RESEARCH METHODOLOGY

LECTURE-16

Important Experimental Designs

Experimental design refers to the framework or structure of an experiment
and as such there are several experimental designs. We can classify
experimental designs into two broad categories, viz., informal experimental
designs and formal experimental designs. Informal experimental designs are
those designs that normally use a less sophisticated form of analysis based on
differences in magnitudes, whereas formal experimental designs offer
relatively more control and use precise statistical procedures for analysis.
Important experiment designs are as follows:

(a) Informal experimental designs:

(i) Before-and-after without control design.
(ii) After-only with control design.

(iii) Before-and-after with control design.

(b) Formal experimental designs:

(i) Completely randomized design (C.R. Design).
(ii) Randomized block design (R.B. Design).

(iii) Latin square design (L.S. Design).

(iv) Factorial designs.

We may briefly deal with each of the above stated informal as well as formal
experimental designs.

1. Before-and-after without control design: In such a design a single test
group or area is Bselected and the dependent variable is measured before
the introduction of the treatment. The treatment is then introduced and
the dependent variable is measured again after the treatment has been
introduced. The effect of the treatment would be equal to the level of the
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phenomenon after the treatment minus the level of the phenomenon
before the treatment. The main difficulty of such a design is that with the
passage of time considerable extraneous variations may be there in its
treatment effect.

2. After-only with control design: In this design two groups or areas (test
area and control area) are selected and the treatment is introduced into the
test area only. The dependent variable is then measured in both the areas at
the same time. Treatment impact is assessed by subtracting the value of the
dependent variable in the control area from its value in the test area.

superior to before-and-after without control design.

3. Before-and-after with control design: In this design two areas are
selected and the dependent variable is measured in both the areas for an
identical time-period before the treatment. The treatment is then introduced
into the test area only, and the dependent variable is measured in both for an
identical time-period after the introduction of the treatment. The treatment
effect is determined by subtracting the change in the dependent variable in
the control area from the change in the dependent variable in test area.

This design is superior to the above two designs for the simple reason that it
avoids extraneous variation resulting both from the passage of time and from
non-comparability of the test and control areas. But at times, due to lack of
historical data, time or a comparable control area, we should prefer to select
one of the first two informal designs stated above.

4. Completely randomized design (C.R. design): Involves only two
principles viz., the principle of replication and the principle of randomization
of experimental designs. It is the simplest possible design and its procedure of
analysis is also easier. The essential characteristic of the design is that
subjects are randomly assigned to experimental treatments (or vice-versa).

5. Randomized block design (R.B. design) is an improvement over the C.R.
design. In the R.B. design the principle of local control can be applied along
with the other two principles of experimental designs. In the R.B. design,
subjects are first divided into groups, known as blocks, such that within
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each group the subjects are relatively homogeneous in respect to some
selected variable. The variable selected for grouping the subjects is one
that is believed to be related to the measures to be obtained in respect of
the dependent variable. The number of subjects in a given block would be
equal to the number of treatments and one subject in each block would be
randomly assigned to each treatment. In general, blocks are the levels at
which we hold the extraneous factor fixed, so that its contribution to the
total variability of data can be measured. The main feature of the R.B.
design is that in this each treatment appears the same number of times in
each block. The R.B. design is analysed by the two-way analysis of variance
(two-way ANOVA) technique.

6. Latin square design (L.S. design) is an experimental design very
frequently used in agricultural research. The conditions under which
agricultural investigations are carried out are different from

those in other studies for nature plays an important role in agriculture. For
instance, an experiment has to be made through which the effects of five
different varieties of fertilizers on the yield of a certain crop, say wheat, it to
be judged. In such a case the varying fertility of the soil in different

blocks in which the experiment has to be performed must be taken into
consideration; otherwise the results obtained may not be very dependable
because the output happens to be the effect not only of fertilizers, but it may
also be the effect of fertility of soil. Similarly, there may be impact of varying
seeds on the yield. To overcome such difficulties, the L.S. design is used when
there are two major extraneous factors such as the varying soil fertility and
varying seeds.

The Latin-square design is one wherein each fertilizer, in our example,
appears five times but is used only once in each row and in each column of the
design. In other words, the treatments in a L.S. design are so allocated among
the plots that no treatment occurs more than once in any one row or

any one column. The two blocking factors may be represented through rows
and columns (one through rows and the other through columns).

7. Factorial designs: Factorial designs are used in experiments where the
effects of varying more than one factor are to be determined. They are
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specially important in several economic and social phenomena where usually
a large number of factors affect a particular problem. Factorial designs can be
of two types: (i) simple factorial designs and (ii) complex factorial designs. We
take them separately

(i) Simple factorial designs: In case of simple factorial designs, we consider
the effects of varying two factors on the dependent variable, but when an
experiment is done with more than two factors, we use complex factorial
designs. Simple factorial design is also termed as a ‘two-factor-factorial
design’, whereas complex factorial design is known as ‘multifactor-factorial
design.” Simple factorial design may either be a 2 x 2 simple factorial design,
or it may be, say, 3 x 4 or 5 x 3 or the like type of simple factorial design.

(ii) Complex factorial designs: Experiments with more than two factors at a
time involve the use of complex factorial designs. A design which considers
three or more independent variables simultaneously is called a complex
factorial design. In case of three factors with one experimental variable having
two treatments and two control variables, each one of which having two
levels, the design used will be termed 2 x 2 x 2 complex factorial design.
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