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Chapter 2
Describing Data with Numerical Measures

* Graphical methods may not always be sufficient for
describing data.
* Numerical measures can be created for both populations and
samples.
— A parameter is a numerical descriptive measure
calculated for a population.
— A statistic is a numerical descriptive measure
calculated for a sample.
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Arithmetic Mean or Average

. The mean of a set of measurements is the sum of the
measurements divided by the total number of measurements.
__2X,
. where n = number of measurements X = :
n

> x, =sum of all the measuremen ts
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Median

The median of a set of measurements 1s the middle

measurement when the measurements are ranked from
smallest to largest.

. The position of the median is
Sm+1)

once the measurements have been ordered.
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Mode
. The mode 1s the measurement which-occurs most
frequently.
. The set: 2,4,9,8, 8,5,3
— The mode 1s 8, which occurs twice
. The set: 2,2,9, 8, 8, 5,3
— There are two modes—S8 and 2 (bimodal)
. The set: 2,4,9,8,5,3
— There 1s no mode (each value is unique).
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The Range
. The range, R, of a set of » measurements is the
difference between the largest and smallest measurements.
. Example: A botanist records the number of petals on 5

flowers:
5,12,6, 8, 14

. R=14-5=9,
. The range is
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The Variance
. The variance is measure of variability that uses all the
measurements. It measures the average deviation of the
measurements about their mean.
. Flower petals: 5, 12, 6, 8, 14
. The variance of a population of N measurements is the
average of the squared deviations of the measurements about

- __45 )
their mean (£9). x=?=9 o? :%

* The variance of a sample of n» measurements is the sum of
the squared deviations of the measurements about their mean,

divided by (n — 1). s> :M
-

11



Variance (nlsd)

Al sl sl Ladtd cadil Gelie S
relea (S .
(Po) axinall & bl o
(*s) Al & plall o
(X1, X2, X35 cvvennennn , Xn) raaiaall Gl jia JS Wl (a8 .
P23l oy (7 ) 3ol 4l ey coainall 138 3 bl .
U Aabadll
7
SxX—1u)

(e ey addaall B oluadl Bgl) sa(u) dus .
U= x/N

(S?) - 4dal) b cplal)
pslaa e (36) aainall golis oS Llle .

:Cyuﬁ\gﬂ\%}c@ﬁ#\\hw:\jﬂcw%ﬁm‘g o

s Tlr—X)
gt == "7

n-1

The-Standard Deviation

. In calculating the variance, we squared all of the
deviations, and in doing so changed the scale of the
measurements.
. To return this measure of variability to the original units
of measure, we calculate the standard deviation, the positive
square root of the variance.

Population  standard  deviation o=+

Sanple standard deviation :s =x/s72
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Two Ways to Calculate the Sample Variance

. =X .
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Using Measures of Center and Spread: Tchebysheff’s Theorem
Given a number k greater than or equal to'1 and a set of n
measurements, at least 1-(1/k%) of the measurement will lie within k
standard deviations of the'mean.

. Can be used for either samples ( x and s) or for a
population (Hand 9).
. Important results:

o If k=2, at least 1 — 1/2%> = 3/4 of the

measurements are within 2 standard deviations of the
mean.
o If k=3, at least 1 — 1/3? = 8/9 of the

measurements are within 3 standard deviations of the
mean.

Using Measures of Center and Spread: The Empirical Rule
Given a distribution of measurements that is approximately mound-
shaped:
. The interval m + s contains approximately 68% of the
measurements.
. The interval m = 2s contains approximately 95% of the
measurements.
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. The interval m * 3s contains approximately 99.7% of the
measurements.

-
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Approximating s
. From Tchebysheff’s Theorem and the Empirical Rule, we
know that
R =4-65
. To approximate the standard deviation of a set of
measurements, we can use:

Measures of Relative Standing
. Where does one particular measurement stand.in relation to
the other measurements in the data set?
. How many standard deviations away from the mean does the
measurement lie? This is measured by the z-score.

xX—Xx
z -score =

N
. From Tchebysheff’s Theorem and the Empirical Rule
. At least 3/4 and more likely 95% of measurements lie
within 2 standard deviations of the mean.
. At least 8/9 and more likely 99.7% of measurements
lie within 3 standard deviations of the mean.
. z-scores between —2 and 2 are not unusual. z-scores should
not be more than 3 in absolute value. z-scores larger than 3 in
absolute value would indicate a possible outlier.
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Measures of Relative Standing
. How many measurements lie below the measurement of
interest? This is measured by the p"™ percentile.

50t Percentile = Median

25t Percentile = Lower Quartile (Q )

75t Percentile = Upper Quartile (Q ;)
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Quartiles and the IQR
. The lower quartile (Q,) is the value of x which is'larger
than 25% and less than 75% of the ordered measurements.
. The upper quartile (Qs) is the value of x which is larger
than 75% and less than 25% of the ordered measurements.
. The range of the “middle 50%” of the measurements is
the inter quartile range,

IQR = Q5 - Qu

Calculating Sample Quartiles
. The lower and upper quartiles (Qpand Qs), can be
calculated as follows:
25(n+1)
. The position of Q; is
N 15+ 1)
. The position of Qs is
once the measurements have been ordered. If the positions are not
integers, find the quartiles by interpolation.
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Using Measures of Center and Spread: The Box Plot
The Five-Number Summary:

Min Q; Median Qs Max
. Divides the data into 4 sets containing an equal number
of measurements.
. A quick summary of the data distribution.

. Use to form a box plot to describe the shape of the
distribution and to detect outliers.

Constructing a Box Plot
. Calculate Q1, the median, Q3 and IQR.

. Draw a horizontal line to represent the scale of
measurement.

. Draw a box using Q1, the median, Q3.

. Isolate outliers by calculating

. Lower fence: Q;-1.5 IQR
. Upper fence: Qs+1.5 IQR

. Measurements beyond the upper or lower fence is are
outliers and are marked (*).
. Draw “whiskers” connecting the largest and smallest

measurements that are NOT outliers to the box.
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Example:

Amt of sodium in 8 brands of cheese:

260 290 300 320 330 340 340 520
Q:=292.5

m = 325

Qs =340

IQR =Qs-Qu
= 340-292.5=47.5
Lower fence = Q;— 1.5 (IRQ)
=292.5-1.5(47.5) = 221.25
Upper fence = Qs+ 1.5 (IRQ)
=340+ 1.5(47.5) =411.25
Outlier: x = 520

Interpreting Box Plots
v Median line in center of box and whiskers of equal
length—symmetric distribution
v Median line left of center and long right whisker—
skewed right
v' Median line right of center and long left whisker—
skewed left
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