Stat101
Chapter 3

Statistics for Describing, Exploring, and Comparing Data
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Review and Preview A4ijaa g 422 e
Chapter 1

Distinguish between population and sample, parameter and statistic Good
sampling methods: simple random sample, collect in appropriate ways
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Chapter 2

Frequency distribution: summarizing data

Graphs designed to help understand data Center, variation, distribution, outliers,
changing characteristics over time
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Important Statistics 4algd) Cilsibaay)

Mean, median, standard deviation,

variance
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Understanding and Interpreting iy agd

these important statistics

Llel) leliasy) oda

Preview 4ilaa

% Descriptive Statistics i<l sbaay

In this chapter we’ll learn to summarize or describe the important characteristics
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of a known set of data
< Inferential Statistics (AL Clilaa)

In later chapters we’ll learn to use sample data to make inferences or
generalizations about a population
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Measures of Center S (s uls

Key Concept (i asgiall

Characteristics of center. Measures of center, including mean and median, as tools for analyzing
data. Not only determine the value of each measure of center, but also interpret those values.

Cre m JS et i Y il Jladd e ool edasns g Jans giall @l Lay ¢SS all i3S el ailiad
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Part 11 ¢
Basics Concepts of Measures of Center X w (e puli aalie Sl

»Measure of Center S al (ubia

the value at the center or middle of a data set @bl (e 4e sana Jaug i 38 0 (b dad

Arithmetic Mean (gbwadl Ja gial)

Arithmetic Mean (Mean) (dw sia)  qbwal)

the measure of center obtained by adding the values and dividing the total by the
number of values

alll e dae e & ganall dand g adll ALl J pasdl S ja (iliia
What most people call an average. s giall 25 (ulil) Jis) La

Notation s

i3 denotes the sum of a set of values. adll (s s sana (e il o o
x is the variable usually used to represent
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n represents the number of data values in a
sample. n Ade &l ad s Jid,
Nrepresents the number of data values in a

population. dia N ghwll 2o & clbal) ad (e aae,

x is pronounced ‘x-bar’ and denotes the mean of a set
of sample values x = gealy g o "X- pd dbe (10 A para b gia o Juy" Jb=

uis pronounced ‘mu’ and denotes the mean of all values in a population p =

_ > X
X =—
n

Ol 33 B adl) A8S b gia o Jag ™ ga" Aol

X
N

Mean

Advantages L

Is relatively reliable, means of samples drawn from the same population don’t
vary as much as other measures of center Takes every data value into account

a0 e e ol e la e (Jia IS CaliAT Y IS (gt (e A gavsal) bl il g L Lale alaie W) S
Dlie V) & clill dad S

Disadvantage .gusa

Is sensitive to every data value, one extreme value can affect it dramatically;
IS not a resistant measure of center
oS Ul agle Jigibaal 5 (5 peall) Al G (S cclill) A JSH Adin

S all A glie Ll

Median v gl
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Median

the middle value when the original data values are arranged in order of increasing
(or decreasing) magnitude

paa (Ol ) 30l Jal (e Alal) bl ad casi 53 4l Ledie ddau gial) dagdl)

~ < often denoted by x (pronounced ‘x-tilde’)

s pimg) & cad) iy Le Llle "X 1ol

is not affected by an extreme value - is a resistant measure of the center
36 el i olie o - 38 R 5 Y

Finding the Median b)) Js  gial)

First sort the values (arrange them in order), the follow one of these

o2 (e 8aa) 5 ¢ Ll 5 o( il A Lt i) il J5Y) g il

1. If the number of data values is odd, the median is the number located in the

exact middle of the list.
dailall gdal) Coiatia (83 g gall d2all ga Jasu gll g ey jall ga bl ol 2ae IS 1Y),

2. If the number of data values is even, the median is found by computing the
mean of the two middle numbers.

s siall 218,V e il o gie Cilsa 35k (e Jaw i) e o g o ia Ul o e IS 13

5.40 110 0.42 0.73 0.48 1.10
0.42 0.48 0.73 110 1.10 5.40

T_'_T

(in order - even number of values — no exact middle
shared by two numbers)

0.73 +1.10

5 MEDIAN is 0.915

5.40 1.10 0.42 0.73 0.48 1.10 0.66
0.42 0.48 0.66 0.73 110 1.10 5.40

(in order - odd number of values)

exact middle MEDIAN is 0.73
Mode gl

% Mode the value that occurs with the greatest frequency
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3255 S e Coand 1 Al pa

% Data set can have one, more than one, or no mode

s sl sl sl e ST el s 05K of (S i) e sans

Bimodal two data values occur with the same greatest frequency
55 alac | Gl e cpaal) 13 (il i) a8 s

Multimodal more than two data values occur with the same greatest
pae i ae i) Griad e ST Tl gl daeiall Caaas

frequency No Mode no data value is repeated

GULL Al Y aa gl ) SH Y 23 53

Mode is the only measure of central

Lol ym i) (el g gl

tendency that can be used with nominal data

Mode - Examples Jidl — g

a. 540 1.10 0.42 0.73 0.48 1.10 <::|Mode is 1.10

b. 27 27 27 55 55 55 88 88 99 <:Bimodal - 27 & 55

cC.12 367 8 9 10 <:|
No Mode

Definition i #

Midrange s giall saall

the value midway between the maximum and minimum values in the original data
set
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maximum value+minimum value

Midrange = 5

Midrange b giall saall

Sensitive to extremes kil dutua

because it uses only the maximum and minimum values, so rarely used
AR La 0l A (Ll g (g gumll) addl) Jad andiey ASY

% Redeeming Features ga: gl & jual)

(1) very easy to compute
(2) reinforces that there are several ways to define the center
(3) Avoids confusion with median
(1) Slaad laa Jeudl (e
(2) Foe uaail ks dls O ) m
(3) B sie o Llal cat,

Round-off Rule for Measures of Center S ¢r sl sasldl) saey) 4 sa

Carry one more decimal place than is present in the original set of values.
il (e Lo de senall 82 sa 50 8 Las g pdie OISe ST aal 5 Jaa

Critical Thinking 8 ,siil)

Think about whether the results are reasonable.

A sie il ClS 1) La 8yl

Think about the method used to collect the sample data.
>3 saill L) aead ariioad) 46yl 3 S

Part 2

Beyond the Basics of Measures of Center

38 e e alail) bl ¢ 55 L

Mean from a Freguency Distribution 24,3 s (s (i

Assume that all sample values in each class are equal to the class midpoint.
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Mean from a Frequency Distribution

280 @) 5 e
use class midpoint of classes for variable x

el i (e A8 Caiaia aladinl x

3¢

2f

Weighted Mean (&8sl Aaa)

When data values are assigned different weights, we can compute a weighted
mean.

Os0sal) o giall e ol WiSay cdalis o)) 55l bl o cpes 4 Ledic

__ 2Z(w-x)

Best Measure of Center S8l (uliia Jucad

Measures
of Center

Mean Median Mode

Y Y Y Y
Find the sum Sort the I Value that maximum * minimum I

Midrange

of all values. data. occurs z
then divide by most

-H;e n;;mber | frequently The midrange is
of values. Odd e rarely used.
ven The mode is good
number number
for data at the
® The mean is of of el i /
sensitive to values values nominal leve
Y Y of measurement.
extreme values.
e Sample means Median is Add the
tend to vary the value in two middle
less than other the exact numbers,
measures middle. then divide
of center. by 2.

The median is often a good
choice if there are some
extreme values.

Skewed and Symmetric Jilksiag b aia

% Symmetric Jilsia

By Hoor
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distribution of data is symmetric if the left half of its histogram is roughly a mirror
image of its right half

J e Caaill (e Jua¥) a8 ) s Ly 55 sl bl mns 1 (e a1 Caail) S Jilaie il a3 58

% Skewed L9 ,=io

distribution of data is skewed if it is not symmetric and extends more to one side
than the other

AY) e alg i IS iy ey g Silaia 0 al 13 il 35 dsas

Skewed Left or Right ¢seasd) of Jasd) | ) o

% Skewed to the left jluwdl J Jua

(also called negatively skewed) have a longer left tail, mean and median are to the
left of the mode

(&5 n bl () (o8 Ay iy ¢ ol Jshal 03 L (Lo 48 e Ll ansi g

% Skewed to the right ¢l J) Joal

(also called positively skewed) have a longer right tail, mean and median are to
the right of the mode

(s x o o Aas s i canaall Jshal dad Leaal (o) IS 8 jaie Ll e

Shape of the Distribution il JG

The mean and median cannot always be used to identify the shape of the
distribution.

sl JSE aad andi o Ll (S Y s sl g Jaws siall,
Skewness <l adl

TN

/V\eanj‘ LMOJ@ /V\oarej ItMean

Mode = Mean = Median Median Median
b § . (@) Skewed to the Left (c) Skewed to the Right
( ) ymmetric (Negatively) (Positively)
8
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Recap 4ada
In this section we have discussed:Giddu audl) 13a &
< Types of measures of center S ¢x il ¢ gl
Mean (-
Median s
Mode g3
“*Mean from a frequency distribution < il a5 (e (i
“Weighted means g Jibuy
<»Best measures of center JS s guulia Juabi

s  Skewness < _adl

Section 3-3 Measures of Variation i) i 3-3 acdl)

Key Concept (s A a sgdall

Discuss characteristics of variation, in particular, measures of variation, such as
standard deviation, for analyzing data.

Ll Jalail ¢(5 jlmall Cal ai¥) Jie c DAY o i) Lo ¥ 5 (DAY (ailiad Lk,
Make understanding and interpreting the standard deviation a priority.
bl s olbmal) LAY iy agh Jaa,

Part1

Basics Concepts of Measures of Variation

el Sl asalie il

Definition i

The range of a set of data values is the difference between the maximum data
value and the minimum data value.

Ll Gad Liall 5 (5 suaill Ll Gad G A 58 Ll il e Ao gana (g Ao gana,

Range = (maximum value) — (minimum value)
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It is very sensitive to extreme values; therefore not as useful as other measures
of variation.

LAY o laill (el e S Bake Cudy A8 el ol ) las Guliss 3],

Round-Off Rule for Measures of Variation

COAY) (e ulail sac &) Ca gl Al g

When rounding the value of a measure of variation, carry one more decimal place
than is present in the original set of data.

Ll (e dlall de sanall (8 35a 50 98 Lae g e S ST a5 Jan 5 «aDEAY) 5 da oy i) Lavic,
Round only the final answer, not values in the middle of a calculation.

Definition < #

The standard deviation of a set of sample values, denoted by s, is a measure of
variation of values about the mean.

Lu}id\uc&ﬂ\é).\xﬂ\u.u\:\gﬁ ‘BJ)‘A\&A\J:\J'AJ\ cﬂ;dﬂ\ﬁﬂ\whwtﬁjgaA\u\)xY\

Sample Standard Deviation Formula daabill Y sa ;edl) i) oy 73 gad

Sample Standard Deviation (Shortcut Formula)

nZ(x) — (Xx)
nn-1)

Standard Deviation - Important Properties &k gaibai - s luzal) Gl ady)

The standard deviation is a measure of variation of all values from the mean.
L sl (e ) JS DAY (it s (5 sbuaal) il Y,
“ The value of the standard deviation s is usually positive.

10
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Glaal 3ale 4 5y peall (5 bmall ol aiY) iad,

% The value of the standard deviation s can increase dramatically with the
inclusion of one or more outliers (data values far away from all others).

08 Nasn L o) RSt il (e ST i anl s 23l gn aS U 335 0 (S By seaall (5 bmall Gl jatY) R
GAYN S),

% The units of the standard deviation s are the same as the units of the original
data values.

ALl bl ad e Clas s (i & By saall (5 bl Cal i) Cilas

Comparing Variation in Different Samples 4ilida cilic 8 GEAY) 4 e

It’s a good practice to compare two sample standard deviations only when the
sample means are approximately the same.

o Ly 85 o Aal) Al 5 (5555 Lanie Jatd 4dl Ae ) a1 (G 45 laall 3am A jlas g,

When comparing variation in samples with very different means, it is better to use
the coefficient of variation, which is defined later in this section.

13 8 EaY G yay (5315 caDUAY) Jabaa plasid Jumd) (ped ilall dilise Jil s e clipall 8 CERY) 4 i e
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Population Standard Deviation _kzall <) ady)

2 (x—uf
N

This formula is similar to the previous formula, but instead, the population mean
and population size are used.

o

Ol pas a2d008 g g LS dae ld elld e Yy oKy ddilud) apall 4 lia o Aanall oda,

Variance ¢l

The variance of a set of values is a measure of variation equal to the square of the
standard deviation.

@ Dlrall Gl V) a5 sbon (Ll (i 98 il (e de sane (B G,

2
«*Sample variance: s - Square of the sample standard deviation s

el (s S2 -3 guall Lﬁ)\,}sm]\ al syl duall dala

/////////////////////////////////////////////////////////////////////////////////////////////////////////////

»»»»»»»»»»»»»»»»»»»»»»»»»»»»»»»»»»»»»»»»»»»»»»»»»»»»»»»»»»»»»»»»»»»»»»»»»»»»»»»»»»»»»»»»»»»»»»»»»»»»»»»»»»»»»



“*Population variance: ? - Square of the population standard deviation ?
ainal i P T bl Gl i Al P

Unbiased Estimator jsaie ,é aia

2 2
The sample variance s is an unbiased estimator of the population variance ? ,
2 2
which means values of s tend to target the value of ? instead of systematically
2
tending to overestimate or underestimate ?

3S2 I ada s e g Ll A S2 pd Ar L a g caadaal) Gl S2 Aa Cilagiu Jaal S2 (e Yy
QU gl i (B Aallaal) () agde IS Jian S2,

Variance - Notation a il - bl

s = sample standard deviation kel dil Al die =3 ) guall

2
s =sample variance S2 = il dde

? = population standard deviation [] = oSl ¢ Laall Cil i)

2
? =population variance (12 = galaall (b

Part 2

Beyond the Basics of Measures of Variation il s cluwbul ¢),9 L

Range Rule of Thumb ak¥! ¢ sl 4 gana

is based on the principle that for many data sets, the vast majority (such as 95%)
of sample values lie within two standard deviations of the mean.

) asY) el Cana @l il e (g (795 Jin) (sadaal) Llladl (8 (i) e sane (o paell Gl lase o sty
Lo siall 4 sl

Range Rule of Thumb for Interpreting a Known Value of the Standard Deviation

&)W\u\_)xy‘wﬁjﬂw)me@\;ﬂuaad&\&]\a.c}au

Informally define usual values in a data set to be those that are typical and not
too extreme. Find rough estimates of the minimum and maximum “usual” sample

12
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values as follows:

Ce ) Jan 48 jhia @ g dadgal (A (Al el (98 G ) il Ao gana (B Balinall all) can iy al
A gail) o Adal) addl) "Salinall™ aBY) aadlg A1 aad) cpe A i ) e

Minimum “usual” value = (mean) — 2 < (standard deviation)
@ Jaall il jady) 2 - (bwgia) = "Baliaall | AaY) aad) dad)

Maximum “usual” value = (mean) + 2 < (standard deviation)
@l il adY) 2 + (Jamgll) = "Baliaall™ Aaddl sl aal)

Range Rule of Thumb for Estimating a Value of the Standard Deviation s

3)}@“ é)b&d\u\)xy‘ww}&ﬂet@‘g\wﬁmm\@)m

To roughly estimate the standard deviation from a collection of known sample
data use

Y1 2l Aag) - (5 sealll dailll) = Ao gana)

range
<. range

4
where

range = (maximum value) — (minimum value)
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Properties of the Standard Deviation k!l dil_ady) pailad

Measures the variation among data values
L) ad Cps CMEAY) ¥yl

Values close together have a small standard deviation, but values with much more variation have a
larger standard deviation

@ Jba Gl jad) Lgnal SR (pa S Jay adlll (S g ¢ a5 bina il jad) agul () Lgudany (e A B aidl)
S
Has the same units of measurement as the original data

Alal) i) LaS (ull) cilaa g (il 4gal

For many data sets, a value is unusual if it differs from the mean by more than two standard
deviations

Ay lmal) ld) ady) o) Cpa AL Jau gial) e Al S 1Y) Asle e dasd (Uil Cle gana (pa ST Aty

Compare standard deviations of two different data sets only if the they use the same scale and
units, and they have means that are approximately the same

A Al il gl agaaly Ban g aaa Gl adiad L) Gl 13) ) ddlida clilby opfie ganall 4 L) Cild) jad) 45 e

Empirical (or 68-95-99.7) Rule il (99.7-95-68 s)) 4w il

For data sets having a distribution that is approximately bell shaped, the
following properties apply:

Al (ailiadd) Galati sy JSG e Ly jE5 8 138 ) 58 Ll Al UL Cle ganal:

% About 68% of all values fall within 1 standard deviation of the mean.
Lo siall (5 jlemall ol W ] (Sl ena @5 ) paens (30 768 s

% About 95% of all values fall within 2 standard deviations of the mean.
Lo giall 2y jlgaall Cldl jaiV1 2 2 Hasi il ases (30 795 s,

% About 99.7% of all values fall within 3 standard deviations of the mean.
Lo giall 4 jlnall Cldl V) 3 e a5 e (00 99,7 e

The Empirical Rule 4w i) sas &l
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| standard 95% within
deviation 2 standard deviations
~— 68 within —|
| standard
deviation

M|

135%
=25 x-

X=s Poorts
#——————5771 of data are within —————
3 standard deviations of

the mean (% — 35 to ¥ + 3s)

954 within

1 standard deviations

+— 681 within
| standard
deviation

Chebyshev’s Theorem 4 ki

The proportion (or fraction) of any set of data lying within K standard deviations
2

of the mean is always at least 1-1/K , where K is any positive number greater

than 1.

O Ji Y Le [-] Ll dass sie (e GBS (5 sine ) asV) (e a Al UL (e A sana 5T e (5 30 i) A/
K2&m ¢ K 1 (0 1Sl ge pd ) (g 58,

% For K =2, at least 3/4 (or 75%) of all values lie within 2 standard deviations of
the mean.

JK = 24/3 ¢ Lo giall 4 Jlmall Cldl o) 2 Ganda i ail) anas e (475 5f) JEYI e,
% For K =3, at least 8/9 (or 89%) of all

values lie within 3 standard deviations of the mean.
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JK = 39/8 ¢ sl 3 e i aill aaan (0 (789 sf) Y e

Joss giall Culd) yail

Rationale for using n — 1 versus n & ki 1 - ¢ aladiny il Galad)

There are only n — 1 independent values. With a given mean, only n — 1 values can
be freely assigned any number before the last value is determined.

3 Y) dail) aany of U 2ae (5 Ay a2l - 0 V) e Al g pe Aliine alll ] - (g s sm a s Y,

2 2
Dividing by n — 1 yields better results than dividing by n. It causes s to target ?
2 2
whereas division by n causes s to underestimate ?

Gy 43l () A (e Judal il JTamy | - () B 2 Calagin [12 cann ¢ 4 Lty S2 Jlis o 12,

Coefficient of Variation <a33ay) Jalaa

The coefficient of variation (or CV) for a set of nonnegative sample or population
data, expressed as a percent, describes the standard deviation relative to the
mean.

Gl as¥) Chuay s ey gie A€ ol e OISl 5 dne ULl e Ao senad (A1 5 j0ull ) CODEAY) Jales

Los ol Aailly (5 jlmall,
Sample Population
O [ J
cv= %‘100% cv= 4 "100%

Recap 434

In this section we have looked at:
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o Wiy 281 acdl) 3 b

< Range Gl

“»Standard deviation of a sample and population
Sl 5 Al (5 jlmall Cal i)

<Variance of a sample and population ¢l s 4ial) 8 cplal)
< Range rule of thumb sl (e A gara pSa
<Empirical distribution 4w ail g4

<+Chebyshev’s theorem 4 ki

“Coefficient of variation (CV) <3yl Jdas (CV)

Section 3-4 Measures of Relative Standing and Boxplots

5 (il Addlal) Hulai 4-3 audliBoxplots

Key Concept (- J asgdall

showing the location of data values relative to the other values within a data set.
They can be used to compare values from different data sets, or to compare
values within the same data set. The most important concept is the z score. We
will also discuss percentiles and quartiles, as well as a new statistical graph
called the boxplot.

e sane (et 5 AT all Al UL 2l 18 g0 a5 681 e B lie (A o emal) DS i andll 138 a0y
Ll de gana i Ganda aall &5 lad 5l cddliaall UL Cle gana (o asil) 4 lad Lgaladinl (Say s il
o 3an Glean) il ) S5 gl 4 sial) Conall Ll (i Aagiill sa aal YD o seia
boxplot.

Part 1
Basics of z Scores, Percentiles, Quartiles, and Boxplots
4 sl il (@ e claull Percentiles s dus )l 4sy 580 <Boxplots

Z score Z daull

<z Score (or standardized value) 3 7 (4 lae dad i)

the number of standard deviations that a given value x is above or below the

ZE This section introduces measures of relative standing, which are numbers
f mean
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Lo giall e S o el sa ame (e dad o A bl Cld) Aty aae

Measures of Position z Score dasii (o 4ddi o) s

Sample Population
_X—X _X—
zZ="g Z=TEE

Round z scores to 2 decimal places 4de 2 A Ly oa @l jde

Interpreting Z Scores il Z & ydall

Unusual Values Ordinary Values Unusual Values

! | |
T T T

—3 =g = 0 ! 2 3
z

Whenever a value is less than the mean, its corresponding z score is negative
Ll 5 alial) At o o siall (e J81 e CcailS LIS

Ordinary values: —2 <z score < 2

2- tiplall 8l < 7 2> Aol

Unusual Values: z score < -2 or z score > 2

2 <oy o g 2> Al adle e a8

Percentiles

are measures of location. There are 99 percentiles denoted Pl, PZ, ce ng, which

divide a set of data into 100 groups with about 1% of the values in each group.

el 55t 99 llin asall uallie & P1 P2, .. P99 sm g e sama 100 (o) bl (e e sane anis L1 ¢
kw&@ﬁjﬁﬂ\ﬁﬂ‘bw/.l
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Finding the Percentile of a Data Value <l dadl 4 sial) dawdl) Jo ) gial)

number of values less than x
Percentile of value x = 100

total number of values

Converting from the kth Percentile to the Corresponding Data Value

Ol (e s KTH Abliall deall clily )

Notation

L= k n
100

n total number of values in the data set

QUL de gana (B aill (e 220

daadiuall & cpial)
L locator that gives the position of a value
L 4 (e i gall ans ) a8 sall ayaail

Pk kth percentile
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Converting from the kth Percentile to the Corresponding Data Value

Ol (e Jy i KTH Adiaal) dagll il

- |

Sort the data.
(Arrange the data in
order of lowest to

highest.)
v

L = (,—5%) Ve where

(& ompute

77 = number of values
A = percentile in question

The value of the Ath percentile

is midway between the {+h value
and the next value in the sorted
set of data. Find 7% by adding
the L+h value and the next value
and dividing the total by 2.

Change £ by rounding
it up to the next

larger whole number.

¢No

The value of 7% is the
Lth value, counting from
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Quartiles 4y,

Are measures of location, denoted Ql’ Qz, and Q3, which divide a set of data into

four groups with about 25% of the values in each group.

(&850 Gulie AQT ¢ 300Q2 «Q3 atll (30 725 M sn g e gama a )l () Gl (e de sane andi S 5 ¢
Ao gane JS (852 5 sall,

~2‘Q1 (First Quartile) separates the bottom 25% of sorted values from the top 75%.

QI (%75 e i iy alll (30 725 Jinal 0y Sy (B M) (N5,

~:‘Q2 (Second Quartile) same as the median; separates the bottom 50% of sorted
values from the top 50%.

Q2 (%50 Ao o i sn widll (e 750 il G Jamdy T i) s (0 damy ) A ),

~2~Q3 (Third Quartile) separates the bottom 75% of sorted values from the top
25%.
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Q3 (725 el o i ya psill (s 775 il g Qo (R dgay 11 Ay 5301,

Q, Q) Q

divide ranked scores into four equal parts

(25% | 25% | 25% 25%

(minimum) Q1 Q2 Q (maximum)

(median)

Some Other Statistics

“*Interquartile Range (or IQR): Q3 - Q1

Ty 1 ) ol m ) il pel):
< Semi-interquartile Range: 4 gl il dual g
% Midquartile:

% 10 - 90 Percentile Range: P90 - P10

5-Number Summary gails e

“*For a set of data, the 5-number summary consists of the minimum value; the
first quartile

J¥ gl (B A aad) Aad (e (oS 33 5 padla g cclibnd) (e A ganal

Ql; the median (or second quartile &Y gl gf) g
Q2); the third quartile, ¢ &l 2
Q3; and the maximum value. ¢s<ill dagll g

Boxplot 5 )se a2 4a

% A boxplot (or box-and-whisker- diagram) is a graph of a data set that consists
of aline extending from the minimum value to the maximum value, and a box with
lines drawn at the first quartile, Q ; the median; and the third quartile, Q3

1 :
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sboxplot (5 & stwhisker- ) a8 (e Jiey adll (e OS85 (A DUkl de ganal (Sl a1 a ((Ba) )
DSV ) (3 A syl Lo sl pe s yo s oo 7 samnall (i1 22l ) S VIQ T, A ) g s i) Q3.

Minimum & Median Qs Maximum

ol |

45 35 & 13 225

— |

Boxplot of Movie Budget Amounts Boxplot @l abill 4 jue (3

Boxplots - Normal Distribution Boxplots - gie a4

31 0 b 8
i 04 9

Normal Distribution: Heights from a Simple Random Sample of Women

bl sl

Boxplots - Skewed Distribution Boxplots - s g€ a6

Skewed Distribution: Salaries (in thousands of dollars) of NCAA Football Coaches
<ol i) a5

Ol a3l 5 S Al dgia ol Adagl 1)y (LY sall V) 50

Part 2

Outliers and Modified Boxplots s 4 kiall adliBoxplots Juwil

Outliers 48 ial) ajll
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% An outlier is a value that lies very far away from the vast majority of the other
values in a data set.

bl Ao sana 8 5 AY) asil) o eadanll Al (e dan g a5 A Al g8 oY e

Important Principles & (silw

% An outlier can have a dramatic effect on the mean.

Lusie e S il 05 o (S e e

% An outlier can have a dramatic effect on the standard deviation.
bl Glai¥) e S 5l o6 of (S e Y e,

% An outlier can have a dramatic effect on the scale of the histogram so that the
true nature of the distribution is totally obscured.

Lalat ot a3 5ill Aial) dalall Cmy Sl sl pas e 0S5 L 06 of (8w e e

Outliers for Modified Boxplots J 4 kia) adliBoxplots Jual)

For purposes of constructing modified boxplots, we can consider outliers to be
data values meeting specific criteria.

¢l ol 1Y boxplots Badse sulae dudi L) a8 () 5S5 G 4 i) adll jiias Of ¢Sy ¢y,
In modified boxplots, a data value is an outlier ifitis ...

above Q3 by an amount greater than 1.5 < IQR
or below Q1 by an amount greater than 1.5 < IQR

& boxplots (1S 13} e¥ e A Cllall dad (Jaas,
G5 Q3 i)l 1.5 oo Sl laay

B

sial Q1 oM 1.5 o ST alaay

Modified Boxplots Boxplots Jixs

Boxplots described earlier are called skeletal (or regular) boxplots.
s Boxplots Wilu giase g8 boxplots dssall gi) (ealiad) (S,

Some statistical packages provide modified boxplots which represent outliers as
23
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special points.
B %JLAAY\ ?-}Aj‘ Uz boxp]ots Lebant ala Lala 4.5_)2:“\ ?433\ Jias (_sﬂ‘

Modified Boxplot Construction sbul i Boxplot

A modified boxplot is constructed with these specifications:

L) b boxplot lial sall o3gd Jaaas:

% A special symbol (such as an asterisk) is used to identify outliers.
4 il 2l aaal (Faadl) Jie) pald e aladinl oy

% The solid horizontal line extends only as far as the minimum data value that is
not an outlier and the maximum data value that is not an outlier.

£¥ e a0 ) el a8l aadl g oY je () Liall i) A Lo a8y Jadh iay Adiall 38Y1 dasl)

Modified Boxplots - Example Boxplots JEa - dasall

T T T T T T T T

60 70 80 90 100 110 120 130
PULSE

Pulse rates of females listed in Data Set 1 in Appendix B.
@) Galdl L8 ] e same Ly 8 daaell GUYI (e (il Y aa)
Recap 4=da
In this section we have discussed: WL audl) 13 b
#z Scores <l s oa
<z Scores and unusual values e & allly &l yde (a

< Percentiles 4 gial) )
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< Quartilesiss

% Converting a percentile to corresponding data values

5 lalial) bl il 4y iall Jy gad

< Other statistics s Al cislas)

< 5-number summary A 5 padla

“*Boxplots and modified boxplots Boxplots sboxplots Jsus
< Effects of outliers i kiall al) Ul

Putting It All Togethertw & JS aa

Always consider certain key factors:a dsmwiy Jalge gany Laila JaT
“»Context of the data <l (3w

“»Source of the data <t juaas

<*Sampling Method cilinl) 34 48, 5k
“*Measures of Center J8a Cra s
“*Measures of Variation il s
% Distribution &

< Outliers 4 kial) adl)
< Changing patterns over time ¢V sa e Jalail juss
% Conclusions «aliuwy)

<+Practical Implications e &l 5
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