Experiments Using a Completely Randomized Design, One-Factor Using R

Exercise 5
A researcher wants to examine the impacts of thinning (tree removal) on growth of red pine trees in Ontario, Canada.  There are three treatments:  No removal (control), thinning (light – few trees are removed), heavy (many trees are removed).  A plantation of 30 ha is selected, where trees are evenly spaced, with similar dbh’s (diameter outside bark, measured at 1.3 m above ground) and are currently 15 years old.  Fifteen areas are established in the plantation, each 1 ha in size (experimental unit).  Each 1 ha area is then randomly assigned a treatment, resulting in five experimental units having each treatment.  After 5 years, a number of 0.02 ha plots are established, systematically, over the each 1 ha area.  The dbh’s of all live trees are measured in each plot, and entered into an excel file. The average diameters are calculated for each 1 ha experimental unit resulting in the following values (data are in crd.txt):
	Treatment
	Exp_unit
	AveDbh

	None
	10
	7.50

	None
	4
	6.70

	None
	1
	7.20

	None
	14
	8.20

	None
	3
	8.60

	light
	13
	9.60

	light
	8
	8.40

	light
	5
	8.90

	light
	2
	9.60

	light
	12
	11.10

	heavy
	11
	11.40

	heavy
	9
	9.90

	heavy
	6
	10.60

	heavy
	7
	12.70

	heavy
	15
	13.50


Using the script found in crd.R:
1. Obtain a boxplot.  Based on this boxplot, are there differences in AveDbh among the three treatments? 
2. The null hypothesis is that there are no differences in mean of AveDbh among these three treatments?
a. Check the assumptions by getting a histogram and normality plot of the residual values.

b. If assumptions are met, set up your hypothesis (H0 and H1), obtain the F test statistic, the F critical value (or p-value), and make your decision (reject H0?), using the lm output.  Use alpha=0.05.
3. Use pairs of means t-tests to check for differences between pairs of treatments.  Remember to correct this test using a Bonferroni correction (i.e., divide alpha by the number of pairs of means).

Discussion:

Are these tests reliable?  Were assumptions of Analysis of Variance met, or are transformations needed?

If assumptions were met, what are the results of your tests?  Are there differences in AveDbh?  If so, which thinning methods differ? 
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