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Measures of Relative Position

Suppose you want to know where an observation stands in relation to other
values in a data set. For example, on many standardized tests such as the SAT,
GMAT, and ACT, the test scores themselves are rather meaningless unless they
are associated with some measure that tells you how well you did relative to
others taking the same test. There are two principal methods of communicating
relative position: percentiles and z-scores. Both of these methods are data
transformations which change the scale of the data in some way
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Percentiles

The most commonly used measure of relative position is the percentile. In

fact, we have already discussed the 5Othpercentile; it is the median. For

example, in data sets that do not contain significant quantities of identical
data, the 30thpercentile is a value such that about 30 percent of the values

are below it, and about 70 percent are above it.

Definition

October 18, 2016

w X.

Given 0 sel of dati 1. 23« . o0 n. the PP perventile is n value, say X, susch that approximately P pereent
of the data is less than or equal to X and approximately (100--P) percent of the data is prester than or equal
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Procedure Finding the P! Percentile
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interpreting Percentiles
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Table 4.13 — Ordered Test Scores
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Formula: Percentile

The percentile of some data value r 15 gaven by:

number of data values less than or equal to 0

percentile of r=
total manber of data values
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peed 10 be counted 1o the ninerstor in order to calonlnte the percentile. To determing e percennle Tor 8 score of 5, e

are 24 Jats owaloes Less thoan mo soqual 1o B the

simnbe of data valiies less than o 3 i B must be connfeld. Smce thete
sl ting percenifale woull be
a

G . a :
perventile of & wors of #i- .i;_- T~
g 1

Oct 2-5:37 PM



Stats 4d.notebook October 18, 2016

Formula: Percentile

| s — = % - ’
The percentile of some data value z is given by

\ . unmber of data values less than or equal to =
percentile of r= - -100
total nummber of data values

Next. compute the percentile for a score of 67:

..
percentile of a score of 67= = -100=80.
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Quartles

=
|
i The 25%, 50", and 5™ percentiles are known as quartiles and are denoted as Q). Oy, aud (. They serve es markers that
- drvide the datafnto four equel parts, ), separates the Jowest 25 percent. Q) represeats the median (50" percentile], 2nd )

I
‘ metks the begumiag of the top 25 percent of the data.

Formula: Interquartile Range

| Tl imterguartite rapge 1 @ mesane of dispersion which describes the range of the middle Gy percent of
thc <late.

K- Q- ¢
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Box Plots — Graphing with Quartiles Table 4.13 - Ordered Test Scores
} A very important use of quartiles is in the |
construction of box plots. As the name implies,
box plots are graphical summaries of the data 21 | 44 55 ! 67
which, when constructed, have a box-like shape. - o '
They provide an alternative method to the 21 15 a5 60
histogram for displaying data. A box plotis a e . . 2
graphical summary of the central tendency, the o 4 56 =0
spread, the skewness, and the potential existence i _ . , = ) :
of outliers in the data. Figure 4.11 displays a box 29 4 s i
‘ plot of the screening test data from Example 4.20. i = 7 |
| e !
1 Box Piot of Screening Test Scores 41 47 H8 i3 |
| Ny o I e
TRl el & 33 49 62 | 80 E
| t ] i ] | ] & ] [ i i 3'4 § 52 63 b 81 i
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Figure 4.11 TG (002 OV o Ol T
|
|
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| Box Pist of Screening Tost Scores
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Figure 4 11

The box plot 2= constructed from B2 sumnnesy wieasures© e largest data valoe. e simablest data value. the 25 perermtide.

the 78% percentile. and the median
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Although the box plot can be used to display data for a single data set, the histogram is
probably more useful for this purpose. The real power of the box plot is the ease with
which it allows the comparison of several data sets. Consider the number of wins per
season for the New York Yankees, Los Angeles Dodgers, Atlanta Braves, and Chicago
Cubs. The four data sets are displayed by box plots in Figure 4.12. It is easy to see from
the box plots that the center of the Yankees' number of wins is higher than that for the
Dodgers which has a higher center than the center of Braves, and finaily the Cubs. Also it

| appears that the spread of the data, or the variation within the observed values, is not the

‘ same for all four data sets. This type of comparison will be used in later chapters to help
confirm assumptions which must be made about the data in order to perform statistical

| inference. Box Plots of the Number of Franchise Wing per Geasen 1961-2010
i [ tzneeas

- B s
—il—
fula

C 10 20 % &0 S0 B O BD 3N TCH 10N
Figure d 12

}
i
|
|
f
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 Detecting Outliers

The concept of an outlier is an arbitrary concept. What you consider an outlier and what
| someone else considers an outlier may not be the same thing. However, one definition of
an outlier which has gained some acceptance is developed in the context of a box plot.

Definition
A dats pomnt i sonsiderad an ontlier if it &2 1.5 times the interquartile range above the 75 percentile or 1.5
times the interquartile range belew the 267 percentile.
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! For example, suppose test scores of 110 and 2 were added to the screening test data.
|
i 5 A ® For the new screening test data, the 25th percentile is 41 and the
, plabich 3 ‘“‘.’e“’f’ SRt Sw‘,e, 75th percentile is 66, meaning that the interquartile range is
2 43 G G 66—41=25. A point is considered an outlier if the data point is:
= 44 nh it larger than the 75th percentile +1.5 times the interquartile
range.
21 45 56 0
66+1.5:25=103.5

2i 3 57 7l ) i .
. smaller than the 25th percentile —1.5 times the interquartile
: t ah LN T range.
; | 4 @ o ‘ 41-1.5-25=35
l 3t 1 02 a6
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\
Box Piot of New Test Scores
| a1 54 66
| | '
‘ ® e
|

i I | ! i
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Figure 4.13
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Z-Scores

The z-score is a standardized measure of relative position, with respect to the mean and
variability (as measured by the standard deviation) of the data set.

Formula: z-Ecore

The z-score transforms a data value mto the number of standard deviations that value 15 from the mean

£

o

relative values of data from different data sets.

Describing a data value by its number of standard deviations from the mean is a
fundamental concept in statistics that is found throughout this course. It is used as
a standardization technique to describe properties of data sets and to compare the
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Tt & zescore s negative. the data value i Jess than e mean, Conversely. it the -score 16 positive, the dats vilee is greater
thie e s Thie Tescone b ab o unit-Dee wemsare, Thal 1, remandless ol the ongiul wils ol weasurstuent (whsthe: the

data arc messtoed i centimeress. mckers. or kilomazters), an ohservation's z-seore will be the zamie

Oct 2-6:01 PM

Al sntl Aen YU peen an e Aatin) M SN 68 TR kY o ol e LT R O e TN A WA T PG ARIEE FAR GO TP files st
iT2 152 pax]
1ni v
[ BB
P PR

~ac 15U TG IT0 IsU 1Ma 20 210 20 20 MU 250 20

Weary {18 Lounks

v P
(F

paunds

Oct 2-6:01 PM
11



Stats 4d.notebook October 18, 2016

ot s s 22 st o0 K basled] e o bt & 00D e v e 2 e et o B Love sri) AT B Cmelan waeed 08 @ it
102 214 di

E )
R 4

PR 17 P s

|

A~ 100 168 ITU 180 O 20 zit To 2@ 4B Te0 P IW
|

| : :
‘ Aot Tk o T »
|
|

Oct 2-6:02 PM

T 1o e ol da 'l o smrprn s s 3 4 el saple sheedsd covsine s 3T Selzdale te o i vl e 358 Rrady 11 I
ha, ;
Ansaer b v S Tualdz: T Hoapas & L

[eo s S s e T

Oct 2-6:03 PM



Stats 4d.notebook October 18, 2016

o bre Lbtwo duts Toed o Jag v lliol renwsm e Wa 5277 porimntie

Dopemeters of Goll Batis

i I
P 1R :rr.: 12 E R

| ‘
R IR 1 1‘4..“‘ 1.hd
i ]

AT T AR
|
[
[

|
i

|

Gooy job, KBS ERLYN

Oct 2-6:06 PM

The fllxvateg ster-probscal plol roprasoats 290 168 220 o 26 stadorss W o dass 01 Ihaelr most rotart 20st Us o ddba poovord 12 fing the Juertics

bl Soaras by Seliateny)

BT L]
# u 1 2 P 4 7 *
T (1] 1 2 o o
o ot L o T (L #
3 i i 2 ] e 11 2 e
|
LT -
|
‘ Bluw 1wl B A’i.m iw amcand canlie
|
L TE 2 e Taan o =2
|
T

Oct 2-6:09 PM
13



Stats 4d.notebook

T Boms vag sl oy wr ol bl poot vmpestomn s s et e oy 290 <ot e tlass o Dt panliscari el Lk U ddnis proseded B T D e guet e

Iest Bzores by Studept

i Wk 1
L] ¥ 1 2 = 4 T A
7 u i 2 5 -3
B 3 ¥ € T a L1
k

wey P = el

Stee 2073 . iy i Ber gisc s

At ; frote T Tathss W

Oct 2-6:14 PM

I ki £ Shitao e £ CU IOEALAL S T bt Se00ns 107 3 enidaten B A R 00 YG1 maRt Taraer e 65D thi A pravin 83N T e

Teat Boores by Bosdent

: b < 4

v i 2 = B

» P 2 ] ¥ L] 9

B it z 2 7 4 1o N

B A T

i

PN | S ! e Tt

e

Way fo ot

Oct 2-6:14 PM

October 18, 2016

14



October 18, 2016

Stats 4d.notebook
[T F TR S TR PO oSV SV T ST SIS ST TSR (1 TR | TN IR T R I (Rt vkt ) T e
i R Gt o oML T vaTien Tt 2 mny AL
| Catdfan f1ie & st of Wb 8 me s frhat & mon
| i i Tyt
! 1 e B dr am il I - 1l 4 f i boay = w82
| Serzate? I =M 1

Familsa e KIMEERLYT

Oct 2-6:16 PM

|
| * Key Terms and Ideas

Frequency Distribution

Bar Chart

Relauve Frequency

Cumulative Frequency
Cumulative Relative Frequency

Histogram

Stem and Leaf Display
Ordered Array

Dot Plot

Time Sequence Plot
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