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Special Chapter  

Introduction to Analysis of Variance (ANOVA) 

 

 Analysis of variance (ANOVA) is used to test the hypothesis that three or more population means 

are equal.  

 

Hypothesis: 

H0:  µ1  =  µ2  =  µ3  =  ………… = µk 

Ha:  Not all population means are equal 

 

Dependent Variable (Response Variable) = Variable to be compared 

Independent Variable (Factor or Treatment) = Names of categories or divisions 

 

For example, 

(Note) 

 

 

 

 

 

 

 

Assumptions of ANOVA 

1. For each population, the response variable is normally distributed. 

2. The variance of the response variable is the same for all of the population. 

3. The observations must be independent. 
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A Conceptual Overview 

 Suppose there are 3 populations.  If the means for the three populations are equal, we would 

expect the three sample means to be close together.  Hence, if the variability among the sample means is 

small, it supports H0.  If the variability among the sample means is large, it supports Ha. 

 We can then measure these variability by analyzing 2 types of variance estimates: 

 Between-Treatments Estimate of Population Variance 

 Within-Treatments Estimate of Population Variance 

Example: 

 We are trying to measure how employees at plants located in Atlanta, Dallas, and Seattle 

understand the concept of Total Quality Management.  By doing so, 6 employees from each plant are 

selected to do the exam and the score for each employee was calculated.  To see the difference in abilities 

of employees in different plants, we can employ ANOVA to test whether there is a difference in mean 

scores among employees from those plants.  

Observation  Atlanta Plant Dallas Plant Seattle Plant 

1 85 71 59 

2 75 75 64 

3 82 73 62 

4 76 74 69 

5 71 69 75 

6 85 82 67 

Sample Mean 79 74 66 

Sample Variance 34 20 32 

Sample SD 5.83 4.47 5.66 

(Note:  Demonstration via picture) 
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Analysis of Variance (ANOVA) 

Test Statistic:  

𝐹 =  
𝑀𝑆𝑇𝑅

𝑀𝑆𝐸
 

Between-Treatments Estimate of Population Variance 

MSTR = Mean Square due to Treatment  

𝑀𝑆𝑇𝑅 =  
∑ 𝑛𝑗(𝑥̅𝑗 − 𝑥̿)2𝑘

𝑗=1

𝑘 − 1
 

Where, k – 1 = df between treatment (number of group – 1) 

 

Within-Treatments Estimate of Population Variance 

MSE = Mean Square due to Error 

𝑀𝑆𝐸 =  
∑ (𝑛𝑗− 1)𝑠𝑗

2  𝑘
𝑗=1

𝑛𝑇 − 𝑘
 

Where, nT - k = df among errors (total number of observations – number of group) 

Use the information from the previous table to determine whether there is a significant difference among 

the mean scores of employees from the three locations, given 0.05 level of significance. 
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Ex 1 

Five observations were selected from each of three populations.  The data obtained follow. 

Observation  Sample 1 Sample 2 Sample 3 

1 32 44 33 

2 30 43 36 

3 30 44 35 

4 26 46 36 

5 32 48 40 

Sample mean 30 45 36 

Sample variance 6 4 6.5 

 

a) Compute the between-treatments estimate of variance. 

b) Compute the within-treatments estimate of variance. 

c) At the 0.05 level of significance, can we reject the null hypothesis that the means of the three 

populations are equal? 
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Ex2 

Four observations were selected from each of three populations (test scores of KKUIC students from CA, 

IA, and TM).  The data obtained follow. 

Observation  CA IA TM 

1 165 174 169 

2 149 164 154 

3 156 180 161 

4 142 158 148 

Sample mean 153 169 158 

Sample variance 96.67 97.33 82 

 

a) Compute the between-treatments estimate of variance. 

b) Compute the within-treatments estimate of variance. 

c) At the 0.05 level of significance, can we reject the null hypothesis that the means of the three 

populations are equal? 
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