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Chi-square 

 It is a number that you can calculate using certain formula  
 Helps you take decision regarding to your hypothesis  
 Helps you at the end of calculation to decide either to keep or reject the null 

hypothesis (determine if there is an association between dependent and in-

dependent variables) 
 We use it when we have dependent variable and in-dependent variable that are both 

nominal  
Example: 
Variable 1  Do you belong to Democrat party or Republican Party? 

Variable 2  Are you favor or oppose of using weapons? 

Also we may add neutral to variable 2 

Research question  is there an association between your political party and your 

position of using weapons.  

We use chi-square because both variables are nominal  

 

Important condition:  
1) Both variable must be nominal  

2) Groups must be independence  

3) Sample must contain at least 20 person  

Usually hundreds or thousands  

4) Each cell must contain at least 5 observations  

Example  

 

                       

 

 

 

 

 

 Favor Oppose 

Democrat  IIII IIII II IIII III 

republican IIII III IIII IIII IIII I 

Oppose  Favor   
IIII IIII III II Democrat 

IIII IIII IIII II IIII III Republican 

Oppose  Favor   

IIII II IIII Democrat  

IIII I II Republican  

1 ) we have more than 20 person 

2 ) we have more than observation 

in each cell 

 So we can use chi-square   

1 ) we have more than 20 person  

2 ) we don’t have more than 

observation in all cell 

So we can't use chi-square 
1 ) we don’t  have more than 20 person  

2 ) we don’t have more than observation in 

all cell 

 We can't use chi-square 
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How to calculate chi-square? 

 We can calculate chi-square by this formula 

 

 

 

  

 

 

 

 observed value : is the number that i  

Collect from people  

 

 Expected value : 

 

 

 

So if I want to calculate the expected value for who are democrat and favor for weapons use  

A*B/n    25*50/90 = 13.9   (for cell 1) then I do it to all the 6 cells                                                        

So chi-square is    

 

  

 

 

So the calculated chi-square is 11.03  

Next step I use the calculated chi-square in a process of 6 step and at the end I can answer 

my research question. 

A 

B 

1 2 3 
4 5 6 

1 2 3 

4 5 6 
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Steps in test hypothesis 

For the previous example (party and weapons) 

First step: determine the appropriate test  

1. Party Membership (2 levels) and Nominal 

2. Voting Preference (3 levels) and Nominal 

So I can use chi-square 

 

Second step: establish level of significance  

Usually we want our alpha to be 0.05  

This mean that my result at the end ( 95% confidence) so I can say I am 95% confidence that 

there is association or there is no association  

NOTE: some people may choose another alpha  

 

Third step: determine the hypothesis  

Write down your hypothesis 

Ho (null hypothesis): There is no difference between Democrat & Republican in their 

opinion on gun control issue in the American population 

Ha (my hypothesis): There is an association between responses to the gun control survey 

and the party membership in the American population. 

NOTE: we should determine the population level 

 

Fourth step: calculating the statistics  

We calculate the chi-square as we do  

Calculated chi-square = 11.03 
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Fifth step: determine degree of freedom  

Df = (Row – 1) (Column – 1) 

In the example, we have 2 rows and 3 column  

So the Df is  (2 – 1) (3 – 1) = 2   

NOTE: it is an important number to calculate in any chi-square test  

So up to now we have 3 thing 

1) Alpha = 0.05                      2) Df = 2                     3) chi-square = 11.03 

 

Then use this number in step number 6  

 

Sixth step: compare computed test statistic against a tabled/critical value  

 

In this step I compare my calculated chi-square with critical chi-square  

If calculated chi-square > critical chi-square then  null hypothesis is rejected  

If calculated chi-square < critical chi-square then  null hypothesis is accepted 

There is no scenario they are become equal (if they equal reject null hypothesis) 

 

 

 

 

 

 

 

 

 Sometime instead of write degree of freedom they write ( r ) 

 Critical chi-square is the number were alpha and Df meet each other  

 Don’t memorize the table it will be given for you in the exam 
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In our example: 

Df (r)  2  

Alpha  0.05  

So the critical chi-square  5.991 

 

So now, I have  

1) Calculated chi-square  11.03          2) critical chi-square  5.99 

 

Last thing  

Calculated chi-square > critical chi-square  I will reject the null hypothesis  

So we are 95% confidence that there is an association between your political party and your 

position of using weapons In the population level of US 

 

NOTE: remember to write your confidence  

Also you cannot be 100% confidence 

 

To sum up  

 

1. Determine the appropriate test  

2. Establish the level of significance: α  

3. Formulate the statistical hypothesis  

4. Calculate the test statistic  

5. Determine the degree of freedom  

6. Compare computed test statistic against a tabled/critical value  
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 Example: 
I have a sample of 100 patient and I 

wonder if there is an association between 

smoking cigarette and developing lung 

cancer  

 

 

First step  both are nominal so I use chi-square 

Second step   alpha is 0.05  

 

Third step   

Ha: there is an association between smoking cigarette and developing lung cancer 

Ho:  there is No association between smoking cigarette and developing lung cancer 

 

Fourth step  calculate chi-square 

First, calculate expected value  

Cell 1  (40)*(45)/100 = 18                                        Cell 2  (60)*)45)/100 = 27 

Cell 3  (40)*(55)/100 = 22                                        Cell 4  (60)*(55)/100 = 33 

Second Calculate chi-square for each cell then add them together  

Cell 1  (35-18)2 /18 = 16.06                                       cell 2  (10-27)2/27 = 10.70 

Cell 3  (5-22)2 / 22 = 13.14                                        cell 4  (50-33)2/33 = 8.76 

Chi-square 16.06 + 10.70 + 13.14 + 8.76 = 48.66 

 

Fifth step  degree of freedom  

Df  (2-1)*(2-1) = 1 

 

Sixth step  find the critical chi-square  

Critical chi-square  3.841 

Since calculated chi-square > critical chi-square  null hypothesis is rejected  

So I am 95% confidence that there is an association between smoking and developing lung 

cancer 

  

 

 

 

 

 Cancer No-cancer row 

Smoker 35 
 

10 45 

Non-smoker 5 50 
 

55 

column 40 60 N=100 

1 2 
3 4 
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How SPSS calculate chi-square? 
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First 

Second  

Third  
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                                                         I end up with  

 

 

 

 

 

 

 

 

 

 

 

He did not give the critical value but he give me a better thing, which is P value  

P value           

If alpha value > p value  null hypothesis is rejected  

If alpha value < p value  null hypothesis is accepted 

 

Alpha = 0.05 (as usual)                 P value = 0.244 

So If alpha value < p value  null hypothesis is accepted 

So I am 95% confidence that there is no association  

 

(for better understanding watch video 10 from 39:44 to the end) 

 

 

 

 

 

 

Best of luck  

P value  


