One-way ANOVA Worksheet
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1. As part of an experiment, four fabrics are tested for flammability at the National Bureau of Standards.  The following burn times in seconds are recorded after a paper tab is ignited on the hem of a dress made of each fabric.

	Fabric 1
	17.8
	16.2
	17.5
	17.4
	15.0

	Fabric 2
	11.2
	11.4
	15.8
	10.0
	10.4

	Fabric 3
	11.8
	11.0
	10.0
	9.2
	

	Fabric 4
	14.9
	10.8
	12.8
	10.7
	


The overall mean is 
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.   The individual sample means and sample standard deviations are given by the following MINITAB output:

                         Individual 95% CIs For Mean Based on

                         Pooled StDev

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

1      5  16.780  1.167                            (-----*------)

2      5  11.960  2.179        (------*-----)

3      4  10.500  1.137  (------*------)

4      4  12.300  1.985         (------*------)

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

                           10.0      12.5      15.0      17.5

Pooled StDev = 1.693

· Sum of Squares for Groups (SSG) is the measure of variability among groups.  Calculate SSG.
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· Sum of Squares Error (SSE) is the measure of variability within groups.  Use the formula 
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to calculate it.
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· Fill in the following ANOVA table for this problem.

	Source
	DF
	SS
	MS
	F

	Group
	3
	103.77
	34.59
	12.06

	Error
	14
	40.14
	2.87
	

	Total
	17
	143.91
	
	


· What are the two assumptions of an ANOVA?

Constant variance and normality of the residuals.

· Check these assumptions.   What are you using to check each assumption?
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Constant variance appears to be met since none of the sample standard deviatons are more than twice any of the others.

Normality of the residuals appears to be satisfied since the residuals form a linear pattern in the normal probability plot.   

· State the ANOVA hypotheses.

H0: (1 = (2 = (3 = (4
Ha: (i is not equal to (j for some i and j

· Give the value of the test statistic.

F = 12.06

· Given HO is true, what is the distribution of the test statistic?

F ~ F(3, 14)

· What is the p-value?  

Using Table E on page T-12 of the textbook, p-value < .001 

· Make a decision at the 0.05 significance level.

Since p-value < .05, then REJECT H0
· Make a conclusion in terms of the problem.

The evidence suggests that the four different fabrics have different mean burn times.

2. Is it appropriate to perform a follow-up test?   Why or why not?

Yes, since H0 was rejected in the overall F-test.

Here’s the MINITAB output:

                         Individual 95% CIs For Mean Based on

                         Pooled StDev

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

1      5  16.780  1.167                            (-----*------)

2      5  11.960  2.179        (------*-----)

3      4  10.500  1.137  (------*------)

4      4  12.300  1.985         (------*------)

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

                           10.0      12.5      15.0      17.5

Pooled StDev = 1.693

Tukey 95% Simultaneous Confidence Intervals

All Pairwise Comparisons among Levels of Fabric

Individual confidence level = 98.85%

Fabric = 1 subtracted from:

Fabric   Lower  Center   Upper  ----+---------+---------+---------+-----

2       -7.932  -4.820  -1.708      (-------*-------)

3       -9.581  -6.280  -2.979  (-------*--------)

4       -7.781  -4.480  -1.179       (-------*-------)

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

                                 -8.0      -4.0       0.0       4.0

Fabric = 2 subtracted from:

Fabric   Lower  Center  Upper  ----+---------+---------+---------+-----

3       -4.761  -1.460  1.841              (-------*--------)

4       -2.961   0.340  3.641                   (-------*-------)

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

                                -8.0      -4.0       0.0       4.0

Fabric = 3 subtracted from:

Fabric   Lower  Center  Upper  ----+---------+---------+---------+-----

4       -1.680   1.800  5.280                      (--------*-------)

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

                                -8.0      -4.0       0.0       4.0

· Which fabric(s) have mean burn times are significantly different than the others?

Observe that the only CI’s which do not contain 0 are the CI’s for (4 - (1 , (3 - (1 , and (2 - (1 .  

Thus, fabric 1 has a significantly different burn time than the other three fabrics.  
· Which fabric(s) have the longest/shortest burn times?

Since the endpoints for these CI’s are all negative, then we are 95% confident that fabric 1 has the LONGEST mean burn time.   There is no fabric which has a significantly shorter mean burn time than the others. 
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