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Preface to the Second Edition

Statistical Methods in Food and Consumer Research, published in 1984, is the first book that
dealt with the application of statistics to food science and sensory evaluation. Since then,
statistical software has become indispensable in the statistical analysis of research data.
The use of multivariate analysis in sensory evaluation has emerged in part due to the
availability of statistical software that sensory and research analysts can effectively use.
The use of nonparametric statistics in sensory evaluation resulted in several scientific
research publications which are included in the second edition.

For updating applications of statistics to advancement of sensory science we believe there
is a need for a second edition of the book. We are pleased to have Jian Bi with years of
experience in applications of statistics, in particular sensometrics, and Dr. Stan Altan
with years of expertise in experimental designs as coauthors. Chapters 9-11 of the book
were completely re-written and expanded from the basic principles of several statistical
procedures to sensory applications. Two chapters were added—Chapter 12, Perceptual
Mapping and Descriptive Analysis, and Chapter 13, Sensory Evaluation in Cosmetic
Studies. For data analysis we have provided computer programs or codes in S-Plus®
and SAS®™ (Statistical Analysis System) for Chapters 9-13. For Chapter 7 which deals
with Response Surface Designs, Design-Expert® is highly recommended.

The revised book can be used as text for a first course in applied statistics for students
majoring in Food Science and Technology, and for other students in agricultural and
biological sciences. As a first course, Chapters 1-8 will be used. For graduate students
majoring in sensory science, a second course would cover Chapters 9-13.

We thank the academic and industrial professionals who found the book useful and
encouraged us to update it. We are grateful to Academic Press/Elsevier, Inc. for their
interest in publishing the second edition, in particular to Nancy Maragioglio, Carrie
Bolger, and Christie Jozwiak for their continuous and readily available support.

Maximo C. Gacula, Jr.
Jagbir Singh

Jian Bi

Stan Altan
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Chapter

Introduction

This introductory chapter is written to familiarize the reader with
common symbols, notation, concepts, and some probability tools
that are used in the subsequent chapters. This chapter, therefore, is
a minimal prerequisite for the remainder of this book. The details
of the material presented here can be found in many beginning statis-
tical methods textbooks, such as those by Dixon and Massey (1969)
and Huntsberger and Billingsley (1981).

1.1 A BRIEF REVIEW OF TOOLS FOR STATISTICAL
INFERENCE

The purpose of this section is to review briefly the tools used in statistical
inference. Statistical inference is the process of making inductive state-
ments based on random samples from target populations. The inference
process includes the estimation of population parameters and the formu-
lation and testing of hypotheses about the parameters: a parameter is a
numerical quantity that describes some characteristics of the population.
For instance, the mean y and the variance ¢ are examples of population
parameters. In the hypothesized simple linear regression model, Y = o +
pX + ¢, the intercept o and the slope /3 are the parameters of the model.

Because random sampling is a prerequisite for valid statistical infer-
ence, it is important that the samples be collected following an
accepted random sampling procedure. If this is not done, the infer-
ences about the population are not reliable. A precise and reliable
inference can be reached only through the use of an appropriate
experimental design for random sampling and data collection. The gen-
eral principles of experimental designs are summarized in Section
1.2. The sample size plays a major role in ensuring that the selected
random sample will lead to statistical inferences with a specified
amount of confidence.
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Notation and Symbolism

The science of statistics is concerned with the collection, summariza-
tion, and interpretation of experimental data. The data may be sum-
marized in the form of graphs, charts, or tables. Because of the many
statistical operations to which the data are subjected, a general system
of notation is used to facilitate the operations. A working knowledge of
this system is essential in understanding the computational procedures
involved in statistical analyses. A brief description of the notation that
will be encountered in succeeding chapters is given here.

A commonly encountered symbol is sigma, X, used to denote a sum or
total. For example, the sum of n numbers X,, X,..., X, is denoted by
n
X=X+ X+ + X (1.1-1)
i=1
The lower and upper limits on X indicate that the X; is added from
i = 1 to i = n; for simplicity, the limits on £ may be omitted if no
confusion is likely. Similarly, we have the following:
YNoXI=X{+X3 4+ X}

n

DXV =XV +XoVs + -+ XY, (1.12)

n
ZCX =cXi+cXo+-- -+ X, :CZX,,
i=1

where ¢ is a constant. Note that (Z X;)?, which denotes the square of
the sum defined by (1.1-1), is not the same as that given by (1.1-2).

Whereas the population mean is symbolized by u, the mean of a
sample X;, X5,..., X, of n items is denoted by X, where

X =Y Xin (1.1-3)

Similarly, the population variance is denoted by ¢°, where the sample
variance is denoted by S?, where

= (Xi—-X)*/n—1. (1.1-4)

Whenever the population parameters are unknown, as is usually the
case, they are estimated by appropriate sample quantities called statis-
tics. Thus, if population mean y and variance ¢ are unknown, they
may be estimated by statistics X and S?, respectively. At times an esti-
mate of a parameter, say 0, is denoted by 6. Thus, an estimate of the
population u can be denoted by 7, which may or may not be X.
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Depending on the populations under investigation, appropriate sym-
bols can be made more explicit. For example, if more than one pop-
ulation is under investigation in a study, their means can be denoted
by iy, iz, and so on.

In a multiclassified data structure, the dot notation is used to indicate
totals. For example, let Xj;, denote the kth observation in the (i, j)th
cell. Then Xj;. can be used to denote the sum of n;; observations in
the (i, j)th cell. That is X;;. = 17| X If there is only one observa-
tion per cell, that is, n;; = 1, then there is no use in retaining the sub-
script k, and one may express the data in a row and column structure.
For example, Table 1.1 consists of r rows and ¢ columns; the observa-
tion in the ith row and the jth column is denoted by X;;. As noted ear-
lier, when i or j or both are replaced by a dot (-), the dot denotes the
sum over the replaced subscript. Therefore,

xl.:iix,,:c
1 i=1

j:
is the grand total, and the grand mean is given by
X=X../rc=].

It follows that (see Table 1.1) X;. and X.; are the sums of the ith row
and jth column, respectively. Thus, X;. = X;./c, and X.; = X,j/r. This
system is easily extended to a more complex data structure such as
Xijk. . p» where the number of subscripts corresponds to the number
of classifications. If n;, denotes the number of observations in the
(i, j)th cell, the dot notation representation is similarly used. For

Table 1.1 An r x ¢ Table with One Observation per Cell
Columns

Rows 1 2 s 4 Row sums Row means
| 1 ) ) X 7)@2 o 7X|,v X;. ) o X;. )

2 X1 X2 ce Xy X5, X,

r Xin Xiz “n Xij Xi. X
j Column sums Xa X2 7X.c X..(grand total) = G :
‘ C:Jlumn means X X5 7)—(.( X (grand mean) 1
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example, n... denotes the total number of observations in the experi-
ment; n;.. denotes the number of observations summed over the j
and k classifications.

The Normal Distribution

Researchers design and conduct experiments to observe one or more
quantities whose numerical values cannot be predicted with cer-
tainty in advance. The quantities of interest may be the shelf life
or the preference score of one item, or some sensory characteristics
of, say, food products. The shelf life, the preference score, etc., of
an item is not known in advance but could be any one of a number
of possible values. A quantity that can assume any one numerical
value from a range of possible values, depending on the experimental
outcomes, is called a random variable (r.v.) in statistical terminology.
Since the numerical values of an r.v. depend on the experimental
outcomes, the values of an r.v. are governed by a chance model or a
probability distribution, as it is called in statistical language. In short,
associated with each r.v. is a probability distribution, and statisticians
use this structure to study various aspects of the quantities (r.v.'s) of
interest.

Some probability distributions can be described by close mathemati-
cal functions called the probability density functions (pdf’s). Once the
pdf of an r.v. X is given, it can be used to calculate probabilities of
events of interest in decision making. In what follows now we intro-
duce one important probability distribution through its pdf and a
number of others without writing down their pdf’s.

The most important probability distribution in applied statistics is
the normal or Gaussian probability distribution. An r.v. X is said to have
a normal probability distribution if its pdf is of the mathematical
form

202

2
fX)= L exp[—(x_“)]. (1.1-5)

where — 0o < X < 00, — 00 < p < 00, and ¢ > 0. The graph of f(X) is
sketched in Figure 1.1. The graph is a bell-shaped curve that is sym-
metric around p. Hence, the parameter u is the center of the distribu-
tion of the values of X. The shape of the curve depends on ¢*. The
curve tends to be flat in shape as the shape parameter ¢ increases.
The normal probability distribution is characterized completely by



