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Abstract – The purpose of this paper is to summarize the
basic concepts of experimental designs that could be applied
to the research projects and also to a general experimental
setting. An experiment is a process or study that involves in
the collection of data and the results of experiments are not
known in advance. Usually, statistical experiments are
conducted in situations in which researchers can manipulate
the conditions of the experiment and be able to control the
factors that are irrelevant to the research objectives. The
experimental design refers to a plan for assigning
experimental units to treatment conditions. Further, the
statistical design of experiments is an efficient procedure for
planning experiments so that the data obtained can be
analyzed to yield valid and objective conclusions. In the
design of experiments, the experimenter is often interested in
the effect of some process or intervention (the treatment) on
some objects (the experimental units), which may be peoples,
parts of peoples, groups of peoples, plants, animals, etc.
Design of experiments is thus a discipline that has very broad
application across all the natural and social sciences, and
engineering. In addition, in an experiment, it is deliberately
changed one or more process variables or factors in order to
observe the effect of the changes those have  one or more
response variables. Three of the more widely used
experimental designs are the Completely randomized design,
the Randomized block design, and the Factorial design.
These different designs involving little or no additional
experimental labor might increase the precision of
experimental research many folds. This information can be
helpful to develop expertise in experimental design and
interpretation of experimental results which is a key
component of scientific inquiry. Such activities give
experience to scientists with experimental designs to further
develop their understandings and skills in research so that
they can be prepared to design more extensive experiments in
subsequent research.
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I. INTRODUCTION

Much of the progress in the sciences comes from
performing experiments. A great deal of the substantial
gain in knowledge in all sciences has come from actively
manipulating the stream of experiments. Observations or
measurements are planned to illuminate the effects of any
change in conditions. A selected condition or a change
(treatment) is introduced and these may be of either an
exploratory or a confirmatory nature. Experimental
evidence can be contrasted with evidence obtained from

other sources such as observational studies. Unlike a
descriptive study, an experiment is a study in which a
treatment, procedure, or program is intentionally
introduced and a result or outcome is observed.
Experimental research is an attempt by the researcher to
maintain control over all factors that may affect the result
of an experiment. In doing this, the researcher attempts to
determine or predict what may occur. While, experimental
design is a blueprint of the procedure that enables the
researcher to test his hypothesis by reaching valid
conclusions about relationships between independent and
dependent variables. It refers to the conceptual framework
within which the experiment is conducted. This term
experimental design is fairly generic and is best defined
within the field of research in which it is used [1, 2]. Most
of the designs illustrated here in reported article are
statistical layouts used in agricultural, environmental and
other biological research. The purpose of experimental
research design is to enable the researcher to credibly
establish a cause-effect relationship.

Experimental methods are widely used in research as
well as in industrial settings, however, sometimes for very
different purposes. The primary goal in scientific research
is usually to show the statistical significance of an effect
that a particular factor exerts on the dependent variable of
interest. There are basically two general issues to which
experimental design is addressed, first is how to design an
optimal experiment, and secondly how to analyze the
results of an experiment. With regard to the first question,
there are different considerations that enter into the
different types of designs. In the most general terms, the
goal is always to allow the experimenter to evaluate in an
unbiased or least biased way, and the consequences of
changing the settings of a particular factor that is
regardless of how other factors are set. In more technical
terms, experimenters attempt to generate designs where
main effects are un-confounded among themselves, and in
some cases, even un-confounded with the interaction of
factors.  Most experimental designs require experimental
units to be allocated to treatments either randomly or
randomly with constraints, as in blocked designs [3, 4].
During the past decade, it has been seen rapid advances in
the development of new methods for the design and
analysis of experiments. In this paper, it is reviewed the
recent developments and provided guidelines for the use
of designs. Our goal here is to review these recent
developments and to provide guidelines for the practicing
of statisticians on their uses.
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II. IMPORTANCE OF EXPERIMENTAL DESIGN

Experimental design is a planned interference in the
natural order of events by the researcher. This emphasizes
on experiment that reflects the higher regard generally
given to information so derived. The importance of
experimental design also stems from the quest for
inference about causes or relationships as opposed to
simply description. Researchers are rarely satisfied to
simply describe the events they observe. They want to
make inferences about what is produced, contributed to or
caused events. To gain such information without
ambiguity, some form of experimental design is ordinarily
required. As a consequence, the need for using rather
elaborate designs ensues from the possibility of alternative
relationships, consequences or causes. The purpose of the
design is to rule out these alternative causes, leaving only
the actual factor that is the real cause. The kinds of
planned manipulation and observation called experimental
design often seem to become a bit complicated. This is
unfortunate but necessary, if we wish to pursue the
potentially available information, so the relationships
investigated are clear and unambiguous. The plan that
researchers choose to call a design is an essential part of
research strategies. The design itself entails selecting or
assigning subjects to experimental units, selecting or
assigning units for specific treatments or conditions of the
experiment (experimental manipulation, specifying the
order or arrangement of the treatment or treatments, and
specifying the sequence of observations or measurements
to be taken) [5, 6].

A clear definition of the details of the experiment makes
the desired statistical analyses possible and almost always
improves the usefulness of the results. The overall data
collection and analysis plan considers how the
experimental factors, both controlled and uncontrolled, fit
together into a model that will meet the specific objectives
of the experiment, and satisfy the practical constraints of
time and money. The data collection and analysis plan
provides the maximum amount of information that is
relevant to a problem by using the available resources
most efficiently:-
1. Collecting Data: It is important to follow the data
collection protocol exactly as it is written when the data
are collected. Prior to collecting the data, it is important to
double check that all the instruments are valid, reliable and
calibrated. After that it is confirmed, take time to explain
the data collection procedures to the person who will be
doing the actual data collection. It might seem counter-
intuitive to technicians and machine operators to execute a
randomized design. They might re-organize the data
collection scheme in an effort to be more efficient, without
realizing the impact that it might have on the experiment.
2. Analyzing Data: For the analysis of the data from
designed experiments, there are many thousands of
experimental designs. Each design can be analyzed by
using a specific analysis of variance (ANOVA) that is
designed for that experimental design. One of the jobs of
an experimenter is to recognize the various experimental
designs, and to help clients to create the design and

analyze the experiments by using appropriate methods and
software.

III. BASIC PRINCIPLES OF STATISTICAL DESIGN

The three basic principles of statistical design of
experiments are Control, Randomization and Repetition.
The first principle of experimental design is control, it is
the group of subjects whic receives a dummy treatment.
The simplest form of control is the comparison of two or
more treatments. The purpose of comparing treatments is
to prevent the effect of the explanatory variables being
confounded with the control effect and other lurking
variables. Thus, the purpose of having a control group is to
prevent confounding. The second principle of
experimental design is randomization. The goal of
randomization is to produce treatment groups that are
similar (except for chance variation) before the treatments
begin. The third principle of experimental design is
repetition, which refers to the practice of applying the
treatments to many experimental units. The goal of
repetition is to reduce the role of chance variation on the
results of the experiment [7, 8].

IV. CONSIDERATIONS IN DESIGN SELECTION

The selection of a specific type of design depends
primarily on both the nature and the extent of the
information we want to obtain. Complex designs, usually
involving a number of control groups, offer more
information than a simple group design. If more
information per project is the sole criterion for selection of
a design, it would be led to more and more complex
designs. However, not all of the relevant information may
be needed and can be derived from any given design.
Other information derived from a network of knowledge
surrounding the project in question are theories, accepted
concepts, hypotheses, principles and empirical evidence
from related studies. To the extent that this knowledge is
already available, the task of extracting the exact
information needed to solve any research problem is
circumscribed. The collection of information is costly, and
the money and staff resources available are some limits.
Subjects are usually found in finite quantities only and
time is a major constraint. The information to be gained
has to be weighed against some estimate of the cost of
collection. This point out two ways of checking potential
designs:-
1. The questions this design answers: To do this, we
must be able to specify many of the questions that the
design would not answer as well as once it will answer.
This should lead to a more realistic approach to
experimental design than is usually given. Some simple
and useful designs have been labeled as poor because they
are relatively simple and will not answer some questions.
Yet, they may provide clear and economical answers to
the major questions of interest. Complex designs are not
so much useful for some purposes.
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2. The relative information gained: There is no specific
formula or strategy for deriving some cut-off points in this
regard. The major point here is that the researcher must
take a close look at the probable cost before selecting a
design.

Therefore, a good experimental design serves the
following three purposes:-
1) Causation: It allows the experimenter to make causal
inferences about the relationship between independent
variables and a dependent variable.
2) Control: It allows the experimenter to rule out
alternative explanations due to the confounding effects of
extraneous variables (i.e., variables other than the
independent variables).
3) Variability: It reduces variability within treatment
conditions, which makes it easier to detect differences in
treatment outcomes.

The statistical analysis of experiments starting with
graphical and non-graphical exploratory data analysis is
useful for detection of mistakes, checking of assumptions,
determining relationships among the explanatory
variables, assessing the direction, rough size of
relationships between explanatory, and outcome variables
[9].

V. BASIC EXPERIMENTAL DESIGNS

There are many ways an experiment can be designed,
for example, subjects can all be tested under each of the
treatment conditions or a different group of subjects can be
used for each treatment. An experiment might have just
one independent variable or it might have several
variables. This section describes basic experimental
designs and their advantages and disadvantages. There are
five main commonly used experimental designs,
Completely randomized design, Randomized block design,
Latin Square design, Split-block design and Factorial
design. They include as discussed in the following
section:-

VI. COMPLETELY RANDOMIZED DESIGN (CRD)

For designing of experiments, completely randomized
designs are for studying the effects of one primary factor
without the need to take other nuisance variables into
account. In a completely randomized experimental design,
the treatments are randomly assigned to the experimental
units. There is only one primary factor under consideration
in the experiment. The test subjects are assigned to
treatment levels of the primary factor at random.
Completely randomized designs are used whenever the
experimental units are homogeneous. This does not mean
they are exactly alike. Rather, it means there is no
identifiable source of variation in the experimental units.
Treatments are assigned to experimental units completely
at random. This means any experimental unit has the same
probability of receiving any treatment. It is a method for
designing experiments that uses random combinations of
factors to rule out the effect on the results from nuisance
variables, or variables that are not relevant to the problem

being solved. By randomizing the factors using a
computer, the influence of nuisance variables can be
removed from the experiment. The experiment compares
the values of a response variable based on the different
levels of that primary factor. For completely randomized
designs, the levels of the primary factor are randomly
assigned to the experimental units.

The Completely randomized design is probably the
simplest experimental design, in terms of data analysis and
convenience. With this design, participants are randomly
assigned to treatments. With a randomized block design,
the experimenter divides participants into subgroups called
blocks, such that the variability within blocks is less than
the variability between blocks. Then, participants within
each block are randomly assigned to treatment conditions.
Because this design reduces variability and potential
confounding, it produces a better estimate of treatment
effects. A matched pairs design is a special case of the
randomized block design. It is used when the experiment
has only two treatment conditions; and participants can be
grouped into pairs, based on some blocking variables.
Then, within each pair, participants are randomly assigned
to different treatments. The CRD is the simplest of all
designs. It is equivalent to a t-test when only two
treatments are examined. Replications of treatments are
assigned completely at random to independent
experimental subjects and adjacent subjects could
potentially have the same treatment. The completely
randomized design has the simplest analysis, and it should
be used if there are no other mitigating structural factors in
the experiment [10, 11].

VII. THE RANDOMIZED COMPLETE BLOCK
DESIGN (RCBD)

The Randomized Complete Block Design (RCBD) is the
standard design for agricultural experiments where similar
experimental units are grouped into blocks or replicates. It
is used to control variations in an experiment by
accounting for spatial effects in field or greenhouse. e.g.,
variation in fertility or drainage differences in a field. The
field or space is divided into uniform units to account for
any variation so that observed differences are largely due
to true differences between treatments. The treatments are
then assigned at random to the subjects in the blocks-once
in each block. The defining feature of the Randomized
Complete Block Design is that each block sees each
treatment exactly once. Replications of treatments are
assigned completely at random to independent groups of
experimental subjects within blocks and each treatment is
repeated more than once per block. In the statistical theory
of the design of experiments, blocking is the arranging of
experimental units in groups (blocks) that are similar to
one another. Typically, a blocking factor is a source of
variability that is not of primary interest to the
experimenter. The purpose of grouping experimental units
is to have the units in a block as uniform as possible so
that the observed differences between treatments will be
largely due to “true” differences between treatments, and
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the blocks of experimental units should be as uniform as
possible.

Probably, it is the mostly used and useful of the
experimental designs, takes advantage of grouping similar
experimental units into blocks or replicates, generally
more precise than the Completely Randomized Design,
and there is no restriction on the number of treatments or
replicates. Some treatments may be replicated more times
than others, missing plots are easily estimated, whole
treatments or entire replicates may be deleted from the
analysis, and if experimental error is heterogeneous, valid
comparisons can still be made. Its disadvantages are error
df is smaller than that for the Completely Randomized
Design (problem with a small number of treatments), if
there is a large variation between experimental units
within a block, a large error term may result (this may be
due to too many treatments), and if there are missing data,
a RCBD experiment may be less efficient than a
Completely Randomized Design [12, 13].

VIII. THE LATIN SQUARE DESIGN

This module generates Latin Square and Graeco-Latin
Square designs. It is an experimental design that can be
used to control the random variation of two factors. This
design is arranged with an equal number of rows and
columns, so that all combinations of possible values for
the two variables can be tested in multiple times. This
design is used to reduce the effects of random or nuisance
factors. Latin Square designs are similar to randomized
block designs, except that instead of the removal of one
blocking variable, these designs are carefully constructed
to allow the removal of two blocking factors. It is
accomplished while reducing the number of experimental
units needed to conduct the experiment. The Latin square
design is used where the researcher desires to control the
variations in an experiment that is related to rows and
columns in the field. The treatments are assigned at
random within rows and columns, with each treatment
once per row and once per column. There are equal
numbers of rows, columns and treatments.

It is useful where the experimenter desires to control
variations in two different directions. In the design of
experiments, Latin squares are a special case of row-
column designs for two blocking factors. Many row-
column designs are constructed by concatenating Latin
squares. In mathematics, Latin squares are generalizations
of groups; in fact, Latin squares are characterized as being
the multiplication tables (Cayley tables) of quasigroups. A
binary operation whose table of values forms a Latin
square is said to obey the Latin square property [14, 15].

IX. SPLIT-BLOCK DESIGN

Split-plot designs are needed when the levels of some
treatment factors are more difficult to change during the
experiment than those of others. The designs have a nested
blocking structure, and split plots are nested within whole
plots, which may be nested within blocks. Two sets of
treatments are randomized across each other in strips in an

otherwise Completely Randomized Design. In simple
terms, a split-plot experiment is a blocked experiment,
where the blocks themselves serve as experimental units
for a subset of the factors. Thus, there are two levels of
experimental units. The blocks are referred to as whole
plots, while the experimental units within blocks are called
split plots, split units, or subplots.

Corresponding to the two levels of experimental units
there are two levels of randomization. One randomization
is conducted to determine the assignment of block-level
treatments to whole plots. Then, as always in a blocked
experiment, a randomization of treatments to split-plot
experimental units occurs within each block or whole plot.
It is used where logistics make it necessary to run
treatments completely across each block. The number of
blocks is the number of replications [16, 17].

X. FACTORIAL DESIGN

A factorial design is type of designed experiment that
lets researcher to study of the effects that several factors
can have on a response. When conducting an experiment,
varying the levels of all factors at the same time instead of
one at a time leads to study the interactions between the
factors. A full factorial experiment is an experiment whose
design consists of two or more factors, each with discrete
possible values or levels, and whose experimental units
take on all possible combinations of these levels across all
such factors. A full factorial design may also be called a
fully crossed design. Such an experiment allows the
investigator to study the effects of each factor on the
response variable, as well as the effects of interactions
between factors on the response variable. A factorial
design actually consists of a set of single-factor
experiments. In the context of the factorial design, the
results of the component single-factor experiments are
called the simple effects of an independent variable. It is
used where there are several independent variables and the
researcher is interested in their combined effects on the
dependent variable. All possible combinations of the
levels of the independent variables are applied to different
experimental groups. This can create a large number of
experimental conditions, for example if three independent
variables are investigated and three levels of each are used
this would result in 9 experimental conditions (3×3 = 9)
excluding any control conditions.

For the vast majority of factorial experiments, each
factor has only two levels. For example, with two factors
each taking two levels, a factorial experiment would have
four treatment combinations in total, and is usually called
a 2×2 factorial design. As with any statistical experiment,
the experimental runs in a factorial experiment should be
randomized to reduce the impacts that bias could have on
the experimental results. In practice, this can be a large
operational challenge. Factorial experiments can be used
when there are more than two levels of each factor.
However, the number of experimental runs required for
three-level (or more) factorial designs will be considerably
greater than for their two-level counterparts. Factorial
designs are therefore less attractive if a researcher wishes
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to consider more than two levels [18, 19]. In summing up
a factorial design produces three important pieces of
information; the simple effects, the interaction effects and
the main effects. Full factorial design is a design in which
researchers measure responses at all combinations of the
factor levels.

The important thing in experimental designs is to clarify
where the results of observations may be legitimately
extended and where they can not yet be legitimately
extended. It is helpful in this regard that it is a
comprehensive description of the demographic
characteristics of the subjects of the research, and a
complete and comprehensive description of the
methodology used so that the readers of the research can
judge for themselves whether the results can be
generalized to their situations. Experimental designs are
applied in many areas and methods have been tailored to
the needs of various fields. There are a few packages for
creating and analyzing experimental designs for various
purposes, for example experimental designs for general
purposes, designs for agricultural and plant breeding
experiments, designs for industrial experiments, designs
for computer experiments,  designs for clinical trials and
designs for special purposes.

XI. CONCLUSION

The purpose of this paper is to summarize the basic
concepts of experimental designs that would apply to a
research project and would also apply to a general
experimental setting. Most importantly, this includes some
information about designed experiments, but the training
in these programs is required that can be about one week
of training concerning the subject. Experimental methods
are finding increasing use in manufacturing to optimize
the production process. Specifically, the goal of these
methods is to identify the optimum settings for the
different factors that affect the production process.
Interestingly, many of these experimental techniques have
made their way from the production plan into
management, and successful implementations have been
reported in profit planning in business, cash-flow
optimization in banking, etc. There are many thousands of
experimental designs and three of the more widely used
experimental designs are the Completely randomized
design, the Randomized block design, and the Factorial
design. Each design can be analyzed by using a specific
ANOVA that is designed for that experimental design.
One of the jobs of a master statistician is to recognize the
various experimental designs and to help clients to create a
design and analyze the experiments by using appropriate
methods and software. These data based on compilation of
results from several experiments and representing actual
trends in current research findings can give experience
with experimental design, which is a key component of
scientific inquiry. Scientists working can further develop
their understandings and skills in scientific activities so
that man powers are prepared to design more extensive
experiments in subsequent research work.
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