Lecture & Examples

Topic 3: Randomized Block Design

The randomized block design is the most frequently used design in field experiments. In a randomized block design, the experimental units are grouped into blocks, and each treatment is applied to each experimental unit within a block completely by chance. Since the experimental units within each block are as homogeneous as possible, the experimental error can be reduced significantly by grouping experimental units into blocks. The principal advantages of randomized block design are as follows:

(1) Suppose one can group homogeneous experimental units into blocks, randomized block design can obtain more accurate results than completely randomized design.

(2) Any number of treatments and any number of blocks can be used in randomized block design.

(3) The statistical analysis for randomized block design is very simple as well. However, missing values will cause some problems in analyzing the data from a randomized block design.


 Steps in Conducting and Analyzing Data from a Randomized Block Design:

Step 1: Make sure that the experimental units within a block are as homogeneous as possible. Also, you need to make sure that each treatment is assigned to an experimental unit within the same block completely by chance.

Step 2: Both normality assumption and equal variance assumption are very difficult to check graphically. The best way to ensure these assumptions is to make sure the randomization process is truly applied.

Step 3: Create an ANOVA table that is similar to Table 10.2 below with statistical software such as SAS. In Table 10.2, we assume that there are p treatments and b blocks.
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Table 10.2: ANOVA Table for Randomized Block Design





Source
Df
SS
MS
F

Treatment
(p  1)
SST
MST(a)
MST/MSE

Block
(b  1)
SSB
MSB(b)
 

Error
(p  1)(b  1)
SSE
MSE(c)
 

Total
pb  1
SS(Total)
 
 

(a) MST = SST/(p  1)
(b) MSB = SSB/(b  1)
(c) MSE = SSE/(p  1)(b  1)

Note:
(1) The degrees of freedom for treatment is (p  1) in a randomized block design with p treatments.
(2) The degrees of freedom for block are (b  1) in a randomized block design with b blocks.
(3) The degrees of freedom for error are (p  1)(b  1).
(4) SS(Total) = SST + SSB + SSE.
(5) We can complete the ANOVA table if we know any three of the following four quantities SST, SSE, SSB, and SS(Total).
(6) We can complete the ANOVA table if we know MSE, MSB, and MST.
(7) Partially completed ANOVA table will always be available in both exams and practice problems.

 

Step 4: Use the F-test statistic provided in the ANOVA table to perform the following test:

H0: 1 = 2 = . . . = p 
Ha: At least two treatment means differ.

The output from SAS always contains a p-value for the above F-test statistic. We can reject the null hypothesis at significance level  if p-value is smaller than .

Step 5: Suppose the F-test leads to reject the null hypothesis, we can use the multiple comparisons procedures discussed in Section 10.3 to find the pair mean differences. However, there are other alternatives. We will not discuss these alternatives. For interested students, you can take other advance statistical courses such as STA5205 to get more information.

Step 6: Suppose the F-test leads to fail to reject the null hypothesis. There are several possible explanations. One possibility is the treatment means are all equal. If you do not believe this explanation, you might need to conduct other experiments to find out the reason for not rejecting the null hypothesis. You might want to consider to have more than one factor and utilize the factorial experiment to collect your data.


 Example 10.6:

A chemist wishes to test the effect of four chemical agents on the strength of a particular type of cloth. Because there might be variability from one bolt to another, the chemist decides to use a randomized block design, with the bolts of cloth considered as blocks. She selects five bolts and applies all four chemicals in random order to each bolt. The resulting tensile strengths follow.
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Bolt





Chemical
1
2
3
4
5

1
73
68
74
71
67

2
73
67
75
72
70

3
75
68
78
73
68

4
73
71
75
75
69

(a) Complete the following ANOVA table.

General Linear Models Procedure

Dependent Variable: RESP
                      Sum of       Mean

Source          DF   Squares     Square    F Value    Pr > F

TREAT           (1) 12.95000       (6)        (9)     .12114

BLOCK           (2) 157.00000      (7)       (10)     2.E-05

Error           (3)      (5)       (8)

Corrected Total (4) 191.75000
Solution:
(1) = p  1 = 4  1 = 3
(2) = b  1 = 5  1 = 4
(3) = (p  1)(b  1) = (4  1)(5  1) = 12
(4) = pb  1 = (4)(5)  1 = 19
(5) = SS(Total)  SST  SSB = 191.75  157  12.95

      = 21.80
(6) = SST/(p  1) = 12.95/3 = 4.32
(7) = SSB/(b  1) = 157/4 = 39.25
(8) = SSE/(p  1)(b  1) = 21.80/12 = 1.82
(9) = Ftreat = MST/MSE = 4.32/1.82 = 2.37
(10) = Fblock = MSB/MSE = 39.25/1.82 = 21.57

(b) Does the tensile strength depend on chemical. Test at  = 0.10.

Solution:
H0: 1 = 2 = 3 = 4
Ha: At least two means are different

Fc = 2.37            p-value = 0.12114 > 0.10

Thus, we can not reject the null hypothesis that the mean effect of chemical are equal. This means the tensile strength does not depend on chemical.


 Example 10.7:

Three different washing solutions are being compared to study their effectiveness in retarding bacteria growth in 5-gallon milk containers. The analysis is done in a laboratory, and only three trials can be run on any day. Because days could represent a potential source of variability, the experimenter decides to use a randomized block design. Observations are taken for four days, and the data are shown here.
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Days




Solution
1
2
3
4

1
13
22
18
39

2
16
24
17
44

3
5
4
1
22

(a) Complete the following ANOVA table.

General Linear Models Procedure

Dependent Variable: RESP
                        Sum of       Mean

Source          DF     Squares     Square  F Value    Pr > F

TREAT           (1)        (5)   351.7500    (9)      .00032

BLOCK           (2)        (6)   368.9722    (10)     .00019

Error           (3)        (7)     8.6389

Corrected Total (4)        (8)

Solution:
(1) = p  1 = 2
(2) = b  1 = 3
(3) = (p  1)(b  1) = 6
(4) = pb  1 = 11
(5) = SST = (MST)(p  1) = (351.75)(2) = 703.50
(6) = SSB = (MSB)(b  1) = (368.9722)(3) = 1106.92
(7) = SSE = (MSE)[(p  1)(b  1)] = (8.6389)(6) = 51.83
(8) = SS(Total) = SST + SSB + SSE = 1862.25
(9) = Ftreat = MST/MSE = 351.75/8.6389 = 40.72
(10) = Fblock = MSB/MSE = 368.9722/8.6389 = 42.71

(b) Can we say that the different washing solutions have significant differences in retarding bacteria growth? ( = 0.01)

Solution:
H0: 1 = 2 = 3 
Ha: At least two solutions have different ability on washing bacteria

Ftreat = 40.72
p-value = 0.0032 < 0.01

Thus, one can reject the null hypothesis and believe that ability in retarding bacteria growth is significantly different in different brand of washing solutions.


 Example 10.8:

An industrial engineer is conducting an experiment on eye focus time. He is interested in the effect of the distance of the object from the eye on the focus time. Four different distances are of interest. He has five subjects available for the experiment. Because there may be differences among individuals, he decides to conduct the experiment in a randomized block design. The data obtained follow.
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Subject





Distance (ft)
1
2
3
4
5

4
10
6
6
6
6

6
7
6
6
1
6

8
5
3
3
2
5

10
6
4
4
2
3

(a) Complete the following ANOVA table.

General Linear Models Procedure

Dependent Variable: RESP
                        Sum of       Mean

Source          DF     Squares      Square  F Value    Pr > F

TREAT           (1)       (5)           (9)    8.61    .00254

BLOCK           (2)       (6)          (10)    7.12    .00355

Error           (3)       (7)      1.275000

Corrected Total (4)       (8)
Solution:
(1) = p  1 = 3
(2) = b  1 = 4
(3) = (p  1)(b  1) = 12
(4) = pb  1 = 19
(9) = MST = (Ftreat)(MSE) = (8.61)(1.275) = 10.98
(10) = MSB = (Fblock)(MSE) = (7.12)(1.275) = 9.08
(5)= SST = (MST)(p  1) = (10.98)(3) = 32.94
(6) = SSB = (MSB)(b  1) = (9.08)(4) = 36.32
(7) = SSE = (MSE)[(p  1)(b  1)] = (1.275)(12) = 15.30
(8) = SS(Total) = SST + SSB + SSE = 32.94 + 36.32 + 15.3 = 84.56

(b) Can we say distance affects the eye focus time? (Use  = 0.05).

Solution:
H0: 4 = 6 = 8 = 10 
Ha: At least two means are different

Ftreat = 8.61              p-value = 0.00254 < 0.05

Thus, we can reject the null hypothesis and believe that distance can affect the eye focus time at  = 0.05.

