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1 The Nature of Probability and Statistics

Introduction

Siafistics is the science of conducting studies to collect, erganize, surmmariza,
anatyze, and drew conclusions from data.

1-1 Descriptive and Inferential Statistics
A wvariable 5 a charmcteristic or abribaedo that can assume difforent values.

4 population consisis of all subjects fuman or cthersise] thal are being shedied,

& sample s a group of subjects ssected from 2 popadlation,

The body of knowledge called siatistics is sometimes divided into two main areas,
depending on leow data are nsed. The two areas are
L. Diescripdive statistics
2 Infereniial stali=tics

Descriptive statistics consists of fhe collection, organization, suimmarcation, and
presantalion of dala

Inferenticl stalistics consishs of generalizing Irom samples (o popalatians, perkaor-
ming sstmatians and hypothess leete, dslarmining relationzhips among varfablas,
and making pradictions.

EXAMPLE 1-1  Descriplive or Inferential Statistics
Dietemmune wheather descrpive or anlerential statistcs were el

i The averags jackpot for the top five lottery winners was 53676 million.

I Avanndy done by the Admerican Academy of Mearology sugoeests that older peopla
who had o high cabone diet more than deabled their nsk of memory loss,

o, Based on g sarvey of 9317 conszamers doae by the National Betail Federaiam, the
average smsamt thul comsamers spesd on Valentne's Day m 2007 was 5116,

ol Sciennsix al the Universaty of Oxlond o Faglacd Gl than g prawsd oz signnfe-
cantly raises a person’s pain level tolerance.

. Descriptive statistics were wsed becanse this i= an average, and it is based on daga
oblaned from the top five lollery winners at thas iims,

o Inferentil stalistics wene gsed sinoe s s o generalization maade from o simple
il |1-|1]1-||'|:_|_1||1r|.

o Dlescripdive stalisics were wael sioce s is o an average sl oo simple of
D317 respondents.

a. Inferential statistics were wsed since an inference 1= mode from a sample (o a
population.

1-2 Variables and Types of Data

Varialile o he classified as qualizive or quaniiznive.

Gualitative warabdes are variables that heve distinct categories according to Some
chamcteristc or atirbade,

Guantitative variables are vanables that can be counted or maasured.

Discrete varables szewmme values thal can be counted.

Continuous variables can assurms an infinite number of values betwaan any two
spocific values. They are obtained by measuning. They often include fracticns and
decimala. 4
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1-3 Data Collection and Sampling Techniques
Random Sampling

A random sampde is a sampde in which 8 members of the population have an egual
chance of beng selected,

Some two-digit random nombers are shown an Table 1-3, 'To solect a mndom sample
of, say, 15 subjects sut of 83 sihjects. i is necessary @ numiber each subjest from 01 10 85,
Then sedect a starting aumiber By closing your eyes and placing vour finger on & auober
i the table. CAItowgh this may sound somewhal unusual, ar enables s e fnd a stating
nunsher al candom.) In this case suppose vour finger Landed on the number 1200 tee sec.
ond column. (1t 15 the sixth nomber down from the topo) Then procced downward ontil
vl have solected 15 differsat numbers bepween G and 23, When you reach the bottom of
the column, g to the top of the next column, I vou select oo number preaser than 85 or the

munlser T o o duphicate number, pesd ooat 10 Bnoor esammple, we woll e e sabpecs
nunslseresd 12,27, 75 62 57, 13, 350, 0A, 14, 49, 46, 71, 53, 41, saxl N2,

TABLE 1-3 Random Numbers

] 4 f Ha Bl 35 M .12 1] 4 ] 14 1]
6 52 53 i 41 ' H a2 m a7 71 ES 75 17
T8 13 1 H 56 i i i 48 56 45 ] 83
19 g2 oz ) A4 = W 34 24 3 o i H
4 o i3 4 K] = 32 14 b L] b 4 au i
Fi) 12 18 5 ] i) 15 ) 5l 78 0 45 a5
1] e a2 LTS H # av i 2% by | i 2 2
55 Fi ] Gb G5 13 ar a5 i3 41 43 a2 146
g LS 945 Bs B2 &0 o} | &l 74 B3 47 i} i1
£ BE 1 i A? &7 13 A na fid & 50 11
G 57 23 Lzl 13 # B! £} 54 L i GG B
48 13 i a7 2 i i b 05 Al 40 18 2
M I IE] 140 0 T 33 18 s 5 0 =1 di
£ D& 53 Hh LK £t &= ab ay 4 1a 4L 34
46 6 E T T i 1B a8 M fid T =] a3 7
I 15 835 a5 i 5 25 3 i3 L. 5 g2 Bh
it G 423 a7 3 5d 25 &l 12 L &y o5 n2
40 4E 15 i3 2 i @5 &H 11 o] 44 64 11
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Systematic Sampling

A systematic sample |5 a sample obtalned by selecting avary &% member of the
popdation where k is a counting numbar,

Besearchers oblain systematc samples by numbering each subject of the popalation and
then selectine overy A9 sublect, For exampbe. suppose there were 20000 subiccts in the

population and o sample of 30 subjects was needed. Since 2000 + 50 — 20, then & — <40,
and every Sith subject would be selected; however, the first subject inombered bebween
I and 401 would be selected s random. Suppose subject 12 were the first subject selected:
then the sample would consist of the subpects whose numbers were 12, 52, U2, e, until
S subqects were bl When wang sysieanbc saampdings, vom et b carelul abin
hewe: the suhpeces in the popalation ase nenmberad. I subjects were arranged in @ manner
sucle us wile, lnsbarsl, wile, husbamd, asd every diih subject were selected, the sample
wold comsist of all husbands. MNumberiag = ot alwaye pecessary. For example, o
researcher may selecl every I0E item Mrom an assembly Beee o test Gor defects.

Stratified Sampling

A stratified sample is 8 sample obtained by dividing the population inte subgroues
or-sirsla according o some characberisfio reevant o the slody, (Thers can be s
aral subgroups.| Than subjacis sre sslecied from each subgroum.

samiples within the stratn howld be randomly selected. For example, sappose the presi-
el el a1 Dwcr-wesar cullege wamis Lo learn b sstarclienits feeed syt @ certsin oo, Farter-
e, mepu'emdmt wishes 10 see if the opinions of first vear sadents differ from those of
second-year stuidents. The president will candomly select stodents T esch subgrougs o
vse in the sanaple.

Cluster Sampling

A cluster samiple ta obdalnad D divbding the population nto sacticns or custars
anc then s=lecting one or more chsters and usang all members in the clusies) as
the memnbers of the sample.

Here the populstion is divided into groups or clusiers by some means =och as peopraphic
area of schools in a laree school district Then the researcher randomly selects some of
these clusters and wses alb members of the selecied clusters as the subjects ol the samples,

" Suppuse o researcher wisles Lo sirvey aparbmenit dwellers ioos lange ey, 0 there are 10
apartment buildings in the city, the ressarcher can select ot random 2 buildings from tha
1 ] imterview sl e resndents of these Buildings. Cluster sanplbing is ased wlhen the
popuabation is large o when it invodves subjects m—std.ms: ina Larg-a meppraphic arca, For ex-
apgele, i oo wanted Lo odooa sty aevedving de patients o s beepitals i New York
City, it would be very costly and time-consuming 1o oy o obtain a random sample of pa-
temts since they would be spread over o farpe area Instead, a fow hospitmls could be
selected at random, and the patienis in these hospitals would be interviewed ino cluster.
dew Fipore 1-1

FIGURE 1-3 tamping Kelhodz
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TAELE 1-4 Sammary of Sampling Motisads

Ramdom Suhjects arg sabkcied by random numben

Syetematic Sudtjscts are sakecisd by U2Ing avary ATh number amar Ta it susect i
Fandn iy zesacted trem | Theough k.

Straditiaid Subjects ana alerisd by duiding up the popdetion mho subdrospe (eirats), and
Zubyects ars randomly eeleched wihin Subgroups.

Cluster Subjects arg seiecied by using an intact suegroup tat s reprasamzive of the
popaation,

& nonsampling emor occurs when the data are obfained ermoneoushy or the sampls
i bissed, e, nonrepresenlalive.



1-4 Experimental Design
Dhservational and Experimental Studies

Irt @ abserradional shudy, the reseancher merely observes whal is happening ar whal
has happenad in the pasi and tnes to drow conclusions based on these obeenvations.

In an expermental study, the researchar maniputates one of the vsnables and trias
b determine how the rmanipobation influsnoces other variahles.

The independent variable in an experimental sfudy iz e one hal is being manipe-
letad by the researchar. The Independent vanable i also called tha explanatony
variabbe. The resulant varishle i calksd the dependent wariable or the owtcome

warkabe.

& confounding varable iz onag that irflusnces the dependent or cuicome vanablo
bl s nol separated fnoom the ndepandent wariaile.

EXAMPLE 1-8 Experimental Design

Rasenrchers rHlll!-u:-lrll:,- assaprmenl TOF presigrde di esschy ol Ularee hidlisran LT ﬂn.u:p ]

was instructed 1o weake an essay abour the hassles in their lives, Group 2 was istnocted
to write an essay abount circumstances that made then feel thankful, Groop 3 was asked
1o wiile an essay aboat eveils dhat they felt newtral about. Afier the exercizse. they were
oiven aquestionnaice on their audeak on Life. The rescarchers foand that thos: siho
werede st carcomestmges thal rmesde e fecl thankfod el o more -::gﬂ'imi-:li-:: [RIFIRIRTH1S
on lite. The conclusion is that Foousing on the positive makes vou moes aptirmistic about
Iefe im general. Rased om b sy, answer Uhe Dollowamg gqoesasms,

. Was this an obseevarionil or cxpenimental sowdy 7

f Wl is the independend vanablesT

r. What is the dependent variable?

o Wt ey he aconfoambing vanabsle mothes stody?

e Whail cin yena say ahoul e sanple st

§. Daoowon agree with the conclusion™ Explain your answee.

s Tlas s an expermmental Sludy sinee e vanables (lypes of essays wnllen) weie
manipulated.

. The inclependent vanable was the type of eoory the porbicipants wnods

o e deperadant variabhis was the soore on the ife cotlook questinmmaine.

o Oither faciors, such as age, upbringing. snd income. can affect twe sesulis; how
eveT, the random nssignment of suhjects i= belpful in climinating these Factors.
Sew e answer lor he next [[TEEIRITTEN

¢. In this stuedy. the sample uses 30 pomicipants toal.

£ Answers will vagy,



2-1

Organizing Data

Suppose a researcher wished o do o stedy o the oges of the 50 wealthiest people in the
world. ‘The researcher firs wiould have #ooget the cdiadn on dhe ages ol the people, In this
v, these ages are lsted o Forkbes Magazine. Whes (he data o i ongioal foemn, tey
e called row dwtn anid e lisked mexid.

45 AE i T3 BS
a2 L T f a8
a7 i i b fill
b4 44 5 4 46
i1 [ i i1 A3
il 45 b ar 58
i1 L =) 73 3
55 SE &l 81 il
4 EQ o &l
4k 47 k- | b2

Kince Inile spbimmiadsom can be oblwimed Friom |||||I-:ing w1 mvae g, the mesenrcher or-
ganizes the data wnto what is called a frequieney déseilinfion

A frequency distnbution is the organization of rew data in tablie form, using classes
and frecusncias.
Categorical Frequency Distributions

The cmteprricnl freggueney distriladionm s ossd for daka thal can b places] m specile cote-
gories, sich as sonsinal- o ordinal-level dats, For exaple, daa sockh as politice] affilizsmea,
religions affiliation, or major feld of swdy wouwld use categoncal frequency distibotons,

EXAMPLE 2-1  Distribution of Blood Types

Twenty-five armv indoctees were piven a blood test to determine their blood ovpe. The
dada st is

g m e
=]
o oSmm
:.ﬂ:l:-ﬂ-ga
FERowS

Construct a frequency distribution for the data

K. B | I
A iy £ 20
B TR N 28
o | M g i
| A

fobal 25 100%

Grouped Frequency Distributions

When the range of the data is large, the daca moness be grouped inio classes that are more
thae o i i wndth, anowln s celled oo geoopeel fregoesey distrilastise For esanple,
a destribution of the blood glucese levels in milligrams per deciliter (me/dL) foe 30 ran
domnly selected collepe stadents is shown,



Total 50

Tlee prvweedliie Tor comsiruciigg the precednry fregquency distiabation 15 given e
|-'.!::I1I'IJ'I|I,' T2 hioweever, seyeral I]lan__.rh shionle] b e, T thas desinbaition, thie valoes S
amd &1 of Ui firsl class age culled el Dedrs, Thee lowver cliss il s 382 01 represenis
1he smallest data wvaloe that can be incloded in the class. The wpper class lhndt is 642 it
represents the largest data valoe that con be included am the class. The numbers an the seo-
il conlernm are called cBiss bmaomdaraes, These nnnbars are used 1o stk dhe chasmes
s that there dee 0o gaps i the frequency distnbuticn. The gaps are due o the Limis: For
examiple, there oo gag elween 83 ancd 63,

Students sometimes have diffvculty fsding class boundaries when given the class
limits. The baskc rule of themb is thar efee clace imits showld ove the same decimal
pilfeee value as the dara, Bal the olaxs hoerdanes showld fave one aadaitionss] ploce valae
and eand i @ 5 For exampls, if the values inthe data set are whols nombers. sechoos 59,
i, Al B2, the hmats for @ class |l1:gh1 hie 3504, el the hoandamies ore 57 5-54. 5, Fipsl
the boundarics by subtrocting (03 from 58 (the lower class limith and adding (05 w64
cihe T i Bomnl b,

Loseer limit — (R = 58 — (L5 = 5.5 = lower boandary
Upper limii + 0.5 — &4 + L3 — 8.5 — upper boandary

IT Che= btz zre o lenths, sacloas 620 T8, aml 12080 the links for e class hypoteiaeally
might be T.8-8 8. and the boundaries for thar class would be 7.75--8.85, Find these values
by swbtrectimg 005 from 7.8 and adding (UG 1o 5.8

Class bowndaries arc not abways incladed in feoguency disinbutions; however, chey
give o mare formal approach to the procedure of organizing data, anchedimg the facr that
sonmedines the dala bae been rouncded. Yo shold be Gaoiliar with bomsbries st you
miy enconntes them in o statisticid stdy,

Fianl Dy, e ol swielil for el o Dregueeincy disicibiison s found by subineciang
the lower Lor upper) class Lienit of one class from the bower or apper) class limit of the
mexl class, For exmmpde, the cliss wadth i e preceding disuribnstaon on ihe diseribisao
of Blood glocose levels 18 7, found from 63 — 58 = 7.

IThe class width con also be found by sebtraciing the lower boundsry from the upper
bowndary for any =iven class, In this case. 645 — 57.5 = T.

Nore: Do not subiract the lmiz of o single class. It will result In ap incorrect
IN3EWET,

The researcher mast decude b many chasses o ase ancd the wadih of sach class,
lo comsiruct o freguency disivibution, follow these nales:

L. There shoald Be between 5 and 20 classes, Although there is no hord-and- fasc
rule for the number of classes contoined in oo fregeency distribution, i is of
ulencest e lance W leve eogh classes b presend acless descroploo ol te
collecied daga,

2007 i preferable bur nor absoluwisaly aecessary Harr the class wadth e an odd sember
This ensurcs that the midpoint of cach class hos the same place value as the data.
The class midpokng X, 15 obhlained by sddimg the Tower and apper boondamies ansd
dividing by 2, or pdding the lowcr and npper limits and dividing by 2;

- lvacer bowmlary — uppeer hlulnd:lr_l,-

Xlll T 3

10



lowar lomitt + upper Lismit

L3 3

T example, the mlpomt of e Ot class e esample wilh glocose kvels o

3+ R ALh +RA5
===l =

The midpoint t= the numeric location of the ceatzr of the class.

i s an lemths, For exomgele, if e class width s 6 amil the bounidanas are 5.5

andd |1 5, the midpoint is

s e, o P
N e -
2 1

-

Hule 2 s only & sugpestion, and if s nes nigorous iy followed, especiodly when a
campuater i used 1o group data.
A The eleamves vt b |I1'I:H|'L|'|'J|I|!_'|= el h-'l-ull.l:lll_l,l exclusive cheses have nonmaover-
lapping class limits so thar data cannot be placed inco two classes. Many linees,
Pregueney distrbutions such as oy -2

wrer desandd in thie Ielerabers orin SLIVEys, [ [Mersomn 1= ik eSS rlel, min which ¢laiss
shounld she or he b placed” A better woy fo construct a frequency distribution is o

e Classes el ps

1030

21-5
324z
4353

Recall thar koundagics are mutually exclusive. For example, when 2 class boundary

s 508 b 1K, the dita waloes that are incheded in that closs ane cplucs Froom & o 100,

A dora vadoe of 3 gocs into the previows class. ond o data valoe of 1] pocs into the

nex e cliss.

d, The claszer st be contindons. Bven if there are no values in o class, the class
sl be inchudexd in e freguency distribugion. Theze sboadd be ao ssaps e a e-
quency disoribution. The only exception cocurs when the ¢lass with a zero fre-

quency is the first or lost class. & closs with o rero frequency ot cither end can be
cnmabies] watlusen alfecting the distnation.

A

o Phee ciovees wod b eobvooiive, There should be enomeh clisses o acooammindale sl

the dara.

f, The ctasses miss Be egwal ir wadih, This avoids a distored view ot the doia,
O enceplian cocers wlhen adistnbuation has o class thal s open-eaabed. T
ix, the f5rst class has no specific lower limit, or the Inst elass has ne specific npper
Bimnadt A (regquesncy destnbution wille zn open-ended class socalled an opens-endel
distribuation, Here are two examples of distributions with oeen-ended classes.

100 z Pk 1110 1R
-3 f 110114 a9
24T 4 115112 A
4352 10 120124 14
=4 and abera= ; & 125129 R

The fresguency chstributm For aze s apen-emded for the et cliss, which means
theat any by wivo is 54 vears of ofder will be tallied mothe las chass, The destrabution

for winmbes i open-ecled G e Gt clacss, meaming s oy inbnuke vabises below

10 will be dallied in cha class.

11



EXAMPLE 2-2  Hacord High Tamperaturas:

Thiaescie ifzila regireseil Ll rescimil |:i1:f| terngrerilures in ltll."l‘_:l'ﬁ!'\-.. Fatiresiben { Fs Gor essch ol
the: S0k stabes, Constriect o grouped frequency distmbation for the data, using 7 classes,

"E Ik 1T i 1 e 1S 1G 1l 112
1 #1817 18 1E 22 114 114 105 10g
T T i 1A T I e = - T i
B R R T . S T (O L= R O 1 N
f2k  #t3 120 117 108 10 118 112 114 114

SOLUTION

The proccelio: fowr -:nuhl.ru::li:lg a prroped Irespuency dasieibution i rmmrrerscil clsta

folfowes.

Find the highest walue and lowest valoe: B o= 134 and L = 100,

Fiod the range: it — highes value — lowest value — & — L. so
R— 13 - 100 =31

Select the number of classes desered (useally bevacen 5 and 200 In this case,
7 15 arbiranly chosen.

Find the class width by dividing the range by the number of clagses.

mannber of Clanes ]

Faoumd the answeer up to the nearcst whole nomber it there is 0 emander:
49 =5,

Then add the width ke each apper limat ke pet all the

105 — | = 14
The first class s OO=104, the seoond class 15 103=10H, ¢ic

Find thz class bowndaries by subtracting 0,5 from cach kvwer class [imit and
anklang (L3 1o each upper chss linat:

HL5-104.5, 109 5106 S, i,
Tally the daka

Find the numerical frequencies from the tallizs.
The eompleied frequency distnbation s

s X ) = - N
- P e
10010 | eesamas | 0 7
HE—102 | ids—soas | R &
Ho=114 | 1ehs-i1as | T iy I
115119 | 11450185 | Fadmg oy 13
130-124 | 119s—izah [ WS T
185123 | 12451295 | 1
120 134 | 12351345 | S 1

Toral 0

e Frequency distibation shows that (e class TO85=1 125 contams
thee largest nuber of lemperatores 181 Rlbowed by the class 11451103
with 13 temperatures. Hence, most of the temperanares (5 1 fall bevween
1ED and 119°T2

12



The cupmwbative frequency distribation for the dofo in this example s a5 follows:

- ¢ Sativa Soquency
L s than 995 N
Lrss than 1045 2
Less than 10905 il
Erms; than 114.5 an
Less than 1195 a1
Lpss than 124.5 4R
lLasE than 1245 4d
Lase than 134.5 L]

EXAMPLE 2-3 MPGs for SUVs

e elatan shimwn biene resprcsend the nomber ol males per pallon G thal 3 selecied
four-whesl-drive sport wtility vchicles abtained in city driving. Copstooct a frequency
distobanom, aned amal yae e tistribution,

12 17 1z 14 16
16 15 1z 168 i
15 16 12 15 16
12 14 15 17 15
14 13 16 14 16

i L i
da <N ChoInm0

oGO ook e ! booneemyy (echs Linvlea mixies
L ronmeria) Procechon Sgency

BOLUTION

Deeramine e classes Siwos e range of the data et e osoall (19 - 12=T7),
classes consisting of a single datn valwe can be used, They are 12, 13, 4, 15,
16,17 18, 10,

The coanpleted angrogmesd Fregueency disimittion -

iz IT5=126 . |08 fi
13 125135 f 1
14 135145 | A 1
15 145155 | "0 ]
14 tHA-16.5 TR i
17 iRE-175 | & 7
10 ir510s | A 1
14 fLs-145 |/ i

Fin (s cases, adenost ame-laall (14 of the vebicles pet 13 or 18 males per gallon,
The cumulatve freuencees ans

e m—
wess fan 1.5 0
e fmn 12 & fi
essfan 135 '
Lacs Than 1£5 10
Lo Tran 155 16
Lags Tan 185 24
Laes Pan 17.5 28
LAEs Pan 185 24
Lass Tan 195 an

13



Data Description

3-1  Measures of Central Tendency

A :l?;islic i5 & chamctensic or meassurs obisined by using the data values from &
zample.

& parameter = & characteristic or maasure obtained oy 1=ing all the data values
trom a specic population;

The Mean

The mean B the siemof the values, Shaded by the twotal rumber of values,
Fhe sample mean, deroted by X doronounced “X tar'), is catowsated by wsing
sample data. The sampis mean & 8 statishc.

= T, s, ST A, - 4

] |
whara n mprasents the fakal mimber of valisms in the sampla.
The populathon mean, dendled By u [proncuansed “mes™), B calculated by u=ng all
the values in the popuiation. The populatian mean i2 3 paramatar,
Ky +Xa=Ha+ 0 +8y EX
N N
whera M recresants tha total nurmber of velues in tha pogulation,

EXAMPLE 3-1 Police Incidents
Tlez nanmlasr ool calls that i Jissil pofice deparionenl cesponiced o Gor o seongile of
4 months i3 shown. Fand che meésen. | Daks wene obtained by the sulhor

405, B47, 240, Tel, WA, LUAZ, THS, 671, 621

EOLUTION
¥ - Ex _ RS = A4 RO+ Tal + BEE - 1052 & TES + 6]+ 621
] a
- % = Gl

Hemze, the mezn oumber of inchdents per maonth to ahich the police responded is G937,

EXAMPLE 3-2 Hospital Intéections

Tz aluta shwvas the mmmabaer of ptienls in o sennple of siv epitals whio soopemed an
infection while repilafized. Find the mean,
(i n it d i NS ]

Sewros: Pownsdvenia Hedik Cars Coon Coamic rend Courscil
EX _ MO+ 6+ F IR IS I 380 o

¥= : 5 =
[
Ttz mean of the nomber of hospital infections tod the six hospitals =64 4.

14
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Fhe sample mean, deroted by X doronounced “X tar'), is catowsated by wsing
sample data. The sampis mean & 8 statishc.

= T, s, ST A, - 4

] |
whara n mprasents the fakal mimber of valisms in the sampla.
The populathon mean, dendled By u [proncuansed “mes™), B calculated by u=ng all
the values in the popuiation. The populatian mean i2 3 paramatar,
Ky +Xa=Ha+ 0 +8y EX
N N
whera M recresants tha total nurmber of velues in tha pogulation,

EXAMPLE 3-1 Police Incidents
Tlez nanmlasr ool calls that i Jissil pofice deparionenl cesponiced o Gor o seongile of
4 months i3 shown. Fand che meésen. | Daks wene obtained by the sulhor

405, B47, 240, Tel, WA, LUAZ, THS, 671, 621

EOLUTION
¥ - Ex _ RS = A4 RO+ Tal + BEE - 1052 & TES + 6]+ 621
] a
- % = Gl

Hemze, the mezn oumber of inchdents per maonth to ahich the police responded is G937,

EXAMPLE 3-2 Hospital Intéections

Tz aluta shwvas the mmmabaer of ptienls in o sennple of siv epitals whio soopemed an
infection while repilafized. Find the mean,
(i n it d i NS ]

Sewros: Pownsdvenia Hedik Cars Coon Coamic rend Courscil
EX _ MO+ 6+ F IR IS I 380 o

¥= : 5 =
[
Ttz mean of the nomber of hospital infections tod the six hospitals =64 4.
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Finding the Mean tor Grouped Data
Step 1 Mubi otable s sfren

n E L D
Class Fraquesey £ | Midpoit X, Pk

Step 2 Fuod the mudpoids ol vact: class amd plece them m colunm

Skop 2 Multiply the frequency by the midpoint for each class, and place the prodoct an
cohimn .

Stagr 4 Firel the siome of calimn T1

Blep 5 Dhvide the =oim obgained in column T0 by the s oF the Tragmengics abtamned in
ot B,

The formaila Fod rhe we=an is
AF - X,

L]

[ éerrer Thi ssinksale Ef - ¥, Ao Tiewd thee s ol e produset of s Togquciey 0 amd i
midpoent (X0 far ench class ]

=

EXAMPLE 3-3 Miles Run per Week

Uszing the following freguency distributien (laken from Example 270 find the mean.
The data represent the number of miles ron duaring ene week for a swnple of 20 renners.

M
0
HERERD
mininEn e

& %
= d
Il"\_'h{l.‘l _'I."_"l{l.'ll'\.‘l—"g‘

—t i

HESRE

Tula?

M
=

BOLUTION

Ihe: procedore for finding the mean tor growped data is miven bere
Find the midpoinie of each class and eover them in column €.

55+ 105 _ o 105+ 155

Sk 2 3

=13 edc

For each clase. maultply the frequency by the midpodnt, as shown, aed placs
the produoct in columm L3

1-%=4 2-13=1726 e,

The completed table is shown hess,

ﬁ'm‘" Froguency i P 2 it X !I]I! Find the sum of cohenin T

HAH105 [wicle thie suam b b gt Uhee i,
102-155
1 h 520k
i B i
2h5-HLE
FE-RE
Fho-405

7o X 4w

&= = TR 24.5 miles

E‘Eﬁﬁamgﬂ
[&

P2 L2 B o £ Pl =
ERRGEN

=21 L Ko = 8K
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The Median

The rmedian ks the midpoint of tha date sray. The svmbol for the median ks MD.
Finding the Median

Seg 1 Avrrauge e datn vidues i ascencding onder,

Step 2 Determuine the cmmber of ralues i ibe data ==t

Stop 2 @ IF 0 is odd, s=ls=ct the maddle dam valne as the median.

BB s even, fiod the mmean ol e v neddie values: Thal 15 add them and davide
the s by 3,

EXAMPLE 3—4 Police Oflcers Killed

The mnmher oo pofice officers kalled o the bine ol duty over Che s 11 weurs i showen

Find e mediun.
17Ty 155 122 141 18w 158 16 K& 14w 157 24

Sowree: Haloml Law Balonvermr O oo M meiad Fad.

Step 1 Asrange the data i ascending onder.
PR AL, 149,153,455, 15T 1el2. 145, 177, 185, M0
Step 2 There arcan odd number of din voluees, namely, 11,
Step 3 Select the middbe data value.
22, T40, 1480, 153, 135, VAT, 162, 165, 17T, THE, A0k
T
Mlechian

I'he medinn nomber of police officers killed for the 1 1-pear penod is 157

EXAMPFLE 3-5 Tornadoes in the United Stales
The number of tornadeoss that have cocurred in the United States over an S-wear period

Foal oz, Banl (ki miechiam,
GHE<, ThE, G562, 856, 1135, 1132, 1502

Step 1 Amunge the duln valuesin asacenshing onber

G56, o84, TO2, T, 856, 1132, 1123 1MAE
Step 2 Then: are an even mmber ol daly valoes, n:lrll:-.l}-, =,

Step 3 The middle two datn values are T4 and 8306,
B30, 6R4, TOX, T4, 856, 10132, 1133, 1303

Mledian
Since the middle poant falls halfway berween 76 and 256 find the median BT by
adding the twao values ard dividing by 2.
Tiad -: B35 L Jﬁﬂbill — 210

The medians nwmber of ormadoss is 810

MDD =
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The Mode
The value that occurs miost often in a data set is cafed the mode.

EXAMPLE 3-8 NFL Signing Bonuses
Fivd the made of the signing boroses of eight NFL players for o specific vear. The

tuanmses o vl of dollans are

PEO, 140k 345 10, 11030 14, 124, 10

S PO TTHUAT

(SOLUTION]
1t i3 hefpful to arrnnge the datn in order, alibough Bt is not pecessany.

BOL 10k 10 D130 12 1420, 18.0. 345

Sinoe 210 million oceurred 3 timaes—a frequancy larper thae any other mmber—ihe
e is 300 nollaoi.

EXAMPLE 3-8 Accidental Firearm Deaths

The pumber of accidemal deaths dae fo firearms for a sis-year persod 15 shown, Find the
b,

fth, THAL 62, 613, G odEd

Sruree: Manmaal Safory Coonal.

SOLUTHOMN

Since each value ocours only once. there 18 no made.

The voende Do gronepse! afnla as the ooelal class. This modal cliss 15 e cles with e

largest Frequency.

EXAMPLE 3-8 Miles Run per Week

Find the madal class for the frequency distribation of miles thot 20 rannees ran i ons
waks, used in Example 27,

A.5-1043
105155
155203
ol B
2h.-EE
G355
ah.5-405

Freguency

w— Mandal e

EER-L R R I R

Thie apnwlaal obsce 1% L5255, sinee ol lets 1he |urrl:|=1.1 Ireguency. Samnelinsas e r||:||l|:|-c:-|r.||

of the ¢lass is vsed rather than the boundaries: hence, the maode conld also he given as
23 riles per week,
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The Midrange

Tha midrange s defined as the sum of the lowsest and highest valuss inthe data sat,
dividessd by 2. The spmbol BR is used For e racdrangs.

loves] vk + highest voloe

LR o
EXAMPLE 3-12 Bank Failures

The number of bank Failures for a recent five-year period s shown, Find the midrongs.
3,30 (4815771

Sevarne Ivderal flercer Inrrves Corpemrion

The Jowesr data wvalee iz 1, and the highest dada valee = 157,
31587 140
MP -~ —— i3

The idrange for the number of bank foilores i 80,

EXAMPLE 3-13 NFL Signing Banuses

Fared the medramge of doto for che NEL signing bonuses in Examiple 26, The bonoses in
millions of doliars are

PR 4.0, 34, 100 115, 1l B24. 10

The bowest bonus s 510 million, and the largest bonus is 3345 million,
1+ 345 445

J

MR =

= F22.2% nallwan

Motice that this amownd i larger than seven of the eaglst amounls and as ool Bypical of
the average of the bonoses. The renson 15 that there 15 one very high bomes, pomely,
534.5 millson_

I LIRS LB IR Lldsh B LIS LPELJURCTRCY AL PTHILIUE U EIEDRGS LLBAIL S0 1 LGRS Ll BILUes

wasks, used in Example 27,

A.5-1043
105155
155203
ol B
2h.-EE
G355
ah.5-405

Freguency

w— Mandal e

EER-L R R I R

Thie apnwlaal obsce 1% L5255, sinee ol lets 1he |urrl:|=1.1 Ireguency. Samnelinsas e r||:||l|:|-c:-|r.||

of the ¢lass is vsed rather than the boundaries: hence, the maode conld also he given as
23 riles per week,
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Rince the means are egual io Examgple 3 05, yvou migla conclude that oth brands of
pait sk equalily well. Hiweser, when the data seis are examaned graphically, 2 somse.

wheat different conclugion might be drawn, See Figare 3 2.
As Figure 3= shows, oven though she means ane the some for both beands, the

sprend, or varation, is guite diffecent. Figure 3 X shows that brand B pesforms more

Wariglion ol painl {in menkhe)

— e e e e

& A A " A A
1 ::' Ell:l :II: :IIE -1I:' = ]
| &) Brand &

Wartation oF paink {in reonths}

—
B
e e e e
B B E E B
t t t t t
i = an i an EH 53

|b] Bad o
consistentlys it 1s less variable: For the spread o varability of a data set, thees measures
e comannnly wsed; mge, variaeee, and sandaed devintivge. Bach measure will be dis-
cussed in Uns sect,

Range

The range iz the highast value rinus the lowes] value, The symisol 7 iz used Tor tha
rEnga.
H = highest vaue — lowast valus

EXAMFLE 3-16 Comparisan of Qutdoor Paint
Finl the rampges tor the piests i Example 5-13

Foo biand A, the eange is
H — &l — 10 — 50 months

For bramd W, the mangee is

R =45 — 25 = 2} monihs

hlake supve the range 18 given as a zingle number.

Tle= ramge [in hramd A shiewase that S0 ot b sl thie largest ibala value I
the smsaklest data valee, For brand B, 20 moaths sepasate the bargest data valoe from the
srmabless dota vales, which i= less thon one-half of brand A= rangs,

Population Variance and Standard Deviation

The popalation warlance |z the avarage of the squanss of the distance sach valus ks
frerm ther miean. The symbcd for the population variznoe is o (e is the Gresk lowear-

e latter skImaE).

The formula far the population varance g S 0 1S kel At
v A & — population rmean
o o i N = population eize
Wy

The popalation standard deviation 1= the aguare root of the vadance. Thea eymbal
frr ther pogmitation standard deviation is o, pre——
The cerresponding formula for the population standard deviation is = PEX -
= e e

Y [
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Procedure Table
Flnding the Population Warlance and Population Standard Deviation

Stap IFind the mean for the dacs, Btop 5 Ltivade bw & to get the vananoe.
Y i pnl’
= = ——
- N N
ShapZ-  Find ihe deviuiion for cacl data-valie, Stap&  Tnke the squere roat of the variance 1pogar the standnnd deviation:
S
X e BT
Stap 3 Sopunare suth nf the desiarins, ;
(X — )
Stap 4 Find the som of che equomes.
E(X o uy

EXAMPLE 2—18 Comparison of Qutdoor Paint

Find the vamance and standard deviaton for the data seq for brapd A paint in
Frurnpele 3-15. The aumber of nonidis brand A Tasted belore Gading was

T il 500, S0, 30k, M

(SOLUTIGN
Step 1 Tind the mean foe the data.
_ XX 04604+ 50+ M+ 40+ 2 210 in
A & T T

Step 2 Subtract the mean from esch duca valve 0X — pol
10h— 35 = —13% Sl — 35 = +145 4l — 35 = +5
i — 385 = +125% il — 35 = =5 M — 38 = =15
Step 3 Square cach reanlt (X — u ),
{—25F = 625 [+15% = 225 {+3°* =25
(+25% = £35 (=3 =15 (—15) =235
Stepd Tind the sum of e suares S0 g
G253 + 625 + 223 + 25+ 25 + 325 = 1750
[=X — )]
==
Vamnnee = 17500 = f = 2017
Step & Take the square root of e varsasce 10 get the stadard deviation, [Mepce. the
standard deviation equals “'291.7, or 17.1. It is helpful fo make a table.

Step 5 Thvnde the sam by & o get Hhe vananece

[ B [
Values X | K- | [X—pf
10 o5 | 625
il 25 fi2h
50 15 235
e 5 25
#] 5 25
20 15 225

[ 1750

Colomn A contains the raw data X. Columnn B conains the differcnces X — . oblained
i slep 2. Column © coathins the squares of the differences olianed m slep 3
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EXAMPLE 2-12  Comparison of Qutdoar Palnt

Fimnd e vanance amil starnbd cevistion Gor bramsd B pamt ki in Esample 3-1% The
mioiihs briund B lasted before fading were

35, 45, 30, 35, 40, 25

Step 1 Find the mean.
ZX A5 445 + M+ 35+ 425 20 15

B =
iy G [
Slep 2 Subiract the measn foom esclh value, sl place the resalt fncolumn B of s table

A% — 35 =10 45 — 38 = 10k ) — 35 = =5

M —-35=0 21 —35=3 25 —35—-—10
Step 3 Sgusde each resull and place the sguares b column C of the table
n B B
x Kk-p | |E-p?
15 i ]
45 11 160
30 b 25
k1 i ]
41 b i
25 1 100

Stepd  Fod the sum ol e sgaesres ol ©
4K — et =0 W 4 25 025 1= 250

Step 5  Divide the swm by & 1o gof the voranse

. NiE—p) 250 :
= = = 41,7
e N i
Slep & Tuke the syguare soot to gl e slandard deviabion.
TELE — )
TENT W
Henee, the stomdard deviation i= 6.3,

- %417 =65

Sample Variance and Standard Deviation

Formuka for the S3ample Variance

‘The Forrmula for the samplde voriance {dencesd by 5 i
LR
r= —
a- |
whene X — swdivibuz] vl
A = mumpie mean
# = sample iz

Formuola for the Samphe Standard Deviation

The bonmmla for the sumple shmdand devaticn, denoled by s
- TEHE—KF
1'—'1.7—1'.: i
wlicn: X — el il valie
s Iz
earple siae

=
I

=1
1l

U | [ . -1
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EXAMPLE 3-20 Teacher Sirikes

The number of peblic school feacher strikes in Pennsy lvania for a rndom sample of
school vears is shown Fipd the sample vanamce and the sample standard deviation.
a L] 14 7 g 3
Sive: Poimsyd vnida Schond Board Sovocmlii
(SOLUTION]
Step 1 Fiod tee ez of i daga values.
w =4 9+ 1+144+7=8+3 5l
A== =T
n f a
Step 2 Find the deviation for each data value [X — X,
F— B3=05 10— Rk5=135 14 — B5 =55
T— BS==l.5 #— 85— —-05 3—85—-53
Step 3 Soquare mschool the devistnms (X — X7
(5 = k25 (1.5F = 2.25 [5.51 = M35
(—1L5F =225 (—0.5F =025 [—5.5)% = 30.25
Stepd Fiend tee sion of the sopuares.
X - XF — 0025 4+ 225+ 3025 + 225 + 0025 4+ 3025 - 655
Step5 Thvide by e — 1t gl dhe vanianee,

=1

g ZX—Xy e85 635
n— 6—1 5

Step & Take the square rool of the vanasee o gen Ui stk sbevantion,

iy — xr e
Iy X —-Xr = 3 = A (rousded )
"-,' n—1

Here the: sampde varsance is 15,1, aml the somple starsbend deviotion 1= 3.6,

Shortout or Computotional Formulas for s and 5

The sbetcut fovemlas lorcomputing tlw varmecs sed stnndad deviatiam Dor dula obiaimed
frome samples are s folloes,

Warignee Stancdard deviation
. W[EXT) — (ZXP {ZX) — [EAT
P T TN ma-—1)

EXAMPLE 3-21 Teacher Strikes

The number of public schodel teacher stnkes o Pennsy lvania Tor a candom samgde of
sehicd visirs 15 shown. Fanal he sl vk and s stancdand devistiom.

O 114, 7, 8,3

Step 1 Dol the sum of the valoes: The varianice i5 131,

SX=0+10+ M+ T+E4+3=51 = w130 = A6 [renanadexd )

Step 2 Square esch value ol Gncd the som:
EXT U4 MR = 1 TR R R g

Hancz, the sample variance is 150, and the sample

sfandard deviabiom s 36,
Step 3 Substingte in the Formuala and solve;

nlaXf —(xxy  6[499) — 51°

T = &6 1)
2o 26 _ 398 gy
fi5) 3n
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Variance and Standard Deviation for Grouped Data

Precadurs Tabde
Finding the Sampla Varionce and Standand Daviation for Grouped Data
Stap 1 Make 2 sabde ac chomme and find rhe miidpoima of sach clas.

L] # H I E
Clss | Froqeonsy | wadpam | F-Xx f - Xh
Stop 2 Bultiphy the Frequency b the midpaint for each class, aod place the prodocs ia

vitlumm I3,

Staqp 3 Muhipty the Frequency b the squans of ibe midpaint, and place the procnes in
coluzn E.

Stoep 4 Find the soms of columes B, D, and E, (The sum of volumn B is 2 The sum of
eetlumm I is 55~ ¥ The sumi of colusm E iz 27 3

Step & Sohsivhoe inche formula and sodve o gt the varanoe:
g MCELXL) - (B XY
an— 1]
Step B Takeihe squnre root o pet the siondard desiabon.
EXANMPLE 3-23%  biles Fun per Week

Find the sample varipnee and the samphe standard deviation for the Fegueency disribu-

B el Hhe elalacin Faample 27, Thes clalas represent te soanfvee of miles thal 20 romess
rum dlaring o wessk, - 1 -
Clgsz | Fraguency | Midpent
EE105 1 g
HLE=15h ? 13
15.5-205 3 18
206-236 & pit
266200 4 an
535 3 33
J5E- 806 2 a0

Multioly che frequency by the medpoint for each class. and place tha
priwducts in column 1.

|8 =35 213 =24 2-38 =706
Muldigly the frequency by the sguare of the midpoant. and place the produces
in column E.
| -BY =g .13 = 158 .. T - 38T = PRER

Find the sums of columns B, I, and E. The sum of colemn B s g, the sum
of column D 5 Zf + X, and the sum of celumn B §s 50 X2 The comploted
tabée is shown,

A B L [ LFE e
Chaga Froquensy | Midpodid e 1-X2
55105 i ] ] CE

10.5-15.5 2 13 e =8
16.5-20.5 a ] 54 Wz
2.5-75.5 5 23 115 255
75.5-30.5 4 28 112 3,138
M5 35 a 1 o 327
5415 ? 38 76 ¥ e

n=2z0 ErKg=430 | Er-XZ=133%0

Swhsiituie in the formula and sobve for 12 to get ihe variance.

a

5 MEF-XTY = (EF- XL M{I3310) — 490
alm — 1) T - )

366,200 — 240,100 265,100
B 20019  3ug

5

co o 7 Take Ll siguare rensd By pel e starsland deviniom.

£ WERT o B3
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Coafficient of Variation

The cosfficiant of waration, denotsd oy Cvar, is the standane davistion divicad by
the meen. The resultis exprassed a8 4 percaniage.

For samiples, For populations,
Cvar %-11:1: cvar - =100
IIr.

EXAMPLE 3-23  Sakes of Automabilées
The mean of the pnmber of sales of cars over o 5-month period is 87, amd the stapdard

teswinbionn 1% 5. Thee omeam oof The comnandssisns tx S3229, o e stiesbond deviakion is
ETTE Compame the sanialions of the baxs.

Thee coweTecienls ol warialion ure
¥ 5

CVar — — —— - =57 =

+ " w7 100 =579 salks

73

TURFIS

Sines che coerficeent of yvarlstoon 15 bargec for commisseons, the commlssions a6 mace
warzable than ihe sales,

CWar - 10 = §148% commuissions

EXAMPLE 3-24 Pages In Women's Fiiness Magazines

Thee et For 1l umber of pares of a zample oF women's lmnes aeeasines is 132,
wiilhy i varianmee 0 273l imean for the monber OF mdyertisemeants of o sample of
winnens finess mugesines is 182 wilh o varineee of 2. Compans the sarinlions

The coefficlents of varastion ae

Waa

CWopr = F - 10K = 165 papek
L62 :
CVar = Th < I = 453% wilverlisemenis

The nanmber ool sclverliseiments is miore sardalde thaer B ooembe ol poges sinoce e
eotllicient ol vwurtnliea s rper Tor sdverdisemenis.

3-3 Measures of Position

Standard Scores

There is an okl saviog, “You can™t comgrre agples and oramges” Bul widls e use of
slavistecs, i cam b done 1o some extend. Suppose that & student =cored %) on a music 1est
arwl A5 oo an Enghish @xam. Dérecl comparisen of oy soodes is impessible, sinee the
exdive mnght noet be equivabent an e o pnnker of goesions, ol of each guestion.
ard s o Hoarever, a csmparisen of a celative standand similzr to both can be mode. This
COMMHRCESON mEes 1he mean #0d siandeed deviation and o5 cafled & Stadang Scene o
2 e, e also nse 2 soores i lales chaplers. |

A standand seoee o 7 scoee tells bow many standacd deviatlons a daea vaiue 45 above
Of Delow (he mexn fof & spodilic distmbaEon of values. I a standacd soorg i3 2ero. wen the
data valee s the same & the meEkn.

&z score or standard scors for a value is cbisned by subiacing the mean from
the valug and dividing the rasu by tha standard daviation, Tha symmbal for & stan-
dird scoreisz The fonmala =
_ welue - mean
standsnd deviatian
For zamples, the formiula s For popuiations. tnetormala i
N —-X

I

i Fs

&

I'he z score represents the numser of elandard devistians that a dals value falls
showe ar balow tha mean
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EXAMFPLE 3-27 Toest Scores

A slnfeEnl samend &5 om o pocmlomlos ket Thal hacl wonseam of 500 ol s stimclund disviutiom
of 10 she scomed 50000 p history test withe s mean of 23 ancd g stanifaed deviation of 5.
Ceanprare e relative posilions oo the 1w less.

Firsl, Al the= ¢ sevmes, For calenlos e soone i

For bistory the Zscore is

Sl the 1 scove for calculus is larger, ber relative position in the caloulus class is higher
tham by relative position in the history class.

EXAMPLE 3-28 Teast Scoras
Fimd the 7 score for epch test, and state which is higher.

Tesl A N30 ¥ 40 g0
TestB A= pa =100 g=10
For test AL
X—X A — 4
——— == - -0
5 5
bor test B,
g — 1M
2 = OB
1y

Thie score for test A ks relatively higher than the score for test B,
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