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Chapter 3

SUMMARIZATION OF DATA BY
OBJECTIVE MEASURES

3.1. INTRODUCTION

Although a frequency table and a graph such as a histogram will give
one quite a bit of information about the data, most of it is rather sub-
jective. In order to describe the data more objectively and to provide
tools for analysis, it is desirable to use what are called ‘‘sample statistics.”
Such statistics are of three kinds: averages, measures of variability, and
measures of curve shape. The first two are used with most samples, the
last only with large samples.

3.2. SOME AVERAGES

The aim of an average is to give a one-number description of the
sample of numbers. If all the numbers were identical, the average would
be this number. If the numbers vary, but still show some ‘“‘central
tendency,” then it is the object of the average to locate this level. Different
kinds of averages have various characteristics: advantages and disadvan-
tages, and each kind has its special use and interpretation. Finally one
may say that if the data are so scattered as to exhibit no noticeable central
tendency or pattern, then it is doubtful whether any average is worth
much,

Certainly the most commonly used and widely understood average is
the so-called arithmetic mean. It is simply the sum of the set of numbers,
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34 3. Summarization of Data by Objective Measures

divided by how many there are. If we call the indiviFlual qumbers
P1sVar Y3 e Vno there being n of them, then their arithmetic mean

is defined by
iyt ot XY 3.1)

y= 2 =

where the symbol ¥ means “sum of.”” The sample size is n. If desirable,
we could have shown the limits on the summation as follows:

Y yi=y1+y+ " tIn (3:2)
i=1
The summation symbol is much used in statistics. Three simple laws
are as follows (c is a constant)™*:

)’ic=nc or ic=(b——a+l)c (3.3)
i Yy = ¢ iyi (3.4)
_E (s £x) = (‘z J’;‘) s (E x,-). (3.5)

* The proofs of these laws are almost self-evident, if one merely writes out the expansion
as in (3.2) for each I, and compares.

Some of the desirable properties of the arithmetic mean are as follows:

1. It takes account of the value of each of the numbers and is affected
by each.

2. If each y, is multiplied by the same number %, then the arithmetic
mean of the resulting numbers is k.

3. If each y,; is changed by the addition of 4 to it, the arithmetic
mean of the resulting numbers is ¥ + A.

4. If 7, is the arithmetic mean of n, numbers, and 7, of #, , then the
arithmetic mean of all #, + n, numbers is the “weighted mean”

ny, + nyy,
ny+ny

5. The mean has many desirable properties in the theory and

practice. of sampling, that is, the relation between sample and
population.
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3.3. Some Measures of Variability 35

As an example consider the following data on amounts of fuel metered
by a nozzle in five trials under uniform test condition: y: 96.6, 97.2,
96.4, 97.4, 97.8, Xy = 4854, y = 97.08 (all in cubic centimeters).

A second kind of average, the ‘““median,” we have already mentioned
in Chapter 2. There it was described as the y value for which the cumu-
lative frequency is n/2. If n is even and there are no tied values of y
in the middle, there will be half of the cases below the median and half
above it. Or if z is odd, the median is the midmost number after all the
numbers have been arranged in order, that is, in an ‘“‘array.” As many
numbers y lie below the median as above it, barring ties in the middle
of the array. For the small sample of amounts metered, we first rank in
order in an array: 96.4, 96.6, 97.2, 97.4, 97.8 cc, and the median is then
the middle number, 97.2 cc. If n is even, then when we rank the numbers
into an array, the median is half-way between the two middle numbers.
Tie scores may make interpretation a little more difficult, but this does
not complicate the method of finding the median.

The median has a number of desirable properties. Among those given
for the arithmetic mean, it possesses 2 and 3, which should in fact be
possessed by nearly any average worth consideration. In regard to
property 1, the median is only indirectly affected by the value of each
of the » numbers. Thus if the lowest amount metered were 86.4 instead
of 96.4, the median would still be 97.2 cc, but the sum would be reduced
by 10 cc, and ¥ by 2 cc to 95.08 cc. Property 4 definitely does not hold
for the median, while regarding 5, the median has less desirable sampling
properties than the mean.

A third type of average, the ‘“mode,” we have also introduced in
Chapter 2. It is the point of greatest concentration of the numbers in
the data. It is usually found as the midvalue of the class with greatest
frequency. Obviously the mode then depends on whatever classes we
have chosen for the tabulation. The mode possesses properties 2 and 3,
but not 1 or 4, and it has little use in statistical analysis. Its prime use
is in the description of a frequency distribution. For example, a distribu-
tion with two isolated high frequencies is described as ‘“‘bimodal,”” and
we could list two modes.

Since the arithmetic mean is so commonly used, we shall frequently
call it simply the “‘average.”

3.3. SOME MEASURES OF VARIABILITY

There are three commonly used measures of the variability in a set of
numbers, namely the ‘“range,” the “mean deviation,’”” and the “standard
deviation.” Of these the last is by far the most important.
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