
FACTORIAL 

EXPERIMENT



• When we conduct simple experiments involving the testing of

variation in a single factor, RBD or CRD or LSD can be used

freely.

• But in practice research workers have to deal with simultaneous

variation in more than one factor. For instance, irrigation & dose

of nitrogen, spray of insecticides and fungicide at different point

of time etc.

• In simple experiment, one has to carry out the experiment with

single factor at a time.

• “The effect of the two or more factors together is by comparing

in the same experiment with all possible combinations of the

levels of all the factors. The approach is known as the "Factorial

Concept”.



• Factor: The term factor refers to a set of related treatments. For

example, we may apply different dosage of nitrogen to a crop.

• Here, nitrogen doses is a factor. Similarly, crop variety, spacing,

date of sowing, insecticide, seed rate, irrigation schedule, etc. are

also known as factors.

• Levels of a factor: The different states or components making a

factor are known as the levels of that factor.

• The doses of nitrogen like 0, 30, 60 and 90kg/ha are the four

levels of nitrogen dose (Factor).



• A factorial experiment is named based on the number of factors

and the levels of each factor.

• For example, if there are four factors each at two levels, the

experiment is known as 2 x 2 x 2 x 2 or 24 factorial experiment.

• In general, if there are n factors each with p levels, then it is

known as pn factorial experiment.

• If all the factors have the same levels, the experiment is called

symmetrical factorial; otherwise it is called mixed factorial or

asymmetrical factorial.



• When we conduct factorial experiment we may come across

with term simple effect, main effect and interaction effect.

Suppose in 22 experiment, we have Nitrogen and Phosphorus

factors each at two levels.

• Nitrogen: n0 and n1 Phosphorus: p0 and p1

N/P n0 N1(30) (n1-n0)

p0 10 15 5

P1(20) 13 20 7

(p1-p0) 3 5



• Simple effect: The difference in the responses between two

consecutive levels of a given factor at particular level or

combinations of levels of the other factors is known as simple

effect.

• Simple effect of N at p0 level of P is = n1 - n0 = 15 - 10 = 5

• Simple effect of P at n0 level of N is = p1 - p0 = 13 - 10 = 3

• Simple effect of N at p1 level of P is = n1 - n0 = 20 - 13 = 7

• Simple effect of P at n1 level of N is = p1 - p0 = 20 - 15 = 5



• Average/Main/Mean effect: It is an average of  simple effects. 

• Average effect of  N = 5 + 7 / 2 = 6 

• Average effect of  P = 3 + 5 / 2 = 4 
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• Interaction effect: In the above example, the simple effects of nitrogen dose

at p0 and p1 are not same. Similarly, the simple effects of phosphorus as n0

and n1 are not same. The effect of one factor changes as the level of the other

factor changes. This means that the factors are not independent. The

dependence of factors in their responses is known as interaction or

• “It is the failure of simple effects of a given factor to remain consistent at

various levels or combinations of levels of the other factor(s)”.

• In 22 factorial experiments, the interaction effect can be calculated by taking

half of the difference between the two simple effects of a given factor e.g. (7-

5)/2 = 1. If the mean is zero, it is indicative of no interaction.

• The interaction may be positive or negative and depending upon this the

interpretation can be drawn.



• SPLIT PLOT DESIGN:

• When one factor require larger area than other factor, then we use Split

plot design instead of factorial concept.

• For e.g. Cultural practices like spacing, ploughing, irrigation level,

varieties etc. require larger area.

• With a split plot design, the precision for the main plot factor is

sacrificed to improve that of the sub-plot factor.

• In this design, we are more interested in sub plot factor and interaction

effect.

• If I want to conduct experiment on Varieties (V1, V2 & V3) and

nitrogen dosage (N0, N1 and N2). So varieties require larger are and I

am more interested in nitrogen effect and interaction effect between

this two factor.



• If I want to conduct experiment on Varieties (V1, V2 & V3)

and nitrogen dosage (N0, N1 and N2). So varieties require

larger are and I am more interested to know nitrogen effect and

interaction effect between this two factor.

• So, Varieties are taken as main plot factor and nitrogen doses as

sub plot factor.

• R-I R-II

V1N0 V2N2 V3N1

V1N1 V2N0 V3N2

V1N2 V2N1 V3N0

V3N2 V1N1 V2N1

V3N1 V1N0 V2N0

V3N0 V1N2 V2N2



SOV df SS MS CAL F

Replication r-1 RSS RMS RMS/E(a)MS

Factor-A a-1 ASS AMS AMS/E(a)MS

Error (a) (r-1) (a-1) E(a)SS E(a)MS

Factor-B b-1 BSS BMS BMS/E(b)MS

A * B (a-1) (b-1) ABSS ABMS ABMS/E(b)MS

Error (b) a (r-1) (b-1) E(b)SS E(b)MS

Total rab-1 TOTALSS

SOV df SS MS CAL F

Replication 2 20 10 10/2 =5

Factor-A 3 60 20 20/2 =10

Error (a) 6 12 2

Factor-B 2 20 10 10/2 = 5 

A * B 6 18 3 3/ 2 = 1.5

Error (b) 16 32 2

Total 35

R=3, A=4, B=3



STRIP PLOT DESIGN 

• The Strip Plot Design is specially suited for a two factor

experiment in which the desired precision for the interaction

effect between the two factors is higher than that for measuring

the main effect of factors.

• Also this design is followed in situations when both the sets of

treatments require large plots. For example experiment on

spacing and ploughing treatments.

• The cultural convenience demands for larger plots.



• If I want to conduct experiment on spacing (S1, S2 & S3) and 

ploughing (p1, p2 and p3). So, Varieties are taken as main plot 

factor and nitrogen doses as sub plot factor.

• R-I                                          R-II

S1P1 S2P1 S3P1

S1P2 S2P2 S3P2

S1P3 S2P3 S3P3

S2P2 S3P2 S1P2

S2P3 S3P3 S1P3

S2P1 S3P1 S1P1



SOV df SS MS CAL F

Replication r-1 RSS RMS RMS/E(a)MS

Factor-A a-1 ASS AMS AMS/E(a)MS

Error (a) (r-1) (a-1) E(a)SS E(a)MS

Factor-B b-1 BSS BMS BMS/E(b)MS

Error (b) (r-1) (b-1)

A * B (a-1) (b-1) ABSS ABMS ABMS/E(b)MS

Error (c) (a-1) (r-1) (b-1) E(b)SS E(b)MS

Total rab-1 TOTALSS

SOV df SS MS CAL F

Replication 2 RSS RMS RMS/E(a)MS

Factor-A 2 ASS AMS AMS/E(a)MS

Error (a) 4 E(a)SS E(a)MS

Factor-B 2 BSS BMS BMS/E(b)MS

Error (b) 4

A * B 4 ABSS ABMS ABMS/E(b)MS

Error (c) 8 E(b)SS E(b)MS

Total 26 TOTALSS

R=3, A=3, B=3


