Math 101 Ch 2

Describing Distributions with
Numbers
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In this chapter, we cover...

2.1 Measuring center: The mean

23 Measuring center: The median

23 Comparing the mean and the median

24 Measuring variability: The quartiles

25 The five-number summary and boxplots

2.6 Spotting suspected outfiers and modified buxplots®
2.7 Measuring variability: The standard deviation
2.8 Choosing measures of center and variability
28 Examples of technology

2.10 Organizing a statistical problem
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In this chapter, we cover.
2.1 Measuring center: The mean
22 Measuring canter: The median
23 Comparing the mean and the median
24 Measuring variability: The quartiles
25 The five-number summary and boxplots
2.6 Spotting suspected outliers and modified baxplots*
2.7 Weasuring variability: The standard deviation
2.8 Choosing measures of center and variability
28 Examples of technology
2.10 Organizing a statistical problem
& saw in Chapter 1 (page 14) that the American Community Survey asks, amonz much else, workers travel
times to work. Here are the travel times in minutes for 15 workers in Nosth Cazolina, chos y
the US. Census Bureau:
30 20 10 40 25 20 10 60 15 40 5 30 12 10 10
We aren’t surprised that most people estimate their travel fime in multiples of five minutes. Here is a stemplot of
these data:
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Moore/Motz/Fligner,
The Basic Practice of
Statistics, 8e, © 2018
W.H. Freeman and
Company
The distribution is single-peaked and right-skewed. The lonzest travel time (60 minutes) may be an cutlier. Our goal
in this chapter is to deseribe with numbers the center and variability of this and other distributions.
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2.1 Measuring Center: The Me:

The most common meastre of center is the ordinary arithmatic sverage, or mean.

The Mean T

To find the mean of a sat of cbsarvations, add their values and divide by the number of ohservations. If the n
observations are 31, 31, - ., %y, their mean i3

. mibmiza
gontmb

ox, in more compact notation,

Y=

The £ (capital Gresk sigma) in the formula for the mean is short for “add them all up.” The subscripts on the
observations x; are just 2 way of kseping the n observations distinet. They do not necessarily indicate order or any
oles speial facts abot the dafa. The bar over the x indicates the mean of all the x-
x-baz.” This notaticn is vary common. When writers who are discussing data use Z or g , they are falki

lues. Pronounce the mean T as.
bout a

Don't Hide The Qutliers

Du o s ' ol e 1 e e “black
data recorder To svoid inthe & moothed” so that the

mstruments shorw overall pattern:. When a crash killed 260 people, mvestizator: suspectad 2 catestrophic movement of
the tal rudder. B the black box cantained oaly the soothed data. Samemes, outliars ars more Iporiant than the overall patizm.

EXAMPLE 2.1 Travel Times to Work

NCTRAVEL

The mean traval time of our 15 North Caralina works

sis

21+ T2+

n
304204410
15
237
5 - 225 minuies
In practice, you ean anter the data into your calculator and ask for the mean. You don't have to sctuslly add
and divide. But you should know that this is what the calculator is doing.
Neice st only 8 of the 15 raue! imes are larger ran e mean, |f we leave ot the longest singe ravel
time, 80 minutes, the mesn g 14 people is 18.8 minutes. That one cbservation raises the masn
by 27 minutes.

rem:

v
DDn't Hide The Qutliers
s control surfaces, such as the F thento e “black
e mmmu,wm To svoid i inthe & moothad” so that he

insorumens shorw overall panierns When a crach killad 260 people, frvestizators suspectad a catasmophic movement of
e tail radder Bt the black bos: contained oaly the smoothed data. Sometnes, outliers avs mor important than the overall pattens.

EXAMPLE 2.1  Travel Times to Work

NCTRAVEL

The mean travel time of our 13 Narth Caroling warks

sis

Ty 4Tyt

n
304204410
15

a7
5 - 225 minuies
In practice, you can anter the dsts into your calculstor and ask for the mesn. You don't have to sctuslly add
But you should know that this is what the calculator is doing.

Motice that enly G of the 15 travel fimes are larger than the mean. If we leave out the longest single travel
time, 50 minutes, the mean for the remaining 14 pecple 18 19.5 mindtes. That cne coservaton raizes the mean
by 27 minutes.

I3

Example 2.1 illustrates an important fact about the mean 25 2 measurs of canter: it is sensitive to the influence of a
few extreme cbservations. These may be cutliers, but a skewed distribution that has no cutliers will also pull the mean
teward ifs long tail. Because the mean cannot resist the influence of extreme observations, we say that it s not 2
resistant measure of center.

APPLY YOUR KNOWLEDGE

24 E Coliin Swimming Areas. To investigate water quality, the Columbus Disparch took water
specimens at 16 Ohio State Park swimming areas in central Ohio. Those specimens were taken to
laboratones and tested for E. eoli, which are bacteria that can cause serious gastromtestinal problems. For
reference, if a 100-milliliter spacimen (about 3.3 ounces) of water contains more than 130 £ eoii bacteria,

it is considered unsafe. Here are the E. coli levels per 100 milliliters found by the laboratorias:

EcoLl

291.0 10.9 47.0 86.0 44.0 189 1.0 50.0
1904 45.7 28.5 18.9 160 340 86 96

Find the mean £ coli level How many of the lakes have E. colf lavels sraster tham the mean” What fsaturs
ofthe data axplains the fact that the mean is greater than most of the observations?

22 Health Care Spending. Table L3 (psge 3)sives the 2013 hesth cars expenditrspe capic n
countries with st gross domestie product in 2013, The United States, at 9146 mtzmzhunatdollan

per person, isa hxrh outlier. Find the mean health care spanding in these nations with and witho

United States. How much does the one outlier increase the mean? I HEALTH




Measuring Center: The Medial

In Chapter 1, we used the midpoint of a distribution 2s 2n informal measure of center and gave 2 mathod for its
computation. The median is the formal version of fhe midpoint, and we now provide 2 more detailed rule for its
caleulation.

The Median M

The median M is the midpoint of a distribution, the number such that half the observations are smaller and the
other half are larzer. To find the median of a distribution:

all observations in order of size, from smallest to largest.

2.1f the number of observations # is odd, the median M is the center cbservation in the ordered list. If the
umber of observations # is even, the median M is midway between the two center cbservations in the

ordered list.
3. You can alw
m

ocate the median in the erdered list of observations by counting up (n + 1)/2 observations
the start of the lst.

o

Note that the formula (n = 1)/2 dosz nor give the madicn, just the loeation af the median in the ardered lix

Medians require litle arithmatic. 50 they are easy to find by hand for souall sets of data. Arranging even 2
moderate mumber of observations in crder is vary tedious, however, 2 the median by hand for
larger sets of data is unpleasant. Even simple caleulators kave an button, but vou will need to use software
h alculator to automate finding the median

EXAMPLE 2.2  Finding the Media

Odd n

What s the median travel time for our 16 North Caraiina workers? Here are the data amanged in order:

NCTRAVEL

51010 10 10 12 15 20

The count of cbservations, n
ocbservations to its eft and seven i
Because n = 15, our rule fo;

is odd. The bold 20 is the center obsenvation in the ordered list, with seven
e median, M= 20 minutes.
th Iocation of the medizn gives

location of M

nil 16
T 8

That is, the median is the eighth observation in the ordered list. It is faster to use this rue than to locate the
center by eye

EXAMPLE 2.3 Finding the Median: Even n

HYTRAVEL

Mitchell Funk/Getty Images

Traval tmes to work in Naw York State are (on the sversge) longer than in Norh Caralins. Here are the tr
times in minutes of 20 randomly chosen New York workers

030 525 40 20 10 15 30 20 15 20 85 15 65 15 80 80 40 45

A stamplat not anly SEplays te dis
observations in order:

uten but 3lso makes finding tne median sasy becsuss it

PNOHABEGN O
o
o
o

5

Moore/Notz/Fligner,
The Basic Practice of
Staristics, Be, © 2018
W.H. Fresman and
Company

The distribution is single-peaked and right-skewed. with seversl travel times of an hour or more. There is no
center observation, but there is 3 center pair. These are the bold 20 and 25 in the stemplot, which have nine
coservations Eefors them in the ordered st and ning e them. The mediEn ls moway Htwesn tess two
observations:

0%
S I

~ 22.5 minutes
Wit n = 20, the rule for locating the median in the st gives

location of M —

The location 10.5 means “halfway between the 10th and 11th observations in the ordered ist” That agrees with
what we found by 2y
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2.3 Comparing the Mean the Med|

Examplas 21 and 22 illustrats an important diffarancs betwaan ths maxn and the madiz. The madian traval tims (the
midpoint of the distribution) i minutes. The mean is pulled toward
the right tail of this right-sk stant. If the longest travel time were
600 minutes rather than 60 minutes, the mean would increase o more than 3§ mimutes, but the median would not
change at all. The outlier just counts as one observation above the center, no matter how far bove the center it lies
The mean uses the actual value of each observation and so will chase 2 single larze observation upward. The Mean
and Median applet is m excellent way to compare the resistance of M and

7

Comparing the Mean and the Median
The mez nd median of a roughly symmetric distrbution are close together. If the distribution is exactly
symmetric, the mean and median are exactly the same. In a skewed distribution, the mean is usually farther out in
the long tail than the medizn

= distributions that are skewed to the right. For example, the median endowment of
= and universities in the United States and Canada in 2015 was almost $116 million—but the mean endowment
was about 5648 million. Most institutions have modest endowments, but 2 fow are very wealthy. Harvard’s
endowment was more than $36 billion.* The few wealthy institutions pull the mean up but do not affect the median
Raports about incomes and ofher strengly skewed distributions usually grve the median (“midpoint™ rather than the

aeure center m dffaent sy
the “averags~ valus of a variabls {ths meanj w “tpical
median

Valae, chich we m

APPLY YOUR KNOWLEDGE

23 New York Travel Times. Find the mean of the travel times to work for the 20 New York workers in
23 the mean and median for these data. What general fact does your comparison.

illustrate? I" NYTRAVEL

24  New House Prices. The mean and median sales prices of new homes sold in the United States in

February 2016 were $301,400 and $348,500, respectively. Which of these numbers is the mean and which
is the madian? Explam how you know.

25  Carbon Dioxide Emi: s in power plants an carbon dioxide
(CO,), which contributes to global warming. The CO; emissions (memt tons per capita) for countries
varies from 0.02 in Burundi to 44.02 in Qatar. Although the data set includes 214 countries, the CO;
emissions of 13 countries are not available on the World Bank database. The data set is too large to print

here, but here are the data for the first five countries. I" CO2EMISS

income is the mean income fimes the mumber of residents, the tax revenue can be computed easily fi
the mean. The mean and median messurs conter 1 different wavs, and both are useful. Dot amfusu ]
the “averags™ value of a variabls (the mear) u “npical value, swhich we might dsccribe by the
median.

APPLY YOUR KNOWLEDGE

23 New York Travel Times. Find the maan of tha traval fimes to work for the 20 New York workers i
Example 2.3. Compare the mean and median for these data. What general fact does your comparison

illustrate? III HYTRAVEL

24  New House Prices. The mean and median sales prices of new homes sold in the United States in
February 2016 were $301.400 and $348,500, respectively.” Which of these numbers is the mean and which
is the median? Explam how you know.

25  Carbon Dioxide Emi Burning fucls in power plants and motor 13 ts carbon diowide

(COy), which contributes to global warming. The COy emissions (metric tons per capita) for countries
the dafa set includes 214 countries, the COy
emsissions of | countries are mot available on the World Bank datsbase. The data setis too Large to print
biere, but hers are the data for fhe first Sive countries? m cozemss

Country €Oz Emissions (Metric Tons per Capita)
Amba
Andoma
Afghanistan
Angola
Albania 161

Find the mean and the median for the full data set. Make a histogram of the data. What features of the distribution
explain why the mean is Larzer than the median?

Albert Valles/Getty Images




2.4 Measuring Variability: The Quartiles

The mezn and median provide o different messurs of the center o  disteion Bt mezsre of conter alone can
ads S. Census Bureau reports that in 2014 the median income of American households was $33,657

BT or ol bl nad oo ben B8 677 e higher incomes. The mean was much higher, $75.738,
bacauss the distribufion of incomes is skewad to tha right. But the median and mam don't tall the whols story. Tha
beteoms 20% of households had incomses les than $21,432, and houaholds inthe top 5% took in mers than $206 565
W ars interasted in the vaviabilizy of in oll as their canter. The simplest useful mumevical
tprion of a diswibution requve: both ameasure of cemter and @ measurs of var

e way to measure variabilify is to give the smallest 2nd ]alzeﬁtcbaer.almn. For example, the travel
times of our 15 Nerih Carolina workers range fom 5 minutes o 60 =. These single observations
show the full variability of the data, but they may be outliers. We can pme our description of varizbility by also
=t the variability of the middle half of the data. The quariles mark out the middle half. Coust up the ordered
stions, starting from the sm:

quatile
chservations, and the third quam ¢ is larzer than 73% of the observations. The second quartile is the median, which &

than 50% of the observations. That is the idea.

lar 2 rule to make the idea exact. The rule for
ot e st s o o i

The Quartiles Q4 and Q3

To caleulate the quartles:
1. Arrange the observations in increas:
2. The first quartile, Q, is the median of the observations whose position in the ordered list is to the left of

£ order and locate the median, M, in the ordered list of observations.

3. The third quartile, Qg is the median of the observations whose position in the ordersd listis to the
the location of the overall median

Here are examples that show how the rules for the quartiles work for both odd and even numbers of observations

EXAMPLE 2.4 Finding the Quartiles: Odd n

NCTRAVEL
Our North Garolina sample of 15 workers' travel times, arranged in inoreasing order. is

510 10 10 10 12 15 20 20 25 30 30 40 40 80

There is =n odd number of chservations, S0 the mediEn I the micdle one, the bold 20 In the list The frat
quartile is the median of the seven observafions to the Ikt of the madian. This i seven
observations. so Gy = 10 minutes. If you want. you can use the location of the median with n

the fourth of thes

location of @y — -

The third quartile is the median of the seven observations to the right of the median, Gy = 30 minutes. When

there is an odd number of abservations, leave out the overall median when you locate the quartiies in the oraered

The quarties 2re resistant because they are nat sffectsd by 3 few sxreme observatons. For sxamols, @y
wouid sl be 30 if the outiier were 600 rather than 60.

& A ¥ ©® B

the location of the ove:
3. The third quartile, Qy, i the median of the cbservations whose position in the ordered list is to the
the location of the overall median.

I median

Here are examples that show how the rules for the quartiles work for both odd and even numbers of observations.

EXAMPLE 2.4 Finding the Quartiles: Odd n

NCTRAVEL
Our North Carolina sample of 15 workers' travel times, arranged in increasing order, is
51010 10 10 12 15 20 20 25 30 30 40 40 60
Thers is an odd rumber of chssnations, =0 the midan is s middls ons, the bold 20 n the st The fist
mex

quartile is the median of the seven observations fo the lef ven
cbservations. so @y = 10 minutes. If you want, you can use the rule for

location of Gy —

The third quartile is the median of the seven observations to the right of the median. G, = 30 minutes. When

ihere i an oad rumber of oboenation, eave out he overal median when you ocate fe e oroered
™ The quarties are resistant because thay are nt sfected by a few axtema sbservations. For example, @

would stil be 30 if the outiier wers 600 rather than 60.

EXAMPLE 2.5 Finding the Quartiles: Even n

NCTRAVEL

Here are the i

times to work of the 20 New Yorker workers from Example 2.3, arranged in increasing order:
51010 15 15 15 15 20 | 20 20 25 30 30 40 40 45 60 60 85 35

re is an even number of cbservations, 56 the median lies midway between the middie pair, the 10th and
1 n thest. s value = 4= 225 minutes e have marked e locston of the median by | Tne frs quare =
the median of the first 10 c:sewa\ ons because thess are the coservaions 1o the =ft of b on of the
median Check that @, = 15 minutes and G, = 425 minutas. When the numbe cbservations iz sven, incluce

1l the cbservations whan you locste the quarties.

careful when, as in these examples, several observations take the same mumerical value. Write down all the
obsarvations, arrangs them in ordsr, and spply tha rulss just as if thay all had distinct valnss
Thare arssevral rule or fding e gearelo. Scong calealstors 2ud soffras e st
PN differ from ours for some sets of data Our rule is the simplest for band. iieiuigery
e sesult fom the variess rles gesarally being dos to s2ch ather

<
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2.5 The Five-Number Summary Boxplots

The smallest and largest cbsarvations tall us litfle sbout the distribution as a whols, but they =
the tails of the distribution that is if we kmow only the median and the quartiles. To gat
both center and variability, combine

‘2 numbers,

information sbout
uick summary of

The Five-Number Summary
The five- mebex summary of a distribution consists of the smallest observation, the first
third quartile, cercation, writen in order from smalest to largest. b syarbels, the
summary is

Minimum y M 03 Maximum

Thece fce umbers offr a ressonably comalets deseipion of conter a ariabilit. The fve mmbr summris
of travel times to work from Exzmples 2.4 and 2.5

60
33

The five-number summary of a distribution leads to a nev
times to werk in North Carolina and New York.

zure 2.1 shows boxplofs comparing

Boxplot
A boxplot is 3 zraph of tha five-mumbar summary.
+ A central bos: spans the quartiles 01 and Os
+ Aline in the box narks the median M.
+ Lines extend from the box out to the smallest and largast observations.

Bacauss boseplots show lass datail than histozrams or stemplots, they are bast usad ﬁ:r sida-by-sids comparisen of
more than one distribution, 2s in Figure 2.1. Be sure 1o include 3 mumarical scale in the sraph. When vou look at 2
baxplot, first locate the median, which marks the canter of the distribution. Then lock at the varizbility. The span of
the central box shows the variability of the middle half of the data, and the extremes (the smallest znd largest
observations) show the variability of the entire data set. 1 that travel times to work are in general
2 bit longer m New York than in North Carolina. The mdian, both quartiles, and the maximum are all larger in New
York. New York travel times are also more variable, as shown by the span of the box and the difference between the
extrames. Nots that the boxes with amows in Figurs 2.1 fhat indicate the location of the five-number summary are not
part of the boxplot but are includad pursly for ilkustration

inally, the New York data avs more strongly right-skawed. In 2 symmetric distribution, the first and third quartiles
ually distant from the medizn. In mest distributions that are skewsd to the right, on the other hand, the third
quartile will be farther above the median than the first quartile is below it. The extremes behave the same way, but
remember that they are just single observations and may say little about the distribution as a whole

904
204 T
904
.
204
. 704
4
g &
i Third quartile = 42.5
'§ 504
£ 104
v
=
x 0 Median = 225
g
£
10 J-
J_ First quartile = 15
o

North Carolina New York
Figure 2.1
Woare/Notz/Fligner, The Basic Pratice of Statisties. 8¢, © 2018 WH. Freeman and Company
FIGURE 2.1

Saxplots companing the trave! imes to wark of sampies of werkers in Narth Carging and New Yerk.

Macmillan Learning Online Resources

. The ps Examplas video, Explorstory Fictures for Quantitative Data Exsmple C, provides a worked-out exsmple
dnc~umg the five-number summary for both odd and even sample sizes, and then draws a comparative baxplot

APPLY YOUR KNOWLEDGE

26 Shared Pain and Bonding. Although painfil sxpeisnces ars i
ofthe world, lttle is known about the so
eroup lead to greater bondins
tmiversity students in South Walss
the remaiming stadents in the no-pain group. Pain was induced by fo fasks. In the first o

subasesgad their hands in Sraszing wates v 3 long 3 possible, moving meta ball 2 s bomoms of e
veasal into a subumerged containe; i the vecond task, stadeuts performed 3 standing wallsquat with back
straight an i3 no-J task using

room temperature water for
changing feet if necessary. In both he pain and no-pain seftings, the students e ey
=roups, which typically consisted of four studsnts and contsined similar levels of zronp interaction.
e 7 o e e e e o o T
such as T feel hs participants in this study have 2 lot in common.” or *T fsel T can trust the other

. [
participants ™ Here ars the bonding scores for tae fwo groups:* S| sowoma




Shared Pain and Bonding. Although plmf\l] axpariances ara inv
=

tad
the remaining students n the no-pain eroup.Pain was mnced by oo fuke. In it fask, shudents
subm » ater for 25 long 2s possible, moving metal balls at the bottom of the
inthesecond fsk. stdants perfomned 3 sending wall st th back
possibls. Tha no-pain :
room temparaturs watar for 90 ssconds and s sscond task by balma
changing faet if necessary. In both the pain and no-pain settings, the students completed the tasks
‘roups, which typically consisted of four students and contained similar levels of group interaction.
Ao, oxch sadsat completed 3 qustionnaists sl  bonling sors based o sz o qusstions
such 2s *T feal the participants in this stud Iot in commen,” or T foel I can trust the other

-
pticipan " Here ar e banding scores for fhe o oot Ly o

No-pain group: 436 171 414 314
314 414 443 343
300 236 371

Pain group: 436 414 357 343
386 437 419 343
400 443 3357

Find the fve-mumber summaries for the pain and the no-pain grougs.
mstruct a comparat 1. It dossa't

ol fx the e rmpsfet lowing the model of Figure
satter if your baplts are horizen 2l b should be drawa on
Which zroup tends to have higher bonding scores 1,m cariabs
e of the groups tend to hava less varisbla bonding score:
claar outliers?

2 zame zot of mes.

in the fwo zroups similar, or does
Doss sither group contain one or more

27  Fuel Economy for Midsize Cars. The Department of Enerey provides fuel econorny ratings for al
cars and light trucks sold in tha United States Hara ara tha astimated milas per gallon for city dri

the 186 cars classified 2s midsize in 2016, arranzed in increasing order. I MIDCaRS

I 1 1 12 13 13 13 14 4 14 14 14 15 15 15 15 15 15

16 16 16 16 16 16 16 16 16 16 16 16 16 17 17 17 17

138 15 18 18 18 18 18 118
0 20 20 20 20 20 20
12 21 21 2 2 2 2

n 24

25 25

% 2

27 28

29 30 30

38

Give the five-number summary of this distribution.

Draw a boxplot of these data. What is the =hape of the distribution shown by the bcx:lat" Which features
of the boxplot led you to this conclusion? Are any observations unusually small or Lar;

2.6 Spotting Suspected Outliers and Modified Boxplots*

Look again at the stemplot of travel times to werk in New York in Example 2.3. The fve-number summary for this
distribution is

How shall we daseribe the variability of this distribution” The smallest and largest observations are exiremes fhat
don’t describe the variability of the majorify of the data. The distance befween the quartiles (fhe ranze of the center
balf of the data) is 3 mora rasistant measure of variability. This distance is called tha inrargquarsils range.

The Interquartile Range ({/QR)
The i (IQR) is tha & B tha first and third quartiles

B befors the e s s o
real estatz, which the ene ovwliarjacked up by 6.5%. Tt cax.pay @ spot ourliers before ou st your data

measurs of variabilig: such as IOR iz very wseful for dsscribing skewed distribusions. The two sides of a
skewed distribution have different variabilify, so one wamber can't summarize them, That's why we give the
ve-nomber summary. The inferquartla ranga s mainky vsad 25 the basis for 3 ruls of thumb for

identifing suspectsd ouliers.

For our data on New York travel times, IOR = 425 - minutes. Howevey, no singls mumsrical

The 1.5 * IQR Rule for Outliers
Call an observation a suspactad outlier if it falls more than 1.5 « JOR above the third quartile er below the first
quartila

EXAMPLE 2.6 Using the 1.5 X IQR Rule

HYTRAVEL
For the New York travel time data, JQR — 27.5 and
15 IQR — 15275 — 41.25
Any values ot faling batween
Q- (15xIQR) — 1504135 — 2625 and
Qp+ (1.5 % IQR) — 42544125 - 8375

are fagged as suspested outliers. Look again st the stemplot in Example 23 (page 50): the only suspected
outlier is the longest travel tme. 85 minutes. The 1.5 X /GR rule suggests that the three nextlongest travel times
(B0, 60, 2nd 55 minuiss) are just part of the long right tail of this skewed distribution.




Wyt (LB IQK) = 425§ ALY — BT

are fagged =: suspected cutlers. Look 303N 2t the stemolot in Example 2.3 (page 505 the only suspectd
outlier s the longest travel tme. 85 minutes. The 1.5 x QR rule suggests that the thrae nextlongest travel times
(8D. 60. and 65 minutes) are just part of the long right tail of this skewed distribution

Nework _D:|— '
Nerth carein _D:l—

o 20 40 60 80 100

Minutes
Figure 2.2
Moore/Motz/Fligner, The Basic Practice of Statistics, 8e, © 2018 W.H. Freeman and Company
FIGURE 2.2

Horizontal mocified baxplots comparing the travel fimes to work of samples of workers in North Carcina and New York.

2 racdifid Beplot. which i providad by many sofvvur packages tha suspacted e ar sdnifed in e

plot with a special plofting symbol such as an asterisk (*). Comparing Figure 2.2 with Figure 2.1, we ses that the
Frgost choer-ation Fromm N York i fagged o an outler The lins begasming ot the third rile hw extends
to the macimum, but now ends at 63
outlier. Figure 2.2 also displays the modified boxplots horizontal
software packages that does ot changs tha interpratation of the plot. Finally, the 15 x JOR rule is not 2 replacament
for looking at the data. It is most usefil when larze volumes of data are processed automatically.

APPLY YOUR KNOWLEDGE

2.8 Travel Time to Work. In Example 2.1 (page 45), we noted the influence of onz long fravel time of 60
minutes in our sample of 15 North Carclina workers. Doss the 1.5 = JOR rule identify fhis fravel time as

= swpecied cuier? ) WoTRaveL

2.9 Fuel Economy for Midsize Cars. Exercise 2.7 (page 5J) gives the estimated miles per gallon (mpz)
for city driving for the 196 cars classified as mis size in 2015, Inthztxmxsg we not it several of
the mpg values were unusually large. Which of these are suspected outliers by the 1.5 « JOR rule?
Although outliers can be producad by errors or incorrectly recorded observations, they are often
observations that differ from the others m some particular way. In this case, the cars producing the hig}

cutliers share a common feature. What d.a}cn(hmk that i I MIDCARS




2 choice between divi

B v is not the mumerical description of a distribution. That distinction belongs to
m\nmu of the mean to measure canter and e standard deviation o measme vaiab
ation and ifs elose ralative, the variance. measure variability by locking at how far the observations are from their

The Standard Deviation s

The variance * of 2 set of observations is an average of the squares of the de
their mean. In symbols, the variznce of n observations x,

ations of the observations from

. mors compactl

IL In actice, vsesoftmareor your caleulafor fo obain the standard deviation from keyed-in data. Doing an sxample
tep wall help you understand how the variance and standard devistion work, however.

EXAMPLE 2.7 Calculating the Standard Deviation
-

SATHATH

Georgiz Southem U

2788 students with requiar sdvission i i freshman class of 2015, For each
school GPA, and the college within the
Exercize 2.42 (23ge 98), the full dats S8t for the SAT Mathematics
observations from that data set

chadont, data o avaliabie on her SAT and AT soors {if taken). high s

university to which they were a:m-\ed I
scores

be examined. Here are the first

480 550 450 570 650

We will compute Z and & for these students. Fi

st find the mean:

490 | 580 | 450 4 570 650
5

2740

5

2.2 displays the dats = points sbove the numbsr ins, with their mean m: y =n sstedisk (7). The
mark two of the devistions from the mean. The deviations show how varisble the dsts are sbout their
mean. They are the starling point for calculating the varianee and the standard deviation.

Figure 2.3 displays the data as points sbove the number ine, with their mean marl an asterisk (*). The
arvows mark two o the devations rom . maan. The devisions show how variable the Gata are 2bod! thes
mean. They are the starting point for calculating the variance and the standard deviation.

Observafions x; Deviations T, — T Squared Deviations (Z; — Z)°
490 480 -5 3364
380 580-548= 32 1,024
450 4503 5.604
570 5705 458
650 650 - 5- 10408
sum= 24880
x=490 x= 650
r T T T T T 1
= 3 g2 g B8 g g
2 ) &3 X RE 8 =
SAT Mathematics Score

Figure 2.3
Modre/NetziFli
FIGURE 2.3

SAT Mathemstics scores for fve students. with their mean (%) and the deviabions of two cbservations from the mean
shown, for Example

v, The Bosic Practice of Staistics, B

2018 WH, Freeman and Company

The wariance is the sum of the squared deviations divided by ane less than the number of observations:

1 . 24,880
ﬁZ(z, ) o 6220

The standard deviatian is the square root of the variance:

5= /BT — 7857

Notice that the “average” in the variance s° divides the sum by one fewer than the mumber of observations, that is,

n— 1 rather than n. The reason is that the deviations 2 — # ahway

determines the last one. Only n— 1 of the squared ds

n—1. The mumbar n— | is called ths degraes of fr
b

ations can vary free by

dom of the variance or standard deviation. Soma calculstors offer

= by n and dividing by - 1, 50 be sure o use n —

More important than the details of hand ca
tion

ulation are the properties that determine the usefulness of the standard

measures variability abeus the mean and should be used only when the mean is chosen as the measure of center.

5 i always zevo or gwa'sv than zeve. = 0 culy when thers is no variabilit: This happens cnly when 2l
0. Asthe

obseriations have the = lue. erivise, observations become more variable about their mean, =
gots larger.

s the same unis of meazurement oz the original obsery
e o e

For example, if you measure weight
ocrams, Thie i one resson s sveir £ o the

& Aa =P

& Aa

Z 0 B

7 0 B



650 650-

102°= 10,404
sum= 24880
x= 490 x=650
| o = -58 ‘ deviation = 102 |
r T T T T T 1
g 5] g E g BE® E g
g 2 SR a B2 8 =
SAT Mathematics Score
Figure 2.3
Mocre/Notz/Fligner, The Basic Practice of Statistics, Be, © 2018 W.H, Freeman and Company

FIGURE 2.3

AT Mathemstics scores for fve students, with their mean (%) and the deviations of two cbservations from the mean
shown, for Example 2

The wariance is the sum of the squared deviations divided by one less than the number of observations:

1 s 24,880
7 (-2 — o0

The standard deviation is the square root of the variance:

s~ BT — 7887

Notice that the “averaze” in the variance s° divides the sum by one fewer than the number of observations, that is,
n— 1 rather than n. The raason is that the deviations 7, —  ahway 0 50 that knowing n — 1 of tham
determines the last one. Only n— 1 of the squared deviations can vary freely, and we average by dividing the total by
n— 1. The number n— 1 is called the degl‘!ii of freedom of the variance or standard deviation. Some calculators offer
auhmcx'bameand.\ ng by n— 1. sobesuetousen—

0 only when there &
observations have the same value. Otherwise, s > 0. As the observations \nccrx_a more variable atwul their mean, =
ger.

the same units of measwement as the original observation:
2ms, both the mean Z and the standard deviation s are also in kb
variance &*, which would be in squared kilograms

For example, if you messwe weight in
erams. This is one reason to prefer < to the

« Likethe maan 7 , 2 is not resicrant

faw outliers can make = very larse
Ths use of squared deviations renders s even mors sensicive than & ta @ fiw exrems observarions:.
standard deviation of the fravel times for tha 15 North Carolina workers in Exampla 2155 |

.=e our calculator or software to varify this) If we omit the high outlier, the standard
‘minutes.

23

ation

ion is met vt clear, you = sight We will s in Chape  that
ation is the natural measire of varisbilty for 3 very importart of symmetric distributions, the
Normal distributions. The usefhlness of many statistical procedures is tiad to di butions of particular shapes. This i
certainly true of the standard deviation

Choosing Measures of Center and Variability

We now have a choica batwaen two dascriptions of fae canter and variability of 2 distribution: the Svanumber
or and ;. Becawss  and s are sensitive to axtreme observations, they can be misleading when a
a.,mbmm is strongly skewed or has outliers. In fact, because the two sides of a skewed distribution have different
er deseribes the variability well. The five-mumber summary, with its twe quartiles and fvo

e o < ter Job.

Choosing a Summary

* The fivenumber swnmary is usually better than the mean and standard deviation for describing 2 skewed
distribution or a distribution with strong outliers.

+ Use ¥ and £ only for reasonably symmetric distributi i tl

Onutliers can graatiy affsct the valuss of the mean # and the standard devistion 3, the rost common measures of center
and variability. Many more elzborate statistical procedures 2lso can't be trusted when cutliers are present

Whenever you find outliers in your data. ry o find an explanation for them. Somstimes the explanation is EP )

as simple as 2 typing emor, such as typing 101 as 101, if this is the case, comect the typing emer
Sometimes 2 mezsuring device broke down or a subject gave a frivolous Tesponse, ke the student in 2

el surey who clsimad to sty 30000 mimes per sigh, (Yes hat realy happensd)

imaply ramiova s cralinr o yocr dats. Whas sefers e “ra dats,” ks s long fesval e ofsoms Naw Vork
werkars, o dhold chogss tisical mathods distars ot sveay dsurbad by the outace, For sxapls, s th S
sumber summary rather than and s to describe 2 distribution with extreme outliers. We will mest other sxamples later
in the boak

Remember that @ graph gives the best averall pictwrs of a distribution. If data have been extered info a

calculator or statistieal program, it i very simple and quick fo create several graphs to see all the different
features of a distribution. Numerical measures of cemter and variability report specific facts about a
distribution, but they do not describa ifs enfira shaps. Numsrical summariss do net discloss the prasance of
enultiple peaks or clusters, for sxample. Exercise 2.11 shows how misleading numerical summaries can be. Alwayz
plot your data.

Macmillan Learning Online Resources

* The Snapshots video, Summarizing Quaniitative Da‘a provides an overview of the need for measures of center and
variability as well as some details of the computatior

The SistCiips Exsmples video, Summaries onuarr'r!swe Dsts Exampie C. gives the details for the computation of

the mean_ median, and standsrd devistion in 3 small example. You can verify the computations along with the video,

either by hand or using your technology.

The StxiClips Examples videos, Bsaic Prncizies of Expioring Data Example B and Sssic Prncigiss of Expionng Dats
ample G, emphasize the nesd ta examine outiers and understand them, rather than simply discarding
obsenvations that don't seem to fit

APPLY YOUR KNOWLEDGE

240 Z and s by Hand. Radon is 2 naturally cccurring gas and is the second leading cause of lung cancer in
the United States.”" It comes Som the natural braskdows of uranima in the soil and enters buildings
through eracks and other holes in the foundations. Found throughout the United States, levels vary
considerably from state to state. Several methods can reduce the levels of raden in your home, and the
Environmental Protection Ageney recommends using one of these if the measured level in your home is
abave 4 picocuries per liter. Four readings from Franklin County, Ohio, whers the county average is $.4
picocurias per litar, wara 7.1, 116, 8.1, and 13.4.

Find the mean step-by-step. That is, find the sum of the four observations and divide by 4.

Find the standard deviation step-by-step. That is, find the deviation of each observation from the

mem, square the deviations, then obtain the variance and the standard deviation. Example 2.7 (paz

58) shorws the method.

(<) New enter the data inte your caleulator and use the mean and standard deviation butions to obtain &

5. Do the results agree with your hand caleulations?

& Aa =P

Z 0 B



from state to state. Several methods can reduce the levels of raden in your home, and the

Environmental Frotection Ageney recommends using one of these if the measured level in your home is

abave 4 picocuries per liter. Four readings from Franklin County, Ohio, where the county average is $.4

picocuries per liter, were 7.1, 116, 8.1, and 13.4.

(2) Find the mean step-by-step. That is, find the sum of the four observations and divide by 4.

(4) Find the standard deviation step-by-step. That is, find the deviation of sach cbservation from mg
mean, square the deviations, then obiain the variance and the standard deviation. Example I
58) shows the method

(<) Now anter the dafa into your caleulator and uss the mean and standard daviation buttons to obtain
and 5. Do the results agree with your hand caleulations?

Doug Martin/Getty Images

241 Zand s Are Not Enough. The mean and standard deviation : measure center and varizbility but are
not 2 complete deseription of 2 distribution. Data sets with differant shapes can have the same mean and
standard deviation. Te demonstrate this fact, use your calculator to find # and 5 for these two small data

s Then make 2 sersplt of sach and corment ca theshape of ach disibusion. _{ | cavasers

Daa & 914 814 874 B77 926 810 613 310 913 726 4
DaiaB 658 576 171 884 847 704 556 751 689 1.5

242 Choose a Summary. The shape nf:dxsmb\mm is arough guide to whether the mean and standard
deviation are a helpful =1 o v. For which of the following distributions would
and 5 be wseful? In each case, give areason for your decision.

() Percents of high school graduates in the states taking the SAT, Figure L8 (page 27)
() Towa Tests scores, Figue 1.7 (pag

(2) New York traval timas, Figure 2.1 (paze 54)

2.9 Examples of Technology

Althousk 2 caleulstor with “two
throughout the text, mors el
calenlations and make
interprating your results.
vk of 20 pecple in New
output? The big messag:
The display:
Microsoft Excel smad_l\eal prozrem P
descriptive measures in Excel and the calculato
Encal’s “Daseriptive Statistics” menu fem dossn
function to zet 0 and O;

varizble statisties” functions will do many of the basic calculations we need

borate tachrology is balpful Graphing caleulstors and computer softwars will do

phs 28 vou command, Feeing vou fo concmuate on chossing the rght methods and

zure 2.4 disglays cutputs from three fed tools for describing the travel times to
) SEanh

the quartiles, we vsed tha spraadshest’s ;qpa{;la gumla

Texas Instruments Graphing Calculator

1-Var Stats 1-Var Stats
¥=31.25 Th=28

£x=623

Ix2=28625

5x=21.8773493

0x=21. 32348264

=24 maxK=E

Microsoft Excel

3] Excel EIM

QUARTILE (A2
QUARTILE

EEIR IR SO0

JMP OQutput




JMP Output

4~ Distributions
<~ NYtime

< Quantiles
§608 o
5% uartile
50% median
258 quartile

0% i i
A'~ Summary Statistics
Mean 31.25
Sed Dew  21.877349
N 20
Figure 2.4
Moore/Notz/Fligner, The Basic Practice of Statistics, 8e, © 2018 W H. Freeman and Company

FIGURE 2.4
Qutput from = graphing caiculsior, 2 statistiosl sofware packags, 2nd = sprescshest o
times to work in New York State

ram cescrioing the dats on tave

EXAMPLE 2.8 Whatls the Third Quartile?

In Exampie 2.5, we saw that the quaries of the New York travel times ars @, = 15.and @y
output displays in Figure 2 4. The caloulator and Exeel agres with our work, while JMP says that G,
WWnat happened? There are seversi ruies for finding the quarties. Some calculstors and softwsre use rules that
give recults different from ours for some sets of data. This is true of JMP and Excel. although Excel agrees with
ur work in this sxampls. Results from the vanous ruies sre generaly cioss 1o ssch other, 50 the diferences are
notimportant in practice. Our e is the simplest for hand caleulstion

425 Look st the
= 4375,

Macmillan Learning Online Resources

There are online reseurces to help you use tachnalogy.

* The statistical software packages Crunchitl and JMP re svailable onfine.

« The Video Technology Manusls for Minitab, the T g i Cliclor; ek, IE, Coomub I, .ond SPS5 provie

explicit instructions for producing output similar to that Figure 2.4 for the particular technalogy you are
9

& A ¥ O

0 Organizing a Statistical Problem
far descril

Most of cur examples and exercises have aimed to help you leam basic tools (graphs and calculati
ons. You have also leamed principles that guide use of these tooks, such a5
graph” and “look for the overall pattem and striking deviations from the pattem.” The data you
numbers—they describe specifie settings such as water depth in the Everglades or travel time to work. Because data
come fom 2 ,;m{-‘c satting, the final in examining data is 2 conclusion for thar seting. Water depfh in the
Evarglades s 2 1o that raflacts Florida's wet and dry sazsons. Traval fimas to work are generally longer in
New York than in X \Cﬂh Carclina.

Leat's return ta the on-time high school graduation rates discussad in Example 1.4 (page 21). We lmow from the
example that the on-time stion ates vary from 61.4% in the District of Columbia to 90.5% i Iowa, with a
mxdxan of §3.5 9'!« State graduation rates are related fo many faotors, and in 2 statistical problem, we often try to
explain the differences or variation in 2 varizble such 2s graduation rate by some of these factors. T = do
states with lower Bousehold incomes tend to have lower hich school graduation rates? O, do the states in some
regions of the country tend to have lowar high school gradustion rates than r e

you lazm mors statistical tools and principlas, you will fzce mors complar statistieal problems. Althor
ﬁme\\crk accommodates a]llh= i at arise in applying statistics to real sattings, \\'e find the folk
ﬁ:u(-:'ep thought process gi e In particular, the first and last steps emphasize that statistical
s are tied to specific rea] \\wld settings and dl_refcze A-cl e more than domg calculations and making
;mchs

Orga g a Statistical Problem: A Four-Step Process

What is the practical question, in the context of the real-world seft
What specific statist
SOLVE: Make the sraphs and carry ut ha calenlations nsedad for this problens
CONCLUDE: Give your practical conclusion in the setting of the real-world problem.

To help you master the basics, many exarcises will contmue to tell you what to do—maks a histogram, find the
number summary, and so on. Real statistical problems don’t come with detailad instructions. From now on.
expecally i e Lt chapters of the bock. e wil mest some exeriaes i are mere resitic. Use e Fourstep
process as 2 guide to sokving and reperting thess problems. They are marked with the four-step icom, 25 the following
example illustrates

EXAMPLE 2.9 Comparing Graduation Rates

GRADRATE

STATE: Feders law requres =l sisiss in the Uniied Staiss o use = commen cameutstion of on-ime high
school gradustion rates beginning with the 2010-2011 school year. Praviously, states chose one of severs!
computaton methods that gave anzwers thal soud difer by more tan 10%. This common compuizion alws
for mezninglul comparizon ofgraduaio rates betueen the Siates

We ki =0 11 (o2 st the G gime: Moh Sehcol graduaton ates in the 2013-2014 schoc
year 4.;-.51 from &1 5% in the Thetict of Golumibia 1o ) E0.5% in lowa. Tre U S Census Bureau divides the 5-1

e four regons of ine county
inct distributions of gradustion rates? How do the mean graduation rates ekeaieciuf iyt
regions compare?

& A ¥ ©® B




se graphs and numerical descriptions to describe and compare the distributions of on-time high schao!
g 7 assion ot e stemr four regions of the United States

SOLVES| We might use bosplos to compare the disrbutons, bul stemplots presenve more delai an

for data safs of these sizes. Figure 2.

stems have been spii to betier display the distributions, and the data hay
tempiots overlap. and some care is needed when comparing the four

distributions that are similar to each other The South. with the mest observations, h

cormesponding to the District of Columbia that stands apart from the others and some skewness fo the lefi
Becsuse the Disinct of Columaia s not 2 state. slinugh ofien included with stste data, we nave recoried
summary statistics for the Seuth with and without this observation. Excluding the District of Columbia. the South
is similar to the Northeast and Midwest. aithough with a distribution that tends to have sightly lower graduation
retes and 2 te more vanabily The West ends o have lowsr graduston rales han the otner e regions, wih
grester varisbility With litde skewnass and no serious outiiers other than tha District of Columbis, we report T
and & as our summary measures of center and variability of the distribution of the an-fme graduation rates of the
states in each region:

Region N Mean ‘Standard Deviation
Midwast 1 8560 37
Northeast 5 8536 365
South (including DC) 17 8166
South (encluding DC) 16 8293
Wast 15 7638
Midwest Northeast West
=] 6 =]
-] 6 6|9
7 7 7012
7 9 7|8 568 7|867789
& 123 e|1 034 Bl124
& | €é67789 86| 66778869 6666777868 &|5
9 01 ] El
Figure 2
Moore/Natz/Fligner, The Basic Practice of Statistics, 8e, © 2018 WH. Freeman and Company
FIGURE 2.5

‘Stemplots comparing the distributions of graduation rates for the four census regions from Tadle 1.1, for Examole
20

CONCLUDE: The tabis of summary statisfics confirms what we 526 in the stamplots. The states in the Midwest

and Northeast are most e th the South, excluding the District o g a slightly

lower mean and higher standard deviation. The states in the West have 2 lowsr mean graduation rate than the
tnes dhres regions, Wit 3 standand deviation SIMLar to the Scutn but igher than the Midwest or Norteast.

Tt is important to remember that the individusls in Exampla 2.9 are the states. For axampls, the mean of §3.36 is
the mean of the on-time eraduztion rates for the mine Northeastam states, and the standard deviation talls us how much
these state rates vary about this mean. However, the mean of these nine states is nof the same 2s the graduation rate for
all high school students in the Northeast, unless the states have the same mumber of high school students. The
sradustion rate for all high school students in the Northeast would be 2 weighted average of the state rates, with the
r example, because Mew York is the most populous state in the Northeast and

 in the Northeast to
(paze 70) fora

similar example
& A ¥ ©® B
APPLY YOUR KNOWLEDGE

Logging in the Rain Forest. *Conservationists have despaired over destruction of tropical rain

forest by logzing, clearing, and buming " These words begin 2 report on a statistical study of the sffects of

logging in Borneo.' Charles Cannon of Duke University and his coworkers compared forest plots that had

never been logged (Group 1) with similar plots nearby that had been logged one year earlier (Group 2) and
eight years earlier (Group 3). All plots were 0.1 hectare in area. Here are the counts of frees for plofs i

-
sxch goup: ] oooms

27 2 9 U 19 33 16 W 24 27
2 12 15 9 0 18 17 M 14 2
13 4 2 15 18 13 21 2 2

AustralianCamera/Shutterstock

To what extent has lozzing affactad the count of rees? Follow fhe four-step procass in reporting your
work

Worldwide Child Mortality. Although child martality rates worldwids have droppad by more
than 50% since 1950, it s still the case that 16,000 children under five years old die each day. The
mortality rates for children under five vary from 1.9 per 1000 in Luxemboure to 136 9 per 1000 in Anzola
ARG L8 (g 1) it e s i« b b s o v Sl
xplors the hild mertality and 2 mezs ountry’s economic wealth. One
fnsasurs used by the Torld Bank is the gross nationl income [G\I'l) pe capita, the dollar value of 2
country's fina] income in 2 year divided by its population. [treflects the average income of 2 cowntry’s
citizens, and the World Bark uses GNI per capita to classify countries info low-income, lower-middle
income, upper-middle income, and high-incorme economiss. Akthoush the data set includs 213 countries
the child mortality rates of 22 countries are not availzble on the Werld Health Orzanization database

Because the data st is too large to print hare, we give the data for the first &

MoRTALTY

Country Chitd Mortsiity Rate [per 1000) Economy Classification
Arba — High

Andorma 2500 High

Afshanistan 51100 Low

Angola 156,500 Upper-middle
Albania 14000 Upper-middle

Give a full description of the distribution of child mortality rates for the countries in each of the four economic
c]a;smcamns and identify any high outliers. Compare the four groups. Does the economic classfication used by
Bank do a good job of explaining the differences in child mortality rates ameng the countries?




CHAPTER 2 SUMMARY

Chapter Specifics

+ A npumerical summary of a distribution should report at least its center and its variability.

+ The mean and the median M deseribs the center of 3 distribution in diffsrent ways. The mean s the arithmetic
average of the observations, and the median is the midpoint of the values.

+ When you use the median to indicate the center of the distribution, deseribe its variability by
The first quartile, 01, has cne-fourth of the observations below it, and the third quartile.
the observations below it

+ The fivenumber summary consisting of the median, the quartiles, and the smallest and largest individual
abservations providss 3 quck ovarall deseription of 2 distribution. The median describes the center, mnd the
quartiles and extremes show the variability.

+ Boxplots based on the er summary are ussful for comparing several distributions. The box spans the
quartiles and shows the variability of the ceatral half of the distribution The median is marked within the box.
Lines extend from the box to the extremes and show the full variability of the data.

ing the quariiles.
bzs three-fourth of

* The varianca s* and sspacially ifs squara root, tha standard deviation 3, ara common measures of variability
about the mean 2= cenfer. The standard deviation 5 is zero when there is no varizbility and gets larger 2 the
cariability mereas

- A resistant measure of any aspect of 2 disiribution is relatively umaffected by changes in the mumerical value of a
ortion of the fotal number of observations, no matter how larze these changes are. The median 2nd

quartilas ars resistant, but the memn and the standard deviation ars not

+ The mean and standard deviation are zood descriptions for symmetric distributions witheut outliers. They are most
ussful for the Nommal distributions imfrodncad in the next chaptar. The fve-number summary is 3 better description
fior skewed distributions.

+ Numerical summaries do not fully dascribs the shaps of a distribution. Always plot your data

A statistical problem has 2 real-world setting. You can organize many problems using the following four steps:

state, plan, salve, and conclude

Link It

continuad cur study of exploratory data malysis. Graphs ars an importast visual ‘ool for
s in data. They give a fairly complete dascription of 2 diswibution, althoush for
many problems, the imperiant information in your data can be described by a few mumbers. These numerical

s can be weful for de;cnbmz 2 single distribution as well 25 for comparing the distributions from several
croups of sbsareations

Twwo important features of a distribution are the center and the variability. For distributions that are appreximately
symmetric without outliers, the mean and standard deviation are important numeric summaries for describing 2nd
comparing distributions. Bt i the distribution i not symmetric and/or has cutlisrs, the fve-mumber summary ofien
provides 3 better dascription.

The boxplat zivas 2 picturs of the five-mumber summary that is useful for 3 simpls comparison of several
distributions. Remember that the boxplot is based only en the Svemumber summary and does mot have any
information beyond these five mumbers. Certain features of a distribution that are revealed in histograms and stemplots
will not be evadent from a borplot zlone. These izclude gaps in the data and the presence of several peaks. You must
be careful when reducing 2 distribution fo a few numbers fo make sure that important information has net been lost in
the process.

Macmillan Learning Online Resources

 you are having difficuity with any of the seations of this chapter, these online resources should help prepare you to
salva the exercises at the end of this chapter,

+ StafTutor starts with 3 vides review of 3ch section and asks 3 series of questions to sheek your understanding

+ LearmingCunve provides you with 2 series of questons sbout the chapter geared to your level of understanding.

2.15  The 2013-2014 roster of the Sezttla Sezhawks, winners of the 2014 NFL Super Bowl, includad 10
inemen and nine offensive linemen. The weights in pounds of the 10 defensive linemen ware

I LINEMEN

3L 254 297 260 33 242
The mean of these data &
@ 25160
@) 28250
() 285.50.
216 The median of the data in Exercise 2 ju”wsum

2

(3} 28160
() 282.50
() 285.50

247 The first quartle of the data in Exercise 215 i || unewen

@
&
() 297

248 Ifa distribution is skewed to the left,
(3) the mean is lass than the median
(b) the mean and median are equal
(c) the mean is greater than the median

249 What perceat of the observations in a distribution are greater than the first quartile?

2.20 To make 2 boxplot of 2 distribution, you must know
() all the individual observations
(4) the mean and the standard devistion.
(€) the five-number summary.

2.21 The standard deviation of the 10 weights in Exercis

e 2.15 (use your caleulator) is about I LINEMEN

@ 2
(b) 286
@ 2940
2.22 Whatiare all the values that 3 standard deviation - can possibly take?
@ 0=s
@) 0zsz2l
) -lzazl
2.23  The correct units for the standard deviation in Exercise 2.21 are
() no unit—it's justa number
) pounds.
(&) pounds squarsd
2.24 Which of the following is mest affected if an extreme high outlier is added to your data?

(€1 The first ouartile



225 Tncomes of ollege rads. According o he U, Conas Bursu's usznt Populaton Sumey, hemess
S

saspectivaly. ” Which of thess mumbers s the mean and which is the st

2.26 Household assets. Once every three years, the Board of Govemors of the Federal Reserve System
collects data on household assets and liabilities through the Survey of Consumer Finances (SCF). Here
are some results fiom the 2013 survey

() Transaction accounts, which inchude checking, savings, 2nd money market accounts, are the most
commanly beld tvpe of financial asset. The mean value of fransaction aceounts per household was
$270,100, and the median value was $94,500. What explains the differences between the fwo
‘measures of center?

(b} The mean value of refirement accounts per housebold, which includes Individual Retirement
Account (IRA) balances and certain employer- coounts, was $99,040 but the median
walue was §0. What does 2 median of 0 say about the percentaze of houssholds with refirement
accounts”

Usiversity endomments. The Ntioal

sociation of Cnl'lese and Us

rsity Business Officens <
values of 841 cclleges and
universities in the United sme, ‘ud Canada. When the endowment values are amanged in order, what are
the locations of the median and the quartiles in this ordered list?

2.28 Pulling wood apart. Exercisz 1.46 (page 45) gives the bradking strengths of 20 giecss of Dougl

fir.

number summary of the distribution of breaking strengths

Here is a stemplot of the data mmded to the nearest hundred pounds. The stems are thousands of
pounds, and the leaves are bundrads of
23 |0
24 1
25
26 |5
27
28 |7
29
30 |289
31 | 399
32 | 033677
33 | 0237
Moore/Notz/Fligner,
The Basic Practice of

Statistics, Be, © 2018
W H. Freeman and
Company

The stemplot shews that the distribution is skewed to the laft Does the five-number summary show the
skeen? Ramember that only 3 sraph gives a claar pictrs of the shaps of 2 distribution

rates. Anal to campare the sraduation rates in Table 1.1
2gicn of the country repart rumber summaries and uses bonplots to display the
etttk e hi bt T3 vl g ek i s bl B Sl o g

(page 6407 Which plots make it smpler to comparethe regions? Wh? Iy onacmare

2.30 How much fruit do adolescent girls eat? Fizure 1.14 (page 35) is 2 histogram of the number of
servings of fruit per day claimed by 74 seventaen-vaar-old zirls

(3) With a little care, you can find the median and the quartiles from the histozram What are these
numbars? How did yon find them?

(b} You can also find the mean number of servings of fruit claimed per day from the histogram. First
use the information in the histogram to compute the sum of the 74 observations, 2nd then use this to
compute the mean. What is the relationship befween the mean and medizn? Is this what you
expected?

() In general, you cannot find the exact values of the median, quartiles, or mean fiom the histogram
What is spacial about the histogram of the number of servings of fruit that allows you to do this?

2.3 Cuinea pig survival times. Here are the surviv
with infactios bacteria in 2 medical experiment

times in days of 72 guinea pigs after they were injected
* Survival times, whether of machines under stress or
ancer treatment, usually that are skewad to the

GUNPIGS

43 45 33 36 36 3T 38 66 67
81 Sl 81 82 83 §3 84
99 100 100 101

107 108 109 113 114 118 121
137 138 139 144 145 147 156162 174
191 198 211 214 243 249 329 380 403

s

() Graph the distribution and describe ifs main features. Does it show the expected right-skew?
() Which mumerical summary would you choose for these data? Caleulate your chosen summary. How
does it reflect the skewness of the distribution”
232 Maternal age at childbirth. How old are women when they have fheir first child? Hers is the
distribution of the aze of the mother for all firstbom children in the United States in 2014:

<

<



= D

03]

A

Tom Merton/Getty Images

The mumber of firstbomn children to mothers under 10 or over 50 years of aze represent a neglizible
percentags of all first birthe and ara not inchuded in the tabls

o Emcompmom o cihenopors =1 ik e o, e et ey i
ach 2 rathar than the counts. Explain why

(b} How many babies were there?

Ree st o e ki, = e e e el e e ki
describe the dismbution of the aze at which women have their first child

@ Wh Hemelocanunsnfthemedlanmd puartiles in the rdered list of
age classes do the medion and quartiles

maternal ages? In which

More on Nintendo and laparoscapic surgery, In Exercise 1.38 (5 u examined the
improvement in times o complete 2 virtual gall bladder removal for these with and without four weeks
of Nintendo Wii'™ training. The most common methods for formmal comparison of two groups use £ and

ummarize the dats I HINTENDO

) DY ok b 2 2 0 Pt i i
ars approprizte

(b) In the control eroup, ome subject improved his/her time by 229 ssconds. How much does removing
this observation change Z and : for the control zroup? You wall need to compute 7 and = for the
control group, both with and withont tha b

() Compute the median for the conrol group with and withont the hiz)
about the rasistance of the median and

utlier

outlier. What does this show

E Making resistance visible. In the Maan and Median applet, place three observations on the line
v clicking below it: fwo close together near the center of the ne and one somewhat to the risht of these

Pull the single rihtmost observation out fo the rizht (Place the cursor on the point, hold down 2
monse button, and dras tha point) How doss the maan behava? How doss the madian behava?
Extplain briefly why each measura acts as it doss.

Now drag the single rizhtmost point to the lef as far 25 you can. What happens to the mean? What
i b tha maadson 2 yom Sk it o past the o et (Walch cvefully)

w Behavior of the median, Flace five observations on the line in the Maan and Median applet by
clickang below it

(3} Add one addifional observation wirhour changing the median. Where is your new point?

se the applet to convince yourself that whex you 2dd yet anofhar observation (ther ven
) i s o s e whi v g el it Ak e
‘must be troe.

Never on Sunday

States on each d; s

detailed data from Toronto, Canada: the mumber of births on sach of the 3

day nfd:a w eek Based on these plots, compare the day-of-the-week dis
a Summarize your fini

age 20)sives the b of biths i the Ui
lots in 6 are based on more

< in 2 year, grouped by

i et e

Number of births

Thursday  Friday Sunday

Dﬂy of week

Figure 2.6
Moore/Notz/Fligner, The Basic Practice of Statistics, Be, © 2018 W.H. Freeman and Company
FIGURE 2.6

Boxplots of the distributions of numbers of births in Toronto, Canada. on each day of the week during = year, for
8.

Exercise 2

2.37

Thinking about means, ]'abb 12
For the nation 15 2 whols, 42 entriss in Table 12
Iti 2.8%. Explain caref est populations are

California, Texas, New York, and Florida. Look at their entries in Table 12 -I MINORITY

(page 24) zives the percent of minority residents in each of the states.

% of rasidants ara minori

inking about means and medianz. Tn 2014, appmm;(ll :ﬂ 4 of hourly rate workers were being
paid at the federal minimum wage level Would federa 1 1o increase the minimum wage have a
Erester efect on the maen o fhe median ncome of al wodkers” Explain your amerer
Astandard deviation contest. This is 2 standard de
the whole numbers 0 to 10, with repeats
(3) Choose four mumbers tht have the smallast possible standard daviation
(b} Choose four mumbers that have the larzest possible standard deviation
or (b)? Explain
wed) that kave the f

ion. contest. You must choose four numbers from

owed

Is more than ene choice possible in sither part

You ereate the data. Craate 2 set of seven numbers (repeats al

summary

: number

Minimum =4 0y =8 M=120; Maximum = 19

= Aa <P

<
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padatine wage level. Would tederal ) to merezse
st e T e e Esplain your answer
239 Astandard deviation comtest. This is 2 standard deviation contest. You must choose four mumbers from
the whole numbers 0 to 10, with repeats allowed
(3) Choose four mumbers that have the smallest possible standard deviation
(b} Choose four numbers that have the largest possible standard deviation.
() Ts more than one choice possible in sither part (=) o (b)? Explain.
240 You create the data. Create a sef of seven numbers (repeats allowed) that have the five mumber
summary

Minimum = 4 0

There is more than one set of seven s with this fiv Y- about
the seven mumbars to have this five-number summary

2.41 You create the data. Give an xample of 2 small set of data for which the mean is sreater than the third
quartile

242 Adolescent obesity, Adolescent obesity is 2 serious health risk affecting more vhau million young
people in the United States alone. Laparoscopic adjustable gastric banding bas the potential to provide 3
s e kT e a1 | D A s e i
(BMI bighas than 35 ware recraited from the Malbourns, Australi, comamusity Sor the study. ” Trvanty-
five were randomly selected to underzo gastric banding, and the remaining 25 were assigned to a super

vised lifastyle intervention progyam imvotving diet, exereiss, and behavior modification. Al subjects
were Sollowsd for tiwo years. Hers are the weizht losses in kilosrams for the subjects who completed the

y I" GASTRIC

Gastric Banding
35.6 328 3Lo 316
-365 490 648 390
430 202 152 417
334 154 323 20
Lifestys Intervention
6.0 20 3.0 206 1.6
=170 14 40 —46 158
60 -31 -43 -167 -18

() In the context of this study, what do the nezative values in the dafa set mean”

(b} Give a graphical comparison of the weight loss distribution for both groups using side-
bosplots. rovide appropriate numerical summaries for the two distributions, 2nd identify any b
outliers in either zroup. What can you say about the effects of zastric banding versus Lifsstyle
intervantion on waight loss for the subjects i this study

() The measured varizble was weight loss in kilograms. Would two subjects with the same weizht loss
always have similar benefits from 3 waight-raduction program? Doss it dspand on therr initial
weights? Other variables considersd in this smdy were the parcent of exncess waight lost and the
reduction in BMI. Do you see any advantages to either of these variables when comparing weight
Toss for twe groups?

(4) One subject from the gasiric-bandi

up dropped out of the study, and seven subjects from the
ifotyl group, droppod out. OF e seven dropocs in he lifetsle group, e bad gained weight 2
the tiume they dropped out. Ifall subjects had completed the study, how do you think it would have
affectad the comparison between fhe tivo eroups?

3 through 2.49 ask you to anabze data without having the dstails outlined for you The exercise
sttemens.gve 0u th S 155 of th four—5is proces. Inyour ok Jollow th pla, sk, e conlude
steps az dllustrated in Example 2.0 (page 64

Exervises 2.

hm.:gni 49 ask you to an

ot ot vt s el cnslhind for i Th ezercte
statements give you the state 3tep of the four-step process. In your work, follow the plan, solve, and conclide
steps as illastrated in Example 2.0 (page 64).

Exerciz

2.43
Protactive squipment and ritk taking. Studiss bava shown that paspls who ars using safety

2 in 2n activity tand to taks increased risks. Will risk taking incrazse when

are wearing protective equipment and anac
pment? Participants in the study were Elsely told fhey were (zhnz partin an eye-
tracking experiment for which they neaded fo wear an eye-tracking device. Eighty
2t random imto two groups of 40 each, with one zroup wearing the tracking device mounted on a baseball
cap and the ofher group wearing it mounted on 2 bicyele helmat. Subjects were fold that the helmet ar
ap was just beinz nsed to mount the eve tracker. All subjects watched an animated balloon en 2 video
scraen and prassad 3 button to inflate st. Ths balloon was programmad to burst 2t 2 random point, but
ntil that point, each prass of the button inflated the balloon further and incraased the amount of fictional

currency 2 subject would eam. Subjects were free to stop pumping 2t any point and keep their samings,
knowing that if the balloon burst they would lose all samings for that round. The score was the average
mumber of purmps on the trials, with lower scores corresponding fo less risk taking and more conservative

play. Here are the first 10 observations Fom each group:

Helmat 367 36.50 2928
3210 50.67 2626
Basshall Cap: 2938 1250 157
3065 704 268

-~ S
Tim Gamble and lan Walker, “Wearing a bicycle helmet can
increase risk taking and sensation seeking in adults,”
Psychological Science, 27 (2016), pp. 289-294:
https://doi.org/10.1177/0956797615620784
[http=//www.creativecommons.org/licenses/by/3.0/).

Compare the distributions for the two gronps. How is wearing of a helmet related to the measure of risk
behavior?
-

Athletes” salaries. The Montrea] Canadiens wers founded in 1909, and they ar the lonzest
continpously operating professional ice hockey team. The team has won 24 Stanley Cups, making them
one of the most successful professional sports teams of the raditional four major sports of Canada znd
the United States. Table 2.1 (page 72) gives the salaries of the 2015-2016 roster.*' Provide the team
owner with 2 full deseription of the distribution of salaries and a brief summary of ifs most Fuportant




TABLE 2.1 Salaries for the 2015-2016 Montreal Canadiens

Player Salary Piayer Salary
Jeff Petry $7,000,000 |Lars Eller $2,500,000

P K Suban $7,000,000 [Ben Serivens 32,300,000

Carey Prica $6,500,000 [Mikee Brovm $1,250,000

Andrei Markov $6.000,000 | Torrey Mitchell $1.000,000

Brendan Gallagher ,500,000 [Nathan Beaulieu $1,000,000

Tommas Plekznec 5,000,000 [Bryan Flynn Mark Barberio
Max Pacioratty $4,000,000 [Jacob DeLa Rose Steven Mattazu
Alexei Emelin $3,800,000 |Michael McCarron Greg Pateryn
David Deshanais 3,500,000 [Paul Byron Michzel Condon
Tom Gilbert $2,800,000 |Danisl Carr $892,000

Alex Galchenyuk $2,500,000 [Phillip Danault $833,000

245
dascribes the avarage parformance of all U.S. stocks.
of gach company’s stock, so think of the ind
Hare ara the on the Wilshire 5000
Year Year
1971 1986
1972 1987
1973 1988
1574 1989
1975 1550
157¢ 1391
1577 1552
1578 1993
1979
1580
1981
2l [~ — S A Z ®
&EEP Keturn: on stocks. How well have stocks done over the past generation” Lhe Walshire 300U mdex.
describes the average performance of all US. stocks. The average is weighted by the total market value
of each company’s stock, so think of the index 25 measuring the performance of the average investor
Here are the pereent returns on the Wilshire 5000 index for the years from 1971-2015: N wiLsHRE
Year Year Retumn Year Retun
Q 1571 1386 1605 2001 1087
1972 1987 2002 =20.86
H 1973 1588 2003 3164
1574 1589 2004 1262
A 1575 1350 2005 632
1976 1551 2006 1588
@ 1977 1992 2007 373
1578 1393 1128 2008
1575 158t 20 2009
1930 19585 3645 2010
1581 1596 2121 2011
1582 1397 3125 2012
1983 1958 2343 2013
1984 1999 2356 2014
1533 2000 1039 2015

What can you say about the distribution of yearly returs on stocks?

2.48
Do good smells bring good business? Businesses know that customers often respend to
background music. Do they also respond to odors? Nicolas Guéguen and his colleagues studied this
question in a small pizz restaurant in France on Saturdsy evenings in May. On one evening, a relaxing.
Iavender odor was spread through the restauran; on another evening, a stimulating lemon odor; a third
evening served 25 2 control, with o odor. Table 2.2 (paze 73) shows the amounts (in euros) that
customers spent on each of these evenings.”’ Compare the three distributions. Were both oders associated

=
with ncreased customer spending” _| g o0oms

TABLE 2.2 Amount spent (Euros) by customers in a restaurant when exposed to odors

No Odor
.5 185 185 219 159 159 158
5 185 205 185 185 159 159
.5 185 159 129 155
Lemon Odor.
185 15. 185 1 185 185 158 8.5
159 5 215 159 219 159 185 185 5
259 15! 158 139 185 183 18.5 183
Lavender Odor
213 5 23 1.9 185 242 185 235 5 18
25 5 355 185 185 219 185 185 1439 18
259 2 185 185 13 185 2139 207 219 225




= D

[

Pragmatic vz, moral. How doss 2 leadsr’s j ion of hisher
¢ affect support for the poliey? This study compared 2 moral, pragmatic, and.
s st ication G inep policy proposab: 2 polifician s pln 1o fand  rliremment planming
sovemor’s plan to repave state highways, and a president’s plan to outlaw child labor in 2
developing country. For sxample, for the retiement azency proposal, fhe moral justification was the
importanca of ratirass “to live with dignity and comfort” the pragmstic was “to not drain public fnds.”
and the ambiguous was “to have sufficient fimds " Thras bundred seventy-four voluntear subjects wara
iemed 2t random to read all three proposals: 122 subjects read the tarss proposals with a moral
justification, 126 subjects read sach witha gt Jjustification, and 126 subjects with an ambizuous
Justification. Several questions meas: policy proposal were answered by the subject
o creste  aupport score o ssch proposal, s thtr scores Torthe e proposals were fien averaged to
create an index of palicy support, higher values indicating greater support * Here are tha first five

observations: " JusTEY

Justifieation: Pragmatic
Poliey support mdex: 5

The first individuz] read the proposals with  pragmatic justification with  policy support index of 5, the
second with an ambiguous justfication and a policy support index: of 7, and so forth. Compare the three
How does the wary with the fype

Does playing vi

instruments that have been inserted. The Top Gum Laparoscopic Skills and Sutunng Program was
z help surgeans devlop the skill or surgary. Bacauss of the

fmilarty i many of e skills mvolved in video games znd | i

that surgecns with greater pricr vid

surger 7. Thirty-three surgeons participated mﬂ:zsm b b e

categoties—never used, under three hours, and mare than three hours—depending on the number of

hours they played video games at the height of their video zame use. They also performed Top Gun drills

Naver played: 3489 4 4605 4789 9185 7216 9930
1623 8837 5947

Under three hours: 6239 3163 6149 4358 3968 7367 4217

Three or more hours: 4010 4858 4432 4845 5384 2703 5797

Compare tha distributions for tha thrae groups. How i prior video gams experience ralated o Top Gen
scores?

P
Cholesterol levels and age. The National Health and Nutrition Examination Survey (NHANES)
is 2 unique survey that combines interviews and physical examinations.** It includes basic demographic
informtion; uesions shos opics sch s diet,phyieal actiy, s precription mediesions; 2wl
2 the rasults of 2 physical examination maasuring 3 variaty of varisblas, including blood prassure and
Cholactae] levels. The prograns bagan inthe arly 1960, and the survey cumratiy examines a naioeally
reprasentative sample of about 5000 persons each year. You will work with the total cholestarcl

(mg/dL) obtained from participants in the survey in 2009-2010

croLEST




To examine changes in cholesterol with age, we consider only the 3044 participants between 20 and
50 years of age and have classified them into the three age categaries 205, 305, and 40s. The full data set
is too large to print here, but here are the first 10 individual

Age category: 30s 20s 205 40s 30s 40s 20 30s 30s  20s
Total cholesterol. 135 160 299 197 1% 202 175 216 181 149

The first individusal s in the 30 with a total cholesterol of 135, the second in the 20s with total
cholasteral of 16
(3) Use graphical mnd numerical summaries to compare the three distributions. How does cholesterol
change with 2z?
(b} The ideal range of tofal cholesterol is below 200 me/dL. For individuals with elevated cholesterol
ri Among tha 3044 participants
batwesn 20 and 30 vears of gz, 4 indvidusls in their 205, 24 individusls i their 05, ad 117
individuals in their 40 were taking prescription medications to reduce their cholestero] levels. How
do you think your comparisen of the distribution would be changad if none of the individuals were
taking medication? Explain
Exercizes 2.50 through 2.55 make uze of the oprional massvial on the 1.5  IOR rule for suspected cutliers.

250 The changing face of America.Figme 110 (uage ) give 1 stemplt of the percerd of mimity
resident 18-34 in eack of the 50 states and the District of Columbia. These data are given in Table

MINORITY

30 forth.
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() Give the Sve-number summary of this distribution.
() Although thers do not appear to be any outliers in Figure 110, when you split the stems for the data
in Exercise 1.10, Texas, Alabama, California, and Hawail are separated from the remaining states.
Are these four states outliers or just the Largest observations in a strongly skewed distribution?
What does the 1.5 » JOR rule say?
2.51 Shared pain and bonding. In Exercise 2.6, you should have noticed seme low outliers in the pain group.
sonDiNG

(3) Compute the mean and the median of the bonding scores for the pain zroup, both with and without
the fwo smallest scores. Do thay have more of an affect on the mean or the median? Explain why.
(b) Doss the 1.5 x JOR rule identify these two low bonding scores 2 suspected cutliers?
(<) Unusual observations are not necessarily mistakes. Suppose 2 small percentage of subjects would
experience lttle bonding regardless of whether they were in the no-pain or the pain group.
andemization of the students to the two Zroups could have lad to thase “out]
2.52 The Fortune Global 500, The Fornune Global 500, also kmown 25 the Global 500, is 2n annual ankin
ofthe top 500 corporations worldwide 25 measured by revenue In total, the Global 500 generated 5312
trillion i sevemes i 2014, Table 2.3 provides a list of the 30 companies with the highest revenues (in
billions of dollars) in 2014 %7 A stemplot or histogram shaws that the distribution is strongly skewed to

L
gkt )| siomesso

TABLE 2.3 Revenues for the top Global 500 companies in 2014

Gompany Name. Revenues (Sb) Company Name Revenues (Sb)
Wal Mart Stores 4857  |McKesson 1812
Sinopec Group 4268 |Daimler 1123
Royal Dutch Shell 4313 |Industrial & Commercial Bauk of China 1632
China National Petroleum 4286  |Exor Gromp 1621
ExxonMobil 3826 |AXA 1612
BP 3587 General Maters 1559 v

‘M soNDING

(3) Compute the mazn and the median of tha bonding scores for the pain sroup, both with and without
the two smaallest scores. Do they have more of an effect on the mean or the median? Explain why.
(b) Doss the 1.5 % JOR ruls identify thass fwo low bonding scores 25 suspscted cutliars”
() Unusual ohservations are not nacessarily mistakes. Suppose 2 small percentage of subjects would
experianca litls bonding ragardlass of whather they wers in the no-pain or the pain Zroup.
o the randomization of the students to the two groups could have lad to these “outlisrs.”

252 The Fortune Clobal 500, The Fortuns Global 500, alse known 25 the Global 500, is 2n annual rankin
of the top 500 corporations worldwide 2s measured by revenue In totzl, the Global 500 generated $31.2
trillion in revemues in 2014 Table 2.3 provides 2 list of the 30 companies with the highest revenues (in
billions of dollars) in 2014 %" A stemplot or histogram shows that the distribution is strengly skewed to

-
ke ighe. )| siomese

TABLE 2.3 Revenues for the top Global 500 companies in 2014

Q
L]
A

@ B

Company Name Revenues (o) Company Name Revenues (50)
Wal-Mart Stores 4857 |MeKssson 1812
Sinopec Group 4468 |Daimler 1723
Royal Dutch Shell 4313 | Industrial & Commercial Bank of Chinz 1632
China National Petrolzum 4286 |Esor Growp 1621
ExxonMobil 3826 |AxA

=P 3587 | General Motors

State Grid 3394 |EOm

Vslkswazan 2686 |Phillips 66

Toyota Motor 2477 | General Electric

Glencors 2o |

Totzl 2120 |Gagprom

Chewron 2058 |FordMotor

Samsung Electronics 1958 |Petrobras

Berkshire Hathaway 1947 | China Construction Bank

Appls 1828 |CVSHsalta

Give the frve-number summary. Explain why this summary sugzgests that the distribution is right-skewed.

Which companiss ars ouliers aceording to th 1.5 x JOR rula? Makce 2 stamplot of the data. Do you agres

with the rule’s suggestions about which companiss are and are not outliers

300 sommpaiss, the 30 compasie i Tl 2 e;chremnemah.i gh outlier among all

mpaniss. Is there 2 common eature shared by many of the 30 companiss in the table?

Froperton ot toal cf the Global 300 revertues b aeeounted for by these 30 cormpenie

253 Cholesteral for people in their 20s. Exercise 2.49 contains the cholesteral levels of individuals in their 20s
from the NHANES survey in 2009-2010. The cholesterol levels are right-skewed, with 2 few large cholesterol

levals. TWhich cholestarol evals s suspectad otlers by the 15 < JORmls” ) | crovesze

“This short section i optional.




