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Key Topics:

3.1 Measures of Center

3.2 Measures of Variation

3.3 Chebyshev’s Rule and the Empirical Rule

3.4 The Five-Number Summary; Boxplots

3.5 Descriptive Measures for Populations; Use of Samples



Descriptive measures that indicate where the center or most typical value of a data set lies are
called measures of central tendency or, more simply, measures of center. Measures of center are

often called averages.

In this section, we discuss the three most important measures of center: the mean, median, and
mode. The mean and median apply only to quantitative data, whereas the mode can be used with

either quantitative or qualitative (categorical) data.

Definition 3.1: Mean of a Data Set Definition 3.2: Median of a Data Set

. . ; . .. ; Arranees the data in increasing order.
I'he mean of a dafa set is the stim of the nhservations divided bv the number of B o

obscrvations. » If the number of observations is odd, then the median is the observation exactly in

Lhe niddle of the ordered lisl

v [f the number of observations is even, then the median is the mean of the two

Definition 3.3: Mode of a Data Set

middle observations in the ordered list.

Find the f“r*nqm*m"j; ot carh value in the data set.

In both cases, if we let # denote the number of observations, then the median is at

+ If no value occurs more than once, then the data set has 1o mode.

position (1 + 1)/2 in the ordered list.
« Otherwise, anv value that occurs with the greatest frequency is a mode of the data

sel.



Table 3.4 Means, medians, and modes of salaries in Data Set | and Data Set |

Measure of center Definition Data Set | Data Set I

Mean um of abservations $4832.85 $474.00

Number of observations

Viedian Micdle value in ordared list £40C.00 $350.00

Mode Most frequent value £30C.00 $300.C0O

Figure 3.1

Median/' \Mean Median/"\lvlean Mean/ ‘\Median

(a) Right skewed (b) Symmetric (c) Left skewed

Relative positions of the mean and median for archetypal (a) right-skewed, ( b) symmetric, and (c) left-skewed
distributions




Definition 3.5: Range of a Data Set

The range of a data set is given by the formula
Range = Max - Min,

where Max and Min denote the maximum and minimum observations, re Sp E'Eti‘i.fel}-’.




Heights of Starting Players The heights, in inches, of the five starting players on Team I are

77 772

72,73,76, 76, and 78, as we saw in Fig. 3.2, Find the deviations from the mean.







Key Fact 3.3: Chebyshev's Rule

For any quantitative data set and any real number k greater than or equal to 1, at least
1 — 1};’,1;2 of the observations lie within k standard deviations to either side of the mean,

that is, betweenz — k-sand x + k- s.

Figure 3.7
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Forearm Length In 1903, K. Pearson and A. Lee published the paper "On the Laws of
Inheritance in Man. I. Inheritance of Physical Characters” (Biometrika, Vol. 2, pp. 357-462).
The article examined data on forearm length, in inches, for a sample of 140 men. The mean

and standard deviation of the forearm lengths are 18.8 in. and 1.12 in., respectively.

a. Apply Chebyshev's rule with k£ = 2 to make pertinent statements about the forearm

/(/L‘I—-"l%-% =0

lengths of the men in the sample.

b. Repeat part (a) with k = 3.

1655 | 21.0Y




Key Fact 3.4: Empirical Rule

_ < About 93.7% of
For any quantitative data set with roughly a bell-shaped distribution, the following the observations
properties hald. lie in here
Properly 1: Approxdmelely 65% of he observalions He wilhin one slandard devialion :
periy i S - - - P About 95% of
Lo cilher side of e mean, hal is, belween e s and x| s, the observations
lie in here
Property 2: Approximately Y5% of the observations lie within two standard deviations
to either side of the mean, that i3, between r — 23 and » + 23. )
p Abcut 68% o7

the abservations
lic in here

Property 3: Approximately 99.7% of the cbservations lie within three standard

deviations to either side of the mearn, that is, between o — 35 and & + 3s.

>




Forearm Length I'rom [xample 3.16C recall that the mean and standard deviation of

forearm lengths for a sample of 140 men are 18.5 in. and 1.12 in,, respectively.

In kxamrple 3.16E, we used Chebyshev's rule to make pertinent statements about the

torearm lengths of the men in the sample. resuming that the distribution of forearm lengths
of the men in the sample is roughly bell shaped (which, in fact, it actually i3), we can use the

cinpirical rule o gel more accurale eslimales,

a. le_ﬂ}; Properly 1 ol The i—‘TTI:[.'l"T"]['.'-J] mle o make perlinent slzlemenls =boul The

forearm lengths of the men in the sample.
b. Repeat part (a) for Property 2 of the empirical rule.

<. Repeat part (a) for Property 3 of the empirical rule,




Definition 3.7: Quartiles

First, arrange the data in increasing order. Next, determine the median. Then, divide
the (ordered) data set into two halves, a bottom half and a top half; if the number of

observations is odd, include the median in both halves.

e The first quartile (1) is the median of the bottom half of the data set.

e The second quartile ((») is the median of the entire data set.

« The third quartile (Qz) is the median of the top half of the data set.

. 25%
':31 Q1 ':12 {:"3
{(a) Uniform (b) Bell shaped

25% 25% 25% 25% | 25% |25%| 25%
Qi Q@ ©f
(c) Right skewed (d) Left skewed
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Definition 3.10: Lower and Upper Limits

The lower limit and upper limit of a data set are

fQ K = Lower mit = 7 — 1.5 - IQR;
Q 2 = Q \ Upper Iimit = @, + 1.5 - IQR.

Pole. = 2K I.SCIS.S) - CQ! ol

U.‘P, - 4SS 4 }:SC}BI S} - Sé e S




To Construct a Boxplot

Step 1 Determine the quartiles.

Step 2 Determine potential outliers and the adjacent values.

Step 3 Draw a horizontal axis on which the numbers obtained in Steps 1 and 2 can be
located. Above this axis, mark the quartiles and the adjacent values with vertical
lines.

Step 4 Connect the quartiles to make a box, and then connect the box to the adjacent

values with lines.

Step 5 Plot each potential outlier with an asterisk.
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