
Con$ngency Tables 
𝝌𝟐 Test 

 
 
     How effec(ve are various treatments when dealing with medical issues? The use of Con$ngency Tables a9empts 
to answer this relevant and important ques(on. And the process can generally be used to test the “independence” 
of various processes, or a9ributes, on different subjects. Another illustra(on of how a Con$ngency Table works is 
the considera(on of people who are leE-handed versus right-handed.  
 

Sex Versus Handedness 
 

 
 
    When considering two variables (sex and handedness) we want to determine whether these variables are 
independent of one another. Let us focus on some technical defini(ons so we can proceed in answering these 
ques(ons. We consider sta(s(cal methods to analyze the frequency counts.  In our “con(ngency table” (two-way 
frequency table. 
 
 
Defini$on- Con$ngency Table: A table consis(ng of frequency counts for categorical data corresponding to two 
variables. One variable is used to categorize the rows, while the other variable is used to categorize the columns.  
 
 

x represents the sex (male or female) and y represents the handedness (leF and right). 
 

     The word con$ngent refers to dependence on some other factor. The term con$ngency table refers to a test 
regarding the independency between the variables x and y (rows and columns).  
 
 
Defini$on- Test of Independence: when we test the Null Hypothesis that in a con(ngency table, the row and 
columns variables are independent. There is no dependency between the roe and column variables.  
 
 

Requirements 
• The sample data is randomly collected. 
• The sample data is represented as frequency counts in rows and columns (two-way table). 
• For every cell in the Con$ngency Table, the Expected Frequency E is at least 5.  

 
Hypothesis Test 

 
𝐻":	The row and columns variables are Independent. 
𝐻#:	The row and columns variables are dependent. 

 

Test Sta$s$c    𝝌𝟐 = ∑ (𝑶&𝑬)𝟐

𝑬
		where O is the observed frequency and E is the expected frequency in a cell and 

 

𝑬 =
(𝒓𝒐𝒘	𝒕𝒐𝒕𝒂𝒍)(𝒄𝒐𝒍𝒖𝒎𝒏	𝒕𝒐𝒕𝒂𝒍)

(𝒈𝒓𝒂𝒏𝒅	𝒕𝒐𝒕𝒂𝒍)  

Right Handed Left Handed Total
Male 43 9 52

Female 44 4 48
Total 87 13 100



Cri$cal Values 
 

𝒅𝒇 = (𝒓 − 𝟏)(𝒄 − 𝟏) 
 

    Where 𝑟 is the number of rows and 𝑐 is the number of columns. This is also a right tail 𝝌𝟐	distribu$on test. 
 

 
 
 
 
 



Tradi$onal Method 
 

𝐻":	The row and columns variables are Independent. 
𝐻#:	The row and columns variables are dependent. 

 

 

 
 
𝑬 
 

 
 

𝑶− 𝑬 
 

 
 

(𝑶 − 𝑬)𝟐 
 

 
 

(𝑶 − 𝑬)^𝟐
𝑬  

 

 
 

Sex Versus Handedness 
 

 
 

Right Handed Left Handed Total
Male 43 9 52

Female 44 4 48
Total 87 13 100

Column 1 Column 2
Right Handed Left Handed Total

Row 1 Male E11 E12 52
Row 2 Female E21 E22 48

Total 87 13 100

Column 1 Column 2
Right Handed Left Handed Total

Row 1 Male 45.24 6.76 52
Row 2 Female 41.76 6.24 48

Total 87 13 100

Column 1 Column 2
Right Handed Left Handed Total

Row 1 Male -2.24 2.24 52
Row 2 Female 2.24 -2.24 48

Total 87 13 100

Column 1 Column 2
Right Handed Left Handed Total

Row 1 Male 5.0176 5.0176 52
Row 2 Female 5.0176 5.0176 48

Total 87 13 100

Column 1 Column 2
Right Handed Left Handed Total

Row 1 Male 0.111 0.742 52
Row 2 Female 0.120 0.804 48

Total 87 13 100

Sum 1.777



𝝌𝟐 =>
(𝑶− 𝑬)𝟐

𝑬 ≈ 𝟏. 𝟕𝟕𝟕 

 
𝒅𝒇 = (𝟐 − 𝟏)(𝟐 − 𝟏) = 𝟏 using 𝜶 = 𝟓% 

 
 

 
 
 

 
 

Conclusion  
Do Not Reject 𝐻" 

The Sex and Handedness are Independent. 
 
 
 

Do Not 
Reject 𝑯𝟎 

Reject 𝑯𝟎 

3.841 1.777 
. 

𝝌𝟐 



Modern Method 
 

𝐻":	The row and columns variables are Independent. 
𝐻#:	The row and columns variables are dependent. 

 

 
Create a Matrix 

 
𝒂𝒍𝒑𝒉𝒂 > 𝒛𝒐𝒐𝒎 

 

 
 

Enter the dimensions, in this case it’s a 2x2 matrix 
 

 
 

 
 
 
 
 
 
 

Sex Versus Handedness 
 

 
 

Right Handed Left Handed Total
Male 43 9 52

Female 44 4 48
Total 87 13 100



Enter the row and column values and don not Press Enter 
 

 
 

Store the Matrix 
Move the arrow to the right and use the 𝒔𝒕𝒐 → key 

 

 
 

Now name the Matrix 
𝟐𝒏𝒅 > 𝒙&𝟏 

 

 
 
 
 
 



Press Enter 
 

 
 

Conduct a 𝝌𝟐	𝑻𝒆𝒔𝒕 
 

 
 

𝒑 ≈ 𝟎. 𝟏𝟖𝟐; 𝒑 ≮ 𝜶; Accept 𝑯𝟎 
The Sample Supports the Claim  

The Sex and Handedness are Independent 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 



Splint or Surgery? 
 

Treatment versus Success 
 

 
 

Tradi$onal Method using 𝟏%  Level of Significance 
 

𝐻":	The row and columns variables are independent. 
𝐻#:	The row and columns variables are dependent. 

 

 
 
𝑬 
 

 
 

𝑶− 𝑬 
 

 
 

(𝑶 − 𝑬)𝟐 
 

 
 

(𝑶 − 𝑬)^𝟐
𝑬  

 

 

Successful Treatment Unsuccessful Treatment Total
Splint Treatment 60 23 83

Surgery treatment 67 6 73
Total 127 29 156

Successful Treatment Unsuccessful Treatment Total
Splint Treatment E11 E12 83

Surgery treatment E21 E22 73
Total 127 29 156

Column 1 Column 2
Successful Treatment Unsuccessful Treatment

Row 1 Splint Treatment 67.5705 15.4295
Row 2 Surgery treatment 59.4295 13.5705

Column 1 Column 2
Successful Treatment Unsuccessful Treatment

Row 1 Splint Treatment -7.5705 7.5705
Row 2 Surgery treatment 7.5705 -7.5705

Successful Treatment Unsuccessful Treatment
Row 1 Splint Treatment 57.31247025 57.31247025
Row 2 Surgery treatment 57.31247025 57.31247025

Column 1 Column 2
Successful Treatment Unsuccessful Treatment

Row 1 Splint Treatment 0.848187748 3.71447359
Row 2 Surgery treatment 0.96437746 4.223313087

Sum 9.750



𝝌𝟐 =>
(𝑶− 𝑬)𝟐

𝑬 ≈ 𝟗. 𝟕𝟓𝟎 

 
𝒅𝒇 = (𝟐 − 𝟏)(𝟐 − 𝟏) = 𝟏 using 𝜶 = 𝟏% 

 

 
 
 

 
 

Conclusion  
Do Not Reject 𝐻" 

The Treatment and Success are Independent. 
However, surgery is more likely to be successful. 

 

Do Not 
Reject 𝑯𝟎 

Reject 𝑯𝟎 

6.635 1.777 
. 

𝝌𝟐 



Modern Method 
 

𝐻":	The row and columns variables are Independent. 
𝐻#:	The row and columns variables are dependent. 

 
Treatment versus Success 

 

 
 

 

 
 

 
 

 
𝒑 ≈ 𝟎. 𝟎𝟎𝟐;  𝒑 < 𝜶;   𝒑	value is low, 𝑯𝟎	has to go! 

The Sample suggests the results are dependent.  
Surgery is a be9er treatment op(on. 

 
 
 
 
 
 
 
 

Successful Treatment Unsuccessful Treatment Total
Splint Treatment 60 23 83

Surgery treatment 67 6 73
Total 127 29 156


