Quarter 3: Section 14  Formal ANOVA (ANalysis Of VAriance) for comparing two or more means
 (Logic, Conclusion, and the Formal 5-step)

The withdrawal strength is compared between a “annularly (A) threaded” nail, a “helically (H) threaded” nail and a “smooth (S) shank” nail.  All nails had approximately the same diameter, and all were driven into the same type of lumber before their withdrawal strength was recorded.

The results were as follows:

	Nail Type
	Withdrawal Strength (N/mm)

	A
	36.57
	29.67
	43.38
	26.94
	12.03
	21.66
	41.79
	31.50
	35.84
	40.81

	H
	14.66
	24.22
	23.83
	21.80
	27.22
	38.25
	28.15
	36.35
	23.89
	28.44

	S
	12.61
	25.71
	17.69
	24.69
	26.48
	19.35
	28.60
	22.17
	25.11
	19.98


 The ANOVA table provided by Minitab is as follows:


Analysis of Variance

Source     DF        SS        MS        F        P

Factor      2     479.6     239.8     4.29    0.024

Error      27    1510.4      55.9

Total      29    1990.0

                                   Individual 95% CIs For Mean

                                   Based on Pooled StDev

Level       N      Mean     StDev  --+---------+---------+---------+----

A          10    32.019     9.863                   (-------*-------) 

H          10    26.681     6.857          (-------*--------) 

S          10    22.239     4.849   (-------*-------) 

                                   --+---------+---------+---------+----

Pooled StDev =    7.479           18.0      24.0      30.0      36.0

ASSUMPTIONS:

HYPOTHESES:

HO:

HA:

TEST TYPE:  Because we are comparing means using variance, we will use an F test where 
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TEST RESULTS:

MSF = 

F = 

MSE = 

pvalue = 

DF factor = 

DF error = 

CONCLUSION:

The side-by-side boxplots can be seen on the attached page.  Explain how the boxplot is consistent with your conclusion.  Do the assumptions appear to be valid?

Example 2:  A family doctor is comparing the HDL cholesterol levels of males in the following age groups:  20-29 years old, 40-49 years old, 60-69 years old.  The results were as follows:

	Subject
	20 - 29
	40 - 49
	60 - 69

	1
	54
	61
	44

	2
	43
	41
	65

	3
	38
	44
	62

	4
	30
	47
	53

	5
	61
	33
	51

	6
	53
	29
	49

	7
	35
	59
	49

	8
	34
	35
	42

	9
	39
	34
	35

	10
	46
	74
	44

	11
	50
	50
	37

	12
	35
	65
	38



ANOVA Minitab results:

Analysis of Variance

Source     DF        SS        MS        F        P

Factor      2       153        77     0.59    0.558

Error      33      4271       129

Total      35      4425

                                   Individual 95% CIs For Mean

                                   Based on Pooled StDev

Level       N      Mean     StDev  --------+---------+---------+--------

20_29      12     43.17      9.64   (------------*-------------) 

40_49      12     47.67     14.38            (------------*-------------) 

60_69      12     47.42      9.41           (-------------*------------) 

                                   --------+---------+---------+--------

Pooled StDev =    11.38                 40.0      45.0      50.0

ASSUMPTIONS:

HYPOTHESES:

HO:

HA:

TEST TYPE:  Because we are comparing means using variance, we will use an F test where 


[image: image2.wmf]factor

error

SSF/df

MSF

df factor = number of groups(k) - 1; df 

error = total number of observations(n) 

- number of groups(k)

SSE/dfMSE

F

==


TEST RESULTS:

MSF = 

F = 

MSE = 

pvalue = 

DF factor = 

DF error = 

CONCLUSION:

The side-by-side boxplots can be seen on the attached page.  Explain how the boxplot is consistent with your conclusion.  Do the assumptions appear to be valid?

Boxplot for Example 1:  Comparing the withdrawal strength of several nail types.
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Boxplot for Example 2:  Comparing the HDL cholesterol level of patients of different age groups.
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