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Eicaywyika

O 'Onwg eidape kal 0OTnNV  €l0aywyr, OTNV XTATIOTIKN ouvhBwg
EVOIAPEPOPAOTE VA EKTIMNOOUPE €va AYVWOTO HEYEBOG, TO OMoio
KAA&iTalr NapaueTpog Kar To onoio ouvnBwg ouvowiel KaTa KANoIov
Tpono TIG TIMEG TNG UMNO HPEAETNG PETABANTAG OTOV NANBUOHO, M.X.

£0N TNG Tlgn H exTipnon pag yiverar pe Tnv BonBeig KCITCI)\)\I’])\CI
sru EYHEVWV OEIYHATOOUVAPTNOEWY, OuvapThoewv dnAadn Tou
6€IX|JCITO(;, Ol OMOIEG KAAouvTal (onuslaKaq) EKTINNTPIEC. O TPONOC
EMNIAOYNG EKTINNTPIWV YiVETal €TE (a) ME Baon TNV Aoyikn, n.x. av

BEAQUME va EKTIMACOUME TNV HeEON TIMR OTOV NANBUOWO Hag

AKOUYETAl_AOYIKO VA XPNOIMOMOINCOUHE WG EKTIMATPIA TNV HEON

TN Tou deiypatog (plug in principle), eite (B) pe Baon d1apopeg

IBI0TNTEG, M.X. N EKTIUATPIA HAG BEAOUUE va EXEl PEON TIUN i0OnN HE

NV FIOO'OTI’]TCI onou ekTINaG (apepoAnwyia) &ite (y) PE Baon kanoio

KPITAPIO KaTaokeuncg (. X: sKTlpnTplsq HMEYIOTNCG NIBavogpaveiac).

O Na unevBupicoupe edw OTI Ol EKTIUATPIEG WG OEIYHATOOUVAPTIOEIG
gival Tuxaieg HETABANTEG Kal apa n i01a EKTIUATPIA CUVNBWG Naipvel
AaAAN TiPn oTav napartnpoupe aAAa dedopeva. 2uvnBwe BEAOUPE N
EKTIUNTPIA Pag va €xel pikpr) peraBAntotnta (dnAadr diacnopa),
£TOI WOTE TO TUMIKO OQAAUA €KTiPNOonG (N Tunikn anokAion Tng
EKTIMNTPIAG) va €ival JIKpo, dnAadn ol TIHEG TNG EKTIUNTPIAG HAG va
hunv petaBaAlovral noAu ano deiypa oe deiypa.
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ExTiunTpiec Meyiotnc Mobavogpaveiac

O To nio J1adedousevo KPITAPIO KATAOKEUNC EKTINNTPIOV
eival auto TNC peylotnce niBavogaveiac (maximum
likelihood). MBavogavela kaAeital n and kolvou o.M.m. N
o.J.n. TOUu TuXaiou Oeiypartog Xi,...,X,. Av TO
XapakKTNPIOTIKO NOU Hac evOlapEPEl MPOEPXETAl ANO &vda
nAnBuouo pe o.n.n i o.u.n. f(x;0) onou O civalr TO
dlavuopa TwV ayvwoTwVv NapageTpwy, TOTE €Neidn TO
Tuxaio Ociypa anoTeAsiTal and aveEapTnNTEC KAl IOOVONEC
T.J. N niBavogpavela Ba eival ion Ye

L®) =] [1(x,9)
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ExTiunTpiec Meyiotnc Mobavogpaveiac

0 H napandvw ouvapTnon €ival gJia cuvaprtnon Tou O kai
pac divelr Tnv niBavotnTta 1O OEiyua pac va npoepxeTdal
and TnVv UNOTIBEUEVN KATAVOUn ME napagerpo 6.
JUVENWC PNopouue va OlaAeEoupe To O €710l WOTE va
JEyioTONoIEiTAl autn N nmiBavornTta. Ol EKTIYNTPIEC NOU
NAipvoUPE HE TOV TPOMO AUTOV KaAouvTal EKTIUNTpIEC
Meyiotng Mbavogaveiag (E.M.M.) kar Tig oupBoAifoupe

HE 0.

O Apkera ouxva OOUAEUOUHE ME TNV AoyapiBuikn
niBavo@aveia yia Aoyouc EUKCI)I)\ICIQ UMOAOYION WV

1(0) = log(L(8)) = Z log(£(x;;0))
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ExTiunTpiec Meyiotnc Mobavogpaveiac

la Tnv peyioTonoinon TNG _nNapanavo
ouvapTnaong ouvnNBwg OOUAEUOUE
avaAuTiKa, Naipvoupe TIC LUEPIKEC
napayw ouq wC NpoC KABe ouvioTwWod TOU
0, TIG eElowVoUPE PE TO UNOEV KAl AUVOUUE
TO OUOTNPA NOU NPOKUNTEL. Ev ouvexeia pe
TNV Ponbeia  Twv OEUTEPWYV  HEPIKWV
napaywywv €eAEYXOUPE av TO CNUEIO Eival
NpAyuaTl ONUEIO PYEYIOTOU.

Me Tnv BonBeia TnG R pnopoupe €niong va
6ou € TO ypapnua TnG nibavogpaveiag Kal

POUME PE TNV Bonbeia Tou TO UEYIOTO.
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ExTiunTpiec Meyiotnc Mobavogpaveiac

Napadeiypa 1: 'EOTw OTI 0 apiBuoc X
TWV NETPEAAIOPOPWYV Mnou PpBavouv
KaBe pEpa og eva Alyavi €ival T.J. UE
Katavoun Poisson(A), onou A
ayvwoTo. Ta napakdatw O0edOUEVA
anoTeAOUV TIC MNaApaTnpnosic ano

Tuxaio dciypda 20 nuepwv
9 455 713 8 3654510554 3 3 4 7
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ExTiunTpiec Meyiotnc Mobavogpaveiac

[OTE

I(A) = log(L(L)) = Z log(e ™A™ /X, 1) =—nh + Z x. log A — 1ogf[ X, |
i=1 1=1 1=1

EukoAa npokuntel oT1 n E.M.T. Tou A
TOTE €ival A=X.
[1a TIC CUYKEKPIMEVEC NApATNPNOEIC N
TIMN TNC EKTIMNTPIAC hac €ival

A=X=5.75.
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ExTiunTpiec Meyiotnc Mobavogpaveiac

H enopevn ocuvaptnon ortnv R unoAoyidel
TRV AoyapiBuikn Poisson niBavogaveia
Yia OUYKeKpIigevo Oeiyua kal yia 10000
OIAPOPETIKEC TIMEC TOU A.

> lambda<-seq(0.001, 10, length=10000)
> poisson_loglikelihood<-function(data, lambda){
results<-rep(NA,10000)
for(i in 1:10000){
results[i]<-sum(dpois(data,lambdali],log=T))
he

return(results)

>
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ExTiunTpiec Meyiotnc Mobavogpaveiac

Mnopouue AoinOv va KAVOUME €&vda
ypapnua tTnc v AOyw cuvapTnonc Kal
va OOUUE EUNEIPIKA nou
LEYIOTOMOIEITAL.

> x<-c(9,4,5,5,7,13,8,3,6,5,4,5,10,5,5,4,3,3,4,7)
> results<-poisson_loglikelihood(x, lambda)

> plot(lambda, results, xlab="lambda", ylab="loglikelihood",
type="1")
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ExTiunTpiec Meyiotnc Mobavogpaveiac
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ExTiunTpiec Meyiotnc Mobavogpaveiac

O TMNa va BpoUpe €UNEIpPIKA TO HEYIOTO YPAPOUUE TNV
EVTOAN

> lambda[order(results)[10000]]
[1] 5.75

O H evroAn order(results)[10000] pag EI'IIOTpE(PEI TN
O0€on nou unapxel n peyaAuTtepn I(A), kal apa n EVTO)\I‘]
lambda[order(results)[10000]] Hag ENIOTPEPEI
npaypaTti To A nou peyioronolei TNV I(A).

0 H napanavw TI|..II’] Oev OT]|JC|IV£I Kat’ avayKn OTI €ival TO
LUEYIOTO, Kaewq sxoups napa |JOVO £va Clp|9|JO onpslwv
A. 2ZTNV NEPINTWON KAC €ival NpaypaT! To JEYIOTO agou

> mean(Xx)
[1] 5.75
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ExTiunTpiec Meyiotnc Mobavogpaveiac

I'Iapaéslypa 2. O xpovoc X (o€ AenTa)
avagovnc oTtnv  oupd yia va
eEunnpeTnBeiTe ano TO TAMEIO MIAC
Tpanelac &eO0TwW  OTI  €ival  T.M.
OUOIOHOPPa KATAVEUNUEVN OTO
6|ao-rnua (0,6), pe 6 ayvwaoTn
napausTpo 'Eotw OTI sxoups TIC
I'ICIpCIKCIT(D napatnpnosic 12 yxpovwv

avapovnge
5021064389784
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ExTiunTpiec Meyiotnc Mobavogpaveiac

H o.n.n. TNC OUOIOHOPPNEC KATAVOUNC
oto diaotnua (0, 6) sivai:

f(x;0)=0", xe(0,0), 6>0

H niBavogaveia ToTe €ival
L) =] |671,,(x;) omov
1=1

1, x €(0,0),
Lo (X)) = N 0€lkTplo GLVAPTNGN TOL GLVOAOL (0,0)
0, x ¢ (0,0).
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ExTiunTpiec Meyiotnc Mobavogpaveiac

O O avaAuTikoC TPOMNoC PE TNV napaywyo Oev HUnopei va OOUAEWEI OTO €V
Aoyw napadeiyua onodTte Ba (ntnooupe TNV PBonbeia TNC R vyia va
BpoUME TO PEYIOTO.

> theta<-seq(0.1, 20, length=10000)
> uniform_likelihood<-function(data, theta){
results<-rep(NA,10000)
for(iin 1:10000)<
results[i]<-prod(dunif(data,0, thetali]))
>

return(results)

be
> y<-c(5,0, 2,10,6,4, 3,8,9, 7, 8,4)
> results<-uniform_likelihood(y, theta)

> plot(theta, results, xlab="theta", ylab="likelihood",
type="|")

>TATIOTIKN ZUPNEPAoUaToAoyia 15 AnunTpnc ®ouokakng



ExTiunTpiec Meyiotnc Mobavogpaveiac

likelihood
6e-13 8e-13 le-12

4e-13

2e-13

0e+00
|

theta
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ExTiunTpiec Meyiotnc Mobavogpaveiac

H mBavogpaveila oOnwC NEPINEVAME
givar 0 oTav B < y, yia TouAaxioTov
eva i, evw otav B =2 vy, (yia oAa 1a i =
1,..,n) €ival Jia @Bivouoa ouvaptnon
TOU 6. ©OcAoUpE AoINOV TNV MPIKPOTEPN
TIMN Tou 6 Nou va Ikavonolgi Ouwc TNV
avicotnta 8 = vy, (yia OAa Ta i =
1,..,n), kai apa 10 peyiorto (E.M.M.)

N

gival 1o 0= max;_, {Yi}-
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AlaoTnuaTta EynioToouvnc

O O (onpelakeg) ekTignosig dev  pag  divouv  Kdnoid
nAnpogopia OXETIKA HE TNV akpifela N To O@PAAuA
EKTIMNONC.

OO0 Eivar Aoinov Xpnoigo va npocodIopiCOUE, HECW TWV
EKTIMNTPIWV KAl  TWV TUMIKWV TOUG 0(pa)\uaTcov eva
dlacTnua TO onoio Ba nepIEXEl TNV AyvwoTn TIMR TNG
NApAPETPOU HE KCIGOpIOlJEVf] navoTnTa, €0TW Y.

ZKonog pag dnAadn eival va Bpoups dUO NOOOTNTEC U KAl V
(u<v) €10l woTe P(USB<LV)=y=

O To [u,v] kaAesital 5ICIOTI’]|JCI spnlmoouvnq (A.E.) pe
GUVTE)\EOTI’] spnlo-rocuvr]q (o0.€.) y=1-a.

O To diaoTnpa eunioToouvng Tou B8 npoodlopileral YE Baon TRV
Karavoun Tng sKTmnTplaq Tou 6 ano To Tuyxaio Odeiyuaq,
OUVENWG Ol TIMEG U KAl V €ival TUXAIEG UETABANTEG. AUTO
ongaiver OTI ano OdIaPopeTIKO Osiyda (010U  PEYEBOUG
EVOEXETAl va npokuwouv diapopeTika A.E. yia 1o 6.
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AlaoTnuaTta EynioToouvnc

To eupog Tou A.E. €apTaTal ano To TUMIKO
OpAAPa TNG EKTINATPIAG Tou O Kai Tov
OUVTEAEOTH EMMIOTOOUVNG. 'O00 HEYAAUTEPO
€lval TO TUMIKO OQAAPa TNG EKTINATPIAG TOU
8 TOOO JEYOAAUTEPO EUPOG EXEl TO .
Enionc o000 HEYAAUTEPO OUVTEAEOTN
EMMIOTOOUVNG EXOUHE TOOO HEYAAUTEPO
eUPOC £x€| TO A.E.

To TUMNIKO OQAAPA TWV EKTIUNTPIOV Eival
avTIoOTPOPWG avaloyo Tou pHeyeEBoOUG TOU
O€lyHATOG N. 2ZUVENWG 000 TO N au&avel
TOOO TO €Upoc Tou A.E. Ba peiwveTal.
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AlaoTnuaTta EynioToouvnc

H npaypatikn eppnveia evoc A.E. ye o.k.
Y €ival n akoAouBn. & dia Ocipd
KATAOKEUWY OIaoTNUATWV EPNICTOOUVNC
Uiac  napapeTpou, PE  aveéapTnTa
delyyata TOU aAuTou pEeEyeEBouc, e&va
nocooto 100 yv% Twv dlaoTNUATWV
auTwVv “avapdeveTral” va NePIEXOUV TNV

aAnén Tiun TnCc napapeTpou 6.
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AlaoTnuaTta EynioToouvnc
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AlaoTnuaTta EynioToouvnc

MNapadeiypa: 'EoT® Xi,..., X, Tuxaio O&giyua
ano nAnBucpo pde peon TN W (ayvwoTn)
kal oiacnopa o2 (yvworn). Mia Aoyikn
EKTIUNTPIA VYIa TO W E€ival o0 OEIYUATIKOC
HECOC X.
[a peyaio n ano 1o K.0.0. &Epoupe OTI

X = N(u,6” /n).
SUVENWC TO TUMNIKO OPAANA TNC EKTINNTPIAC
uac sivai o/n.
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AlaoTnuaTta Euyniotoouvng

[OTE OJWC N T.H.

X —
z=2""E - N(0,1
c/~/n —
KAl OUVENWG AV Z,, TO ONUEIO EKEIVO
TNC TUMONOINUEVNC Kavovikng

KATavoung yia to onoio P(Z>z,,,)=a/2
EXOUME
P(-z,,<Z<z,,)=y=1-a.
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AlaoTnuaTta EynioToouvnc
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AlaoTnuaTta Euyniotoouvng

O Auvovrag Tnv aviootnta -z,,<Z<z,, WG Mnpog W
NPOKUNTElI TO akoAouBo y% A.E. via To U

()_(—za/zc/\/ﬁ, )_(+za/2cs/\/g).

O H mBavornTta
P()_(—za/zc/\/g, )_(Jrza/zo/\/ﬁ):y:l—a

dev ek@palel Tnv niBavoTnTa TO Y va NApPel TIMEC OTO
ev Aoyw Olactnua, 10T TO U €ival yia otabepa (av Kal
ayvwoTtn), aAAa e€ival n nbavoTnta TO &V AOYyw
d1A0TNHA va NEPIEXEI TNV NPAYUATIKN TIUN TOU W.
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AlaoTnuaTta Euyniotoouvng

Av X €ival n Tign TOU X o€
OUYKEKPIPEVO delyua TOTE Ba
EKTIUNOOUNE TO U UE TO dlAOTNHA

(i—za/zo/\/ﬁ, i-I—Za/zG/\/H)

TO onoio He mBavoTnNTa Yy TMEPIEXEI TO
ayvwaoTo M.
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'EAgyx0l YNoBeoewv

O XraTioTikn unoBeon ovopaderar kabe unobBeon nou agopa
OTnNV Katavoun piag Tuxaiag MeTapAnTng X. Zuvnbwg pid
urnoBeon agopa oTnv AayvwoTn nNapageTpo, €0Tw 6 Tng
KaTavoung Tnc Tuxaiac petaBAntng X.

B [lapadeiypa 1. 'Eotw X n  OI1ApKeia er]q OUYKEKPIMEVWV
AapntRpwyv gBopiou. EvdiapepouacTe va eAEyEOUE av ng.usor]
TI|Jr] TNG TuXaiag peraBAnTnG X, €0Tw W, €ival 2000h, dnAadr va

OUME av IOXUEl N pnésvmn urnoBeon Hy: p=2000 pe
sva akTIKn unoBeon Tr'v H,: y#2000. H anocpaon bag yia To
av 6a anogpltpouus oxl Tnv pnodevikn unobeon Ba yivel pe
Baon Ta dedopeEva pac.

B Aoyikn_ EAgyxou YnoBeoswv: ABwOG (Ho OWoTr) ~ HEXP!
anodeifewg Tou evavriou (H, AavBaopevn). Apa n 6a €xoupe
APKETEG eVOEIEEIC ano Ta éséopsva yla va anoppiyoupe Tnv
pundevikn unoBeon n dev Ba £XOUUE APKETEG EVOEIEEIG Kal Oev
MNOPOUME va TNV anoppiYPoupE.
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'EAgyx0l YNoBeoewv

O EAEYXOG H,:0=0,
H, :0 #0,
KAA€iTal appinAgupoc.
O1 eAeyxol
H,:0=0, H,:0=0,
H,:0>0, H, :0<0,
KaAouvTal JOVOMAEUPOI.
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'EAgyx0l YNoBeoewv

[la Tov €Aeyxo Miag (OTATIOTIKAG) UNoOBEONG

unoAoyi(OUUE TO OTATIOTIKO € syxou (test
statistic). 2uvnBwg TO OTATIOTIKO €EAEYXOU

€ival TNG Hopeng
(Extipntpia tov 0) — (T tov O pe faon v H,)

Tomkd Zedipo Extiumrpilog tov 0

[lapaTtnprioTe OTI TO OTATIOTIKO EAEYYXOU

€lval pia Oglyparoouvaptnon. AuTo onuaivel
OTIL ano OIAapOpPETIKO deiyua 1010U PEYEBOUG
EVOEXETAI VA NPOKUWOUV DIAPOPETIKEG TIHEG
yia TNV napanavw napaocraacn.
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'EAgyx0l YNoBeoewv

Ev ouvexeia XwpiCOUPE TOV MAPAHETPIKO

XWPOo O€ neploxn anodoxng (ol TIUEG TOU
OTATIOTIKOU €AEYXOU YIA TIG OroIleg Ogv
anoppinToude TNV Hy) Kai O Kpioiun
nepioxn (ol TIMEG TOU OTATIOTIKOU EAEYXOU
XICI TI% onoieg anoppinToupe TRV H,). O ev
OY®W OIaXWPIOHOG TOU napapsTleou XWPOU
e€apraral nepav TnG TIUNG TOU OTATIOTIKOU
€AEYYOU Kal ano pia méavoTrnTa a Tnv onoid
KAAOUME  €Minedo  ONUAVTIKOTNTAG = TOU
s)\sy}\(ou Kal 1ogouTtal Me TNV niBavoTtnTa
opaAparoc tTunou I.
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'EAgyx0l YNoBeoewv

NpayuaTtikoTnTa
Anogaaon Hy, AANBNC H, AAnBNG
0

Agv anoppintTw Hy | ZwoTth Anogaon >@paApa Tunou II
(mBavoTtnTta B)

Anoppintw H, >@paApa Tunou I >woTn Anogaon
(mBavoTnTa a)

O a = P(opaApa Tunou I) = P(anoppintw H, | Hy cwoTn)
O B = P(o@aApa Tunou II) = P(dev anoppintw H, | H; owoTn)
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'EAgyx0l YNoBeoewv

EniIAeyoupue TNV Kpioiyn NEPIOXN £TOI WOTE
va eAayioronolouvTdl ol niavoTnTec Twv 2
E10WV OPAALATWV.

KaTi TeTol0 OV €ival NAVTOTE EPIKTO, OMOTE
oTnv npa&én kpartaue 1o a ortabepo (n.x.
a=0.05) kal eEAaxioTonoiouue TO B.

H nmiBavoTnta P(anoppintw Ho | H; cwoTn)
= 1-B KAA&iTAl IOXUC TOU EAEYXOU.

>TATIOTIKN ZUPNEPAoUaToAoyia 32 AnunTpnc ®ouokakng



'EAgyx0l YNoBeoewv

1. Opifouhe TN PNOEVIKN Kal TNV €VAAAAKTIKN unoBeon
LUE BAON TO EPEUVNTIKO UAC EpWTNMA.

2. YnoAoyiloude TO OTATIOTIKO €AEyXOU yia Ta O£OOUEVA
hac.

3. Opifoupe TNV Kpioiyn nepioxn Mde Baon TNV
npokaBopiouevn niBavoTnTa opaiuartoc Tunou I a.

4. Av n TN TOU OTATIOTIKOU HAG EAEYXOU QVNKElI OTNV
Kpioiun nsploxn anoppinToOUNE TNV PUNOEVIKN unobeon,
aAANIWC OEV EXOUPE HE Baon Ta Oedopeva cofapec
evOEIEEIC VIa va TNV AnNoppiYoupE.
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'EAgyx0I YNnoBeoswV

O >to napadeiypa 1 Beloupe va eAey§oupe av  n HEON
OlIapKeIad CWNG OUYKEKPIMEVWV )\apnTnpwv pOopiou E€ival
2000h pe evaAAakTikn o1l dev eival. ‘Exoupe dnAadn Tov

€ENG EAEYXO: H -\ = 2000

H, : u #2000

O And Tuxaio deiypa 50 TETOlwWV AQUATHPWV €0TW OTI N
OEIYHATIKN _Heon TIMR npoekuye 1700h. To epwTnua Aoinov
EIVCII av n 6|c1cpopc1 auTn PETA&U TNG TIUNG Tou OeiynaTog Kal

g unoTIBEPeEVNG TIUAG Twv 2000h pag divel coBapeg
aEslq EVavTiov TNG Hy N av NIOTEUOUHE OTI NPONABE oTnV
AOYW TOU OUYKEKPIJEVOU Tuxaiou Oe&iyyaTtoc nou

sn eEaps

O Mpopavwg 000 HEYAAUTEPO €ival TO TUMIKO OQAAPA TNG
EKTIMNTPIAG ~ MOU  XPNOIMOMOIOUPE TOOO MI0  EUKOAd
MIOTEUOUHE OTI N naparnpoupevn autn dlapopa PNopei va
NPOEKUWYE OTNV TUXN.
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'EAgyx0l YNoBeoewv

0 YnoAoyiloupe Aoinov TO OTATIOTIKO EAEYXOU

X— 2000 X— 2000
SE(X) o/n

O Av unoBgooupe 0TI YVwPICOUPE TNV TUNIKN ANOKAION Tou
nAnBuopou, eotw 0=700h, TOTE TO Napanavw OTATIOTIKO
V1O TO OUYKEKPIUEVO OEiyua Naipvel TNV TIUN

~x— 2000 1700-2000

~ o/dn 7007450

7 —

=-3.03.

Z
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'EAgyx0l YNoBeoewv

O To egpwtnua Aoinov e€ivar noia €ivar n nbavoTrnta av
gixape kanolo aAAo dsiyua va napatnpoucdaps uia Tign
TOOO “akpaia” n kalr akoua nepiIocoTepo ano 1o z=-3.03.
Eneidn o €AeyxoC pac €ivar ap@inAgupoc wc akpaia
Bewpoupe onoladnnoTe TIPN nou e€ivar >3.03 n <-3.03.
Apa apkei va Bpouue TNV neptoxn (nbavotnta) Katw anod
TNV O0.n.0. TG T.J. Z 0€&ia Tou 3.03 Kkal apioTeEpPA TOU
-3.03 kal va TIC NpPoCOECOULE.

0 Ano 1o KOO &Epoupe OTI KATW ano TNV PNOEVIKN unoBean

X —2000

B G/\/H
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'EAgyx0l YNoBeoewv

[0 AnoO Touc nivakeg TNS Kavovikng Katavounc BpioKouue OTI

-3.03 3.03
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'EAgyx0l YNoBeoewv

O H HIGGVO]‘HTG AoInov va napaTtnprooupe Hid Tlpg TOGO
“akpaia” n kar akopa NePIcoOTEPO ano To |z|=3.03, dnAadn
n nméavornTta Tng nepioxng de€ia ando T10 3.03 OUuV TNV
néavotnTa TnG MepIoXnG apiotepa anod To -3.03, eival
nepinou 0.002. Apa KAtw ano Tnv PNdevIKN unoescn N TINN
Tou delypaTtikou peoou 1700h eival napa noAu anibavn kai
apa €XOUME NOAU ooBapeg evOEIEEIG evavTiov TNG HNOEVIKNG
unoesonq, Kal onoTE TNV AnoppinTOULE.

H napanavw I'IIGCIVOTI']TCI KaAegiTal P-Tiun Tou eAgyxou.

Mpoooxn! H P-Tiun Tou €Aeyyou dev eival n mbavoTnTa n
undevikn unoBeon va €ival aAnénc.

O H P-miun Tou €Agyxou e€ival n mBavotnTta TO OTATIOTIKO
EAEYXOU ToU xpnolponmo'upe va napel o€ KAMolo daAAo
Osiypa pia TOOO “akpaia” r kal akopa MePICOOTEPO TIMN ME
auTn Mou EXOUME naparnpnoel, OEXOMEVOI TNV HNOEVIK
unoBleon.

O >uvnBwc otav n P-Tiun < a anoppintoupe TNV HNOEVIKN

O 0

unoBeaon.
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'EAgyx0l YNoBeoewv

Av  BEAOUME vVyIO TO €&V  AOYW
napadsiyya va OnUIOUPYNOOUMPE TNV
KPIoIUN nepioxn o€ €.0. eoTw a=0.05
Ba nTav AovyIKO va E&ixape ToVv €ENC
Kavova Vid TO OTATIOTIKO €AEYXOU
uac:

AnoppinTw TV Hy av:
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'EAgyx0l YNoBeoewv

Kpioiun Mepioxn Kpioiun Mepioxn

'ZCI/Z ZCI/2
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'EAgyx0l YNoBeoewv

O

O

O

O

Na a=0.05 &uUkoAa Bpiokoupe and TOUG NIVAKEC TNG
TunonoinuevnG Kavovikng Katavoung oTl Zg 5,s=1.96.

Apa z=-3.03<-z,,,:=-1.96 0onNOTE aANOPPINTOUPE TNV HNOEVIKN
unobleon.

IoodUvaua 6a pnopouvoape va kataokeualape eva 95% A.E. yia
TO M, TO onoio dev €ival TinoTa aAAo ano Tnv neploxn anodoxnc:

(i—za/zc/\/g, i+za/20/x/g):(1700—1.96-500/\/%,1700—1.96-500/@):
= (1506,1894)

MapaTnpouUpe OTI To napanavw AE dev nepiexel TNV UNOTIBEUEVN
TIN pE Baon Tnv H, Twv 2000h kar apa odnyoupacTe OTO

OupNEPACHA va anoppiyoupe TNV Hy
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'Eva deiyua

O 'EAeyxoc via Tnv pEON TIMN MIAC NOCOTIKNC
HETGBAnTnc

Ac unoesoouus OTI €XOUME Mia Tuxaia peTaBAntn X and nAnbuopod
ME MEON TIUN M kal diaonopda o2 (g, ©% ayvworta) Kal
evdlapepopacTe va eAeyEoupe Tnv unobeon Hy: g = Mg EvavTl TNG
H1 M # Ho. 'EOTW Xj,...,X, Tuxaio d€iypa. To OTATIOTIKO EAEYXOU HAG
TOTE €ival

X - 2000 X- 2000

SE(X) o/n

To onoio akoAouBei Tnv N(0,1). Eneidfy To 0 €ival ayvwoTo TO
EKTIMOUME anod Tnv OEIyPaTIKA TUNIKN anokAIon S kal To OTATIOTIKO

eAEYXOU YiveTal v
=22 2990 gin-1).

S//n
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'Eva deiyua

O AnapaitnTn npodnoBeon yia Ta napanavw eivalr Ta dedopeva
gaq va eival Kavovika katavepunuéva n 1o PeEYeBOG TOU
€lyparog gival yeyaio (n>50).

O >tnv nepintwon paAlota nou To peyeBog Tou deiypaTog eival
uEyalo n kartavoupn Tou Student npooeyyiletal ano Tnv
Kavovikn katavoun, onoTe YNOPOUME va BewpPrOOUHE OTI TO T
akohouBei Tnv N(O,1). Me Baon Aoinov TOuG NIVAKEG TNG
Student kaTavounc (n ™G N(O,1) yia peyalo deiypa) Nnopoupe
va PBpoupe Tnv P-TiuR Tou napandavw eAeyyxou. O e&v Aoyw
eAeyxoc KaAeital one sample t-test.

O Av To peyeBog Tou deiypartog dev eival JeyAAo kal dev |%xus| n
KavovIKOTNTd, TOTE ) HETAOXNMATICOUPE KaTaAAnAa Ta dedopeva
WOTE Vva EI'IITEU)(GEI N KavovikoTnTa % )%pnoluonmouus TOV
avTioTOIXO HN napausTleo eAeyxo onwc Oa OUME NAPAKATW.

B Iooéuvaka Ba pnopouoape va kataokeualape eva A.E. yia 10 y,
KAl va €AEYXAUE AV n UMNOTIBEPEVN TIUN Wy AVNKEN OTO €V AOYW

dlaoTnud.
(K= tyranS/Vn, K4t,,,,8//n)
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'Eva deiyua

H P-Tiun vyia Tov &v AOYW E€EAEYXO
NPOKUNTEI WE PBaon TNV &VvAAAAKTIKN
unoBeon:

O Av H; : g # o TOTE n P-Tiun €ival 2 Qopec n
niBavoTnTa d€&ia Tou |T| () 1000Uvaua 2 POpPEC N
nBavoTnTa apiorepa Tou -|T}).

O Av H, : g > Yo TOTE n P-Tiun eivalr mBavoTtnTa degia
TOoU T.

O Av H; : g4 < Mo TOTE n P-Tiun €ivar mBavortnTa
aploTepa Tou T.
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'Eva deiyua

B [lapadeiypa ornv R. 'Eotw X n d1apkeia (wNC
OUYKEKPIMEVWV AQUNTAPWYV pOopiou.
EvdiapepopaoTe va eAeyéoupe av n HEON
TIMN TNC Tuxaiac heTaBAnTne X, eoTw M, €ival
2000h, 0onAadn av Hy:  p=2000 pe
evaAAakTikn unoBeon Tnv H;: n#2000. 'EoTtw
NNPAPe TIC akOAoubBec napaTnpnoelc ano
Tuxaio dsiypa 20 TETOIWV AQUNTNPWV:

2229.697 2117.296 1907.911 2092.719 1972.783
2435.007 1866.102 2042.217 2097.514 1733.638
1885.404 2304.311 2201.424 2035.156 2384.666
2487.807 1961.931 1711.411 1974.978 1674.833
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'Eva deiyua

0 Miac kal To peyeboc Tou deiypaToc pac Oev
€lval TOOO PJEYAAO OTNV apXn EAEYXOUME av
N unoBeon TNC KAvoVvIKOTNTAC €ival AoyIkn.

> X<-€(2229.697, 2117.296, 1907.911, 2092.719, 1972.783,
2435.007, 1866.102, 2042.21/7, 2097.514, 1733.638,
1885.404, 2304.311, 2201.424, 2035.156, 2384.666,
2487.807, 1961.931, 1711.411, 1974.978, 1674.833)

> hist(x)
> ggnhorm(x)
> qqline(x)
0 Ano Ta enopeva ypagnuarta BAENouue OTI N unoBeon
TNC KavovikoTnTac Ogv €ival napaioyn.
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'Eva deiyua

Histogram of x

Frequency
2
l
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'Eva deiyua

0 Ev Ouvexeia XpnNOIUOMOIOUME TNV ETOIUN
ouvaptnon t.test. Qc PBaoika opioyaTta
dlVOUuuE oTnv ouvapTtnon Ta O0edopeva Kal

TNV UNOTIBEUEVN TIMUN TOU M.
> t.test(x, mu=2000)

One Sample t-test

data: x /
t = 1.0695, df = 19, p-value = 0.2983— |ERERIEINOUCASO

alternative hypothesis: true mean is not equal to 2000
95 percent confidence interval:

1946.558 2165.122 _
sample estimates:

mean of x
2055.840———
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'Eva deiyua

[0 AnO Ta anoTeAecpyata Tou napanavw
eAEYXOU KATAANYOUHE OTI O&V EXOUUE
ooBapec evoeiéeic evavTiov TNC MNOEVIKNG
unoBeaonc, onote OEV TNV ANOPPINTOUHE.

O H napanavw ouvaptnon otnv R &xel wc
npokaBopioyevn TiUN Yia To a (To €.0. Tou
eAeyxou) TO 5%. Av BeAoupe pia aAAn
TIMN TNV MNEPVANE oav opiopga. Auto Ba
EXEl WC anoTeAeopa va aAAaéel To A.E.
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'Eva deiyua

> t.test(x, mu=2000, conf.level=0.99)

One Sample t-test
data: x
t = 1.0695, df = 19, p-value = 0.2983
alternative hypothesis: true mean is not equal to 2000
99 percent confidence interval:
1906.464 2205.217
sample estimates:
mean of x
2055.840
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0 Enionc 6a ynopouocape va €ixape Bewpnoel
KAl Kanoiov JOVOMAEUPO €AEYXO, M.X. av Hy:
H=2000 pe evaAAakTikn unoBeon Tnv Hi: p<
2000, pe TNV BonbBeia TOU  OpioUATOC
alternative. H npokaBopioyevn TOU TIUN
eival "two.sided" (#) evw evaAAakTIKA
UNoOpOUPE va Yxpnoigonoinooupe "greater"
(>) or "less" (<). [pooe€te oe autnv TNV
nepinTwon nwc¢ aAAaler n P-tiyn kabwce
enionc kai 1o A.E.
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> t.test(x, mu=2000, alternative="less")
One Sample t-test

data: X
t = 1.0695, df = 19, p-value = 0.8509
alternative hypothesis: true mean is less than 2000
95 percent confidence interval:
-Inf 2146.123
sample estimates:
mean of X
2055.840
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B O avTioToIXOC MN MNAapapeETPIKOC EAEYXOC OTaVv OE&Vv
Ioxuouv ol npounoBeoeic kaAeitar Wilcoxon test kai
otnVv R xpnoigonoloupe TNV evToAn wilcox.text.

> wilcox.test(x,mu=2000)

Wilcoxon signed rank test

data: x P = Tipn Tou eAéyxou.

V = 131, p-value = 0.3488—

alternative hypothesis: true location is not equal to 2000

B Me TnVv Bonbeia kai naAl Twv opiopdtwyv conf.level kai
alternative pnopoupe va aAAa&oupe 1o a Kabwc Kai
TNV EVAAAAKTIKN unoBeon.

>TATIOTIKN ZUPNEPAoUaToAoyia 53 AnunTpnc ®ouokakng



'Eva deiyua

'EA€yX0C NOCOOTWV:

B Ac UnoBeoouUpE OTI EXOUME MIa Katnyopikn OiTiHN
Tuxaia peraBAnTn X e Tigec 0 kar 1 kar P(X=1)=p
(ayvwoTto). MNpopavwc T0TE n  X~Bernoulli(p).
EvdiapepopacTe va eley&oupe Tnv unobeon Hy: p =
Po EVAVTI TNG H,: p # py. 'EOTW Xj,...,X, Tuxaio deiypua.
To oTaTIOTIKO EAEYXOU Hac TOTE €ival

Z: IS_ pO — IS_ pO
SE(P) /p,(1-p,)/n

cuyvoTnTa TNC TIUNC 1 oTo OEiyua Log.

, 6mov P = X 1 oYETIKY
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B Me Bdaon 10 K.0.0., yia peyaio n, To Z ~ N(0,1) katw ano Tnv
undevikn unobeon. Zuxva oTNV NPOKEIYEVN MEPINTWON YIa va €ival
Mo 1KAVoNoINTIKN N NPOCEyYYIonN WA npoxwpaue o pia 010pbwaon
YVWoTH we 010pBwan cuvexelac (continuity correction), evw yia Tov
UNoAoOYyIOMO TOU  TUuMIKOU  O@AAPATOC OTOV  NAPOvVOoPaoTn
avTIKaBIoTOUNE TO Py HE TO P.

B YnoAoyiloupde TNV TIWN Tou Z Pe BAon TIC NapaTnpnoesiC Jac Kal Je
TV Bonbeia Tou nivaka TN Tunonoinuevneg Kavovikne katavounc
Bpiokoupe TNV P-Tiun. AvTioToiXa PUNOopOUUE va UNOAOYIOOUUE To Z2
TO onoio akoAouBei Tnv X2 katavoun pe 1 Babud eAeubepiac kal va
Bpoupue TNV P-Tiun pe Tnv Bonbeia Tou nivaka TNG X2 KAatavounc e
1 BaBuo eAeubepiac.

B Jooduvapa Oa pnopouocape va karackeuaooupe €va A.E. yia To p
Kal av OOUME av N UNOTIBEUEVN TIMN Py AVAKE OTO €V AOYW

(P=2uo/DA=P)/n, p+2,,p(1-P)/n)

dlaoTnua.
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'Eva deiyua

H P-Tiun yia Tov €v AOYw €AEYXO NPOKUNTEI
Kal NaAl e Baon TNV evaAAakTikn unoBeon:

O Av H,: p # p, TOTE N P-Tiyn €ivar 2 gopeg n mibavoTnTa
0c€ia Tou |Z] (N 100dUvaua 2 @opec n niBavoTnTta
apiotepa Tou -|Z|). Icoduvapa av JOUAEWYOUUE HE TO Z2
n P-Tiun €ival n mBavornTa d€&ia Tou Z2.

O Av H,: p > p, T0TE n P-Tipn eivar mBavoTnTa 6g§1a Tou
Z. Iooduvapa av OoUAEWOUNE PE TO Z2 n P-Tiyn €ival 1o
1/2 Tnc miBavoTnTtac de€ia Tou Z2.

O Av H,: p < p, T0TE n P-Tiyn eivalr mBavoTnTa apiorepa
Tou Z. Iooduvapa av OOUAEWOUMPE PE TO Z2 n P-Tiun
gival ion PJe TO oupgnAnpwpupa Tou 1/2 TnC NMBavoTnTac
oe€ia Tou Z2,
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B [ia va ioxvel To K.0.0. kal 6Aa Ta nponyouusva Ba
npenel To peyeboc Tou dsiypaToc va eival peyaio. To
noco HEYAAo npenel va €ival To n oxeTi(eTal PE TO
NOOO0 CUUMETPIKN €ival n OIWVUMIKN KATavoun nou
OTNV NPAyHaTIKOTNTA £XOUME KAl yia auTo oTnVv npaé&n
eAEYXOUME av
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B [lapadsiypa ortnv  R. KataokeuaoTnc
loxupifeTal oTlI To 2% TWV NPOIOVTWV TOU
gival eAaTTwuaTIKa. 2€ TUuXaio Oc&iyuda
n=1000 TeTOolV npoiovTwv Bpebnkav
k=50 eAaTtTwpuaTika (p). OsAoupe o€ €.0.
5% va €AeyEOUUE TOV IOXUPIOHO TOU
KaTAOKEUaoTn (H,: p=0.02) UE
evaAAakTikn H,: p#0.02.

Mapatnpoupe OTI npy= 20 Kkai n(1-p,)= 980
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B O £Aeyxoc otnv R pynopei va yivel ye Tnv Bonbeia tnc
EVTOANC prop.test.
A

> prop.test(50,1000, p=0.02) _
— 7 Méyebog seiyuatos

_ 1-sample proportions test with continuity correction

data: 30 out of 1000, null probability 0.02 7
X-squared = 4.6046, df = 1, p-value = 0.03189
/alternative hypothesis: true p is not equal to 0.02
- 95 percent confidence interval:
0.02067971 0.04308482

- 7t es%AEvaTop
sample estimates:

P

0.03 |
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B AnO Ta danoTeAeocuaTta Tou napanavw
s)\syxou KaTa)\nyoups OTI, O€ €.0. 3%,
EXOUHE ooBapec €V5EIEEIC; svavnov TNC
unﬁsvmnq unoBeonc, onoTE NV
anoppPINTOULE.

[ Mnopouus vda Cnmcouus ornv R va pnv
YIVEI 0 EAEYXOG OUVEXEIQG KABWG €NioNgG
Kal va aAAa&oupe TNV npokabopiouevn
TIN TOU €£.0. Nou kal €dw €ivalr 5%.
TeAoc UNOPOUE va (NTNOOUUE
LOVOMAEUPO EAEYXO.
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> prop.test(30,1000, p=0.02,correct=FALSE)

1-sample proportions test without continuity
correction

data: 30 out of 1000, null probability 0.02
X-squared = 5.102, df = 1, p-value = 0.0239
alternative hypothesis: true p is not equal to 0.02
95 percent confidence interval:

0.02109374 0.04250341

sample estimates:

P
0.03

>TATIOTIKN ZUPNEPAoUaToAoyia 61 AnunTpnc ®ouokakng



'Eva deiyua

> prop.test(30,1000, p=0.02,conf.level=0.99)

1-sample proportions test with continuity correction

data: 30 out of 1000, null probability 0.02
X-squared = 4.6046, df = 1, p-value = 0.03189
alternative hypothesis: true p is not equal to 0.02
99 percent confidence interval:

0.01851851 0.04789404

sample estimates:

P
0.03
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> prop.test(30,1000, p=0.02,alternative="greater")
1-sample proportions test with continuity correction

data: 30 out of 1000, null probability 0.02
X-squared = 4.6046, df = 1, p-value = 0.01594
alternative hypothesis: true p is greater than 0.02
95 percent confidence interval:

0.02188911 1.00000000

sample estimates

P
0.03
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B 'Otav Otv Ioxuouv ol npolnoBeosic Tou K.O.O. kal
napoAad auTa €PEIC EPAPPOCOUME TNV EVTOAN prop.test
naipvoupe €va nposidonoinTikd pRvupa AdBouc anod
TNV R.

B >t QUTEC TIC NEPINTWOEIC MPEMNElI VA EPAPUOCOUNE TO
AlwVUNIKO KpiTnpio (binomial test) pye Tnv Bonbeia TNC
evTOANC binom.test. Kai ornv nepinTwon autn ME
avaAoyo TpoOmo ONwc Kar npiv  PAOopouue va
aAAa&oupe TNV npokaBopiouevn TIMN TOU €.0. Tou 5%.

B AcC unoBEcoOUPE OTO MPONYOUUEVO nNaApadsiyuya oTl

n=100, k=10 kai p,=0.01. ToTE npy= 1.
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> prop.test(10,100, p=0.01)
1-sample proportions test with continuity correction

data: 10 out of 100, null probability 0.01
X-squared = 72.9798, df = 1, p-value < 2.2e-16
alternative hypothesis: true p is not equal to 0.01
95 percent confidence interval:

0.0516301 0.1803577

sample estimates:

P
0.1

Warning message:
In prop.test(10, 100, p = 0.01) :
Chi-squared approximation may be incorrect
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'Eva deiyua

> binom.test(10,100,p=0.01)

Exact binomial test

data: 10 and 100

numggr of successes = 10, number of trials = 100, p-value = 7.632e-

alternative hypothesis: true probability of success is not equal to 0.01
95 percent confidence interval:
0.04900469 0.17622260
sample estimates:
probability of success
0.1
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Auo aveéapTnTa dsiyuarTa

O 'EAeyxog yia Tnv 81agopd TwV HECWV TIH®WV dUO NOCOTIKWV

METAPBANTWV:

B 'EoTw OTI EXOUME HETPNOEIG TNG i01aG NOCOTIKNG HETABANTNG OF
OUO OPAOEG OIAPOPETIKWY  ATOUHWYV  (OUO  OIAPOPETIKOUG
nAnBuopoug). Elval guAoyn TOTE n avadnrnon nmeavng Toug
OXe0NG. 110 CUYKEKPIMEVA €0TW TO XAPAKTNPIOTIKO X AMo egvav
nANBUOPO peE peon TIPN Yy KAl TUMNIKN anokAilon o; (My, Oy
awima) Kal €0Tw Y TO 1010 XAPAKTNPIOTIKO ano evav aAAo
NANBUOPO HE peEON TIWN M, KAl TURIKQ anokAion o, (M, O,
ayvword). Ag Bewpnooupe oTl X, Y avecapTnTeg, 6n)\a%n N TIUN
Mou naipvel TO UNO HEAETN XAPAKTNPIOTIKO OTOV MPWTO
nAnBuopo dev snr]bps'a € TNV TIN nNou naipvel To 10l0
éCIpCIKTI’]pIOTIKO 0TO 0€UTEPO NANBuopo. ‘Eotw X,,...,X,; TUXAIO

glyya ano _tov npwto nNAnBuopo kai Yy,...,Y,, Tuxaio deiyua

ano Tov QeuTepo nAnBuopo. Tlia va eAeyfoupe niBavn
dlagoponoinon ToU UMNO HEAETN XAPAKTNPIOTIKOU OTOUG OUO
nANBUOPOUG €ival AOYIKO TOTE va €Agy&oUpE TNV unoBeon Hy: dy
= M, evavTl TNG Hy: Py # Hp, ONAAON va €AeyEOUPE av To UMNO
HEAETN XAPAKTNPIOTIKO €XEl TNV 10la HPEON TIUN OTOUG OUO
nAnBuopouc.
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Auo aveéapTnTa dsiyuarTa

" Toomanomd ekéyxou pos rore civar_— [

()—(_?)_ (b —1,) ()—(_?)

SEX-Y)  [52 &

n, 1,

B >TOov nNapanavw OTaTIoOTIKO EAEYXO MMNOPOUHE VA
aVvTIKATAOTNOOUUE TIC AYVWOTEC OlACNOPEC TWV
nANOUOUwWY OTOV NAPOVOWACTN ME TIC AVTIOTOIXEC
OEIYUATIKEC OlaOMOpPEC, ONOTE TO OTATIOTIKO EAEYXOU
YIVETQI ()_(_?)

Z: 2 2
5.5
nl n2
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Auo ave€aptnTa dOciyuarTa

B Otav Ta peyedbn Twv 2 OslyuaTwv Eival
ueyala pe Baon 1o K.0.0. TOo Z akoAouBs|
npooeyyioTika Tnv N(O0,1) kai apa n P-Tiyn
TOU EAEYXOU €ival 2 PpopeC n niBavoTnTa TN
nepioxnc tnc N(0,1) d€&ia ano 10 |Z]|. Av ©
EAEYXOC €ival povonAsupoc n P-Tiyn ToOU
eAEYXOU €ival n mBavoTnTa TNC NEPIOXNC TNC
N(O,1) d€&iad n apioTtepa ano 1o Z avaioya
LUE TNV EVAAAAKTIKN.

>TATIOTIKN ZUPNEPAoUaToAoyia 69 AnunTpnc ®ouokakng



Auo aveéapTnTa dsiyuarTa

B Otav Ta O&doueva npoeEpyovTal dano
Kavovikou¢ nAnBuopouc BewpoUUE TIC
€ENC 2 NEPINTWOEIC:

1. Ot nAnBuopoi  €xouv  I0EC  TUMIKEC
anokAigeig, dnAadn o,=0,=0 (ayvwaoTn).
>TNV nepintwon autn unoAoyiloupe TNV
OUYXWVEUUEVN (pooled) OEIYUATIKN
diacnopa

S* = {(n1 —1)S} +(n, —1)S§}/(n1 +n,—2)
omov S; ot dvo derypatikéc dtaomopéc, 1=1,2.
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Auo aveéapTnTa dsiyuarTa

Kal EXOUME TO akOAoOUBO OTATIOTIKO EAEYXOU
(X-Y)

S L_FL
\n, n,

YnoAoyiCoupe 7o T kal n P-Tigyn Tou €Agyxou €ival 2 QOpPeC n
neavoTnTa NG nepioxnsg Tng St(n;+n,- 2) 0€€ia ano To | T]. Av
0 EAgyxOC €ival povon)\supoq N P -TIUN TOU s)\syxou gival n
nbavoTnTa TnG nepioxng TnG St(n,+n,-2) d€&ia n apioTepda ano
To T avaAoya Pe TNV EVCI)\)\CIKTIKI"]. O ev AOYw EAeyXOC KaA&iTal
two sample t-test.

Iooduvapa Ba pnopoucape va €ixape kataokeuaoesr eva A.E.
yia Tnv 01a@gopa TwV HECWV Kal va EAsyxape av nepiexel 1o 0.

CE T /ni1+ni2.
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Auo ave€aptnTa dOciyuarTa

2. O1 nAnBuopoi €xouv AVIOEC Kal QAYVWOTEC
TUMNIKEC ANOKAIOEIC.

>TNV NEPINTWON auTn TO OTATIOTIKO EAEYXOU
gival

X_Y)_(Hl_!iz) =

2 2
1+S2

-

St(v),

NPOOEYYIOTIKA

>TATIOTIKN ZUPNEPAoUaToAoyia 72 AnunTpnc ®ouokakng



Auo aveéapTnTa dsiyuarTa

YnoAoyifoupye 10 T kai n P-Tign Tou €Agyxou
givalr 2 @opec n mbavoTnTa TNG NEPIOXNC TNG
St(v) 0€&d and TO |T|. Av 0 €Agyxoc eival
HOVOMAEUPOC N P-Tiyn Tou E€Agyxou E€ival n
niBavoTnTa TNC neploxnc Tng St(v) oeg&ia n
aploTepa ano 1o T avaAoya PE TNV eVAAAAKTIKN.
O TeAeuTaioc auToC EAeyX0C OiVEI MPOCEYYIOTIKA
anoTeAEopaTa kKail £xel Tnv ovopacia Welch Two
Sample t-test.

To A.E. oTnVv NpoKeigevn NeEpinTwon €ival

1 1
——— 2 215 ——— 2 215
X—Y—tv,a/z{s—l‘ki} <H;—H2 <X—Y+tv,a/z{s—l+§} ]

n, n;
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Auo aveéapTnTa dsiyuarTa

B Me noia KpITApIG OPWG anopacifoupue av ol
dlaornopes Twv NAnBuopwv €ival i0eg N oxl
(nepintwon 1 n 2); 2uxvd n ano@aocr pag
AauBaveral ye Baon To ANOTEAEOUA TOU EAEYXOU

H, :0; =05 pe evorhoxticn H, : o7 #o5.

B Av_ Oev gxoupe ooPapeg evdeifelg ano  Ta
OedopEVA yia va anoppiYoupe TNV napanavw
gnésvmq urnoBeon, TOTE OewWPOUHE 100TNTA
Ia0NopWY KAl  MNnyaivoupe Baon TNV
nepintwon 1. Av €XOUUE oo[yapeq EVOEIEEIG
evavtiov Tng H, TOTE TNV anopplnToups
Bewpoupe 6n)\06n OTI Ol dIAOMNOPEG Eival AVIOEG
Kal Npoxwpape Pye Baon Tnv nepintwon 2.
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Auo aveéapTnTa dsiyuarTa

B Katw anod Tnv gndevikn unoBeon avaueveTal o AOYoC

, = — KaTavoun Tou
_Si

~F(n, -1, n,-1). Snedecor

F

2
2

B  YnoAoyilouphe Aoinov To OTATIOTIKO eAeyxou F kai n P-Tiun
TOU €AEYXOU €ival 2 Qopec n mbavoTnTa TNEG NEPIOXNC TNC
F(n,-1,n,-1) &€€ia ano 1o F av F>1 1| 2 popeg n miBavoTnTa
NG nepioxng Tng F(n, -1,n,-1) apiotepa ano 7o F av F<1.
O ev AOYWw €AeyXocC kaAeiTal variance test n F-test.

B Jooduvapa 6a pnopoucaue va eixaue kataokeuaoel eva A.E.

ToUu AOyou TwV d1acnopwV Kdl va €AEyXAUE AV NEPIEXEl TNV
<—<

a2 2 a2
Fnl—l,nz—l,a/2 S; 0 Fnl—l,nz—l,l—a/2 S5
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Auo ave€aptnTa dOciyuarTa

B H R via 1o t-test xpnoiyonoiei Tov TUNO PE TNV
ouyXwveupevn oOlacnopa av onAwBei ano Tov
XpNoTn OTI Ol dIACNOPEC €ival I0EC N TOV TUMNO TOU
Welch av dnAwbei ano Tov ¥xpnortn OTI Ol
dlaonopec €ival avioec. Asv spappolel dnAadn 1o
K.O.0. lNa Tov AOyw auTtov npenel navra vd
eheyxeral n KavovikdtnTa. Av Ta UEYEON TWV
OEIYUATWYV €ival PJeEyaAa, TOTE TUXOV ANOKAICEIC
ano Tnv Kavovikotnta 0ev ennpealouv Ta
anoTeAeopaTa, kal 1o oraTioTiko Tou Welch eival
NEPINOU I00 JE TO AVTIOTOIXO OTATIOTIKO Z, UnO
TRV NnpoUnoBeon Tou K.O.O.
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Auo ave€aptnTa dOciyuarTa

B [lapadsiyuya ornv R. 'Eotw X n diapkeia
(wNC  AQuUOTAPWV MNUPAKTWOEWC Kal Y n
diapkela  wnc AaunTnpwyv  ¢gBopiou.
EvdiapepopaocTe va eAeyEoupe av n HEON
TIMN TNG Tuxaiac METABANTAC X, €0TW Wy,
IooUTal JE TNV MEON TIUN TNG T.M Y, €0TW M-,
onAadn av Hy: Hi=H, HE EVAAAAKTIKN
unobeon Tnv H;: p#FM,. EoTw TA €ENC
dedopeva
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Auo aveéapTnTa dsiyuarTa

> X

1101.03772 1786.32947 1277.69708 1109.69338 1197.77010 1686.87452
861.60858 133.78242 1261.79457 457.88062 -40.99297 796.58186
1101.53622 664.15931 1235.71573 1439.75277 2140.81105 688.02609
700.07342 1138.60536

>Y

5275.439 4894.054 4992.239 4739.001 4946.254 4493.245 4842.237 5256.085
4780.912 4727.235 5357.285 5143.249 5020.929 4790.350 5013.482 5230.848
4929.022 5049.023

> length(X)
[1] 20
> length(Y)
[1] 18

> summary(X)
Min. 1st Qu. Median Mean 3rd Qu. Max.
-40.99 697.10 1106.00 1037.00 1266.00 2141.00
> summary(Y)

Min. 1st Qu. Median Mean 3rd Qu. Max.
4493 4803 4969 4971 5120 5357
> boxplot(X,Y,names=c("X","Y"))
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Auo ave€aptnTa dOciyuarTa

5000

3000 4000
|

2000

1000
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Auo ave€aptnTa dOciyuarTa

B H peon diapkeia wnc orto Osiypa Twv Aaunthpwv @Oopiou eival
4971h evw TWV AVTIOTOIXWV NUPAKTWOEWC €ival 1037h. Eival auTn
n Oolapopd nou PBAEnoupe oTo OtEiyua OTATIOTIKG ONUAVTIKN,
unopoupe dnAadn va BydAoupe avTioToiXa CUPNEPACNATA Kal yia
ToVv NANBUCPO N OPEIAETE OTA CUYKeEKPIYEVA dEiyuaTa;

B Oa eAeyEoupe apxika av Ta dedopeva npoepxovral ano Kavovikouc
nAnBuopouc.

> hist(X)

> ggnorm(X)
> qqline(X)
> hist(Y)

> qqgnorm(Y)
> qqline(Y)
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Frequency

Auo aveéapTnTa dsiyuarTa

Histogram of X Normal Q-Q Plot
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Auo aveEapTnTa deiyuaTa

Histogram of Y Normal 0-O Plot
LO —_
q- —
8
7 =
Py IS
£ &
3 °
[=8
3 -
oo 3
— -
! T T T T
== 2 -1 0 1 2
I T I I I ] _ _
4400 4600 4800 5000 5200 5400 Theoretical Quantles
Y

2TATIOTIKA ZUPnEpacparToAoyia 82 AnunTpng ®ouokdakng



Auo ave€aptnTa dOciyuarTa

B [TapatnpouUpe OTI OEV UMNAPXOUV HEYAAEC
anokAioelic ano Tnv Kavovikn kartavoun
Kal yla Ta duo Peyeon.

B Ev ouvexeia eAeyxouue TNV 100TNTA
dilaonopwyv MPE TNV Bonbeia TNC VTOANC
var.test.
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Auo aveéapTnTa dsiyuarTa

> var.test(X,Y)

F test to compare two variances

 eramois ehéryo.
data; xandy —— "TRECLEN

F=55132, numdf = 19, denom df = 17, p-value =
0.0008746——

alternative hypothesis: true ratio of variances is not equal to 1

95 percent confidence interval:
2.093795 14.152439 —,

sample estimates:

ratio of variances

.5132
55335\.
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Auo ave€aptnTa dOciyuarTa

B [lapatnpoupe OTI N P-Tiyn €ivar noAu
UIKPN OMNOTE &XOoUPE oofapec evoei&elc
evavTtiov TnG H, kai apa anoppinToupE
TNV unobeon via 1ocotTnTa dolacnopwyv. Ev
ouvexeia e@apuoloupe TO0 Welch Two
Sample t-test.
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Auo aveéapTnTa dsiyuarTa

> t.test(X,Y, var.equal=FALSE)

Welch Two Sample t-test

= 9—/_
t = -30.2819,df/v=26.23 p-value < 2.2e-16 — il

alternative hypothesis: true difference in means is not
equal to O

95 percent confidence interval:
-4201.160 -3667.288 >

sample estimates:

mean of x mean of y

1036.937 4971.161 - .
\.
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Auo aveéapTnTa dsiyuarTa

B H P-Tiun TOou €AgyXOU €ival MOAU MIKPN
ONOTE  dAMOPPINTOUME TNV  WNOEVIKN
unoBeon. Me Tnv PBonbeia ToOU A.E.
oupnepaivoupe OTI n Oiapkela (wnc Twv
AQUOTAPWY NUPAKTWOEWC E£ival  KaTa
LECO OPO APKETA MIKPOTEPN TNC OIAPKEIAC
(wnNc Twv AauntTnpwyv goopiou.

B Av unoBsooupe 100TNTA dlACNOPWYV TOTE
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Auo aveéapTnTa dsiyuarTa

> t.test(X,Y, var.equal=TRUE)

Two Sample t-test

data: XandY
t = -29.1685, df = 36, p-value < 2.2e-16

alternative hypothesis: true difference in means is not
equal to O

95 percent confidence interval:
-4207.772 -3660.676

sample estimates:

mean of X mean of y

1036.937 4971.161
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Auo ave€aptnTa dOciyuarTa

B Kar naAi pe TO0 Oploya conf.level
unopoupde va aAAaéoupye TO €.0. TOU
eAEyXoU evw PE TO Oploua alternative va
£QPAPUOTOUHE HOVONMAEUPO EAEYXO.

B Otav 0Oev I1Ooxuel n unoBeon TNC
KAvoVIKOTNTAC Kal Ta JeyedOn €ival PIkpa
XPNOIUOMOIOUUE TO  AVTIOTOIXO  HN
NAPAUETPIKO EAEYXO HE TNV oOvouaacid
Wilcoxon rank sum test.
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Auo aveéapTnTa dsiyuarTa

> wilcox.test(X,Y)
Wilcoxon rank sum test

data: XandyY
W = 0, p-value = 5.956e-11

alternative hypothesis: true location
shift is not equal to O
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Auo ave€aptnTa dOciyuarTa

'EAgyXxocC dlagpopac NoCoOTWV

B Ac unobtgoouue OTI €xouue pia OiTiun Tuxaia
deTaBAnT) X pe Tigeg 0 kar 1 kar P(X=1)=p,
(ayvwoTo) kal pia aAAn diTiun Tuxaia petaBAnTn Y,
aveEaptntn TNG X, ME TigeG 0 kar 1 kai P(X=1)=p,
(ayvwoTto). Mpopavwc T0TE N X Kai n Y akoAoubouv
TNV katavoupn Bernoulli pe napdaperpo p; kai p,
avTioTtoixa. Evdiapepopaote va eAeyéoupe TNV
unoBeon Hy: p; = p, evavt TG Hy: p; # p,. ‘EoTw
X{,...,X,; TUXaio d€iypa ano Tov NnpwTo NANBUCHO Kal
Y ...,Y,» Tuxaio deiypya ano Tov deuTEPO NANBUCHO.
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Auo aveéapTnTa dsiyuarTa

B To OTATIOTIKO EAEYXOU HAC TOTE €ival

A

(pl_f)z)_ (p1_p2): (f)l_f)z)
SE(p, —b.) Jp,(1=p))/n, +p,(1-p,)/n,

/=

61OV P, = X 1 GYETIKY cLYVOTNTO TG TIAC 1
610 1° defypo kot P, = X 1 GYETIKY GLYVOTHTA

¢ e 1 oto 2° detyuo.
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Auo aveéapTnTa dsiyuarTa

B Me Baon 1o K.0.0., yia yeyaAa peyebn derypdatwy, 1o Z -~ N(0,1)
KAT®w ano Tnv pndevikn unobeon. 2Uxva 0oTnVv NpoKEIJEVN
NEPINTWON Yia va €ival_nio 1KavomnoinTikn _n npooeyyion Hag
npoxwpaye o€ pia Ol0opbwaon yvwoTn g d0Iopbwan CUVEXEIAG
(continuity correction), &vw yia TOV UMNOAOYIOHO TOU TUMIKOU
O(pAAPATOG OTOV NAapovopaoTn avTikaBioToUuhe Ta_py; Kal p, HE Ta
avTioToixa p. (d€ITE NAPAKATW YiA TOV OPICHO TOU p).

B YnoAoyiCoupe TNV TIMN TOUu Z PE BAon TIG NAPATNPNOEIG PAG Kal WE
TNV Bonbeia Tou nivaka TNG TUMOMOINKEVNG KAVOVIKNG KaTavoung
Bpiokoupe TNV P-Tiun. AVTIOTOIXA UNOPOUNE VA UNOAOYIOOUUE TO Z
TO onoio akoAouBei Tnv X2 katavopn He 1 BaBuo eAeuBepiag kal
Bpiokoupe TNV P-Tiun pe TNV BonBeia Tou nivaka Tng X2 Katavoung
HE 1 BaBuo eAeuBepiac.

B Jooduvapa 8a pnopoucape va KATaokeuaooupe eva A.E. yia To py-

> Kal av 0oupe av n unoTiBepevn TIUN 0 aAvnkelr OTO €V AOyw

laoTnua. 1

A {f»l (1-b) b (1—162)}2
a/2

pi—p.Xz
n, n,
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Auo aveéapTnTa dsiyuarTa

B H P-miugn via TOV €&V AOYW EAEYXO
NPOKUNTEl KAl naAl e Baon Tnv
£VAAAAKTIKN unobeon:

H Av H1 p; # P, TOTE N P-Tiuyn €ivar 2 cpopeq n niBavoTnTa
o0e€ia Tou |Z] (3 100duvapa 2 @opec n niBavoTnTa
aplotepda Tou -|Z|). Icoduvapua av dOUAEWOUNE HE TO Z2
n P-Tiyn €ivar n mBavornTa 6€&1a Tou Z2.

B Av H,:p; > p, T0TE n P-Tiyn €ival mBavoTnTa d€&id Tou
Z. Iooduvapa av doUAEWOUNE PYe TOo Z2 n P-Tiyn €ival 1o
1/2 an niBavoTnTac de&ia Tou Z2.

B AvH; :ip <p; TOTE N P-TIiyn eivar miBavotnTa aploTspa
TOU Z. IoodUvapa av OOUAEWOUNE pE TO Z2 n P-Tiun
gival ion pe TO cUpNANpwpa Tou 1/2 TNC MBavoTnTac
0e€ia Tou Z2.
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Auo ave€aptnTa dOciyuarTa

B [ia va ioxvusel To KOO kalr 6Aa Ta nponyoupeva Ba
NpeENEl Ta HEYEON Twv OSIYNATWV va €ival PeyaAd.
>TnNV Npa&n eAeyxoupe av
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Auo ave€aptnTa dOciyuarTa

B [lapadsiypa otnv R. AUO0 aveédpTnTeC NAPAYWYIKEC
diadikacieg edwoav 12 (k,) kair 20 (k,) eAatTwpatika
avTikeigeva o€ Tuxaia Ociyparta Twv 300 (n;) kar 400 (n,)
AQVTIKEIJEVWV avTioToiXd. ©cAoupe o€ €.0. 5% va eAey&oupe
av TO MOCOOTO TWV EAATTWHATIKWV MNPOioVTWV ano TIC 2
napaywyikeg diadikaocieg €ival 1o idlo (Hy: p; = p,) evavTl
TNG EVAAAAKTIKNG OTI dev €ival To id10 (Hy: p; # p,).

NapaTnpoupue OTI

p, =12/300=0.04 xor p, =20/400=0.05.

[MapaTnpoupe eniong OTI
12+20

D= =0.046 evo np=5Skarn.(1-p)=5,1=1,2.
P =300+ 400 it (1=p)
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Auo aveéapTnTa dsiyuarTa

B O £Aeyxoc otnv R pynopei va yivel ye Tnv Bonbeia tnc

EVTOANC prop.test.

- x<-c(12,20) " S e

> n<c(300400) — épewon ouvexeias
> prop.test(x,n) _ /

2-sample test for equality of proportions with continuity
correction

data: x out of n /.
X-squared = 0.1972, df = 1, p-value = 0.657
alternative hypothesis: two.sided \_

95 percent confidence interval: _
-0.04370433 0.02370433 —
sample estimates:
prop 1 prop 2
«— 0.04 0.05 > .
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Auo ave€aptnTa dOciyuarTa

B AnMO TA dMOTEAEOUATA TOU NAPANAVW EAEYXOU
KAQTAANYOUUE OTI, Ot €.0. 5%, O&v EXOUME
ooBapec evdeiéeic  evavTiov TNC  MNOEVIKNC
unobeonc, onoTe OV TNV ANOPpPINTOULE.

B 'OnwcC Kal ornv oTrnv nepinTwon JeE eva Oeiyud
unopoupe va {nTnooupe otnv R va pnv vivel o
eAEYXOC OUVEXEIdC KaBwcC enionc kalr vd
aAAa&oupe TNV npokaBopiopevn TINR TOU E.0.
nou kal e€dw e€ival 5%. TeAoc pnopoupe va
(NTNOOUUE HOVONAEUPO EAEYXO.
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Auo aveéapTnTa dsiyuarTa

B Ta nponyouueva OedOPEVA HMOPOUCAME
va Ta PBAEnaue uno poppn &voc 2x2
nivaka ocuyxvoTntTwv (contingency table).

# EAaTTONATIKOV

# Mn eEAaTTOUATIKOV

Napaywyikn
Ailadikaoia 1

12

288

MNapaywyikn
Ailadikaoia 2

20

380
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Auo aveéapTnTa dsiyuarTa

B Jooduvapa pe TOV nponyoupevo ap@inAsupo eAeyxo Oa
NTav va €AEYXAPE av O dapibpoc TwV EAATTOUATIKOV
NpoiovTWYV €ival ave€apTnToC TNG napaywylkng diadikaaoiac
(ME evaAAakTikn OTI O&v €ival). 2& TETOIEC NEPINTWOEIC

unoAoyi(OUHE TO OTATIOTIKO EAEYXOU

2 Z ropoatnpnoeicec GLYVOTNTES - OVAUEVOULEVEC cmxvornreg
CLVOLLEVOULEVES GLYVOTNTEC

(GBpotopa ypaupnc) x (4poioua othAng)

OOV O1 AVAUEVOUEVEG GLYVOTNTEC = ; =
uéyeboc osityuotog

Kot To Afpoiopa lval M¢ TPog OAN T KEALG.
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Auo aveéapTnTa dsiyuarTa

# EAaTTOHATIKWV

# Mn eAATTOHATIKOV

12 288
Napaywyikn i = ' '
Alasikaoia 1 (avapevopevn ocuxvorTnta | (AVAHEVOHEVN oUXVOTNTA
= (32x300)/700 = 13.7) = (668x300)/700 = 286.3)
. 20 380
Mapaywyikn

Aladikaoia 2

(avapgeEVOMEVN ouXvoTnTd
= (32x400)/700 = 18.3)

(avapeEVOMEVN oUuXVvOoTNTA
= (668x400)/700 = 381.7)
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Auo aveéapTnTa dsiyuarTa

B To OTATIOTIKO €ALYXOU X2, KATW ano Tnv PNdEeVIKN unéesog
TNG ave&aptnolag, akoAoubel npooegyyioTika TNV X
Katavoun He 1 BaBpo eAeubepliag. 2uxva oTnv MPOKEIPEVN
NeEPINTWON Yia va €ival nio IkavonoinTikn N Npooeyylaorn Hag
npoxwpage o€ pia 0lopbwon yvwoTtn G olopbwan
OUVEXEIOG Tou Yates. YnoAoyl(oUuhe Aoinov Tnv TIMN Tou
OTATIOTIKOU €AEyXOU HE Baon TIg napaTgpnqslq Hag kai v
OUVEXEIa N P-Tiun Tou €AgyxouU €ival n miBavoTnTa 0&&ld TNG
TIMNC auTnC.

B Anapaitntn npoUnoBeon e€ival OAEG Ol AVAPEVOMEVEG
OUXVOTNTEC va €ival = 5.

B O ev Aoyw eAeyxoc kaAeital X2 independence test.

B  Mnopoupe va Tov epappocoupe otnv R pe Tnv BonBeia Tng
EVTOANG chisg.test apou NpwTa YPAWOUHE Ta O0E0OHUEVA HAG
Uno Hop®pn Nivaka ouxvoTnTwV.

B Mnopoupe va ¢{ntnooupe otnv R va pnv vivel n 610pbwon
Tou Yates pe 1o opioua correct="false".
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Auo aveéapTnTa dsiyuarTa

> mash<-rbind(c(12,288),c(20,380))
> mash
[,1] [,2]
[1,] 12 288
[2,] 20 380
> chisqg.test(mash)

Pearson's Chi-squared test with Yates' continuity
correction

data: mash / -

X-squared = 0.1972, df = 1, p-value = 0.657
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Auo ave€aptnTa dOciyuarTa

NapaTtnpoupue Aoinov OTlI O £.0. 5%,
Oev  EXOUME  ocofapec  evodei&elc
evavTiov TNC pndeviknc unoBeonc TnC
aveéapTnoiac, ONOTE Oev TNV
anoppPIiNTOUUE.
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Auo aveéapTnTa dsiyuarTa

B 'Otav 0Oev Ioyxuouv o1 npoidnoBeoeic Tou K.O.O.
(lcoduvapa ol avapeVOPEVEC CUXVOTNTEC O&v E€ival
OAEC MEeyaAUTepec Tou 5) kar napoAa auTta €ElEiC
EQPAPUOCOUPE TNV €VTOAN prop.test | TNV &vTOAn
chisqg.test naipvoupe e€va npoeid®onoinNTIKO MWNVUHa
AaBouc ano tTnv R.

B 3¢ QUTEC TIC MEPINTWOEIC &PAPPOlOUPE TO HN
napaueTpiko Fisher exact test pye TnVv PBonbeia TNC
evToAnc fisher.test.

B Ac unoBEcoupE OTO NPONYOUNEVO Napadelyya oTi Ny, =
10, n, = 15, k; =5 ka1 k, =5 . ToTe

5+10
=0.6 xou n,(1-p)=4<5.
10+15 {(1=p)

p=
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Auo aveéapTnTa dsiyuarTa

# EAaTTOHATIKWV

# Mn eAATTOHATIKOV

. 5 5
Mapaywyikn . i = :
Alasikaoia 1 (avapevopevn ocuxvornta | (AVAHEVOHEVN oUXVOTNTA

= (10x10)/25 = 4) = (15%x10)/25 = 6)

. 5 10

MNapaywyikn

Aladikaoia 2

(avapgeVOMEVN ouXvoTnTd
= (10x15)/25 = 6

(avapgeVOMEVN ouxXvoTnTd
= (15x15)/25 = 9
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Auo aveéapTnTa dsiyuarTa

> x<-¢(5,10)
> n<-c(10,15)
> prop.test(x,n)
2-sample test for equality of proportions with continuity correction
data: x out of n
X-squared = 0.1736, df = 1, p-value = 0.6769
alternative hypothesis: two.sided
95 percent confidence interval:
-0.6410844 0.3077510
sample estimates:
prop1l prop 2
0.5000000 0.6666667
Warning message:
In prop.test(x, n) : Chi-squared approximation may be incorrect
> mash<-rbind(c(5,5),c(5,10))
> chisq.test(mash)
Pearson's Chi-squared test with Yates' continuity correction
data: mash
X-squared = 0.1736, df = 1, p-value = 0.6769
Warning message:
In chisg.test(mash) : Chi-squared approximation may be incorrect
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Auo aveéapTnTa dsiyuarTa

> fisher.test(mash)

Fisher's Exact Test for Count Data

data: mash
p-value = 0.4422 —— -

alternative hypothesis: true odds ratio is not equal to 1

95 percent confidence interval:
0.2908366 13.7903042

sample estimates:
1.943661
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Auo E&apTnueva AciyuaTa

[0 ApKETEC (POPEC OTIG OTATIOTIKEG MEAETEG OUVAVTAMPE TO
QAIVOUJEVO TwV €&apTnUevwy Oelypatwyv. Tl.x. dg
UNOBECOUHE OTI €XOUHE HETPNOEIG_TNG 101G MOCOTIKNG
HETABANTNG Yia Ta 101a AdTopa o€ 2 JIA(POPETIKEG XPOVIKEG
neploOouG. AG KaAeooupe X TNV PETABANTN TNV XPOVIKN
TIMN 1 KAl ag Bewpnooupe OTI NpoepXETAl ano NANBUCHO
HE AYVWOTN HEON TIUN My KAl AyvwaoTn TUMIKN anokAion
0; KAl Y TNV HETABANTN TNV XPOVIKN OTIYMN 2 Kdl dg
BewpnoouUpPE OTI MPOEPXETAl ANO NANBUOPO HE AYvVwOTN
Hean Tlgr'l M, Kal ayvwaoTn Tunikn anokAion o, ‘EoTw TO
TUXAIO OElyUa Nou anoTeAEITAl ANo CeUuyn OUOXETIOUEVWY
TUXaiowv PeTapANTwvV (X, Yy),...,(X,,Y,). EvolapepopaoTe
va OOUME av n Uuno HEAETN Tuxaia HeETABANTN
6|a(ppépon0|s|m| KaTa HECO OpO OTIG 2  XPOVIKEG
NEPIOOOUG, ONAAdn va gAey&oupe Tnv unobeon Hy: py =
M evavTi TNG Hy: [y # My
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Auo E&apTnueva AciyuaTa

Anuloupyoups qu d1aPOPEC T(DV napanavw
Ceuywv (Z:=X;-Yy),...,(Z,= Kal
ETO] KCITCI)\I’]YOU|J€ O€ £va TUXCIIO ElyHa
Nou MPOEPXETAl ano nAnBuopo [E
ayvwaoTtn HEON TIUN Hy-H, KAl AyvwoTn
TUMIKN  AnokAion 0y+0,. MNOpOUE
Aoinov PeE PBaon Ta 004d EINAPE OTNV
NEPINTWON TOU €EAEYXOU YIia TNV HEON
TIUA HIAG MOOOTIKNG HETABANTNG (one
sample t-test) va eAey§oupe Twpa v
unoBeon Hy: My - M,=0 evavTl TG Hy:

Hi - Hp# 0.
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Auo E&apTnueva AciyuaTa

O MNapadeiypyaTta e€apTnUevwY OEIYUATWYV

MeTpnoeic yia Ta idia atopa

I. og 2 napopolec perapAntec (n.x. Me idiec povadec
HETPNONG).

II. Tng_idlag peraBAnTng ornv idia povada PeAETNG aAAd
o€ OIAPOPETIKEC XPOVIKEC OTIYHEC.

ITI. TnG id1ag PETABANTNAG AAAG Oe dIAPOPETIKA ONMEIa TNG
idlac povadac PeAETNC.

IV. TnG idlag WEeTABANTRG Ot OIAPOPETIKEG HOVADEG
UeEAETNC nou oxeTiCovTal (0idupa, ouyyeveic, gilol).
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Auo E&apTnueva AciyuaTa

Napadeiyya: Ta napakatw Oedoueva
ekppalouv TIC BOopadiaiec NWANCEIC
oc €, 20 npoiovTwyv npiv KAl JETA TNV
dlapnNUIOTIKN Kapnavia. 2e £€.0. 5%
BeAoupe va  eAeyEoupe av N
Ol1aPNUICTIKN Kaunavia Karta Jeco opo
ocv ennpeadel  TIC eBoopadlaiec
NWANCEIC HE EVAAAAKTIK OTI TIC
BeATIWVEI.
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Auo E€apTnueva Acsiyparta

— EPs. EPs. ’ Awony. EPo. Eo. ’
Kayévia [TwA. H(DX: Awopopd Kaymévia IHoA. H(ok: Awopopd
Ipwv Merta Ipwv Meta

1 220 313 -93 11 300 370 -70

2 300 316 -16 12 280 300 -20

3 390 400 -10 13 330 390 -60

4 270 290 -20 14 310 350 -40

5 510 504 6 15 400 420 -20

6 330 370 -40 16 140 130 10

7 260 280 -20 17 50 50 0

8 200 200 0 18 160 210 -50

9 210 230 -20 19 250 300 -50

10 250 300 -50 20 200 230 -30
STATIOTIKA ZUPNEpacpaToAoyia 113 Anuntpnc ®ouokakncg



Auo E€apTnueva Acsiyparta

O Av Aoindv p; €ival ol peoeg €Bdopadiaieq NWANCEIG NPV Kal Y, Ol
HECEG €BOOMAdIAIEG NMWANOCEIC HWETA TNV OIAPNMIOTIKN Kapnavia
Beloupe va eAeyéoupe TNV unoBeon Hy: My - M,=0 evavT TNG
Hit Bi- M <0

O Miag kal To peyebog Tou deiydaTog pag dev €ival TOOO HEYAAO OTNV
apxn )\s)\syxoups av n unoBeon TNC KAvovikoTNTAc yia TIC d1apOopEeC
givar Aoyikn.

>d<-c(-93, -16, -10, -20, 6, -40, -20, 0, -20, -50, -70, -20, -60, -40, -
20, 10, 0, -50, -50, -30)

>hist(d)
>qqgnorm(d)

O And T1a enopeva ypagnuata PAEnoupe OTI N unoBson TnG
KAvovikoTnTac Ogv €lval napaioyn.
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Auo E€apTnueva AciyuaTa

Histogram of d

Normal Q-Q Plot
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d
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Auo E&apTnueva AciyuaTa

> t.test(d, mu=0, alternative="less")

One Sample t-test

data: d
t = -4.9455, df = 19, p-value = 4.490e-05
alternative hypothesis: true mean is less than O
95 percent confidence interval

-Inf -19.28334
sample estimates:
mean of x

-+ Deyparikdg pEoog TV B1AGOPOV.
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Auo E&apTnueva AciyuaTa

Apa o€ €.0. 5% anoppinToupe TNV
uNOEVIKN unoBeon OTI N O1APNUICTIKN
Kaunavia kKara JeECo  Oopo  Oev
ennpeadlel TiIc €PROopadiaiec NWANOCEIC
Kal OEXOMAOTE TNV EVAAAAKTIKN OTI
unnp&e auénon Twv NWANCEWV.
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Auo E&apTnueva AciyuaTa

Av 1000uvaua BeEAAUE va OUYKPIVOUUE
NooooTa dUO OUOXETIOUEVOV
deiyyatowv  Oa epapuolape 1O
McNemar’'s test pye tnv BonBeia TNC
guvapTnonc mcnemar.test
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Auo E&apTnueva AciyuaTa

Napadeiypa:

> UMQWVEITE JE TOUC XEIPIOPOUC TNC KUBEPVNONC OTA
BEpaTa OIKOVOUIKNCG NOAITIKNG;

Aebtepn 'Epevva (1 Booudda petd

0O GLYKEKPLUEVO LETPAL)

IHpwt Epevva Nat Ox 2HVOAO
Nat 10 15 25
On 12 17 29
2HVOLO 22 32 54
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Auo E€apTnueva Acsiyparta

> x<-rbind(c(10,15), c(12,17))

> X

[,1] [,2]
[1,] 10 15
[2,] 12 17

> mcnemar.test(x)

McNemar's Chi-squared test with continuity
correction

data: x

McNemar's chi-squared = 0.1481, df = 1, p-value =
0.7003
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'EAsyxoc KaAnc Mpoocapuoync

0 Mexpl Twpa o0 TPONOC MOU EAEYXAME TNV KCITCI)\)\F])\OTI’]TCI
TOU anl)\aypsvou novTeAou (Kavovikou oTIC napwoompsq
I'IEpII'IT(DOEIC;) nTav HE TNV BonBeia  ypa@ikwyv
napaoTacewy, n.X. lIoToypapuaTa kai QQ-plots.

O Ynapxel svaq s)\syxoq unoBeocswv (Kolmogorov-Smirnov
test), KaTa TOV OMNOoioVv EAEYXOUME TNV MNOEVIKN unoeecn
OTI Ta Oe&dopeva aKo)\oueouv HId  OUYKEKPIPEVN
KaTavoun, ME evaAAakTikn OTI dev TNV akoAouBouv. Me
Baon Aoinov TNV P-Tign Tou v AOYW EAEYXOU (PTAVOUUE
Oc TEAIKA CUNNEPACHATA O OXECN ME TNV KATAaAANAOTNTA
N UN TOU JOVTEAOU (KATAVOMN) MOU £XOUHE EMIAEEEL.

O TMNa Ta o6edopeva Tnc Oiapkelac (wncC OUYKEKPINEVWV
AauntTnpwyv ¢Bopiou nou eidaue oTto napadelyya HE TO
eva OEiyNa EXOUUE:
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'EAsyxoc KaAnc Mpoocapuoync

> Kks.test(x,"pnorm")
— I
Dedopéva x _
One-sample Kolmogorov-Smirnov
test

data: X /

D =1, p-value < 2.2e-16
alternative hypothesis: two-sided
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