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Chapter One
Overview and Descriptive Statistics (II)

Probability – p.2/15



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

1.3 Measures of Location
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The Mean and The Median
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Example 1.11. Windspan data

� Measure of the center: �x and~x provideameasurefor thecenterof dataset,but will not in

generalbeequal: �x =
P n

i =1 x i
n = 1408

21 = 67:0 and~x =
� n +1

2

� th
ordered value = 65.

� Balance point: �x representstheaveragevalueof theobservationsin thesample.Thepoint
at �x is theonly pointatwhicha fulcrumcanbeplacedto balancethesystemof weights:
P

(x i � �x) = 0.

� Middle point: ~x representsthemiddlevaluein thesamele.It dividesthedatasetinto two
partsof equalsize.

� Sensitivity to outlier s: �x and~x areatoppositeendsof aspectrum.

� Themean�x canbegreatlyaffectedby thepresenceof outliers.Without theoutlier
x19 = 95, �x = 65:7.

� Themedian~x is insensitive to outliers.Without x 19 = 95, ~x = 65.
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Population Mean and Population Median
� Population mean � : theaverageof all valuesin thepopulation.

� Population median ~� : themiddelvaluein thepopulation.

� Finite population: � = sum of the N population values
N .

� Statistic inf erence: usethesamplemean�x andthesamplemedian~x to make aninferenceabout
thepopulationmean� andthepopulationmedian~� .

� Measure of the center: � and~� will not generallybeidentical:

� If thepopulationdistribution is positively (� > ~� ) or negatively skewed(� < ~� ), then
� 6= ~� .
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Quar tiles, Percentiles, and Trimmed Means
� Quar tiles: quartilesdivide thedatasetinto four equalparts, with theobservationsabove the

third quartileconstitutingtheupperquarterof thedataset,thesecondquartilebeingidentical
to themedian,andthe�r stquartileseparatingthelowerquarterfrom theupperthree-quarters.

� Percentiles: adataset(sampleor population)canbeevenmore�nely dividedusingpercentiles;
the99thpercentileseparatesthehighest1%from thebottom99%,andsoon.

� Trimmed mean and various sensitivity to outlier s:

� Median ~x: computedthrowing awayasmany valuesoneachendasonecanwithout
eliminatingeverytingandaveragewhatis left.

� Mean �x : computedthrowing away nothingbeforeaveraging.

� Trimmed mean: a compromisebetween�x and~x. A 10%trimmedmean,for example,
would becomputedby eliminatingthesmallest10%andthelargest10%of thesample
andthenaveragingwhatremains.

� Generallyspeaking,usinga trimmedmeanwith amoderatetrimmingproportion(between
5 and25%)will yield a measurethatis neitherassensitiveto outliersasthemeannoras
insensitiveasthemedian.
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1.4 Measures of Variability
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Measures of variability for sample data
� Fig. 1.16showsdotplotsof threesampleswith thesamemeanandmedian,yet theextentof

spreadaboutthecenteris differentfor all threesamples.

� Range: thedifferencebetweenthelargestandsmallestsamplevalues.

� Deviations from the mean: obtainedby subtracting�x from eachof then sampleobservations:
x1 � �x, x2 � �x, : : :, xn � �x .

sum of deviations =
nX

i =1

(x i � �x) = 0:

� Variance: denotedby s2, is givenby

s2 =

P n
i =1 (x i � �x)2

n � 1
:

Noticethatthesumof squareddeviationsis dividedby n � 1 ratherthann.

� Standar d deviation: denotedby s, is givenby s =
p

s2.
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Example 1.14. Postsur gical data

s2 =
1579:1
13 � 1

= 131:59; s =
p

131:59 = 11:47:
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Motiv ation for s2

� Population variance: whenthepopulationis �nite,

� 2 =

P N
i =1 (x i � � )2

N
:

which is theaverageof all squareddeviationsfrom thepupulationmean.

� Question: why s2 ratherthantheaveragesquareddeviation is used.

� Onecouldde�ne s2 astheaveragesquareddeviationof thesamplex i 'sabout� :

s2 =

P n
i =1 (x i � � )2

n
;

but � is almostneverknown, sothesumof squareddeviationsabout�x mustbeused.

� Thexi 's tendto becloserto �x thanto � , soto compensatefor this thedivisorn � 1 is
usedratherthann.

� We referto s2 asbeingbasedon n � 1 degreesof freedom;recallthat
P

(x i � �x) = 0.
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A computing form ula for s2

� Rounding: To guardagainsttheeffectsof rounding,analternative expressionfor s2 is:

s2 =
Sxx

n � 1
where Sxx =

X
(xi � �x)2 =

X
x2

i �
(
P

xi )
2

n
:

� Example 1.15 - Remote sensing:

Sxx = 3168:13 �
(216:1)2

15
= 54:85; s =

54:85
14

= 3:92:
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Simplest Boxplots

� Five-n umber summar y: on which thesimplestboxplotis based:smallestx i , lower fourth,
median,upperfourth, largestx i .

� Example 1.16: Corrosiondata
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Boxplots that sho w outlier s

� Example 1.17: Pulsewidth data
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Comparative Boxplots - Example 1.18

� A comparative or side-bysideboxplotis averyeffective way to revealingsimilaritiesand
differencesbetweentwo or moredatasetsconsistingof observationson thesamevariable.
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