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PREFACE
It is widely believed that statistics in general and design of 

experiments in particular is a difficult, dull, highly specialized subject
to the studied and handled by professionals who are mathematically 
oriented. This is a big misconception which has grown and 
developed over time just by ‘ripple effect’. Actually, the subject is 
intersting, stimulating, revealing and above all near to reality as 
uncertainties are also taken care of while building models and 
drawing inferences. The need of the hour in research is to remove
this misconception by putting forward practical examples, their 
solution in a simple way and eschewing mathematical jargon as far 
as possible.

This book is an attempt to correct their misconception. So that 
design of experiments can be introduced to be used extensively 
among a larger audience. Such audience includes students of 
agriculture, biology, statistics, research methodology, social 
sciences, forestry, medical sciences, environmental sciences, 
animal sciences, veterinary sciences, business management and 
engineering sciences to larger extent. In order to achieve this 
objective the authors have adopted an expositional  style with 
simple concepts, tools and use with many examples from agriculture 
and biological sciences but the concepts and treatment remains 
almost same while dealing with problems from other sciences in the 
application of various designs discussed in this book.

The special feature of this book is its simplicity and the 
systematic style of presentation of the subject matter. The 
assumption and conditions on which various analysis and planning 
of the designs are based have been explained by means of simple, 
stepwise and straight strategy. The examples and theory have been 
taken from various books, manuals and reports for the benefit of 
students and teachers to comprehend and appreciate the actual 
problem faced in planning of experiments and analysis for inference. 
All such references have been listed at the end of book. Authours 
wish to acknowledge their input where ever used. Some hypothetical 
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examples have also been considered to make the concept clear and 
practically oriented. We have also tried that the implication of the 
results emerging from analysis be discussed with simplicity and 
thoroughness.

The main reason for writing this book is to reach the wider 
audience which has been kept out as a result of the complexity of 
treatment of this subjected by many authors. Also, the other 
objective is to bring together many concepts and designs scattered 
in literature for the benefit of readers. Readers from even diverse 
fields like economics, engineering, industries, medical etc. can find 
the book handy and helpful for problem encountered by them during 
their research and decision making. The long experience of more 
than thirty years of authors while offering courses on design and 
analysis of experiments to post-graduate students and applied 
workers, teachers and scientists in the university have prompted to 
write a book on planning and analysis of design of experiments. The 
book contains enough material for a course extending to a year, as 
different kinds, both elementary and complex design have been 
discussed avoiding mathematical symbols while example have been 
solved and presented in  steps so as to understand the intricacies of 
analysis.

Many statistical packages are rapidly becoming available in the 
market as a routine resource in different institutes, colleges,
universities and research centres in which a number of designs 
along with analysis are given which are being used sometimes 
unmindfully without consulting any competent statistician thus 
resulting in wrong inferences. Computers are unintelligent servants 
driven by programs. We can use any design on the same data and 
results will follow. It is the duty of experimenter/researchers to look 
into conditions and assumption and use the right design for right 
type of data. Hence statistical packages are to be used carefully with 
open eyes and mind. This book can be helpful in looking into various 
kinds of designs which may fit the required experiment and help the 
investigator for interpreting the results.
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Contents 5

This book covers a wide range of topics arranged in nineteen 
chapters ranging from basic principles, analysis of variance, 
transformation of data. single factor experiments, Latin square,
factorial experiments, confounding, split and strip plot designs, 
covariance analysis, multi-locational experiments, BIBD, Laltice 
designs, augmented designs, block design analysis of diallel
crosses, biological assays and simple way of finding expected value 
of mean square. Every care has been taken to put even the complex 
and intricate concepts in simple language for the under standing of 
reader may be student researcher or teacher in agricultural, 
engineering and biological sciences particularly.

Thanks are due to many authors of reports, investigations and 
books for using the examples /data for illustrating the concept and 
analysis of various designs for the convence and help to various 
readers, investigators and researchers. We are also thankful to the 
Director AAREM, CCS HAU and Dean, COBS&H, CCSHAU, for 
their help, guidance and cooperation in bringing out this book.

The author shall feel obliged for the suggestion from the 
readers in the improvement, modification and enhancement of 
contents, presentation and exposition of the book.

Hisar

18th October, 2008 Deepak Grover 

Lajpat Rai
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The book is an attempt to put together different designs and 

concepts for the benefit of students, teachers, researchers and 
investigators in a simple and non-mathematical way. Basic concepts 
of planning any design along with its analysis has been presented in 
steps so that even the novice may be able to understand the 
intericasies and get the analysis done in a proper way. Book 
contains nineteen chapters encompassing basic principles, analysis 
of variance, transformation of data, single factor experiments, Latin 
squares, Youden square designs, missing plot techniques, factorial 
experiments and confounding, spell and strip plot designs, 
covariance analysis, BIBD, Lattice designs, Augmented designs, 
block designs, sampling in field experiment, multi-locational 
experiments, analysis of diallel crosses, design and analysis of bio-
assys have also been discussed at length along with examples. 
Finding expected value of mean square simple method has also 
been given. Optimality criterion for a design is also considered. The 
book shall the helpful for researchers and investigators in agriculture 
sciences, veterionary sciences, animal sciences, biological sciences, 
social sciences, medical sciences, engineering and environmental 
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Chapter – 1

Basic Principles of Design of Experiments

Scientists in the biological fields who are involved in research 
constantly face problems associated with planning, designing and 
conducting experiments. Basic familiarity and understanding of 
statistical methods that deal with such issues of concern would be 
helpful in many ways. Researchers who collect data and then look 
for a statistical technique that would provide valid results will find 
that there may not be solutions to the problem and that the problem
could have been avoided first by a properly designed experiment. 
Obviously, it is important to keep in mind that we cannot draw valid 
conclusions from poorly planned experiment. Second, the time and 
cost involved in many experiments are enormous, and a poorly 
designed experiment increases such costs, time and resources.  The 
following examples point out the necessity for a good design that will 
yield good results in research. First, a nutrition specialist in 
developing country is interested in determining whether mother’s 
milk is better than powdered milk for children under age one. The 
nutritionist has compared the growth of children in village A, who are 
all on mother’s milk against the children in village B, who use 
powdered milk. Obviously, such a comparison ignores the health of 
the mothers, the sanitary conditions of the villages, and other factors 
that may have contributed to the difference observed without any 
connection to the advantages of mother’s milk or the powdered milk 
on the children. A proper design would require that both mother’s 
milk and the powdered milk be alternatively used in both villages, or 
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some other methodology to make certain that the differences 
observed are attributable to the type of milk consumed and not to 
some uncontrollable factor. Second, a crop scientist who is 
comparing two varieties of maize, for instance would not assign one 
variety to a location where such factors as sun, shade, unidirectional 
fertility gradient, and uneven distribution of water would either favour
or handicap it over the other. If such a design were to be adopted, 
the researcher would have difficulty in determining whether the 
apparent difference in yield was due to varietal differences or 
resulted from such factors as sun, shade, soil fertility of the field, or 
the distribution of water. The two examples illustrate the type of 
poorly designed experiments that are to be avoided.

· Good experimental designs are product of the technical 
knowledge of one’s field, an understanding of statistical 
techniques and skill in designing experiments. Any research 
endeavor may entail the following phases:

· Concept 

· Design 

· Data collection 

· Analysis 

· Dissemination 

Statistical methodologies can be used to conduct better 
scientific experiments if they are incorporated into entire scientific 
process, i.e., from inception of the problem to experimental design, 
data analysis and interpretation.

When planning experiments, we must keep in mind that large 
uncontrolled variations are common occurrences. Experiments are 
generally undertaken by researchers to compare effects of several 
conditions on some phenomena or in discovering an unknown effect 
of particular process. An experiment facilities the study of such 
phenomena under controlled conditions. Therefore, creation of 
controlled conditions is the most essential characteristics of the 
experimentation. How we formulate our questions and hypotheses 
are critical to the experimental procedure that will follow. For 
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