𝐫𝐞𝐟𝐞𝐫𝐞𝐧𝐜𝐞 𝐚𝐫𝐞 𝐧𝐨𝐭 independent

• Test Statistic 

χ𝒐𝒃𝒔
𝟐 = σ𝒊=𝟏

𝒓 σ𝒋=𝟏
𝒄 (𝑶𝒊𝒋−𝑬𝒊𝒋)

𝟐

𝑬𝒊𝒋
=

(𝟓𝟐 −𝟒𝟓.𝟑𝟔)𝟐

𝟒𝟓.𝟑𝟔
+ 

(𝟔𝟎 −𝟓𝟓.𝟒𝟎)𝟐

𝟓𝟓.𝟒𝟎
+ ⋯ +

(𝟕𝟒 −𝟓𝟔.𝟕𝟎)𝟐

𝟓𝟔.𝟕𝟎
= 18.825

• Decision Rule

‘If χ𝒐𝒃𝒔
𝟐 > χ(𝒓−𝟏)(𝒄−𝟏); 𝜶

𝟐 , reject 𝑯𝟎‘

Since χ(𝟑−𝟏)(𝟑−𝟏); 𝟎.𝟎𝟓
𝟐 = 9.488, 𝑯𝟎 is rejected.

11.2  Testing Hypothesis for Contingency Table
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<Answer of Example 11.2.2>

11.2  Testing Hypothesis for Contingency Table
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<Answer of Example 11.2.2>

11.2  Testing Hypothesis for Contingency Table
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Thank you


