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Preface

The aim of this book is to provide practical information about quality assurance/
quality control (QA/QC) systems, including definition of all tools, understanding of
their uses, and an increase in knowledge about the practical application of statistical
tools during analytical data treatment.

Although this book is primarily designed for students and academic teachers, it
may also prove useful to the scientific community, particularly among those who
are interested in QA/QC. With its comprehensive coverage, this book can be of par-
ticular interest to researchers in the industry and academia, as well as government
agencies and legislative bodies.

The theoretical part of the book contains information on questions relating to
quality control systems.

The practical part includes more than 60 examples relating to validation param-
eter measurements, using statistical tests, calculation of the margin of error, estimat-
ing uncertainty, etc. For all examples, a constructed calculation datasheet (Excel) is
attached, which makes problem solving easier.

The accompanying CD contains more than 60 Excel datasheet files, each consist-
ing of three main components: problem, data, and solution; in some cases, additional
data such as graphs and conclusions are also included. After saving an Excel file on
the hard disk, it is possible to use it on different data sets. It should be noted that in
order to obtain correct calculations, it is necessary to use it appropriately. The user’s
own data should be copied only into yellow marked cells (be sure that your data set
fits the appropriate datasheet). Solution data will be calculated and can be read from
green marked cells.

We hope that with this book, we can contribute to a better understanding of all
problems connected with QA/QC.
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’I Basic Notions of Statistics

1.1 INTRODUCTION

Mathematical statistics is a branch of mathematics that applies the theory of prob-
ability to examining regularities in the occurrence of certain properties of material
objects or phenomena that occur in unlimited quantities. Statistics presents these
regularities by means of numbers.

Statistics is not only art for art’s sake. It is a very useful tool that can help us find
answers to many questions. Statistics is especially helpful for analysts, because it
may clear many doubts and answer many questions associated with the nature of an
analytic process, for example:

» How exact the result of determination is.

e How many determinations should be conducted to increase the precision of
a measurement.

»  Whether the investigated product fulfills the necessary requirements and/or
norms.

Yet, it is important to remember that statistics should be applied in a reasonable way.

1.2 DISTRIBUTIONS OF RANDOM VARIABLES

1.2.1 CHARACTERIZATION OF DISTRIBUTIONS

The application of a certain analytical method unequivocally determines the distri-
bution of measurement results (properties), here treated as independent random vari-
ables. A result is a consequence of a measurement. The set of obtained determination
results creates a distribution (empirical).

Each defined distribution is characterized by the following parameters:

e A cumulative distribution function (CDF) X is determined by F'y and repre-
sents the probability that a random variable X takes on a value less than or
equal to x; a CDF is (not necessarily strictly) right-continuous, with its limit
equal to 1 for arguments approaching positive infinity, and equal to O for
arguments approaching negative infinity; in practice, a CDF is described
shortly by: Fy(x) = P(X <x).

A density function that is the derivative of the CDF: f(x) = F§(x).
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Below are the short characterizations of the most frequently used distributions:

¢ normal distribution
 uniform distribution (rectangular)
* triangular distribution

Normal distribution, also called the Gaussian distribution (particularly in physics
and engineering), is a very important probability distribution used in many domains.
It is an infinite family of many distributions, defined by two parameters: mean (loca-
tion) and standard deviation (scale).

Normal distribution, N (i,, SD) is characterized by the following properties:

» an expected value L,
* amedian Me =,
* avariance SD?

Uniform distribution (also called continuous or rectangular) is a continuous prob-
ability distribution for which the probability density function within the interval
(=a, +a) is constant and not equal to zero, but outside the interval is equal to zero.

Because this distribution is continuous, it is not important whether the endpoints
—a and +a are included in the interval. The distribution is determined by a pair of
parameters —a and +a.

Uniform distribution is characterized by:

* an expected value p, =0
e amedian Me =0
e avariance SD? = ¢%/3

Triangular distribution over the interval (—a, +a) is characterized by:

* anexpected value 4, =0
e amedian Me =0
e avariance SD? = ¢*/6

The distribution of a random variable provides complete information on an
investigated characteristic (e.g., concentration, content, physiochemical property).
Unfortunately, such complete information is seldom available. As a rule, character-
istic inference is drawn using the analysis of a limited number of elements (samples)
representing a fragment of the whole set that is described by the distribution. Then,
one may infer a characteristic using an estimation of some of its parameters (statisti-
cal parameters) or its empirical distribution.

Statistical parameters are numerical quantities used in the systematic description
of a statistical population structure.

These parameters can be divided into four basic groups:

¢ measures of location

* measures of statistical dispersion
* measures of asymmetry

* measures of concentration
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1.3 MEASURES OF LOCATION

Measures of location use one value to characterize the general level of the value of
the characteristic in a population [1].
The most popular measures of location are the following:

e arithmetic mean
* truncated mean
* mode
* quantiles:

e quartiles

¢ median

e deciles

Arithmetic mean is the sum of all the values of a measurable characteristic divided
by the number of units in a finite population:

x,, =& (1.1)

Here are the selected properties of the arithmetic mean:

* The sum of the values is equal to the product of the arithmetic mean and
the population size.
* The arithmetic mean fulfills the condition:

X min < X <X “2)

max

¢ The sum of deviations of individual values from the mean is equal to zero:

Z(x, —x,)=0 (1.3)
i=1

¢ The sum of squares of deviations of each value from the mean is minimal:

i(x,- —x,) =min (1.4)

i=1

* The arithmetic mean is sensitive to extreme values of the characteristic.
¢ The arithmetic mean from a sample is a good approximation (estimation,
estimator) of the expected value.
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The truncated mean x,, is a statistical measurement calculated for the series of
results, among which the extrema (minima or maxima) have a high uncertainty con-
cerning their actual value [2]. Its value is calculated according to the formula:

n—k—I1
1
fou = | (k1) + D w1, (1.5)
i=k+2
where
X,, = truncated mean
n = number of results in the series

k = number of extreme (discarded) results

Mode Mo is the value that occurs most frequently in a data set. In a set of results,
there may be more than one value that can be a mode, because the same maximum
frequency can be attained at different values.

Quantiles Q are values in an investigated population (a population presented in
the form of a statistical series) that divide the population into a certain number of sub-
sets. Quantiles are data values marking boundaries between consecutive subsets.

The 2-quantile is called the median, 4-quantiles are called quartiles, 10-quantiles
are deciles, and 100-quantiles are percentiles.

A quartile is any of three values that divide a sorted data set into four equal parts,
so that each part represents 1/4 of the sampled population.

The first quartile (designated Q,) divides the population in a such a way that 25%
of the population units have values lower than or equal to the first quartile Q,, and
75% units have values higher than or equal to the first quartile. The second quartile
Q, is the median. The third quartile (designated Q,) divides the population in a such
a way that 75% of the population units have values lower than or equal to the third
quartile O, and 25% units have values higher than or equal to the quartile.

The median measurement is the middle number in a population arranged in a
nondecreasing order (for a population with an odd number of observations), or the
mean of the two middle values (for those with an even number of observations).

A median separates the higher half of a population from the lower half; half of the
units have values smaller than or equal to the median, and half of them have values
higher than or equal to the median. Contrary to the arithmetic mean, the median is
not sensitive to other units in a population. This is usually perceived as its advantage,
but sometimes may also be regarded as a flaw; even immense differences between
outliers and the arithmetic mean do not affect its value.

Hence, other means have been proposed, for example, the truncated mean. This
mean. less sensitive to outliers than the standard mean (only a large number of outli-
ers can significantly influence the truncated mean) and standard deviation, is calcu-
lated using all results, which transfers the extreme to an accepted deviation range
— thanks to the application of appropriate iterative procedures.

The first decile represents 10% of the results that have values lower than or equal
to the first decile, and 90% of the results have values greater than or equal to it.
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1.4 MEASURES OF DISPERSION

Measures of dispersion (variability) are usually used to determine differences
between individual observations and mean value [1].
The most popular measures of dispersion are:

* range
e variance

¢ standard deviation

e average deviation

¢ coefficient of variation (CV)

The range R is a difference between the maximum and minimum value of an
examined characteristic:

R=ux

max

(1.6)

~ Xnin
It is a measure characterizing the empirical variability region of the examined char-
acteristic, but does not give information on the variability of individual values of the
characteristic in the population.

Variance SD? is an arithmetic mean of the squared distance of values from the
arithmetic mean of the population. Its value is calculated according to the formula:

5

SD? = ’,1,'_ 1 2(_‘-,, ~Fo) (1.7)

i1

Standard deviation SD, the square root of the variance, is the measure of dispersion
of individual results around the mean. It is described by the equation:

(1.8)

Standard deviation equals zero only when all results are identical. In all other cases
it has positive values. Thus, the greater the dispersion of results, the greater the value
of the standard deviation SD.

It must be remembered that dispersion of results occurs in each analytical process.
Yet it is not always observed, for example, because of the resolution of a measuring
instrument being too low.

Properties of the standard deviation:

e If a constant value is added to or subtracted from each value, the standard
deviation does not change.

¢ If each measurement value is multiplied or divided by any constant value,
the standard deviation is also multiplied/divided by that same constant.



