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EKTINNTIKN OXETIKA PE €vav NANBUGuO...

Agiyua
. @
éuunspaop e O o

>TATIOTIKN

MANBUGHOC

MapaueTpoc

Oo aVaTTOCOVUE TEYVIKEC TPOKEILUEVOV VO, EKTIUNOOVV —
eleyyOovv mAnOuculakol TapaueTpot:

[TAnOvopaxdc pésoc apOunticog U

[IAnBvoiokn avarioyio P
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EkTiunTikn O0Tav n diakupyavaon o €ivar ayvwoTn...

210 TPpONYouueEVA KEQAAoLd eldaue TPOTOVC eKTiUNoNG & EAEYYOL TOV
LUEGOL evOC TANOLGLOV OTOV 1) OLKDULOVGT) TOV & 1] TLTTIKT] ATOKALGT] TOV

NTOV YVOOTH. ZUYKEKPLUEVA TOGO O EKTIUNTNG OLUGTNUOTOS OGO KOl O
ELeyyoc vobeonc vroloyiotTnkay otd TOV TUTO: X—-U

L= U;; ‘J;

ALLa mooo peatiotiko ivor va yvawpicovue v TAnboouioxn
oroxvuovon? H amavrnon eivor OXI!

[t T0 AOYO v TO, YPTNGIUOTOLOVUE TOV GTATIOTIKO EAEYYO
Student t, mov otvetol and Tov TOMO: X— U

f="
s/ \n
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EkTiunTikA OTav n diakupavon o €ival ayvwaorn...

Otav 6 dyvemotn TOTE YPNGILOTOIOVUE TOV GNUEIOKO EKTIUNTN TNG $

@é‘\g i

Ko 0 Z- EAeyyoc avtikabictatal amd tov t-EAeyyo, Tov

axolovdei Tnv xatavoun student t pue v = N-1 Baduoic
elevbepiac.

AvALOYO O EKTIUNTNC OLOGTLOTOS EUTLGTOGVVIC TOV S
mAnBvoakoy pécov p divetar amd tov tomo: X + 1, T
N
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'EAEYYOC U OTaQv O AyvwOTo ...

1. EAeyyoc vto0<oemv.

Ortav n tAnBvookn TomKn andKAIe™ Eivot AyvomoTn Kol O
TtAnOvceuoc akoAovBel TNV KavVOVIKN KaTovoun, 0 EAEYYOC
vo0écemv Yo Tov TANOuGUIaKO HEGO L LITOAOYICETON OO TOV

TUTO: X—U

f="
s/ \n

Ko akoAovOel tnv katavoun student t e v =n-1 Babupovc erevbepiog

2. EXTiun ¢ o100 TNNOTOS EUTLGTOGVVIG.

Ortav n tAnOvouakn Tomkn andKAIe™ Eivol AyvomoTn Kol O
TANOve O akoAOLOEL TNV KAVOVIKN KOTOVOUT], O EKTIUNTNG
OLGTHUATOS TOV TANOLGUOKOD HEGOL UL VITOAOYILETOL OO TOV

TOTO: — \)

X =X 'tr,:_.“z W
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Mapadeiypa 12.1

2TO KOVTIVO LEALOV OAEC 01 ypec Da ypetactel va Adovv
LETPOA YO TNV TPOGTAGIO TOVL TEPPAALOVTOC.

[T0avEC OpAGEIS 0 TEPLOPIGUOC TNG KATAVAAMGCTNG EVEPYELNG
KOL 1 AVOKUKAMGT),

2NUEPQ T TEPIGGOTEPU, TPOTOVTO TOL TAUPAYOVTOL OO
AVOKUKAMUEVA VAIKE elvorn onuovtikd akplotepa o€ oyEon
LLE OTA TTOV KATOOKEVALOVTOL LLE TTOPAUOOGIUKEC TEYVIKEG.
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Mapadeiypa 12.1
O1 epnuepioeg amoTeAOVV ECOIPEDT).

Etvou emkepoéc 11 avaKOKAMGT EQMUEPTOMV.

H onuoavtikdtepn tnyn KOGTOVE GTNV OVOKOKA®ON
EQNUEPTIOMV OTOTEAEL ] GLAAOYT] TOVG OO TU VOIKOKVPLE, KOl
TEAELTOUMC £YOVV EUPOVIOTEL OPKETES ETALPIEC TTOV
OPUGTNPLOTOLOVVTOL GTOV TOUEN QVTO.

O 01KOVOLKOG OVOADTNC ULaC TETOLUC ETALPIOG VTOADYIGE OTL
Y10 VoL EIvorL KEPOOPOPO, LLaL TETOL OPAGT) Ba TPETEL 1) LEGT
eBoopaotoio rocoOTNTA Vo Eivorn peyoAvtepn omd 2 APpec
(0,9 kg) avd votkokvp0.
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Mapadeiypa 12.1

‘Etol ota mAaicto TG LEAETNG GKOTTIUOTNTAC Y10, TV
KOTOGKELT] EVOC VEOU KEVIPOV GLALOYNC N £TULPLO ETEAECE
Eva Toyoio ogtyua 148 volkokvplwv tng meEPLoyns Kol
KotEypoye to Papog (o€ APpec) Tmv epnuUEPIO®V TOV
amEPPLYE KAOE VOIKOKVPLO TOV OETYUATOC KOTA TNV OLAPKELNL
uog efoouaoac.  Xml2-01*

Mmopovue amo To GTOLYELD VOL GUUTEPAVOVLE OTL TO
GYEOLOCOUEVO VEO KEVIPO GLALOYNC EQEMUEPIOMV Y10l
avoKVKA®GN Ba givar KEPOOPOPO.
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MNapadeiyua 12.1 (_KAGOPIZMOZ )

To Cntovuevo gival o EAeyyog o vToBeonc Yo TOV LEGO
TOV BAPOVE TV EENUEPTIOMV TOV UTOPEL VO OLVOKVKADMGOLV
TOL VOIKOKVPLA TNC TEPLOYNG.

‘Etoln uvmo EAeyyo mapaueTpoc eival o tAndueuiakoc HEGOC L

Oclovue vo YVOPIGOLUE EAV VTTAPYEL EMOPKELC OTTOOEIEELC YIaL VU
GUUTEPAVOLLE OTL O LEGOG EIVOL LEYOADTEPOC TOV 2. ZVVETMC,
Hi:p >2
H unoevikn vrobeon w¢ cuvnmc:
Hy:p=2

Copyright © 2009 Cengage Learning 12.9



MNapadeiyua 12.1 (_KAGOPIZMOZ )

Eme1on n tumikn amokAen 6 Tov TAnOvouov ivon dyvmotn
Oa ypnowonomnbet o EAeyyogt
(- X~ v=n-1=148-1=147
s/+/n

Eme1on n evarllaktikn) vmobeon eivai:
Hi:p >2

H meproym andppryng yiverai yio 0=0,01:
t>1,y =to1148 = Lo1150 = 2.351

Example 12.1 Manual Calculations
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MNapadeiyua 12.1 (_KAGOPIZMOZ )

YnoAoyiGuot:
2%
g _ 25+0,7+...+26+31 _ 322, 7 _218
n 148 148
I |a . CLix)’
5 = x; — === 20,962 & S =V~ =0,981

n—1|i n

X — 2182
t a — 224

“s/Jn 0981/4/148
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Mapadeiyua 12.1 (YNOAOFIZMOZ )
Click Add-Ins, Data Analysis Plus, t-test: Mean

Data Analysis Plus

Inpuk Range: | 'Sheetl'1$a%1: 545149

Hypathesized Mean: | 2
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Mapadeiypa 12.1

(YNMOAOrIZMOZ )

A B D

1 [t-Test: Mean

2

3 Newspaper
4 [Mean 2.18
5 [Standard Deviation 0.98
6 |Hypothesized Mean 2
7 |df 147
8 |t Stat 2.24
9 [P(T<=t) one-talil 0.0134
10 |t Critical one-tall 1.6553
11 [P(T<=t) two-tall 0.0268
12 [t Critical two-tall 1.9762

Copyright © 2009 Cengage Learning

12.13



Mapadeiypa 12.1 (__EPMHNEIA )

H tiun tov otatiotikob er&yyov t = 2.24 kou 1 avtictoyn p-
Tiun eival .0134.

2VUVETTMC 0EV DIAPYOVV ETOPKEIC ATOOEICEIS MOTE VA
GUUTEPAVOLLE OTL TO LEGO PAPOC TOV EPNMUEPIOW®V TPOC
amoOppyY” Etvor ueyoAvtepo TV 2.0 MPpav.

Lllopotnpnote 011 vIAPYEL KATo1a. £voelcn, n p-tiun eivoi 0.0134.
Qotooo, emeion Oéloue vo eluaote TOAD Giyovpol Yio. TO COUTEPCTUO,
opiotnke wg o = 0,01

"ETol, 06V KOTOAYOVUE GTO GUUTEPUGUA OTL TO EPYOCTAGLO
OVOKVKAMONS 0a Tav KEPOOPOPoO.
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Mapadeiyua 12.2

In 2004 (the latest year reported) 130,134,000 tax returns
were files 1n the United States.

The Internal Revenue Service (IRS) examined 0.77% or
1,008,000 of them to determine 1f they were correctly done.

To determine how well the auditors are performing a random
sample of these returns was drawn and the additional tax was
reported. Xm12-02

Estimate with 95% confidence the mean additional income
tax collected from the 1,008,000 files audited.
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Example 12.2 (__IDENTIFY )

The objective 1s to describe the population of additional tax
collected.

The data are interval.
The parameter to be estimated i1s the mean additional tax.

The confidence interval estimator 1s

_ A)
X = Iu /2 ﬁ
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Example 12.2 (__COMPUTE )

For manual calculations click

Example 12.2 manual calculations

For Excel skip to next slide.
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Hyperlinks/Chapter 12/Example 12-2 manual calculations.ppt

Example 12.2 (__COMPUTE )
Click Add-Ins, Data Analysis Plus, t-Estimate: Mean

Data Analysis Plus

Input Range: | 'Sheetl'1$as1:$a%210|

Zancel

W Labels Help

Alpha:
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(  COMPUTE )

Example 12.2
A B D
1 [t-Estimate: Mean
2
3 Taxes
4 |Mean 6001
5 |Standard Deviation 2864
6 |LCL 5611
7 |UCL 6392

Copyright © 2009 Cengage Learning
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Example 12.2... (__INTERPRET )

We estimate that the mean additional tax collected lies
between $5,611 and $6,392 .

We can use this estimate to help decide whether the IRS 1s
auditing the individuals who should be audited.
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Check Required Conditions

The Student t distribution 1s robust, which means that 1f the
population 1s nonnormal, the results of the t-test and
confidence interval estimate are still valid provided that the
population 1s “not extremely nonnormal”.

To check this requirement, draw a histogram of the data and
see how “bell shaped” the resulting figure 1s. If a histogram
is extremely skewed (say 1n the case of an exponential
distribution), that could be considered “extremely
nonnormal” and hence t-statistics would be not be valid in
this case.
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Histogram for Example 12.1

Histogram: Example 12.1

Frequency
N B O
O O O O

0.8 1.6 2.4 3.2

Newspaper

4.8
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Histogram for Example 12.2

80 -
60
40
20
0

Frequency

2000 6000 10000 14000 18000

Taxes
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EvToniouoc napayovrwv

[Tapayoviec mov Tpocolopilovy ToV t-EAEYYO Kol TOV
EKTIUNTN TOV W :
Describe a Population

Data Type? Interval —c’::Type of Descriptive Measurement?>‘

— Central Location
Test Statistic: Parameter of interest: !/L

/ X—=WU Interval Estimator:
?/VH X + 7 i

of 2 ‘\/E

Required Condition: Population is normal (or at least “not extremely nonnormal™)

v=n-1 degrees of freedom
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EkTiunTikn: MAnBuopiakn Avaloyia...

Otav ta 0gdouUEVA E1vVOL OVOUAGTIKA, KOTOUUETPOVLE TOV
aplOUo TOV epEAVIcEDVY TNG KADE TIUNG Kol VTTOAOYICOLUE TIC
avaroyiec. 'Etol, n mopdUeTpoc TOV HOG EVOLUPEPEL Y1 VL
TEPLYPAYOVLE EVOL TANOVGLO OVOUAGTIKOV 0E00UEVMV ELVOL
n tAnBuculoxkn avaioyio P.

H nopdpuerpoc avt PaciCetal 6T0 ovmwvouikod meipapa. O
GTATIGTIKOC OEIKTNG TOV YPNGLUOTOLEITAL YL TNV EKTIUNGT

KOl TOV EAEYY0 UoG ovoAoyiog opileTal mg: b= i

n

Omnov p-kameAdakt (hat) p ) etvor n avaroyia Tov Oetypotog
LE X aplOud emtvytOv o€ Eva doetyua peyEdoug n.
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EkTiunTikn: MAnBuopiakn Avaloyia...

Ortav np ka1 n(1-p) etvor TaOTOYPOVO LEYOADTEPA TOV S5, 1M
KATAVOUT TOV detypatoc Tov P eival Kotd Tpocsyyion
KOVOVIKT UE UECO: U= P

p(l-p)

n

Tonum andkAion: O =\/

___p-p
\p(l-p)/n

Kot tvromompévo €reyyo: 2
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EkTiunTikn: MAnBuopiakn Avaloyia...

1.’ EAgyyog yio pa avaroyio tAn0vopov

O &leyyog vTOOEGMC TOV YPNGIUOTOLOVUE Y10 Lot AVaAOYioL P EVOC
mAnOvcpov givor: p-p

“T = p)in

2. EXTiunm)¢ 0106 TNNOTOS EUTLGTOGUVIS Y10, UL0 OVUA0YLQ
aAn0vopnov

O exTuNTNC OGTUOTOS EUTIGTOGUVIG O Y10 Lot avaAioyio TAnfucuov
VTOAOYICETOL MC:

ﬁiznfz‘\jﬁ(l_ﬁ)’ln

(Ko yio To 000 amounteiton 0t np>5S ko n(1-p)>5)
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MNapadeiyua 12.5

2T1IC AUEPIKAVIKEC TPOEOPTKES EKAOYEC DTLAPYOLY OVO LOVO VTTOYT(PLOL
KOl aVTOC TOV KEPOILEL TNV TAEIOYNPia GE Lo ToALTELD KEPOILEL TO
GUVOAO TV EKAEKTOPMV TNE TOALTELOC AVTNG. XTNV TPAET, AVTO
onuoivel 01t gite 0 Anuokpatikdc N o Pemovumikdvoc vroymneog Oa
KEPOIGEL.

Ynobéote otl Ta amoteAEcLATA TG OMNUOCKOTNoNS 6000V (exit poll)
KOToypAenKay Kot Kooworomonkay g 1 = Anuokpatikoc vToynelog
2 = PemovumAikdvog vmoyneloc.

Ot kdAmeg kAgivouv otig 8:00 p.p.. Mmopel 0 TnAeonTikOg 6TaOUOC OV

TOPNYYEILE TNV ONUOGKOTTN O™ €£000V LE BAon T 0EO00UEVA VA

avayyeilel otic 8,01 011 0 Pemovuniikdvoc vroynelog 0o kepoicel?
Xml2-05*
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Mapaderypa 12.5 (_KA@OPIZMOZ )

To npdPAnua eival n meptypoen Tov TANBLGUOV TOV YNE®V
o€ uo moArteia. Ta oeoouéva etvon ovopaotikd. H
TOPAUETPOC TOV EAEYYETAL EIVOL 1] AVAAOYIOL EVOC EK TV
VTOYNPI®V £6TM TOL PemovumAikavov vtoyneiov.

['o va pumopel 0 TNAEOTTTIKOC 6TOOUOC Vo avayyYEIAEL TOV
PemovumAikdvo vroynelo o¢ viknt o tpémel va eAEYEEL
TNV VTO0ED

H;:p>.50
Kol o¢ ek Tovtov 1 unoevikn vmodeon yivetat:
Hy: p=.50
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Mapaderypa 12.5 (_KA@OPIZMOZ )

H xatavoun gival Katd TpocEyyion N TUTOTOINUEVT
KOVOVIKNG KATOVOUT UE EMIMENO onuavtikotntoc 5%.
Emopeveg z>z =1z,,.=1645

x 407
h=2 =0 0532
kot P=1T 268

O oTtaTIoTIKOC EAEYYOC ETvO:
,___Pp-p _ 0532-05
Jp@-p)/n  J05(1-05)/765

Example 12.5 Manual calculations

=177

['a vtoAoyiouoUC HEcm excel oglte TNV GuvEyELa.:
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MNapadeiyua 12.5 (YNOAOFIZMOZ )

Click Add-Ins, Data Analysis Plus, z-test: Proportion

Data Analysis Plus

Inpuk Range: | "Sheetl' 1041 4 0F 766

Zode For Success: 2

Hypothesized Propartion: 5
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MNapadeiyua 12.5

(YNMOAOrIZMOZ )

A B D
1 [z-Test: Proportion
2
3 Votes
4 |Sample Proportion 0.532
5 |Observations 765
6 |Hypothesized Proportion 0.5
7 |z Stat 1.77
8 |P(Z<=z) one-tall 0.0382
9 |z Critical one-tall 1.6449
10 [P(Z<=z) two-tall 0.0764
11 |z Critical two-tall 1.96

Copyright © 2009 Cengage Learning
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MNapadeiyua 12.5 (__EPMHNEIA )

2. eMmed0 onuavtikotnToc 5% umopovue vo amroppiyovue
TNV UNOEVIKT v1TODEGT Ko VO GLUTEPAVOLUE OTL VTTAPYOVV
EMOPKELS OTOOEIEEIC TOV OElYVOLV 0TL 0 PEmovumAikdvoc
VTOYNPLO0¢ Do KEPOIGEL TNV TOALTE QL.

(061060, ALTO £1VUL 1) GOGTY ATOPACN;

Oocot yvopiCouv AyyAkd pumopodv vo. 00UV GTNV GUVEYELD, Tl
TPOLYLOTIKA GUVEPT).
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Mapaderypa 12.5 (__INTERPRET )

One of the key 1ssues to consider here 1s the cost of Type I
and Type II errors.

A Type I error occurs 1f we conclude that the Republican
will win when 1n fact he has lost.
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Mapaderypa 12.5 (__INTERPRET )

Such an error would mean that a network would announce at
8:01 P.M. that the Republican has won and then later 1n the
evening would have to admit to a mistake.

If a particular network were the only one that made this error
it would cast doubt on their integrity and possibly affect the
number of viewers.
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Mapaderypa 12.5 (__INTERPRET )

This 1s exactly what happened on the evening of the U. S.
presidential elections in November 2000.

Shortly after the polls closed at 8:00 P.M. all the networks
declared that the Democratic candidate Albert Gore would
win 1n the state of Florida.

A couple of hours later, the networks admitted that a mistake
had been made and the Republican candidate George W.
Bush had won.
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Mapaderypa 12.5 (__INTERPRET )

Several hours later they again admitted a mistake and finally
declared the race too close to call.

Fortunately for each network all the networks made the same
mistake.

However, 1f one network had not done this 1t would have
developed a better track record, which could have been used
in future advertisements for news shows and likely drawn
more VIEwers.

Considering the costs of Type I and II errors 1t would have
been better to use a 1%significance level.

Copyright © 2009 Cengage Learning 12.37



Selecting the Sample Size

When we introduced the sample size selection method to
estimate a mean 1n Section 10.3, we pointed out that the
sample size depends on the confidence level and the bound
on the error of estimation that the statistics practitioner 1s

willing to tolerate.

When the parameter to be estimated 1s a proportion the

bound on the error of estimation 1s

o
B:Z&/Z\/lo(nlo)
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Selecting the Sample Size

Solving for n we produce the required sample size to
estimate p and where B 1s the bound on the error of

Estimation

4 ~ ~Ax )
Z 12+ PA—P)

\ 5 J

Unfortunately we do not know the value of IAD
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Selecting the Sample Size

Two methods — in each case we choose a value for p then
solve the equation for n.

Method 1 : no knowledge of even a rough value of p This
is a ‘worst case scenario’ so we substitute p= .50

Method 2 : we have some idea about the value of P This is
a better scenario and we substitute in our estimated P value.
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Selecting the Sample Size

Method 1 :: no knowledge of value of p, use 50%:

. {1 96+/.50(1 - .50)

= 1,068
03

Method 2 :: some idea about a possible P value, say 20%:

- _[1.964/.20(1 - 20)
03

] =683

Thus, we can sample fewer people 1f we already have a
reasonable estimate of the population proportion before
starting.
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EvToniouoc napayovrwv

[Tapayoviec mov Tpocolopilovy TOV Z-EAEYYO KOl TOV
EKTIUNTN OLOGTNUATOG TOV .

Describe a Population

Data Type? Nominal

Parameter of interest: p

Test Statistic: Interval Estimator:

p-p (1 %
z= A p(l-p)
\p(-p)/n p=* ZM\/ -

Required Conditions: np =5 and n(l1-p)=5 (for test)
npz5 and n(l-p)z5 (for estimate)
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Alaypaupa ponc uebodoloyiwv kKepaiaiou

Mepiypapn Tou NAnBucuoU

<I’ unog Bséopévcov'.>
\ 4 \ 4
ZUVEXN OvopaoTika

¥ . \ll

< TUTTOC TTEQIYPAPIKWY PETPWV? > - Z EAeyxog & exTiunon

l l ' avahoyiag p |
Kevrpiknc ©éonc MeTtafAnToTNTaC
—— B
- téheyxog& - X2éheyxos |
eKTiUnon M - & exTipnon o
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