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Module 18: One Way ANOVA

Reviewed  11 May 05 /MODULE 18

This module begins the process of using variances 
to address questions about means.  Strategies for 
more complex study designs appear in a subsequent 
module.
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 Sample 1  Sample 2  

 1.2  1.7  
 0.8  1.5  
 1.1  2.0  
 0.7  2.1  
 0.9  1.1  
 1.1  0.9  
 1.5  2.2  
 0.8  1.8  
 1.6  1.3  
 0.9  1.5  

Sum   10.6    16.1  
Mean   1.06    1.61  

 

Independent Random Samples from Two 
Populations of Serum Uric Acid values
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Person x x2 
1 1.2 1.44 
2 0.8 0.64 
3 1.1 1.21 
4 0.7 0.49 
5 0.9 0.81 
6 1.1 1.21 
7 1.5 2.25 
8 0.8 0.64 
9 1.6 2.56 

10 0.9 0.81 
11 1.7 2.89 
12 1.5 2.25 
13 2.0 4.00 
14 2.1 4.41 
15 1.1 1.21 
16 0.9 0.81 
17 2.2 4.84 
18 1.8 3.24 
19 1.3 1.69 
20 1.5 2.25 

Sum 26.7 39.65 
Mean 1.34  
Sum2/n 35.64  
SS(Total) 4.01  
Variance 0.21  
SD 0.46  

Serum Acid SS (Total) Worksheet
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x x2 x x2

1.2 1.44 1.7 2.89
0.8 0.64 1.5 2.25
1.1 1.21 2.0 4.00
0.7 0.49 2.1 4.41
0.9 0.81 1.1 1.21
1.1 1.21 0.9 0.81
1.5 2.25 2.2 4.84
0.8 0.64 1.8 3.24
1.6 2.56 1.3 1.69
0.9 0.81 1.5 2.25

Sum 10.6 12.06 16.1 27.59
Mean 1.06 1.61
Sum2/n 11.236 25.921
SS 0.824 1.669
Variance 0.092 0.185
SD 0.303 0.431

SS (Within) and SS (Among) worksheet
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SS (Within) = SS (sample 1) + SS (sample 2) 

=  0.824 + 1.669
=  2.490

SS (Within) = 2.49
2 2 2

1 2

1 2
2 2 2

su m su m to ta lS S (A m o n g )  =     
n n 2 0

(1 0 .6 ) (1 6 .1 ) (2 6 .7 )                    =    
1 0 1 0 2 0

                    =    1 1 .2 3 6  +  2 5 .9 2 1  3 5 .6 4
                    =    1 .5 1

S S (A m o n g ) =   1 .5 1

+ −

+ −

−
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1. The hypothesis: H0:  μ1 = μ2   vs H1:  μ1 ≠ μ2

2. The assumptions: Independent random samples ,          
normal distributions, 

3. The α-level : α = 0.05

4. The test statistic: ANOVA

5. The rejection region: Reject  H0: μ1 = μ2 if

2 2
1 2σ σ=

0.95(1,18)
( ) 4.41
( )

     
Where    MS(Among)=SS(Among)/DF(Among)
              MS(Within)=SS(Within)/DF(Within)

MS AmongF F
MS Within

= > =
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6. The result:

7.  The conclusion: Reject  H0:  

Since F = 10.86 > F0.95(1,18) = 4.41

1 2μ μ=

Source df SS MS F
Among 1 1.52 1.52 10.86
Within 18 2.49 0.14
Total 19 4.01

ANOVA
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1. The hypothesis: H0: μ1 = μ2 vs H1: μ1 ≠ μ2

2. The α-level: α = 0.05

3. The assumptions: Independent Random Samples 
Normal Distribution

4. The test statistic:

2 2
1 2σ σ=

Testing the Hypothesis that the Two Serum 
Uric Acid Populations have the Same Mean

1 2

1 2

1 1
p

x xt
s

n n

−
=

+
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5. The reject region: Reject H0 if t is not between    
± 2.1009

6. The result:

7. The conclusion: Reject H0 : μ1 = μ2 since t is not 
between  ± 2.1009

0.55 3.30
0.37(0.45)

t = =
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Independent Random Samples from Three 
Populations of Serum Uric Acid Values 
 Sample  
 1 2  3  
 1.2  1.7  1.3  
 0.8  1.5  1.5  
 1.1  2.0  1.4  
 0.7  2.1  1.0  
 0.9  1.1  1.8  
 1.1  0.9  1.4  
 1.5  2.2  1.9  
 0.8  1.8  0.9  
 1.6  1.3  1.9  
 0.9  1.5  1.8  

Sum  10.6   16.1    14.9  

Mean   1.06    1.61    1.49  
 

Example 2



18 - 12

In d e p e n d e n t R a n d o m  S a m p le s  fr o m  T h re e     

P o p u la tio n s  o f S e r u m  U r ic  A c id  V a lu e s     

          

 A N O V A  W o r k s h e e t    

 1  2  3     

 x  x 2  x  x 2  x  x 2     

 1 .2  1 .4 4  1 .7  2 .8 9  1 .3  1 .6 9     

 0 .8  0 .6 4  1 .5  2 .2 5  1 .5  2 .2 5     

 1 .1  1 .2 1  2 .0  4 .0 0  1 .4  1 .9 6     

 0 .7  0 .4 9  2 .1  4 .4 1  1 .0  1 .0 0    

 0 .9  0 .8 1  1 .1  1 .2 1  1 .8  3 .2 4     

 1 .1  1 .2 1  0 .9  0 .8 1  1 .4  1 .9 6     

 1 .5  2 .2 5  2 .2  4 .8 4  1 .9  3 .6 1     

 0 .8  0 .6 4  1 .8  3 .2 4  0 .9  0 .8 1  C o m b in e d  
 1 .6  2 .5 6  1 .3  1 .6 9  1 .9  3 .6 1  T o ta l 

  0 .9  0 .8 1   1 .5  2 .2 5   1 .8  3 .2 4  x  x 2  
S u m  1 0 .6  1 2 .0 6 1 6 .1  2 7 .5 9 1 4 .9  2 3 .3 7 4 1 .6  6 3 .0 2 0
n  1 0   1 0   1 0   3 0   
M e a n  1 .0 6   1 .6 1   1 .4 9   1 .3 9    

S u m 2 /n  1 1 .2 3 6   2 5 .9 2 1  2 2 .2 0 1  5 7 .6 8 5   
S S  0 .8 2 4   1 .6 6 9   1 .1 6 9   5 .3 3 5    
V a r ia n c e  0 .0 9 2   0 .1 8 5   0 .1 3 0   0 .1 8 4    
S D  0 .3 0 3   0 .4 3 1   0 .3 6 0   0 .4 2 9    
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SS(Among) = 11.236 + 25.921 + 22.201 - 57.685

= 1.673

SS(Within) = 0.824 + 1.669 + 1.169

= 3.662

SS(Total)   = 1.673 + 3.662 = 5.335
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Testing the Hypothesis that the Three populations 
have the same Average Serum Uric Acid Levels

1. The hypothesis: H0: µ1=µ2=µ3 ,vs. H1: µ1≠ µ2≠ µ3

2. The assumptions: Independent random samples          
normal distributions  

3. The α-level : α = 0.05

4. The test statistic: ANOVA 

2 2 2
1 2 3σ σ σ= =
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5. The Rejection Region:   Reject H0:                 if   
 
              
      

 
 
 
 
 

6. The Result: 
ANOVA 

    Source           df                SS                MS          F 
    Among           2                1.67             0.84          6.00 
    Within          27               3.66  0.14 
 
      Total          29               5.33  
 

7. The Conclusion:     Reject H0:  Since F = 6.00 > 
               F0.95 (2, 27) = 3.35. 

1 2 3μ μ μ= =

( )0.95 2,27
MS(Among)F =  > F =3.35
MS(Within)

where
SS(Among) SS(Within)     MS(Among) =  , MS(Within) = 

(Among) (Within)df df
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A random sample of n = 10 was taken from each of three 
populations of young males. Systolic blood pressure 
measurements were taken on each child. The measurements 
are listed below.       
   Group 
                                                             
 
    
 
 
 
 
 
 
 
 
 
 
 
 
 
 
                                         Sum        1,058                972                 965 
                 Mean      105.8               97.2                96.5 

1 2 3 
100 
102 
  96 
106 
110 
110 
120 
112 
112 
  90 

104 
  88 
100 
  98 
102 
  92 
  96 
100 
 96 
 96 

105 
112 
  90 
104 
  96 
110 
  98 
  86 
  80 
  84 

Example 3
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Independent Random Samples from Three    

Populations of Blood Pressure Levels    

          

 ANOVA Worksheet    

 1 2 3    

 x x2 x x2 x x2    

 100     10,000 104     10,816 105    11,025    

 102     10,404 88       7,744 112    12,544    

 96        9,216 100     10,000 90      8,100    

 106     11,236 98       9,604 104   10,816    

 110     12,100 102     10,404 96      9,216    

 110     12,100 92       8,464 110    12,100    

 120     14,400 96       9,216 98      9,604    

 112     12,544 100     10,000 86      7,396 Combined 
 112     12,544 96       9,216 80      6,400 Total 

  90        8,100  96       9,216  84      7,056 x x2 
Sum        1,058    112,644 972     94,680 965    94,257       2,995    301,581 
n 10  10  10  30  
Mean 105.8  97.2  96.5  99.8   

Sum2/n    111,936     94,478     93,123   299,001   

SS 708  202  1135  2580   
Variance 78.6  22.4  126.1  89.0   
SD 8.9  4.7  11.2  9.4   
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SS(Among) = 111,936 + 94,478 + 93,123 - 299,001

= 536.47

SS(Within)  = 708 + 202 + 1,134

= 2,043.70 

SS(Total)    = 536 + 2,043 = 2,580.17 
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Testing the Hypothesis That the Three Populations 
Have the Same Average Blood Pressure Levels

1. The hypothesis:

2. The assumptions: Independent random samples           
normal distributions  

3. The α-level : α = 0.05

4. The test statistic: ANOVA 

0 1 2 3 1 1 2 3:    vs   :H Hμ μ μ μ μ μ= = ≠ ≠

2 2 2
1 2 3σ σ σ= =
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5. The Rejection Region:  Reject H0: 1 2 3μ μ μ= =  if  
 
              
      
      
 
 
 
 

6. The Result: 
                                                     ANOVA      
                  Source           DF               SS                   MS                    F 
                  Among           2              536.47              268.23              3.54 
                  Within          27            2043.70             75.69 
  
                  Total             29             2580.17 
 

7. The Conclusion:      Reject H0: 1 2 3μ μ μ= = , since   
 F = 3.54 > F 0.95 (2, 27) = 3.35  

 

( )0.95 2,27
MS(Among)F =  > F =3.35
MS(Within)

where
SS(Among) SS(Within)     MS(Among) =  , MS(Within) = 

(Among) (Within)df df
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                                               Group 
1 2 3 

100 
102 
96 

106 
110 
110 
120 
112 
112 
90 

 
104 
88 

100 
98 

102 
92 
96 

100 
96 
96 

 
105 
112 
90 
104 
96 
110 
98 
86 
80 
84 

                                                                                              Total 
        x        105.8                     97.2                  96.5             99.83 =  
      x x−    +5.97                    -2.63                 -3.33               --- 
    Group  
    Effect 
 
 

x
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For Group 1, first child, 
Individual effect =              = 100 - 105.8 = - 5.8

100          =   99.83     +      5.97    +    ( -5.80)

Xij =   μ +    τi +     εij

Yijijij =   μ +    τi +     εij

11 1x x−

Individual 
Effect+

Group 
Effect+

Overall 
Mean=

Individual 
Value

Group
Effect

Random 
Effect
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A calibration evaluation of four machines that 
measure pulmonary function yielded, with the four 
machines being located at four sites,  

  
Machine /Site

 
 
 

 
 

 
1 

 
2 

 
   3 

 
     4 

 
NC

 
Jackson

 
Minn 

 
Balt

 
433
435
432
439
436

 

 
445
440
438
441

 
434 
436 
433 
437 
434 
438 
440 
435 

 

 
441
443
438
439
442
444

 

Pulmonary Function Equipment Comparison
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The numbers recorded above each represent one replication and 
are a computer generated count that is supposed to be equivalent 
to one liter.  A difference of 1% or more is not acceptable.  
Consider the following questions: 
 
1. Is there evidence that the four machines are not equally 

calibrated? 
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All 
Four
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Example: AJPH, Sept. 1997; 87 : 1437
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ANOVA for Anxiety at Baseline
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ANOVA for Psychosocial Adjustment to 
illness at 3 months
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Example: AJPH, August 2001; 91:1258
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