
 

 
UNIT II 

Design of Experiments 
 
Design of Experiments 

By 'experiment' we mean the collection of data (which usually consists of a series 

of measurement of some feature of an object) for a scientific investigation 

according to a certain specified sampling procedures. 

Consider the example of agricultural experiment which may be performed 

to verify the claim that a particular manure has got the effect of increasing the 

yield of paddy. Here the quantity of manure used and amount of yield of paddy 

are known as experimental variables. And factors such as rainfall, quality of soil 

and quality of seeds (will also affect the yield of paddy, which are not under 

study) are called extraneous variables. 

Aim of design of experiments 

In any statistical experiment we will have both experimental variables and 

extraneous variables. The aim of the design of experiments is to control 

extraneous variables and hence to minimize the enor so that the results of 

experiments could be attributed only to the experimental variables. 

Basic principles of experimental design 

1. Randomization 2.Replication 3.Local control. 

Consider an agricultural experiment. To analyze the effect of a manure in the 

yield of paddy, we use the manure in some plots of same size(group of 

experimental units) is called experimental group and the some other group of 

plots in which the manure is used and which will provide a basis for comparison 

is called the control group. 

By grouping, we mean combining sets of homogeneous plots into groups, so that 

different manures may be used in different groups. By blocking, we mean 

assigning the same number of plots in different blocks. . By balancing, we mean 

adjusting the procedures of grouping, blocking and assigning the manures in 

such a manner that a balanced configuration is obtained. 

Replication 
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In order to study the effects of different manures on the yield are studied, each 

manure is used in more than one plot. In other words, we resort to replication 

which means repetition. 

Basic designs of experiments. 

I. Completely Randomized Design ( ANOVA one way classification) 

2. Randomized Block Design ( ANOVA two way classification) 

3. Latin Square Design ( ANOVA three way classification) 
ANOVA 

ANOVA enables us to divide the total variation (represented by variance) in a 

group into parts which are accounted to different factors and a residual random 

variation which could be accounted for by any of these factors. The variation due 

to any specific factor is compared with the residual variation for significance, and 

hence the effect of the factors are concluded. 

CRD 

Consider an experiment of agriculture in which "h" treatments (manures) and "n" 

plots are available. To control the extraneous variables treatment "I" should be 

replicated on "n I" plots, treatment 2 should be replicated on "n2" plots and so on. 

To reduce the error we have to randomize this process that is which nl plots b'e 

used treatment I and so on. For this we number the plots (from I to n) and write 

the numbers on cards and shuffle well. Now, we select nl cards (as cards are 

selected at random the numbers will not be in order) on which treatments I will be 

used and so on. This process and design is called completely randomized 

design. 

RBD 

Consider an experiment of agriculture in which effects of "k" treatments on the 

yield of paddy used. For this we select "n" plots. If the quality of soil of these "n" 

plots is known, then these plots are divided into "h" blocks (each with one 

quality). Each of these "h" blocks are divided into "k" times (n = hk) and in each 

one of this "k" plots are applied the "k" treatments in a perfectly randomized 

manner such that that each treatment occurs only once in any of the block. This 

design is called randomized block design. 
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LSD 

Consider an agricultural experiment, in which n2 plots are taken and arranged in 

the form of an n X n square, such that plots in each row will be homogeneous as 

far as possible with respect to one factor of classification, say, quality of soil and 

plots in each column will be homogeneous with respect to another factor of 

classification, say, seed quality. Then "n" treatments are given to these plots 

such that each treatment occurs only once in each tow and only once in each 

column. The various possible arrangements obtained in this manner are known 

as Latin squares of order "n" and the design is called Latin Square Design. 
Note: In a 2 X 2 LSD, the degree of freedom for the residual variation is en -2) = 

0 which is not possible. Therefore a 2 X 2 LSD is not possible. 

Problems 

1. The following table shows the lives in hours of four brands of electric lamps: 

Brand 

A: 1610 1610 1650 1680 1700 1720 1800 

B: 1580 1640 1640 1700 1750 

C: 1460 1550 1600 1620 1640 1660 1740 1820 

D: 1510 1520 1530 1570 1600 1680 

Perform an analysis of variance and test the homogeneity of the mean lives of 

the four brands of lamps. 

Solution: 

We are going to discuss mean lives of bulbs according to brands (only one 

factor). So, let us use ANOV A one way classification.  

Step 1 : Null Hypothesis Ho: There is no significant difference in the mean life of 

bulbs according to brands.(J..l]= J..l2= J..l3= /14) 

Step 2: Test Statistic (Calculating F ratio) As the data given is numerically larger, 

let us subtract all values given by 1640 and then divide them by 10 to make them 
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SSE = SST - SSC = 1950.62 - 452.25 = 1498.37 

ANOVA table is 

 
Step 3: Level of significance: Not given. So, let us take 5 % = 0.05 a 

Step 4: Degrees of Freedom: ( 3,22) 

Step 5: Table value : Fo.os(3,22)= 3.05 

Step 6: Conclusion: Comparing the F - value calculated at step 2 with table 

value of step 5 Fcal < Flab,we accept the Null hypothesis. That is there is no 

difference in the mean life time of the lamps due to brands. 

2. A completely randomized design experiment with 10 plots and 3 treatments 

gave the following results: www.R
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Analyze the results for treatment effects. 

Solution: 

All the plots are not applied with the same number of treatments and we are to 

analyze the treatment effects only, we apply One way classification. 

Re arranging the data 

Treatment A: 5 7 

Treatment B: 4 4 

Treatment C: 3 5 

Step 1: Null Hypothesis 

Ho: There is no difference in the yield between  treatments. 

Step 2 : Test Statistic: 

 
Total = T = 16+15+9 = 40 

The square of the values are 

 
LX2 =84+81+35=200 

Correction factor = 160 
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SST= = 40 

SSC= (16)2 + (lS)2 + (9)2 -160 = 6 

SSE = SST - SSC =40 - 6 = 34 

The ANOVA table is 

 
Step 3: Level of significance: Not given. So, let us take S % = O.OS 

Step 4: Degrees of Freedom: ( 7,2) 

Step 5: Table value : Fo.os(7,2)= 19.3S 

Step 6: Conclusion: Comparing the F - value calculated at step 2 with table 

value of step S Fca1 < Flab,we accept the Null hypothesis. That is there is no 

difference in the mean yield between the treatments. 

3. Three varieties of a crop are tested in a randomized block design with four 

replications, the layout being as given below: The yields are given in kilograms. 

Analyze for significance 

C48 AS1 BS2 A49 

A47 B49 CS2 CS1 

B49 C53 A49 B50 

Solution: 

Each blocks are applied with same number of replications and from the question 

(RBD) we understand that it is two way classification. 
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Step 1: Null Hypothesis Ho (I): There is no difference in the yield between 

treatments (rows). 
Null Hypothesis Ho (II): There is no difference in the yield between blocks( 

columns).  

Step 2: Test Statistic (Calculating F ratio) 

As the data given is numerically larger, let us subtract all values given by 50 

make them simpler for calculation ease. 

 
Total T = - 6 +3+3+0 = 0 

The square of the above values are 

 
 LX2 =14+ 11 + 9 + 2 = 36 

Correction factor = 0 

SST = 36  

SSE = SST - SSC-SSR = 36 - 18 - 8 = 10 

The ANOVA table is 

 
Step 3: Level of significance: Not given. So, let us take 5 % = 0.05 

Step 4: Degrees of Freedom: for rows (3,6) for columns (4,6) 

Step 5: Table value : Foos(2,6) = 5.14 Foos(3,6) = 4.76 
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Step 6: Conclusion: Comparing the FR- value calculated at step 2 with table 

value of step 5 FR< Ftab,we accept the Null hypothesis I. That is there is no 

difference in the mean yield between the treatments(rows). 

Comparing the Fe - value calculated at step 2 with table value of step 5 Fe< 

Ftab,we accept the Null hypothesis II. That is there is no difference in the mean 

yield between the blocks(columns). 

 

4. Four experiments determine the moisture content of samples of a powder, 

each observer taking a sample from each of six consignments. The assessments 

are given below: 

 
Perform an analysis of variance on these data and discuss whether there is any 

significant difference between consignments or between observers.  

Solution: 

From the data we understand that there are two factors. One is consignment and 

other is observer. So, we apply ANOV A two way classification. 

Step 1: Null Hypothesis Ho (I): There is no difference in the yield between 

treatments (rows). 

Null Hypothesis Ho (II): There is no difference in the yield between  

blocks(columns). 

Step 2: Test Statistic (Calculating F ratio) As the data given is numerically larger, 

let us subtract all values given by 10 make them simpler for calculation ease. 
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Total = 4 + 4 + -1 + 7 + 4 +1 = 19 

The square of the above table values are, 

 
Ix2 =10+10+3+21+6+1 = 51 

Correction factor = -15.04 

SST= Ix - -=51-15.04 = 35.96 

SSR =  15.04 

SSE = SST - SSC-SSR = 35.96 - 13.13 - 9.71 = 13.12 

The ANOVA table is 

 
Step 3: Level of significance: Not given. So, let us take 5 % = 0.05 
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Step 4: Degrees of Freedom : for rows (3,15) for columns (5,15) 

Step 5: Table value : Fo.os(3,15)= 3.29 Fo.os(5,15) = 5.05 

Step 6: Conclusion: Comparing the FR- value calculated at step 2 with table 

value of step 5 FR>Ftab,we Reject the Null hypothesis 1. That is there is 

significant difference in the moisture content of the powder between the 

observers(rows). 

Comparing the Fe - value calculated at step 2 with table value of step 5 Fe< 

Ftab, we accept the Null hypothesis II. That is there is no difference in the 

moisture content between the consignments( columns). 

 

5. The following data resulted from an experiment to compare three burners BI, 

B2,B3. A Latin square design was used as the tests were made on 3 engines 

and were spread over 3 days. 

 
Test the hypothesis that there is no difference between the burners. 

Step 1: Null Hypothesis Ho (I): There is no difference in the mean between days 

(rows). 

Null Hypothesis Ho (II): There is no difference in the mean between Engines(  

columns). 

Null Hypothesis Ho (III): There is no difference in the mean between 

Burners(letters ). 

Step 2: Test Statistic (Calculating F ratio) 

As the data given is numerically larger, let us subtract all values given by 16 

make them simpler for calculation ease. www.R
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Total T = 1 B1 = 0 - 1 - 4 = - 5 

B2 = 1 + 0 - 3 = - 2 

B3 = 4 + 5 -1 = 8 

The squared values are 

 
Ix2 = 69 

Correction factor =  0.1111 

SST = 68.88889 

SSR = 8.3333 + 5.3333 + 21.3333 - 0.1111 

= 34.8888 

ssc=  0.3333 + 1.3333+0- 0.1111 = 1.5556 
SSL = 8.3333+1.3333+21.3333 - 0.1111 

= 30. 8888 

SSE = SST - SSC- SSL - SSR = 68.8889 - 34.8888 - 1.5556 - 30.8888 

= 1.5557 
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Step 3: Level of significance: Not given. So, let us take 5 % = 0.05 

Step 4: Degrees of Freedom: for rows (2,2) for columns ( 2,2) for letters ( 2,2) 

Step 5: Table value : Fo.os(2,2) = 19 

Step 6: Conclusion: Comparing the FR - value calculated at step 2 with table 

value of step 5 FR>Ftab, we Reject the Null hypothesis I. That is there is 

significant difference in the due to selection of days(rows). 

Comparing the Fe - value calculated at step 2 with table value of step 5 Fe< 

Ftab, we accept the Null hypothesis II. That is there is no difference between the 

engines ( columns). Comparing the FL - value calculated at step 2 with table 

value of step 5 Fe>Ftab, we reject the Null hypothesis III. That is there is 

difference between the numbers(letters). 
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