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Chapter One
Overview and Descriptive Statistics (ll)
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1.3 Measures of Location
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The Mean and The Median

DEFINITION The sample mean X of observations x,, x,, . .., x, Is given by

n
PIES
X +X2+"‘+)Cn i=1

n n

X =

The numerator of X can be written more informally as 2x; where the summation
is over all sample observations.

DEFINITION The sample median is obtained by first ordering the n observations from small-
est to largest (with any repeated values included so that every sample observation
appears in the ordered list). Then,
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Example 1.11. Windspan data
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Figure 1.12 A stem-and-leaf display of the wingspan data Figure 1.13 The mean as the balance point for a system of weights

Measure of the center: X,andx provide ameasurdor the centerof dataset,but will notin
n

th

generabeequalix = —=L51 = % = 67:0andx = "3 " ordered value = 65.

Balance point: X representshe averagevalueof the obsenationsin the sample.The point

th is the only pointatwhich afulcrum canbe placedto balancehe systemof weights:
(xi x)=0.

Middle point: % representthe middlevaluein thesamelelt dividesthe datasetinto two

partsof equalsize.

Sensitivity to outlier s: X andx areatoppositeendsof aspectrum.
Themeanx canbegreatlyaffectedby the presencef outliers. Without the outlier
X19 = 95, x = 65:7.
The medianx is insensitve to outliers.Withoutx 19 = 95, x = 65.
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Population Mean and Population Median

Population mean : theaverageof all valuesin the population.

Population median ~: the middelvaluein the population.

- . — sum of the N population values
Finite population: = N .

Statistic inference: usethesamplemeanx andthe samplemedianx to make aninferenceabout
thepopulationmean andthepopulationmedian-~.

Measure of the center:  and~ will notgenerallybeidentical:

i~

Mo =P o

(a) Negative skew (b) Symmetric (¢) Positive skew

Figure 1.14 Three different shapes for a population distribution

If the populationdistributionis positvely (> ~) or negatively skewed( < ~), then
6 ~.
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Quartiles, Percentiles, and Trimmed Means

Quartiles: quartilesdivide the datasetinto four equalparts with the obsenationsabove the
third quartile constitutingthe upperquarterof the dataset,the secondjuartile beingidentical
to themedian,andthe r stquartile separatinghe lower quarterfrom the upperthree-quarters.

Percentiles: adataset(sampleor population)canbeevenmore nely dividedusingpercentiles;
the 99th percentileseparatethe highestl% from the bottom99%,andsoon.

Trimmed mean and various sensitivity to outlier s:

Median %: computedhrowing away asmary valueson eachendasonecanwithout
eliminatingeverytingandaveragewhatis left.

Mean X: computedhrowing away nothingbeforeaveraging.

Trimmed mean: acompromiséetweerx andx. A 10%trimmedmeanfor example,
would be computedy eliminatingthe smallestl0% andthelargest10%of thesample
andthenaveragingwhatremains.

Generallyspeakingusingatrimmedmeanwith amoderatdrimming proportion(between
5 and25%)will yield ameasurghatis neitherassensitiveo outliersasthe meannor as
insensitiveasthe median.
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1.4 Measures of Variabllity
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Measures of variability for sample data

Fig. 1.16showvs dotplotsof threesampleawith the samemeanandmedian yetthe extentof
spreadaboutthe centeris differentfor all threesamples.
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Figure 1.16 Samples with identical measures of center but different amounts of
variahility

Range: thedifferencebetweerthelargestandsmallestsamplevalues.

Deviations from the mean: obtainedoy subtractingk from eachof then sampleobsenations:
X1  X,X2 X,:i,Xn X

X0
sum of deviations = (xi x)=0:
i=1
Variance: denotediy s?, is givenby P
2 in—1 (xi x)?
s° = = ;
n 1

Noticethatthe sumof squaredieviationsis dividedby n 1 ratherthann.

. P—
Standar d deviation: denotedy s, is givenbys = = s2,
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Example 1.14. Postsur gical data

2 _ 1279:1 — 13159 s= | 13159 = 11:47
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Motiv ation for s?

Population variance: whenthepopulationis nite,

P
2 =\|:1 (Xi )2.
N :

whichis theaverageof all squaredieviationsfrom the pupulationmean.

Question: why s? ratherthanthe averagesquaredieviationis used.
Onecouldde ne s? asthe averagesquaredieviation of the samplex; 's about :

P
. 2
SZ — in:]_ (Xl ) ’
n

but is almostneverknown, sothesumof squaredieviationsaboutx mustbeused.
Thex; 'stendto becloserto x thanto , soto compensatéor thisthedivisorn 1is

usedratherthann. 5
Wereferto s? asbeingbasednn 1 degreesof freedomyecallthat (x; x) = O.
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A computing formula for s?

Rounding: To guardagpinstthe effectsof rounding,analternatve expressiorfor s? is:

S X X X
s? = - Xxl where Syx = (xi x)%= X2 Q:

Example 1.15 - Remote sensing:

(216:1) 54:85

Sxx = 3168:13 = 54:85; s= 2 = 3:92:
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Simplest Boxplots

Five-number summar y: onwhichthesimplestboxplotis basedsmallestx; , lowerfourth,
median,upperfourth, largestx; .

Example 1.16: Corrosiondata
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Boxplots that show outlier s

Example 1.17: Pulsewidth data

Jiwen He, University of Houston, jiwenhe@math.uh.edu
Math 3338: Probability (Fall 2006), August 21-25, 2006 Probability — p.14/15



Comparative Boxplots - Example 1.18

A comparatre or side-bysideboxplotis avery effective way to revealingsimilaritiesand
differencesetweertwo or moredatasetsconsistingof obsenationson the samevariable.
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