Some Chapter 2 Notes on Completely Randomized Designs
(continued)

Recall that we can write the model for data from a completely randomized design as

Yij=pit+ej i=1,...,t j=1,...,r e;~ independentV(0,c?)

wherey;; denotes thgth observation from théth treatment groupy; denotes the mean of thith treatment
group,e;; denotes the experimental error for tjth observation from théh treatment group, is the number
of treatments, and; denotes the number of replications in ttie treatment group.

Treatment Effects Version of the Model
Suppose that we have a balanced design witiplications in each treatment group.
Letpy = fi =1 X pi
Letr, =p;, —p.fori=1,... ¢t
Theny;; =p+7+ej i=1,...,t j=1,...,r e; ~ independentV(0,s?)
7; is called the effect of treatmenbr theith treatment effect.
By the way we defined, .. ., 74, the treatment effects add up to zepo'(; 7; = 0).
Our hypotheses becont&) : 7 =--- =7 =0Vvs. H4 : 7; # 0 for somei
T, = [ — L = ;. — ¥.. is the least-squares estimaterpt= y; — fi..
SSTreatment = > f_, r(g;. — 7.)2 = St ri2 =r >t 72
Note that it makes sense to rejd€§ whenSSTreatment is big.
Expected Mean Squares
Mean(MSTreatment) = E(MSTreatment) = o + 767 where 67 = - 3! 72
Mean(MSError) = E(MSError) = o2
Recall that our test statistic for testittfyy : 77 = --- =7 =0vs. H4 : 7; # 0 for somei is F = %
Note thaty? = 0 if H, is true and)? > 0 if Hy is false.

From the expected mean squares, we can see that MSTreatnh8Error whenHj is true,
and MSTreatment MSError whenH,, is false.

__ MSTreatment ~_ H __ MSTreatment
ThusF = =5cp o2 ~ 1 whenHy is false, and?” = g ooes > 1.

When Hy is true F' = W takes random values around 1 according tdFadistribution witht — 1 and
N — t degrees of freedom.

We decide not to believ&, if the observed value of = M3Treatment js farther above 1 than we would expect an

F' random variable witlt — 1 and N — t degrees of freedom to be.

For example, if the chance is 0.05 or less thattarandom variable with — 1 and N — ¢ degrees of freedom

would be as large or larger than the valuefoi= % we computed from the data, we often choose

to doubt the null hypothesis and believe the alternative.



Power of the F'-Test

; _ MSTreatment i
WhenH 4 is true, F' = =g == takes random values according to a
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non-centralf’-distribution witht — 1 and N — ¢ d.f. and non-centrality paramet&r= ! 5
(o

Suppose there are three treatments with means- 31, us = 26, andus = 33. Suppose the variance of the
normally distributed responses within each treatment group is 10. What is the distributionfofstagistic
for testingHy : 1 = ps = pg if a completely randomized design is used with 4 replications for each
treatment?

Type | Error=RejectHy whenHj, is true.
Type Il Error=AcceptHy when Hj is false.

The type | error rate, denoted ly is the probability of making a type | error when conducting a test with a true
null hypothesis.

Suppose you are going to conduct an experiment and test a null hypothesis that (unbeknownst to you) is tru
Suppose you will decide to reject the null hypothesis if phealue that you will compute is less than 0.05.
(Such a test is said to have significance level 0.05.) What is the probability that you will make a type | error,
i.e., what iso?

0 is the probability of making a type Il error when conducting a test with a false null hypothesis.
Thepowerof a test is the probability of rejecting, when Hj is false. The power of a test is equalite- 5.

What can a scientist do to increase the power of a test?

Use the SAS programower.sagto find the power of thef’-test of Hy : u1 = pe = pg in the completely
randomized design with; = 31, us = 26, u3 = 33, 02 = 10 and 4 replications for each treatment.



