Lab 10 for Math 17 – ANOVA

Concept Review:

1. ANOVA is a generalization of a hypothesis test for 2 population means. 

True
False

2. The test statistic in ANOVA is a t statistic.





True
False 
3. The ANOVA procedure is developed as a comparison of variance estimates.

True
False 
4. Rejecting the ANOVA null hypothesis and looking at the alternative immediately tells you which population means are different.







True
False 
5. Multiple comparisons procedures have an overall significance level set in advance.       True
False 
6. What are some ways to check the equal population variances assumption in ANOVA? (list at least 2)
7. Describe some characteristics of F distributions. How are F distributions indexed (i.e. how would you distinguish one F distribution from another)? Sketch an example F distribution.
8. P-values for ANOVA procedures are always one-sided in the upper tail.

True
False
9. An ANOVA performed when the k samples all have equal sample sizes is called unbalanced. 











True
False

10. The best estimate of the common population variance is the MSE from the ANOVA.
True
False

Ocean Water Temperatures

NOAA (National Oceanic and Atmospheric Administration) records water temperatures at selected sites around the United States throughout the year (among other characteristics).  The sites are divided among many regions and sub-regions. For example, the Atlantic coast region is divided into North, Central, and Southern sub-regions. The average water temperature at each site for a period of 2 weeks is recorded and displayed on the NOAA website. The water temperatures we are investigating in this exercise are the average temperatures from July 1-15 of 2009 (source: NOAA).

We want to investigate possible differences in average water temperatures moving East to West across the southern United States, in time for our summer vacations. The data set SWaterJulyTemp.txt contains average water temperatures for sites in the southern Atlantic, east and west Gulf Coast, and southern Pacific.

What differences do you expect to see between these four regions? 

Open the data set, stack the variables, and make a comparative boxplot. What do you see from the boxplot? Would you have any concerns about performing an ANOVA here?
Conduct the appropriate test (Statistics>Means>One-Way ANOVA, and turn on pairwise comparisons)  to determine if there are differences in average water temperatures between these four regions and where those differences are if present.

Null:





Alternative:

We will assume the assumptions hold to complete the test for practice. (Make sure you understand what they are and how to check them though!) Note that in reality there are serious issues here.
Test Stat:




p-value:

Conclusion:

Multiple Comparisons summary (if appropriate):

How accurate was your prediction?
Are Weights of Poplar Trees Affected by Different Treatments on Average?  (Data from Triola)

Random samples of poplar trees were subjected to 4 different treatments: no treatment, irrigation, fertilizer, and both irrigation and fertilizer. Each random sample consisted of 5 trees. The following partial ANOVA table was constructed. Assuming the assumptions for ANOVA are met, complete the table, perform the ANOVA and provide a conclusion to the question asked above.

	
	DF
	SS
	MS
	F
	p-value

	Treatment
	
	
	
	5.73
	.007

	Residuals
	
	4.357
	
	-
	-

	Total
	
	
	-
	-
	-


Hypotheses:






Significance level:

List your assumptions: (Assume they hold)

Test statistic:

p-value:

Conclusion:

Does the ANOVA output allow you to conclude that irrigation and fertilizer combined perform better (i.e. increase the weight of the trees more) than the other three methods? Sketch an example multiple comparison summary that would allow you to make this conclusion. Multiple answers are correct.
Multiple Comparisons Practice
For each scenario, sketch or otherwise provide an appropriate multiple comparisons summary. You can assume an ANOVA was performed in each case and that it was determined that the null hypothesis should be rejected.
1. Mean weight gain (pounds) on 3 different diets for athletes was investigated. Diet 1 had an average weight gain of 5.03, diet 2 had an average of 10.20, and diet 3 was 4.53.

The 3 pairwise CIs generated were:

1-2
(-9.62, -.71)

1-3
(-4.38,5.38)

2-3
(1.21,10.12)

2. Mean number of days to cure children of strep throat was investigated under a new treatment and two standard treatments (standard 1 and standard 2). The new treatment took an average of 6.8 days to cure, standard 1 took 7.98 days on average and standard 2 took on average 9.44 days.

The 3 pairwise CIs generated were:

New-S1

(-3.46, 1.10)

New-S2

(-4.92, -.36)

S1-S2

(-3.74, .83)

