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> TOXOI
.

Yrnoloyiote 1tov  aptBunund ueco, otabupiopevo  peoo,
OLAUETO, ETUNQATOLCU TULY| HXL TOV YEWUETOMO UECO.
E&nyetote tor yopantmELlotnd, g YONOELS, TO TAEOVEXTNUXTO
nat petovertnpota uabe petpou Beong.

Evtoniote 1™ 0Ocon 1tov péoov, g Olapecov not NG
ETUNOATOVONG TLUNG UL YLOL GUIILETOIUES AL AOEES NATAVOEG.
Yrnoloylote ol EQUNVELOTE TO ELEOG, T1 WECY ATOUALGY|, TV]
OLAUDUAVEY] AL TYV TUTURY|] ATOUNLON.

Katavonote 1t yapoutnolotmna, TG YONOES, T
TAEOVENTNALTO KL TOL LELOVERTN T HDE HETOOL OLLOTOQEAC.
Katavonote 1o fewpnpo Chebyshev’s xow tov Epmeiowmo
Kavova nabwg oyetiCovtot e Evoe GOVOAO TUEATYONCEWV.



ITopdpetoog vs. X1atioTinn

ITAPAMETPOZX 'Eva petonotpho yoeQaxTyQloTI®0
evog TAnbvopod

-
XTATIXTIKH 'Eva petov0lh0 YoXQUXTYQLOTIXO
evog Oelypotog

) |

/

Population Sample
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Meoog opog ITanbvopod
"

2e un opadomompeve dedopeva, 0 pécog touv TAnbuouod eivar to dfpotopa OAWV TV TLUWY TOL
minbuouod Sk Tov TAnboug Twv TiweY Tov TANBuopov. O péoog touv Setypatog eivar to abpotopa OAWS
TV LY ToL Selypatog S Tou TANDoLG TwY THEATNENoEWY TOL SelyUATOG.

( X | (. ¥ - =X )

| POPULATION MEAN L= N [3-1] l SAMPLE MEAN X= = [3-2] .

Omov p o minbuoptanog péoog, X ot TLpeC Twy Onov X 0 Setypatindg géoog, X ot Tudg

ototyetwv Tou TAnbuopon, X 1 Tedkn ™g TWY GTOLYELWY TOL BElYUATOG, 2 7] TEKEN TG

aBpotong nar N 1o péyebog tov mAnbuopov. abpotomng nat 7 To peyebog Tov detypotoc.
I[TAPAAEII'MA:

SunCom is studying the number of minutes used monthly by clients in a particular
cell phone rate plan. A random sample of 12 clients showed the following number
of minutes used last month.

90 7 94 89 119 112
91 110 92 100 13 83

What is the arithmetic mean number of minutes used?

Sum of all values in the sample
Number of values in the sample
ZX 90+77+---+83 1170

=3 12 12

Sample mean =

=975



H Awpeocog
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ATAMEZOZX: To #evtpno onpelo v Tty apob auteg eyouy otataybel and ) pinpodteen
TEOG TY] REYXALTEQY).

IAIOTHTEX THX AITAMEXOY
1. Yrapyet plo povadiny Stapecog o uable cLvoro dedopevmy.
2. Aevennpedletar and TG LTEEROMNG UEYHUAES 7| LIMQEES TLUEG UXL ETOUEVS ATOTEAEL EVX

TOADTLLO PETQO TG UEVIQUNG TACTG, OTAY TEOXLYPOLY TETOLEG TLUEG.

[TAPAAEITMATA:

Ot Nhixieg Yl v Selypa Tévie QorTnTdy sivat: To 0og teaoapwy narabooypaiptotwy oe vtoeg, eivat:

21, 25, 19, 20, 22 76,73, 80, 75

Argtaén twv dedopévwy oe ab€ovoa oelpa:
Argtaén twv dedopévwy oe abovoa oelpa:
19, 20, 21, 22, 25. 73,775, 76, 80.

¥, o SoenEas Shvan 21, Apa, 1 ddpecog etvat 75.5



H Emxrpatodon Tipm
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|

EITTKPATOYXA TIMH: Eivot 1 1t petod twv Tegatnenoewy 1 onot
UeyaALTEQT) CLYVOTNTA.

eppoviletat pe Ty

The annual salaries of quality-control managers in selected states are shown below.

What is the modal annual salary?

State Salary State Salary State Salary

Arizona $35,000 llinois $58,000 Ohio $50,000
California 49,100 Louisiana 60,000 Tennessee 60,000
Colorado 60,000 Maryland 60,000 Texas 71,400

Florida 60,000 Massachusetts 40,000 West Virginia 60,000

Idaho 40,000 New Jersey 65,000 Wyoming 55,000

A perusal of the salaries reveals that the annual salary of $6
often (six times) than any other salary. The mode is, therefore,

0,000 appears more
$60,000.



Madian = 20
Modae = 20

zero skewness
mode = median = mean

0 Ao€otnta
En. tun= Awpecogc=Mécog

]

G

Skewed to the right
(positively skewed)

Frequency

X

] esyrons

Mode Median  Mean
$300 $500 §700

positive skewness
mode < median < mean

Oetiun Aokotnta

En. tpn< Awrpecoc<Méocog

Ot oyetineg Oeosig Meoov, Arpecon xat
Enuwpatovoug Tt

xEVNTINT) AOEOTN T

En. tun> Awrpecoc>Méocog

Frequency

/I\w

Medlan  Mode
ZE{D 2800 3,000

negative skewness
mode > median > mean



O I'swpetourog Meoog
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[GEUMETHIG MEAN GM =V(X)(Xo) - - - (X,) [3-4])

XoNnoog yoe ™y eLEECY] ™G KoM KeTaBOANG TOcOoTWY, dewmtwy 1 ELOULWY avanTLENG
010 YEOVO.

‘Eyet evpeia epappoyn otig entyeloNoels uat ot owmovopumd rabwg ToAd cuyva Belovpe vo
Boobue Ti1¢ TocOoTINIEG RAAAYES OTIC TWANOELS, OTIC XTOOOYES 1] O OWOVORMA UeYedn
onwe to AEIT.

O yewpetpwog pecog Oa elvat mavtote winpod1epog 1) tloog and Tov aptbuntind peco.

O 1omog y tov I'ewpetpind Meco divetor noxponatw:

ITAPAAEIT'MA:

Yrobeote OTL avTOV TOV YPOVO TIaipveTe avEnon 5% otig anodoyég oag uat 15% abEnon
TovV enopevo ypovo. H péon emota nocootiaia abénon eivar 9.886, xot oyt 10.0. Tt
opws; Ag vtoloyioovue Tov I'ewpetoind Méoo.

[GM = J(105)(115) = 1.09886}
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Metpa Atxonopag
L

Merpa Oeong, Onwg 1 péorn TN 7 1 SLAUECOG, TEQLYQAPOLY LOVO TYV UEVTOUY] TAOY] TV OEOOUEVWY.
AvTa T HETEX €Vl TOADTLUNG ONUXGING XTO AVLTY TN OUOTUX, XAAX OEV LAC GLVOLY XAVEVA GTOUYELO
OYETIMG (e T7] OLUCTIOOX TV OEGOUEVWV.

It tepddetypar, av 0 Eevaryog oo Agel OTL 0 TOTAUOG UTEOCTH OuG EYEL X TA Ueco 0o Babog 3 moda,
Do O¢hate va Swxoyloete t0 motapt ywelc emmpocbeteg mAnpoyopieg; Mddlov Oyl Oa Belate va
YVwELleTe ATl THEATAVW OYETHMX Ue T7] Stauduavor) Tov Babouc.

‘Evag dedtepog AOYog yloo ™) UEAETY] NG OLXOTOOAS GE EVXL GLVOAO OEOOUEVWY EIVXL YL VO TNV

oLY%ELVOLE GE BLO 7| TEQLOCOTEQEG UATAVOUEG. ]

Baton Rouge.

10

o
50
x
)
il 5. ... 88358
N B o . ..585058 .9
6 TIU Z‘U 40 41 42 43 44 45 46 47 48 49 50 51 52 53 54 55 55 57 58 58 80

Employees

X
o Daiy Production

P
EYPOS kHAHEE Range = Largest value — Smallest value [3_3])
MEXH ATIOKAIZH MEAN DEVIATION MD = M [3-7] ‘
n
POPULATION VARIANCE g2 = =X = W [3-8]
TMTAYOHEMIAKH AIAKYMANXEH i N g
( R
[TAY®OHEXMIAKH TYITIKH ATTOKAIZH POPULATION STANDARD DEVIATION i ‘»% [3-9]}
4 ;




NMAPAAEIIMA - Meon ATTOKAION
.

[MEAN DEVIATION MD = M [3—711
n

where:
X is the value of each observation.
X is the arithmetic mean of the values.
n is the number of observations in the sample.
|| indicates the absolute value.

ITAPAAEIT'MA:

O afpog twv Cappuccino mov movAndnxay ota Starbucks petagd 4 ot 7 p.p. TN eva
Osiypo 5 npepwy T0v TTEOMYOLPEVOL gtovg gwvor 20, 40, 50, 60, o 80. Bosite v Méon

A7oxhor twv Cappuccino mov movAn0nyoy. [ — T x_ 0 e e s w ]
Bhpa 1: Yroloyiote tov péoo 6o Y i ]
Mumber of Cappuccinos Sold Daily X=X Absolute Deviation
Brpo 2: Aponpeote tov péco 6po (50) anod - T =
wabe mopaTNENoN, petatpédte oe Betind i 0 i o =
OO av 10 AMOTEAETPAL EIVAL XOVYTIHO. i e s R L -
Total 80

MD:J_LE xn—x =%=16

Bnpa 3: ABpolote Tig amoluteg TLpég Twv Sapopwy Tov Benrate oto Brpa 2 non péta dtoatpéote
UE TOV GLVOMUO KPLOUO TWY TUEATNOYCEWV.
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Awondpovon xot Tomnn AnoxMon
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ATAKYMANZXZH: O apfuntinodg pécog twv TETRaymvIs®Y XTOXAMCEWY XTO
NV RECT TLUN.

- oy
— )2
POPULATION VARIANCE o? = w [3-8]
b y

[ TYTIIKH ATTOKAIXH: H tetpoywvinn pie g Stoandpovone.

o? is the population variance (o is the lowercase Greek letter sigma). It is rea
as “sigma squared.”

X is the value of an observation in the population.

w is the arithmetic mean of the population.

N is the number of observations in the population.

o H Awbpavon naw 1 Tonnn Anonhion dev Talovouy aEvNTIKES TLLEG Kol
undevilovtat LOVOV Eqv OAEC Ol TAEATYOYOELG etvat 1SLeg heTaéh TOuG.

® [t Toug TANOLGPOLS TWV OTOLWY Ol TULES ElVaL X0vTd 070 HETO, V] ALUDIOVGY)
not 1) Tomnen, Amordon Ba eivor pixon.

® ['lx Toug TANOVOPOLG TWV OTOLWY OL TUUES EWVAL LOIAITENA OLATXOPTITUEVES A0 TO
uéao, 1 Avonduovern xo 1 Tomwnn Andnhor Ba etva peydd.

® H Swnbdpavor Eemepva v aduvapio ToL EDEOVG, UAVOVTAS YON O OAWY TWV
Ty T0L TABuouoD.
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ITAPAAEII'MA - Awaxdpaver ITAnOvopod

Ao d) Tunmn’ ATCé%MO‘H Hkﬂﬂooﬁoé

O ap!0pog 1wV auToXIVNTWY TTOL TTOLANOTMAY TOVG TedevTaiong 12 unveg, avapeoeTo

TIOLQUNOLTI:

Month
Citations

January
19

ebruary  March  April  May June July August September October November December
17 2 18 28 MU & 39 38 4 34 10

ITowx sivar 1 Ataxdpavor tov ITinOvopoo;

Bnpa 1: Boette tov péco opo.

Brpo 2: Bpette 1 dpopd avapeoa oe
nabe mapaTNENoY nAUl TO PUECO OO, KAl
TETOUYWVIOTE XLTY TV] OLXPOQUL.

Bnpa 3: ABpotote Okeg TG
TETQUYWVIOUEVES OLOPOOEG

nov Bonuate oto Prpa 3
Bnpa 4: Awvpeote to abpolopa twv

{ 3'x 19417+..434+10 348 }

N

12

12

Month

Citations

(X)

X — p

(X — p)*

January
February
March
April

May

June

July
August
September
October
November
December

Total

19
17
29
18
28
34
45
39
38
44
34
10

348

—10
—12
—7
414
—1

16
10

15

8

100
144

19
121

25
256
100

225
25
361

1,488

TETQUYWVIOUEVWY OLXPORWY UE TOV XPLOUO TwV
ototyetwy Touv TAnBuouob.

X_ 2
Laz: DX —p) :1,;1;58 =124}

N




Awoxdpovon ot Tomxnn Amoxiorn Aelypatog
.

( . \ -
— ¥y _ v
SANPLE VARINGE - AT [B-40] | SAWPLE STANDARD DEVIATIN 5= 20X -1
\ n= 1 / \1 n- 1

Omov:
s* givon 1 Sraxdpaven Tov Setyporog
X etvon m T TG KABe Topotipnong 6to detyua,

[IAPAAEITMA X etvoun péon Ty Tov Sefyparog (17)

To wpowichio i v Selypo n givo 0 oplOUOC TOV TOPUTNPNGEDY TOL OEIYUOTOG

NUATXOYOAODUEVWY LTUAANAWY ElVAL: TS
$12, $20, $10, $18, sou $19. *x) X-xX «-x
$12 —3$5 25
20 3 9
16 =1 1
[Towx etvort 1 Sramdpvey TOL 18 1 1
' : 1 - i
OelyUATOG; o= ; -

s2=2{x—“)?)2= 40
n— 29—

= 10 in dollars squared
3-13



To Bewpnpa tov Chebyshev xat o Epmetpinog

Kavovac

Ag vrobfecovpe 0Tt 0 aEBunTINog pécog
ytoe eéva 6bvoro dedopevwy etvar $51.54,
naL 7] T oMo eivae $7.51.
TouvldyloToV Tt TOGOCTO TAUEATYOY|GEWY
aviet oto Stdotpa £ 3.5 tuminég
XTOUAOELS XTO TO UEGO OQO?

Oeswpnpa Chebysev: ' onotodnmote
oLvoro dedouevwy (detypa 1 TAnbuopo), n
XVXAOYIO TV TAEATNENCEWY OL oTtoleg Ha
AVIUOLY OTO SLAOTNUX T A& TUTIHES
XTOXALGELS ATIO TO EGO EVAL TOLAXYLGTOV
1-(1/ &%), omov £ onotadnrote otabepd
peyoxAbTeEn amo 1.

EMPIRICAL RULE For a symmetrical, bell-shaped frequency distribution,
approximately 68 percent of the observations will lie within plus and minus

one standard deviation of the mean; about 95 percent of the observations will lie
within plus and minus two standard deviations of the mean; and practically all
(99.7 percent) will lie within plus and minus three standard deviations of the mean.

|
|
|

[
L
I\

x
I
ol

| |
| ] | 1 1

70 80 90 100 110 120 130
b+— 68%—
< - 95%
| 99.7% >

CHEBYSHEV'S THEOREM For any set of observations (sample or population), the
proportion of the values that lie within k standard deviations of the mean is at
least 1 — 1/k?, where k is any constant greater than 1.

CHART 37 A Symmetrical, Bell-Shaped Curve Showing the Relationships between the
Standard Deviation and the Observations

Epmetpmog navovag: o plo ooppetom,
LOQYTG HAUTAVAG, KATAVOWUY), TeQITOL 68%0

TV ToepatneNoewy Ba etvan eviog 1 tomung
AMOUALGNG ATO TO PEcOo, 95% avtwy evtog T2
TUTUOV ATOXAOEWY antd TO peco nat 99.7%
aLTWY evTOg 13 tumnwy amoxkicewy and TO
HEGO.



3-15

O Agpifpuntinog Meoog Opog »ot Tomixny
AnoxMor Twv Opadomompevmy Asdopevmwy

ARITHMETIC MEAN OF GROUPED DATA Xi= S

n
o

Onov X 0 Setypatindg uéoog, M
MEVTOWY] TLY] TOL EDEOVG, f 1 cLYVOTNTA
nabe uhoong nat n 1o peyebog tov
delypatog.

ITAPAAEIT'MA:

Ynohoyiote v a@lOpnTin péoy Tium
TIWAM|ONG TWV OYNUATWY TOL AVUPEQOVTUL
GTOV TIUQAXATW TIVAHX GUYVOTHTMV.

[3-12] 1 STANDARD DEVIATION, GROUPED DATA s = \

[SAM — XP?

e [3-13] ‘

Omnov s 1 derypotiny tomuy andnhor, M n
MEVTOWT] TLYLY] TOL ELEOLG, f 1 cLYVOTNTX
ndfe xhdom, n o puéyebog Tov Selypatog
not X 0 SELYHATINOG HECOG.

ITAPAAEITMA:

M \ A \ \J
Ymoloyiote TV TOTUXY ATOXMGY] TNG TUUNG TOAONG
TWV OYNUATWY TTOV AVAPEQOVTHL GTOV THQUHNATE
TUVOXAL GLYVOTHTWV.

Selling Price
($ thousands) Frequency (f) Midpoint (M) m
15 up to 18 8 $16.5 $ 132.0
18 up to 21 23 195 448.5
21 up to 24 17 225 382.5
24 up to 27 18 25.5 459.0
27 up to 30 8 28.5 228.0
30 up to 33 4 31:5 126.0
33 up to 36 2 345 69.0
Total 80 $1,845.0

Solving for the arithmetic mean using formula (3-12), we get:

S $1,845
n 80

We—

= $23.1 (thousands)

Selling Price B - B

($ thousands) Frequency (f) Midpoint (M) M-X) (M- Xy (M- X)?
15upto18 8 16.5 -6.6 43.56 348.48
18 up to 21 23 19.5 ~36 12.96 298.08
21 up lo 24 17 22,5 -0.6 0.36 6.12
24 up to 27 18 25.5 2.4 5.76 103.68
27 up to 30 8 285 5.4 2916 233.28
30 up to 33 4 315 8.4 70.56 282.24
33uplo36 2 345 1.4 129.96 259.92

80 1,531.80

[SfM — X? _ [1531.8

=i = = 4.403.
=N n=1 \ 80 — 1




