
One Way ANOVA 
Analysis of Variance 

 
     When we are interested in determining if the means from at least three different popula5ons are the same we 
use the Method of Analysis of Variance. This is done in the form of a formal Hypothesis Tes7ng Procedure.  
 

𝐻!:	𝜇" = 𝜇# = 𝜇$ = ⋯𝜇%  Claim 
𝐻": at least one 𝜇 is not equal 

 
      Because this process is very complicated Mathema5cally, we emphasize the use of technology and the 
interpreta5on of the results.  
  
     One Way ANOVA is a method of tes5ng the equality of three or more popula5on means by analyzing the sample 
variances. One way Analysis of Variance is used with data categorized with one factor (treatment). This is a single 
factor used to separate the sample data into dis5nct groups.  
 
Requirements 
 

• The popula5ons have distribu5ons that are approximately normal. This is a loose requirement. 
• The popula5ons have the same popula5on variance 𝜎# or standard devia5on 𝜎. This is a loose 

requirement.  
• The samples are random and independent from one another. 
• The different samples are from popula5ons that are categorized in one way. 

Procedure for Tes7ng  𝐻!:	𝜇" = 𝜇# = 𝜇$ = ⋯𝜇%  Claim 
 

• Use technology to obtain the Test Sta7s7c 𝑭	and 𝒑 value. 
• The ANOVA Test is a Right Tailed Test. 

 
We will study examples to get a good feel for Analysis of Variance known as ANOVA. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 



Performance IQ Scores based on the Height of Men (Short, Medium, Tall) 
 
     Sample Sta5s5cs are in the table below along with Boxplots (Desmos) for short men (below 5 M 5), medium 
height men (between 5 M 5 inches and 5 M 9 inches) and tall men (above 5 M 10 inches).  
 

 
 

Boxplots (Desmos) 

 
 

It is a good thing they need to be “loosely” Normal Distributed. 
 

Tall Men

86 93 108 59 125 96 90 92
96 88 97 117 103 120 121 113
92 86 83 104 57 119 121 121
93 97 77 113 95 131 116 118
110 95 85 74 100 113 82 102

Mean 99.685
Variance 300.709

SD 17.341
n 40

Medium Height Men

79 72 119 103 91 97
109 109 114 78 97 113
106 96 110 105 105 83
93 96 71 85 87 101
81 88 118 124 92 105

Mean 97.563
Variance 199.991

SD 14.142
n 30

Short Men
87 117 114 139 83
100 129 74 105 104
96 95 74 97 99
100 98 101 107 118
95 104 97 122 110

Mean 102.631
Variance 232.805

SD 15.258
n 25

Normal 

Right Skew 

Inconclusive 



     We can Access for Normality being crea5ng a Normal Quan7le Plot in the TI-84 Calculator. Let 𝑳𝟏represent the 
IQ Scores for tall men, 𝑳𝟐	represent the IQ Scores for medium height men, 𝑳𝟑	represent the IQ Scores for short men.  
 

 

 
 

 
 
 

 
 
 
 
 
 
 
 
 
 
 

Inconclusive 

Normal 

Not Normal 



We can create Boxplots with the TI-84 Plus CE calculator as well. 
 

 
 

 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 

Right Skew 

Inconclusive 

Normal 



Modern (𝑷 Value Method) Hypothesis Test for Analysis of Variance with 𝜶 = 𝟓% 
 

𝐻!:	𝜇" = 𝜇# = 𝜇$ Claim 
𝐻": at least one 𝜇 is not equal 

 
Using the 𝑨𝑵𝑶𝑽𝑨(𝑳𝟏, 𝑳𝟐, 𝑳𝟑) in the TI-84 Plus CE Calculator 

 

 
 

𝒑 ≈ 𝟎. 𝟓𝟎𝟔; 𝒑 ≮ 𝜶; Accept 𝑯𝟎 
The Sample Supports the Claim  

The data comes from popula5ons having the same means 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



     However, if you would like to use the Tradi7onal Hypothesis Tes7ng Method for ANOVA that is based on the 𝐹 
Distribu5on. 

F Distribu7on 
 

 
 

• The F distribu5on is not symmetric and is right skewed. 
• The values of the F distribu5on are non-nega5ve. 
• The slope of the F distribu5on is dependent on two different degrees of freedom. 

 
 

Test Sta5s5c    𝑭 = 𝒏𝒔𝒙,𝟐

𝒔𝒑𝟐
	

 
 
The test Sta5s5c is the ra5o of two es5mates for 𝜎# 
 

1. The varia7on between samples (based on varia5on among the sample means). 
 

𝒏𝒔𝒙$𝟐 
 

2. Varia7on within samples (based on the sample variances).  
 

𝒔𝒑𝟐 
 

𝐹 =
𝐯𝐚𝐫𝐢𝐚𝐭𝐢𝐨𝐧	𝐛𝐞𝐭𝐰𝐞𝐞𝐧	𝐬𝐚𝐦𝐩𝐥𝐞𝐬
𝐯𝐚𝐫𝐢𝐚𝐭𝐢𝐨𝐧	𝐰𝐢𝐭𝐡𝐢𝐧	𝐬𝐚𝐦𝐩𝐥𝐞𝐬  

 
 
 
 
 
 
 
 
 
 
 

𝜶 

CV 

Do Not Reject 𝑯𝟎 Reject 𝑯𝟎 



Performance IQ Scores based on the Height of Men (Short, Medium, Tall) 
 

𝐻!:	𝜇" = 𝜇# = 𝜇$ Claim 
𝐻": at least one 𝜇 is not equal 

 
Equal Sample Sizes are needed for increased accuracy! 

𝒏 = 𝟐𝟓 
 

 
 

Varia7on Between Samples 
 

 
 

𝒏𝒔𝒙,𝟐 = 𝟐𝟓 ∙ 𝟏. 𝟏𝟎𝟖𝟐 ≈ 𝟑𝟎. 𝟔𝟗𝟐 
 

Varia7on Within Samples 
 

 
 

𝒔𝒑𝟐 =
𝟏𝟔.𝟗𝟗𝟎1𝟏𝟒.𝟓𝟏𝟑1𝟏𝟒.𝟗𝟏𝟗

𝟑
≈ 𝟏𝟓. 𝟒𝟕𝟒   Mean of the Sample Variances 

 
 
 
 
 
 

Tall Men Medium Men Small Men
Mean 101.856 Mean 99.805 Mean 101.556

Variance 288.672 Variance 210.641 Variance 222.581
SD 16.990 SD 14.513 SD 14.919
n 25 n 25 n 25



 
 

Test Sta7s7c  𝑭 = 𝟑𝟎.𝟔𝟗𝟐
𝟏𝟓.𝟒𝟕𝟒

≈ 𝟏. 𝟗𝟖𝟑 
 
 

Determining Cri1cal Values 
 

Degree of Freedom  
𝒌 =number of samples; 𝒌 = 𝟑 

𝒏=sample size; 𝒏 = 𝟐𝟓 
 

Numerator degree of freedom = 𝑘 − 1 
numerator df= 𝟑 − 𝟏 = 𝟐 

Denominator degree of freedom= 𝑘(𝑛 − 1) 
denominator df= 𝟑(𝟐𝟓 − 𝟏) = 𝟗𝟐 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



F Table 
 

 

 
 
 

The Sample Supports the Claim  
The data comes from popula5ons having the same means 

𝟓% 

3.1504 

Do Not Reject 𝑯𝟎 Reject 𝑯𝟎 

1.983 
. 



Lifespan of Americans (African, Hispanic, Asian, White) 
 
     Sample Sta5s5cs in the table below represent the lifespans of various American ethnic groups. Use the 5% level 
of significance to test the claim that they come from popula5ons with the same mean. 
 

𝐻!:	𝜇" = 𝜇# = 𝜇$ = 𝜇5  Claim 
𝐻": at least one 𝜇 is not equal 

 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

African American Asian American
57 73 54 57 78 95 99 86 100 92
73 74 73 74 83 79 66 71 95 77
70 85 78 77 90 66 84 104 85 69
73 63 83 67 77 97 78 94 94 88
80 77 62 78 68 84 78 82 68 89

Mean 73.061 Mean 84.804
Variance 81.672 Variance 125.327

SD 9.037 SD 11.195
n 25 n 25

Hispanic American White Americans
99 72 77 60 89 81 71 75 91 82
78 97 80 72 90 60 71 86 77 66
78 75 74 79 61 77 67 88 72 64
65 62 74 75 88 72 72 76 73 67
89 62 58 71 95 92 82 88 67 90

Mean 76.783 Mean 76.299
Variance 141.977 Variance 82.628

SD 11.915 SD 9.090
n 25 n 25

𝑳𝟏 

𝑳𝟐 

𝑳𝟑 

𝑳𝟒 



Boxplots and Normal Quan7le Plots 
 

 
 

 
 

 
 

 

Normal 

Right Skew 

Normal 

Right Skew 



 
ANOVA 

 

 

 
 

𝒑 ≈ 𝟎. 𝟎𝟎𝟏; 𝒑 < 𝜶; 𝑯𝟎 is too low, 𝑯𝟎	has to go! 
The Sample Does Not Support the Claim  

The data comes from popula5ons with unequal means 
 

Tradi7onal Method 
 

 
 

Test Sta5s5c    𝑭 = 𝒏𝒔𝒙,𝟐

𝒔𝒑𝟐
= 𝟐𝟓∙𝟒.𝟔𝟓𝟓𝟐

𝟏𝟎𝟕.𝟗𝟎𝟏
≈ 𝟓. 𝟎𝟐𝟏 

 
 
 



Determining Cri1cal Values 
 

Numerator degree of freedom = 𝑘 − 1 
numerator df= 𝟒 − 𝟏 = 𝟑 

Denominator degree of freedom= 𝑘(𝑛 − 1) 
denominator df= 𝟒(𝟐𝟓 − 𝟏) = 𝟗𝟔 

 

 
 

 
 
 

The Sample Does Not Support the Claim  
The data comes from popula5ons having unequal means 

𝟓% 

2.7581 

Do Not Reject 𝑯𝟎 Reject 𝑯𝟎 

5.021 
. 


