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14.4 Completely Randomized Designs (CRD)

A CRD is a particular kind of experimental design where treatments are randomly applied to the experimental units.

The treatments are “completely randomized” when assigned to an experimental unit.  

Treatments
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where ____ is an experimental unit.

There are n1 experimental units receiving treatment #1, n2 experimental units receiving treatment #2,…, nk experimental units receiving treatment #k.

Example: Healthy Choice Cereal (healthy_choice.xls) 

The design types (treatments) of the boxes are randomly assigned to the stores (experimental units).

Design

1
2
3
4

Store 2

Store 7
Store 3

Store 1

Store 9
Store 8

Store 4

Store 6
Store 10

Store 5

Stores 1 and 7 are randomly chosen to receive design type 1.  Stores 3, 1, and 9 are randomly chosen to receive design type 2.  Stores 8, 4, and 6 are randomly chosen to receive design type 3. Stores 10 and 5 are randomly chosen to receive design type 4.

Example: Allergy Medications

Which drugs provide better relief on average to allergy sufferers: Seldane, Allegre, or Claritin?

Suppose there are 9 people for a study and each allergy medication receives an equal number of patients.  The patients (experimental unit) are randomly given a allergy medication type (treatment).  

Allergy Medication

Seldane
Allegre
Claritin

Patient 4

Patient 8

Patient 9
Patient 2

Patient 1

Patient 5
Patient 3

Patient 7

Patient 6

One goal of ANOVA: 

Determine if the population means for the treatments are different.

Hypothesis Test for equality of the means: Test Statistic Method

1) Ho:(1=(2=…=(k
Ha: At least two means are unequal

where k=number of treatments

2) Test statistic: F=MST/MSE

3) Critical Value: 
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where n=total sample size

4) If F > 
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 reject Ho, otherwise don’t reject Ho
5) Conclusion

Reject Ho: There is at least one pair of _______ means that are different.

Don’t Reject Ho: There is not sufficient evidence to conclude that any of the _______ 

means are different.  

where _________ means to insert the factor under investigation

Hypothesis Test for equality of the means: P-value Method

1) Same

2) P-value = P(X>F) where F is the computed test statistic value and X is a random variable from an F-distribution.  This can be found in Excel using =fdist(F, df num., df den.) and is also located on the Excel output (shown later).  

3) State (
4) Reject Ho if p-value < (; otherwise do not reject Ho 

5) Same

Assumptions for this hypothesis test to work:

· The populations for each treatment have approximate normal distributions. 

· The population variances for each treatment are equal.  

Without these assumptions holding, the type I error rate could be higher or lower than what is stated in the hypothesis test; however, small to moderate violations still allow the ANOVA methods to work well. 

Note: 

If k=2, the hypothesis test is equivalent to testing the difference between two population means with independent samples (Section 11.4).

ANOVA Table: 

Summarizes the calculations for the hypothesis test

Source 
d.f.
SS
MS
F

Treatments
k-1
SST
MST
F

Error
n-k
SSE
MSE


Total
n-1
SS(total)



where total d.f. 
= treatment d.f. + Error d.f.

= k-1 + n-k

= n-1

n = total sample size

“Source” means the source of variation.

“Error” means the within treatment variation

“Treatments” means the between treatment variation. 

MST = SST/(k-1) = 
[image: image3.wmf]1

k

)

Y

Y

(

n

k

1

j

2

j

j

-

å

-

=


· Measure of the average variation between the treatments.

MSE = SSE/(n-k) = 
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· Measure of the average variation within the treatments

SS(total) = 
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· Measure of the total variation in the experiment.

F = MST/MSE

Make sure to know the relationships between quantities in the ANOVA table (remember Test #1 problem 2)!

Example: Healthy Choice Cereal

ANOVA Table: 

Source 
d.f.
SS
MS
F

Treatments
k-1
SST
MST
F

Error
n-k
SSE
MSE


Total
n-1
SS(total)



=

Source 
d.f.
SS
MS
F

Design
4-1=3
258
258/3=86
F=86/7.67=11.22

Error
10-4=6
46
46/6=7.67


Total
10-1=9
304



Hypothesis Test with (=0.05:

1) Ho:(1=(2=(3=(4
Ha: At least two design type means are unequal

2) Test statistic: F=11.22

3) Critical Value: F(, k-1, n-k 
= F0.05, 4-1, 10-4 

= F0.05, 3, 6 = 4.76

4) Since 11.22 > 4.76, reject Ho. 

5) Conclusion

There is at least one pair of design type means that are different.

Consequences: 

Some design types are better than others.  Thus the company will make more money (on average) with one, two, or three of the designs than they would with the remaining design types.

Which design should Healthy Choice choose? 

See Section 14.7.  

CRD’s in Excel: 
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The ANOVA table can be produced by using the ANOVA: Single Factor analysis tool.

Under source of variation, “Between groups” means “treatment” and “Within Groups” means error.  
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