
Analyses  for Categorical Variables 
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  Tests of Statistical   

   Hypothesis 

5      Goodness of Fit Test 
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Chi-square Goodness of Fit Test  
(For Distribution of Univariate Data) 

The Chi-square Goodness-of-fit Test (Pearson, 1900) 

F(x) :  the true but unknown distribution function. 

F*(x) :  a completely specified distribution function. 

H0:  F(x) = F*(x)   for all x     

Ha:  F(x)  F*(x)   for at least one x 

Classes 

1 2 ... k Total 

Observed frequencies O1 O2 ... Ok N 

Probability distribution from F*(x) p1* p2* pk* 1 

Expected frequencies E1 E2 ... Ek N 

( Expected Cell Count: Ej = pj* N         j  = 1, 2, ..., k  ) 
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Test Statistic: 

  2  =         2 {k - 1} 
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Under H0, 
2 has a chi-square distribution with (k – 1) 

degrees of freedom 

Decision Rule: 

  Reject H0 If 
2 > 2

a
  or p-value < a . 

Cochran’s guidelines: (Large sample conditions) 

• None of the expected cell counts less than 1. 

• No more than 20% of the expected cell frequencies 

are less than 5. 
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Example:   

The color distribution of A&A candies is 
supposed to be 30% red, 20% green, and 50% 
yellow. In a random sample of 200 A&A candies 
taken from the production line, 56 red, 52 
green and 92 yellow. Does the sample suggest 
that the distribution of different color of candies 

still follows the 30/20/50 distribution?  
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Example:  (continue) 

Red Green Yellow Total 

Observed Frequencies 56 52 92 200 

Expected Frequencies 60 40 100 200 

2 =  
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= 4.507 < 5.991 = 2
.05 (2),  

p-value > 0.1 =>  fail to reject H0 

Conclusion:  There is no sufficient evidence to 

support that the color distribution is significantly 

different from 30/20/50. 
6 

Example:   

It is believe that the outcomes is uniformly 
distributed from a game of drawing a ball from 
4 balls numbered from 1, 2, 3, and 4 in a box. 
The outcomes from the past 100 games were 
recorded, and the frequency distribution (count) 
is the following: 1 occurred 20 times, 2 
occurred 25 times, 3 occurred 41 times and 4 
occurred 14 times. Does the sample suggest 
that the outcome distribution of this game is 
not significantly different from uniform 
distribution?  
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Goodness of Fit Test 

Example:  The following is a random sample of size 
20.  Was this sample obtained from a normally 
distributed population? 

16.7   18.8 24.0 35.1 39.8 
17.4 19.3 24.7 35.8 42.1 
18.1 22.4 25.9 36.5 43.2 
18.2 22.5 27.0 37.6 46.2 
(sample mean = 28.565,  standard deviation = 9.8887) 
 
H0:  This random sample represents observations on a 

“normally distributed” random variable with 
mean 30 and variance 100. 

Ha:  Ho is not true. 
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Goodness of Fit Test 
If H0 is true then the three quartile of this normally 
distributed random variables are   

z.25 = 30 + 10(.67) = 23.3 

z.50 = 30 

z.75 = 36.7 

(, 23.3] (23.3, 30] (30, 36.7] (36.7, ] Totals 

Observed 

Frequencies 8 4 3 5 20 

Expected 

Frequencies 5 5 5 5 20 
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Goodness of Fit Test 

T =                                              
     

   =  2.8  => p-value > 0.1    failed to reject Ho 

(7.815 = 2 .05 (3))  

Conclusion:  There is no sufficient evidence to support 
that the distribution of the sampled population is 
significantly different from normal with mean 30 and 
variance 100. 

(, 23.3] (23.3, 30] (30, 36.7] (36.7, ] Totals 

Observed 

Frequencies 
8 4 3 5 20 

Expected 

Frequencies 
5 5 5 5 20 
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Goodness of Fit Test 

What if the null hypothesis is that “Ho:  
This random sample represents 
observations on a normally distributed 
random variable with estimated mean 
28.565 and standard deviation 
9.8887” ?  
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Goodness of Fit Test 

If parameters were estimated than the 
test would be 
  
Test Statistics:   
 
  2  =                          2 (c -1- m) 

 

Degrees of freedom = c – 1 –  m    
(number of intervals minus 1, and minus m 
which is the number of parameters estimated)  
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Goodness of Fit Test 

Example: Number of air plans landing at 
a particular airport per 10 minutes at 
certain time of a day is recorded as 
following: 

 
Number of air plans:      0        1          2        3     > 3 
least 4 

Observed Frequency:     9        9        10       14        6 

Expected Frequency:   5.88  12.34   12.96   9.07   7.75 
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Goodness of Fit Test 

48 [e -2.12.10]/0! = 5.88     (rest of the expected 
frequencies can be calculated in the same 
fashion) 

 

The average number of air plans observed per 
10 minutes according the data above is 2.1, 
(reported by the researcher) estimate of . If 
the last category is more specific than one can 
calculate the mean.  
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Goodness of Fit Test 

2 = (9 - 5.88)2/5.88 + … + (6 - 7.75) 2/7.75     

     = 6.31 => 0.001 < p-value < 0.005 

[7.815 = 2 
.05 (3)] 

 

The degree of freedom is 3 because there is 
one parameter estimated. 

 

Conclusion: Failed to reject H0. There is no 
sufficient evidence to say that the landing 
pattern of air plans doesn’t follow Poisson 
distribution. 


