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46 / CHAPTER 4

Table 4-3. Calculations for standard deviation
of typical change in vessel diameter (X) of 18 patients
with no lesion growth.

Patient X X=X (X- Xy
1 0.13 0.01 0.0001
2 0 -0.12 0.0144
3 -0.18 -0.30 0.0900
4 -0.15 -0.27 0.0729
5 0.11 —0.01 0.0001
6 0.43 0.31 0.0961
=4 0.41 0.29 0.0841
8 -0.12 -0.24 0.0576
9 0.06 -0.06 0.0036

10 0.06 -0.06 0.0036
11 -0.19 —-0.31 0.0961
12 0.39 0.27 0.0729
13 0.30 0.18 0.0324
14 0.18 0.06 0.0036
15 0.11 -0.01 0.0001
16 0.94 0.82 0.6724
17 -0.07 -0.19 0.0361
18 -0.23 -0.35 0.1225
Sums £X=2.18 (X - X2 =
1.4586

the variation in the data, because the sum of the
squared deviations is 1.4586. The standard deviation
of the remaining 17 patients (after eliminating Patient
16) is substantially smaller, 0.22, demonstrating the
overwhelming effect that even one outlying observa-
tion can have on the value of the standard deviation.

The standard deviation, like the mean, requires nu-
merical data. Also like the mean, it is very important
in statistics. First, it is an essential part of many sta-
tistical tests (which are discussed in detail in later
chapters). Second, the standard deviation is very use-
ful in describing the spread of the observations about
the mean value. Two rules of thumb for using the
standard deviation follow.

1. Regardless of how the observations are distrib-
uted, at least 75% of the values always lie between
these two numbers: X — 25 and X + 2. In the vessel
diameter example, the mean change X is 0.12 mm and
the standard deviation s is 0.29 mm; therefore, at least
75% of the 18 observations are guaranteed to be be-
tween 0.12 — 2(0.29) and 0.12 + 2(0.29), or between
—0.46 and +0.70 mm. In this example, 17 of the 18
observations (94%}) actually are between these limits.

2. If the distribution of observations is a bell-
shaped distribution, then even more can be said
about the percentage of observations that lie between
the mean and -2 standard deviations. For a bell-
shaped distribution, approximately:

67% of the observations lie between X —
+ ls.

95% of the observations lie between X — 2s and X
+ 2s.

99.7% of the observations lie between X — 35 and X
+ 3s.

s and X

For further discussion on the use of the mean and
standard deviation with a bell-shaped distribution,
see Chapter 5.

4.3.1.c The Coefficient of Variation: The coeffi-
cient of variation is a useful measure of relative
spread in data and is used frequently in the biologic
sciences. For example, suppose the authors of the
study on diet and lipoproteins want to compare the
variability in the ratio of total/HDL cholesterol with
the variability in vessel diameter change for the 18
patients who had no lesion growth. The mean and the
standard deviation of total/HDL cholesterol (in milli-
moles per liter) are 5.81 and 1.20, respectively; for
the vessel diameter change (in millimeters), they are
0.12 and 0.29, respectively. A comparison of 1.20
and 0.29 makes no sense because cholesterol and ves-
sel diameter are measured on different scales. The co-
efficient of variation adjusts the scales so that a sensi-
ble comparison can be made.

The coefficient of variation is defined as the stan-
dard deviation divided by the mean times 100%. It
produces a measure of relative variation—variation
that is relative to the size of the mean. The formula
for the coefficient of variation is

cV = (% )(100%)

From this formula, the CV for total/HDL cholesterol is
(1.20/5.81) (100%) = 20.7%, and the CV for vessel di-
ameter change is (0.29/0.12) (100%) = 241.7%.
Therefore, we can conclude that the relative variation
in vessel diameter change is much greater than (more
than 10 times as great as) that in cholesterol ratio.

A frequent application of the coefficient of varia-
tion is in laboratory testing and quality control proce-
dures. For example, screening for neural tube defects
is accomplished by measuring maternal serum alpha-
fetoprotein. DiMaio et al (1987) evaluated the use of
this test in a prospective study of 34,000 women. The
reproducibility of the test procedure was determined
by repeating the assay ten times in each of four pools
of serum. They calculated the mean and the standard
deviation of the ten assays in each pool of serum and
then used them to find the coefficient of variation for
each pool, The coefficients of variation for the four
pools were 7.4%, 5.8%, 2.7%, and 2.4%. These val-
ues indicate relatively good reproducibility of the
assay because the variation, as measured by the stan-
dard deviation, is small relative to the mean. There-
fore, readers of their article can be confident that the
assay results were consistent.

4.3.1.d Percentiles: A percentile is a number
that indicates the percentage of a distribution that is
equal to or below that number. For example, consider
the standard physical growth chart for girls from birth
to 36 months of age given in Fig 4-2 (Hamill et al,
1979). For girls 21 months of age, the 95th percentile
of weight is 13.4 kg, as noted by the arrow in the
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