'EAEyX0I YNoBECEWYV

O >tamioTikn unoBeon ovopaleralr kabe unoBeon nou agopd
OTNV KAaTtavopn Hiag Tuxaiag perapAntng X. zuvnbwg Hia
unoBeon agopa oTnv ayvworn Napaperpo, &o0Tw O TNG
KATAvouNC TNC Tuxalac JeraBAnTnc X.

B [lapadeiypa 1. 'Eotw X n Oidpkela JwrG  OUYKEKPIMEVWV
AaunTnpwv ¢Bopiou. EvolapepopacTe va eAeyEOUPE AV N PeEON
TIMA TNG Tuxaiag peraBAnTng X, €oTw W, €ival 2000h, dnAadn va
geheyéoupe av loxuel n pndevikn unoBeon Hy: p=2000 pe
evaAAakTikn unoBeon Tnv Hy: p*#2000. H anogaon pag yia 1o
av Ba anoppiwoupe r oxl TNV pndevikn unoBeon Ba yivel pe
Baon Ta dgdopeEvVa pac.

B ANoyikr) EAeyxou YnoBeoewv: ABwog (H, 0waoTn) —peXpl
anodei§ewg Tou evavTiou (Hy AavBaopevn). Apa r 6a exoupe
ApPKETEG €VOEIEEIG ano Ta Oegdopeva Yia vd anoppiyoups TNV
HNOevikn unoBeon n 0ev Ba exoupE ApKeTeC €VvOEIEeIC Kal Oev
HNOPOUNE va TNV anoppiyoupe.
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'EAEyX0I YNoBECEWYV

O eAeyxoc H,: 6=6,
H,: 8£6,
KaA€iTal ap@inAgupoc.
O1 EAeyxol
Hy: 6=86, Hy: 6=06,
H;: 8<0, H;: 8>0,
KaAouvTal HOVONAEUPOI.
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'EAEyX0I YNoBECEWYV

[la Tov _€Aeyxo piag (oTaTioTIKnG) unoBeong

unoAoyi(OUJE TO OTATIOTIKO € eyxou (test
statistic). 2uvnBwg TO OTATIOTIKO EAEYXOU

gival TNG HOPPNG

ExkTignTpia Tou 8 — Tiun Tou 6 Baocel Tng H,
Tuniko opaApa ekTiyNTPIac Tou 6

[MapaTnproTe OTI TO OTATIOTIKO €EAEYXOU

€lval pia oglygaroouvaptnon. Auto onpaivel
OTI ano JIaPOPETIKO Oeiyua 010U HPEYEBOUG
eVOEXETAl VA NPOKUWOUV OIAPOPETIKEG TIHEG
yla TV napanavw napaocraon.

2TATIOTIKA ZUhnepacpaToAoyia 35 AnunRTpnc ®ouokakng



'EAEyX0I YNoBECEWYV

Ev ouvexeia XwpiCOUPE TOV NAPAHETPIKO

XWPO OE MEePIOXN anodoxng (o1 TIMEG TOU
OTATIOTIKOU €EAEYXOU Yid TIG OMOIeG Oev
anoppinToupe Tnv Hgy) Kal 0g  Kpioiun
nepioxn (o1 TIMEG TOU OTATIOTIKOU EAEYXOU
XICI TI% onoieg anoppinToude TNV H,). O ev
oYW OIaXwWPIOHOG TOU napapsTleou XWPOU
e€apraral nepav TnNG TIMNG TOU OTATIOTIKOU
€AEYYOU Kal ano pia nmeavornta a Tnv onoid
KaGAOUPE  €Minedo  ONUAVTIKOTNTAG = TOU
s)\sy}\(ou Kal IoouTal ME TNV niBavoTnTa
opaApaToc Tunou I.
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'EAEyX0I YNoBECEWYV

MNpayuaTikoTnTa
Anogaaon Hy AANONC H, AAnBNg
0

Aev anoppintw Hy| ZwoTtn Anogaon >@aApa Tunou II
(mBavoTtnTta B)

Anoppintw H, >@aApa Tunou 1 >woTn Anogaon
(mBavoTtnTa a)

O a
O B

P(opaAua Tunou I) = P(anoppintw H, | H, cwoTtnh)
P(opaAua Tunou II) = P(dev anoppintw H, | H; ocwoTn)
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'EAEyX0I YNoBECEWYV

EnIAEYOUPE TNV KpioIun NEPIOXN €TOlI WOTE
va sAaxioTonolouvTal ol nibavoTnTec TwvV 2
€10V OPAANATWYV.

KaTti TeTolo Ogv €ival NAVTOTE EPIKTO, OMOTE
ornv npaén kpartaue 1o a orabepo (nm.X.
a=0.05) kal eAaxioTonoIoUuE TO P.

H mBavornta P(anoppintw Ho | H; owoTn)
= 1-B KAA&iTAl 1I0XUC TOU EAEYXOU.
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'EAEyX0I YNoBECEWYV

1. Opiloupe TN pnésvmn Kal Tnv eVaAAakKTIKN unobeon
LUE BAON TO EPEUVNTIKO UAC EpWTNHA.

2. YnoAoyi(oUPE TO OTATIOTIKO €AEYXOU VYiad Ta O£OONEVA
hac.

3. Opiloupe TNV KpIO'I|JI’] nsploxn ue Baon TNV
npokaBopiopevn niBavoTnTa opaAuartoc Tunou I a.

4. Av n TIUN TOU OTATIOTIKOU PAC EAEYXOU AVNKEI OTNV
KpIioIUN nsploxn anoppinTOUNE TNV PUNOEVIKN unobeaon,
a)\)\lwq OEV EXOUME HE Baon Ta Oedopeva cofapec
evOEi&eiC yia va TNV anoppiPyouuE.
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'EAEyX0I YNoBECEWYV

O >to napaderypa 1 Beloupe va eAeyEoupe av n pEON
OldpKela (wNG OUYKEKPIMEVWV AdpnTnpwyv _¢Bopiou eivai
2000h pe evaAAakTikn OTI Ogv €lval. ‘Exoupe onAaon, o€ €.0.
EO0TW A, TOV €ENC EAEYXO:

Ho: 1=2000
H;: p#£2000

O Ano Tuxaio Ociyya, 50 TeTolwv AQUNTAPWV  €0TW OTI N
O€IyHaTIKN _peon Tipn npoekuywe 1700h. To epwTnua Aoinov
gival av n olapopa auTr) HETA&U Trbq TIUNG TOU_OElyHaTog Kal
Tr]g unoTiBepgevng TiUNG Twv 2000h pag diver, ooBapeg
eVOEIEEIC evavTiov TNG Hy N av NIOTEUOUUE OTI MPponABe aTnv

TUXN AOYW TOU OUYKEKPIUEVOU TuXaiou OeiyudTog mMou
enINeEAE.

O [popavwG 000 HEYAAUTEPO €ival TO TUMIKO OQ@AAPA TNG
EKTIMNTPIAG = MOU  XPNOIMOMOIOUPJE TOOO MI0  EUKOAd
MIOTEUOUHE OTI N naparnpoupevn autn d1apopa PNopei va
NPOEKUWE oTNV TUXN.
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'EAEyX0I YNoBECEWYV

0 YnoAoyi{oupe AoINOV TO OTATIOTIKO EAEYXOU

X - 2000 X - 2000
SE(X) o/n

[0 Av unobgooupe OTI YVwPICOUPE TNV TUMIKN AnOKAION Tou
nAnbuopou, eotw 0=700h, TOTE TO Napanavw OTATIOTIKO
Y1a TO OUYKEKPIUEVO OEIYHa Naipvel TNV TIUN

~x-= 2000 1700-2000

~ o/dn 700/4/50

z = -3.03.
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'EAEyX0I YNoBECEWYV

O To egpwtnua Aoinov €ivalr noia €ival n nibavornta av
gixyape kanolo aAAo Osiyua va naparnpoucdpe Hia TIUN
TOOO “akpaia” N kalr akopa nepiocooTepo ano 1o z=-3.03.
Eneidn o €AeyxoC Mac e€ival ap@inAeupoC wC akpaia
Bewpoupe onoladnnoTe Tiyn nou eivar >3.03 i <-3.03.
Apa apkeil va Bpoupe TV neploxn (niBavotnTa) Katw ano
TNV o0.n.n. TNG T.J. Z 0€&a Tou 3.03 kal apioTrepa Tou
-3.03 kal va TIC NpoCOECOULE.

0 Ano 1o KOO EEpoupe OTI KATW aAno TNV PUNOEVIKN unobeon

X —2000

B 0/\/H
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'EAEyX0I YNoBECEWYV

O Ano Touc nivakec Tnc Kavovikne katavounc Bpiokouue OTI

-3.03 3.03
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'EAEyX0I YNoBECEWYV

] H nleavoTnTa Aoinov va napaTtnpriooupE pHid Tlpg TOOO
“akpaia” f Kkar akopa nepioocoTePo ano To |z[=3.03, dnAadn
n méavotnTa Tng nepioxng ds&ia ano T1o 3.03 guv TNV
néavoTnTa TnG NeEPIOXNG apiotepa ano To -3.03, eival
nepinou 0.002. Apa katw ano TV PNOEVIKN unoesor] N TINO
Tou delypaTikou peoou 1700h eival ndpa noAu aniBavn Kai
apa eXOUPE NoAu goBapeg evOEIiEeIG evavTiov TNG INOEVIKAG
unoesonq, Kal onoTE TNV anoppinTOUNE.

H napanavw I'IIGCIVOTI’]TCI KaAgiTal P-Tiun Tou eAgyxoU.

Mpoooxn! H P-Tiur Tou eAeyxou dev eival n mbavornTa n
unoevikn unoBeon va €ival aAnénc.

H P-Tiu Tou eAgyxou e€ivar n niBavotnTta TO OTATIOTIKO
EAEYXOU MoU xpnolponmo'ups va naper o€ KAanoio aAAo
deiypa pia Too0 “akpaia” f Kalr akopa nePICOOTEPO TIUR ME
auThn Mou €XOUME NaApATnpnoEl, OEXOMEVOI TNV MNOEVIKN
unobeon.

O Zuvnbwg oTtav n P-Tiyf < 4 anoppinToupe TNV HNOEVIKN
unoBeaon.

OO0
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'EAEyX0I YNoBECEWYV

Av BegAOUPE via TO €&V  AOYW
napadsiyya va OnNUIOUPYNOOUPE TNV
Kpiolun neploxn o€ £€.0. eotw a=0.05
Ba NTav AoyIKO va E&ixapge Tov E€E&NC
Kavova Vyia TO OTaTIOTIKO €AEyXOU
uac:

AnoppinTw TNV Hyav:
Z<_ZCI/2 I'!] Z > ZCI/2
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'EAEyX0I YNoBECEWYV

Kpioiun Meploxn Kplioiun Mepioxn

'ZCI/Z ZCI/Z
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'EAEyX0I YNoBECEWYV

O Ta a=0.05 &eukoAa Bpiokoupge and TOUC NIVAKEC TNC
Tunonoinuevng Kavovikng Katavopng OTl Z, go5=1.96.

O Apa z=-3.03<-z54,:=-1.96 0onOTE aANOPPINTOUHPE TNV HNOEVIKN
unoBeaon.

O Iocoduvapa Ba pnopouocdpe va kKataokeudlapue €va CUMMETPIKO
95% A.E. yia To g, TO onoio dev €ival Tinota AGAAo ano TNV

nePIoXN anodoXNC ToU AUPINAEUPOU EAEYXOU:
(i—za/zo/\/g, i+za/20/x/g)= (1700-1.96-500/+/50,1700-1.96-500/+/50) =
= (1506,1894)
O Mapatnpoupe OTI To napanavw AE dev nepIEXEl TNV UNOTIOEPEVN
TIuR Pe Baon Tnv H, Tov 2000h kai apa odnyoupacTe OTO
CUMNEPACHA va anoppiwoupe TNV Hy
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'Eva delypua

OO0 'EAeyxoC yia TNV Heon TIUN MIAC NOOOTIKNCG
usTaBAnTnc

AcC Unoesooups OTI EXOUME MIa TuXaia HeTaBAnNT) X anod nAnBuopo
HE pEON TIUN K Kal diaonopd o2 (Y, 02 ayvwoTa) Kal evolaPpepOUaoTE
va eAeyEoupe Tnv unoBeon Hy: B = Mg €vavTl TNG Hy: P = Y, OE E.0.
a. 'Eotw Xy,...,X,, Tuxaio dciypa. To OTATIOTIKO €AEYXOU MAG TOTE
gival

=X_Eo _ X = U
SE(X) o/+vn

To onoio akoAouBei Tnv N(0,1). Eneidny To o €ival ayvwoTo TO
EKTIMOUME anod TNV OEIYPATIKN TUMIKN anokAlon S kal To OTATIOTIKO
eAeyxouU YiveTal )—(_

-2~ %0 _Stn-1).

S/+/n
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'Eva deiypa

O Anapaitntn npolnoBeon yia Ta napanavw eivar 1a dedopeva
Hag va eivar Kavovika Katavepnueva n o 1o ueyeboc Tou
6€IY|JCITOC eival pyeyaio (n>50).

O >Tnv nepinTwon PAAIOTa nou To PeEyeBOG Tou Oeiypartog eival
HEYGAO n kaTtavopn Tou Student npooeyyileTar and TNV
Kavovikn KCITCIVO|JI’], OI'IOTE |.|r|o OUME va Bewprooupe OTI TO T
akoAouBei Tnv 2 an AoOINOV TOUG MIVAKEG TNG
Student katavounc (n Tr]q N(O 1) yia peyalo deiypa) pnopoupe
va Ppoupe TNV P-Tign Tou napandvw eAgyxou. O ev AOyw
eAeyxoc KaAeiTal one sample t-test.

O Av TO peyeBog Tou deiypaTtog Ogv gival HeEyaAo Kal dev IOXUEI N
KavovikoTNTa, TOTE ) HETAoXNMATiCoOUPEe KAaTAAANAa Ta dedopeva
wOoTE Vvda EI‘IITEUXGEI N KavovikoTnTa NOIUOMOIOUKE TOV
avTiOTOIXO KN NAPANETPIKO s)\syxo onwc Ba ooUpE NapakaTw.

O Iooduvapa pe TOV nNapanavw ap@inAeupo eAeyxo Ba
MAOPOUCAME VO KATAOKEUACAPE eva CUPHETPIKO (1-a)% A.E. yia
TO M, Kal va s)\s(vxaps av N unoTIBEPEVN TIUN Mgy AVNKEl OTO €V

Aoyw diaotnua. (x tyanS/Nn, X+t 10(/2S/\/H)
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'Eva deiypa

H P-Tiun via Tov &v AOYw E€AgyXO
NPOKUNTElI ME Baon TNV &vaAAaAKTIKN
unoBeon:

O Av H, : g = Mo TOTE N P-Tign €ival 2 @QopeG n
nBavoTnTa 0&g&ia Tou |T| (N 10o0duvapa 2 QopEC N
nBavoTnTa apioTtepa Tou -|T|).

OO0 Av H,: g > o TOTE N P-TIpn €ival miBavornTa 6€€ia
TOoU T.

O Av H; 1 p§ < Mo TOTE n P-Tiyn €ivar mBavornta
apioTepa Tou T.
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'Eva deiypa

B [lapadeiypa ornv R. '‘Eotw X n diapkeia {wnc
OUYKEKPIMEVWV AQUNTAPWV pOopiou.
EvdlapepopaoTe va eAeyEoupe av n MEON
TIMN TNCG Tuxaiac peTaBAnTnc X, €0Tw M, €ival
2000h, 0onAadn av Hy: p=2000 pe
evaAAakTikn unoBeon Tnv H,: p*2000 oc¢
£.0. 0.05. 'Eotw nnpape TIC aKOAOUBEC
napaTnpnosic ano Tuxaio Ociypa 20 TEToOIWV

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 deiypa

0 Miac kal To yeyeboc Tou OeiypaToc pac Osv
€lval TOOO JEYAAO OTNV apxn EAEYXOUME av
N unobeon TNC KAvOoVIKOTNTAC €ival Aoyikn.

> X<-€(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)

> hist(x)
> qgnorm(x)
> qqline(x)
0 ARoO Ta enopeva ypapnuata BAENOUPE OTI n unobeon
TNC KavovikoTnTac Ogv €ival napaioyn.
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'Eva delypua

Histogram of x

Frequency
2
!
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'Eva delypua

0 Ev ouvexeia YpnNOIUOMNOIOUPE TNV ETOIUN
ouvaptnon t.test. Qc Pacika opioyarta
divoupe otnv ouvapTtnon Ta oedopeva Kai

TNV UNOTIBEPEVN TIKN TOU M.
> t.test(x, mu=2000)

One Sample t-test

data: x /
10605, df = 19 pvalue = 0.2983— [N

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

mean of x
2055.840——  *
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'Eva deiypa

0 AnNO Ta danoTeEAEoPATa TOU nNApaAnavw
eAEYXOU KATAANYOUHE OTI O&V EXOUWME
coBapec evoei&elc evavTiov TNC KMNOEVIKNG
unoBeoncg, onoTe Oev TNV ANOPPINTOULE.

00 H napanavw ouvaptnon otnv R &xel ¢
npokaBopiopevn TiMN yia 1o a (To €.0. Tou
eAeyxou) 10 5%. Av BeAoupe pia aAAn
TIMN TNV NEPVAPE oav opiopa. Auto Ba
EXEl WC anoTeAeapa va aAAaéel To A.E.
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'Eva delypua

> 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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'Eva deiypa

[0 Enionc B6a pynopouocdape va eixaye Bewpnoel
KAl Kanolov JOVONAEUPO €AEYXO, M.X. av Hy:
M=2000 pe evaAAakTikn unoBeon TV H,: p<
2000, pe TNV  Bonbela TOU  OpiOHATOC
alternative. H npokaBopiogevn TOU TIMN
eival "two.sided" (#) evw &evaAAakTIKa
UNOPOUE va XPNOIJOMOINOOUUE
"greater" (>) or "less" (<). [lpooe€Te o€
auTnVv TNV nepintTwon nwc aAAadler n P-Tiyn
kabwc enionc kai To A.E.
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'Eva delypua

> 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 e RenSh)
sample estimates:

mean of x
2055.840
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'Eva delypua

B O avTioToIXOC MN MNAapapeTpIKOC E€AEyXOC OTav O&v
IoxUouv ol npolUnoBeosic kaAeitar Wilcoxon test kal
otnVv R xpnoigonoloUPe TNV evToAn wilcox.test.

> wilcox.test(x,mu=2000)

Wilcoxon signed rank test

data: X P = Tipn Tou eAéyxou

V = 131, p-value = e

alternative hypothesis: true location is not equal to 2000

B Me TnVv Bonbeia kal naAl Twv opioudatwy conf.level kai
alternative pnopoupe va aAAa&oupe 1O @ Kabwc Kai
TNV EVAAAAGKTIKN unoBeon.
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'Eva deiypa

B 'Otav orto d€iypa unapyouv loonaAiec (napatnpnoeic
HE TNV i01a TINN) N pNOEVIKA OTA PETACOXNMUATIOHEVA
O0edOMEVA NMOU MPOKUNTOUV aPaipwvTac ano Ta apyika
dedopEva TNV UNOTIBEPYEVN KATW ano TNV HNOEVIKN
unoBeon TINN Tou M, N &vtoAn wilcox.test Tnc R uac
divel nposidonoIinNTIKO pNvupa kal dev unoAoyilel TNV
akpiBn P-Tiyn Tou €Agyxou aAAd auTn NMou MPOKUNTEI
ano Jia Kavovikn nNpooeyyion.

B & nepINTWOEIC ONWC N nNapanavw HMNopoupE
AauBavovrtac unoyilv 1oonaAiec kal pNOEvIKA va
unoAoyiooupe akpifn P-Tign, xpnoigonoiwvTac Tnv
evToAn wilcox.exact nou PpPiOKETAl OTO NAKETO
exactRankTests.
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'Eva delypua

'EAEYXOC NOCOOTWV:

B AC unoBeooupEe OTI EXOUME MIa KATNyopikn OiTiun
Tuxaia petaBAnTn X pe TINEC O kar 1 kar P(X=1)=p
(ayvwoTto). [Mpopavwg T0TE n  X~Bernoulli(p).
EvdiapepopaoTte va ehey&oupe TNV unoBeon Hy: p =
Po €vavTli TNG Hy: p = p, 0 €.0. a. 'EoTw X4, ..., X,

Tuxaio Osiypa. To OTATIOTIKO EAEYXOU HUAC TOTE €ival

SE(B)  /po(1 — po)/n ==

N ouxvoTnTa Tnc TIuNG 1 oto deiypa pac.
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'Eva deiypa

B Me Baon 10 K.0.0., VvIa psya)\o n, To Z ~N(0,1) KCIT(D ano
NV pnésvmn unoescn Zuxva o-rr]v I'IpOKEI|JEVI’] I'IEpII'IT(DGI’]
yla va €ivai nio IKCIVOI'IOIr]TIKF] N npooeyylcn HAC NPOXWPANE
o€ pia d10pBwon yvwoTn w¢ 010pBwan ouvexslaq Tou Yates
(Yates continuity correction). To oTATIOTIKO EAEYXOU YivETal

|-1/2n
Z =

\/po(l_po)/n |

B YnoAoyi{oupe TNV TIUN Tou Z PE Baon TIC NApaATNPNOEIC PaG
KAl HJE TNV Bor]eaa TOU nivaka NG TUNOMOINMEVNCG
Kavovikng Katavoung Bpiokoupe TNV P-Tiun.

B AvTioTOIXdO MMOPOUME va unoAoyiooupe To Z2 TO OnMoio
akoAouBei Tnv X2 kaTtavoun pe 1 BaBpo eAeubepiac kal va
Bpoupe TNV P-Tiun pe TNV Bonbela Tou nivaka TNG X2
KaTavounc ue 1 Babuo eAeubepiac.
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'Eva deiypa

B Jooduvaua pE TOV Mnapanavw ap@inAeupo
eAeyxo 6a pnopoUcape va KATAOKEUAOOUWE
EVa OUMMETPIKO (1-a)% A.E. vyia T0 D,
EKTIMOVTAC TO TUMIKO OQAAPA JE TNV

BonBeia TOU D, Kal va OOUHE av n
UNOTIBEPEVN TIUN Py AVNKEL OTO €V AOYW
dlaoTnua.

(p = 2. JPA=P) /0. p+2,,/p(-p)/n)
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'Eva deiypa

H P-Tiun yia Tov €v AOYW €AEYXO MPOKUNTEI
Kal NaAl Yye Baon TNV evaAAakTikn unoBeon:
O Av H;: p = py TOTE N P-TIuN €ival 2 Qopeg n nibavoTnta
og€ia Tou |Z| (N 100duvapa 2 @opec n niBavoTnTa
apioTepa Tou -|Z|). Icoduvapua av OOUAEWOUNE HE TO Z2
n P-Tiyn €ival n mBavoTnTa d&€€ia Tou Z2,
O Av H;: p > py T0TE n P-Tign €ivar mBavotnTa d€&ia Tou
Z. Iooduvaua av OOUAEYOUNE PE TO Z2 n P-Tiun €ival 1o
1/2 Tnc miBavoTtnTac d€&ia Tou Z2.
O Av H,: p < p, TOTE n P-Tign €ivar mBavoTnTa apiotepa
Tou Z. looduvaua av OOUAEWOUPE PE TO Z2 n P-Tiun

eival ion pe TO oUPNANpwpa Tou 1/2 TG mIBavoTnTacg
oe€ia Tou Z2.
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'Eva delypua

B [1a va e€ival 1KkavonoinTikn N Npocoeyyion TNG
KATavounC TOU OTATIOTIKOU eAeyxou Baoel Tou K.O.O.
Kal OAa Ta nponyoupeva BOa npenel To PeyeBoC Tou
d€iypyaToc va €ival gyeyado. To nooo PHeyaAo npenel va
gival To n oxeTi(eTal JE TO NOCO CUMHETPIKN €ival n
OIWVUMIKN KaTavoun nou oTnv NpaypaTtikoTnTa
EXOUME Kal yIa auTo oTNV Npa&n eAEyXOUUE av
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'Eva deiypa

B [lapadsiypya otnv R, KataokeuaoTnc
ioxupileTal oTI To 2% TWV NPOIOVTWV TOU
gival eAaTTwpaTIKa. 2€ TUYAio Oc&iypa
n=1000 TETOIWV nMpoiovTWV PBpednkav
k=30 eAatTwpaTtika ( p=30/1000 )
©cloupe oe €.0. 5% va eAeyEoupe TOV
IOXUPIOMO  Tou  kataokeuaoTtn  (Hg:
p=0.02) pe evaAAakTikn H,: p#0.02.

MapaTtnpoupe OTI npy= 20 kal n(1-py)= 980
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'Eva delypua

B O gAeyxoc ornv R pnopei va yivel ye Tnv Bonbeia tTn¢
EVTOANC prop.test.
Pl

> prop.test(30,1000, p=0.02) _
e T MéyeBog Beivhatog

_ 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
zz 95 percent confidence interval:
0.02067971 0.04308482 —_

sample estimates: _

P

0.03 a |

2TATIOTIKA ZUhnepacpaToAoyia 67 AnunRTpnc ®ouokakng




'Eva deiypa

B AnO Ta anoTeAeouaTa TOU napanavw
EAEYXOU KATAANYOUUE OTI, Ot £.0. 5%,
EXOUNE oofapec evoOocei&éelc esvavTiov TNC
LNOEVIKNC unoBeaonc, onoTeE TNV
anopPINTOUHE.

B Mnopoupe va {nTnoouphe otnv R va punv
YIVEI 0 €AEYXOC OUVEXEIAC KABWC €niong
Kal va dAAa&oupe TnVv npokaBopiouevn
TIUN TOUu €.0. nou kal €dw e€ival 5%.
TeAoC LUNOPOULE vda (NTNOOUWE
LOVOMAEUPO EAEYXO.
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'Eva delypua

> 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
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'Eva deiypa

> 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 0.047895404

sample estimates:

P
0.03
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'Eva delypua

> 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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'Eva deiypa

B 'Otav Oev Ioxuouv ol npoUnoBeosic Tou K.O.O. Kal
napoAad auTa €UEIC EpapPUOCOUUE TNV EVTOAN prop.test
Naipvoule €va nposidonoinTiko Pnvupa AdaBouc ano
TNV R.

B 3& QUTEC TIC NEPINTWOEIC MPEMElI v £PAPUOCOUNE TO
Alwvupiko kpitnpio (binomial test) pye Tnv BonBeia TnG
evTOANC binom.test. Kal ornv nepinTwon autn HE
avaAoyo TpOmo OnNwC Kkal npliv  JNopoupe  va
aAAa&oupe TNV NpokaBopIiouEVN TIMN ToU £.0. Tou 5%,
Kabwc kal va {NTroOOUNE JOVONAEUPO EAEYXO.

B Ac unoBecoupe oTO nponyoupevo napadeiyya OTi
n=100, k=10 kai p,=0.01. ToTE npy= 1.
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'Eva delypua

> 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 delypua

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

Exact binomial test

data: 10 and 100

number of successes = 10, number of trials = 100, p-value =
7.632e-08

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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AuUo ave€EapTnTa OciyuaTa

O ‘EAeyxog yia TRV d1apopd TV HECWV TIHWV dUO MOCOTIKWYV

METABANTWV:

B 'EOTw OTI EXOUHE WETPNOEIG TNG 101AG NOOOTIKNG HETABANTNG OF
OUO  OHAOEG OIAPOPETIKWYV  ATOHWYV (OUO  OIAPOPETIKOUG
nAnBuopoug). Elval guAoyn TOTE n avadnrnon meavng Toug
OXeoNnG. 10 CUYKEKPIPMEVA €0TW TO XAPAKTNPIOTIKO X ano gvav
NANBUONO MPE Peon TIMN Wy KAl TUMIKN anokAion g; (M, O
CIXVO)O‘I’CI)' Kal E0Tw Y TO 1010 XAPAKTNPIOTIKO arno evav aAAo
NANBUOPO HE PEON TIMN M, KAl TURIKN AnokAign o, (Hp, O,
ayvwoTd). Ag Bewpnooupe oTl X, Y aveEapTnTeg, 6n)\a%n N TIUN
MOU MNaAipvel TO UMNO  UEAETN XAPAKTNPIOTIKO OTOV MAPWTO
nAnBuopo Oev snr]bpsla € TNV TINN nNou naipvel To I0I0
éCIPCIKTI’]pIO'TIKO OTO OEUTEPO MANBUOHO. 'EOTW Xy,...,X,; TUXAIO

glyga ano _Tov nNpwTto NANBUOHO Kal Yq,...,Y,, TuXaio O&lyud

ano Tov OEUTEPO n)\neuokj'o. la va eAeyoupe miBavn
o0lagoponoinon ToU UMNO HEAETN XAPAKTNPIOTIKOU OTOUG OUO
NANBUOPOUG €lval AOYIKO TOTE va €AEy&OUPE TNV unoBeon Hy: [y
= M, €vavTl TNG Hy: p; # Y, 0g £.0. a, ONAAdn va eAey&oupe av
TO UMO HEAETN, XAPAKTNPIOTIKO E€XEl TNV 1d1a PECN TIMN OTOUG
duo nAnBuaopouc.
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AuUo ave€EapTnTa OciyuaTa

" To oranomic ekéyxou pas rére civa_— [

(X-Y) () (X -Y)
SE(X-Y)

0.2 0.2
o
B >TOoV nNapanavw OTATIOTIKO €AEYXO MMOOPOUME va
avTIKATAOTNOOUNE TIC AYVWOTEC OlACoNopec TWV
nANBuouwyv OTOV NapovopaoTn HE TIC AVTIOTOIXEC
OEIYHUATIKEC Ola0MOPEC, ONOTE TO OTATIOTIKO EAEYXOU
viveTal X-Y
e
S5
nl n2
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AuUo ave€EapTnTa OciyuaTa

B 'Otav Ta peyedn Twv 2 OlypaATWV €ival PJeEyaAa pE
Baon 1o K.0.0. TO Z akoAoubBei npooeyyloTiKAG TNV
N(0,1) kal apa n P-Tiun Tou gAeyxou €ival 2 Ppopec n
niBavornta Tn¢ nepioxnc Tnc N(0,1) d€&ia ano 1o |Z].
Av 0 eAeyXOC €ival JOVONAEUPOC N P-TINN TOU €AgyXOU
eival n mBavornta Tnc nepioxnc tnc N(0,1) d€&ia n
apIOTEPA ano To Z avaAoya HE TNV EVAAAAKTIKN.

B Jooduvapa PeE TOov NApaAnavw ap@inAgeupo eAeyxo Ba
MNOPOUCANE VA EiXAUE KATACOKEUAOElI €vA CUUUETPIKO
(1-a)% A.E. Tng Odiagopdc Twv MNEOCWV Kal vd
EAEYXAME AV NEPIEXEI TO PNOEV.

—— o2 g2 —— g2 g2
(XY)Za/Q\/—1+—2<M1M2<(XY)+Za/2 — 4+ =
(5] no T 1 o
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AuUo ave€EapTnTa OciyuaTa

B 'Otav T1a 0O&dopeva npoepyovrar ano
Kavovikouc nAnBuopouc BewpOUPE TIC
€ENC 2 NEPINTWOEIC:

1. O1  nAnBuopoi  e€xouv  I0EC  TUMIKEC
anokAioeig, dnAadn o,=0,=0 (ayvwarn).
>TNV NepinTwon auTtn unoAoyiCouphe TNV
OUYXWVEUHEVN (pooled) OEIYHATIKN
diaonopda

S* ={(n, —1)S} +(n, —1)S3}/(n, +n, —2)
omov S; ot &Yoo Serypotucéc dwaonopéc, 1=1,2.
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AuUo ave€EapTnTa OciyuaTa

Kal EXOUME TO aKOAOUBO OTATIOTIKO EAEYXOU

X =Y
= ~ St(n1 + N9 —2)

e
S\/nl n2

YnoAoyiloupe 1o T kal n P-Tign Tou €Agyxou €ival 2 QOPEeC N
neavoTnTa NG nepioxng Tng St(n;+n,- 2) 0€€ia ano To | T|. Av
0 eAeyxoc e€ival povon)\supoq n P-Tiyn ToU s)\syxou gival n
neavoTnTa TNG Neploxng TnG St(n,+n,-2) 6€€ia 1 apioTepa anod
To T avaAoya Pe TNV evaAAakTIKh. O €v AOYW €AEYXOGC KAA&iTal
two sample t-test.

IoodUvapa pMeE TOV nNapandvw ap@inAsupo €Aeyxo Ba
HNOpOUCAUE VA EiXAUE KATAOKEUAOEl £vad CUMMETPIKO (1-a)%
A.E. yia Tnv d1apopd TWV PHECWV KAl va EAEYXAME AV MEPIEXEI TO

0. 1 1
X —YV+t, 1, oo/ S —+—.
( ) 1+n2—2,a/2 n1+n2
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AuUo ave€EapTnTa OciyuaTa

2. O1 nAnBuopoi €xoUVv AVIOEC Kal QyVWOTEC
TUMNIKEC ANOKAIOEIC.

>TnNV MEPINTWON AUTH TO OTATIOTIKO EAEYXOU

gival
(X Y
T = ~ St

v
n, n,

NPOOEYYIOTIKA
SV ()
She

n—-1 n,-1
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AuUo ave€EapTnTa OciyuaTa

YnoAoyiCoupe To T kal n P-Tiun Tou eA€yyxou €ival 2 popEC N
niBavoTnTa TnNC neptoxnc Tnc St(v) d€&ia ano 1o |T|. Av o
eAEYXOC €ival HpovonAeupocC N P-TiuN Tou €Aeyxou €ival n
niBavoTnTa TnC neploxnc Tne St(v) do€&ia n apiotepa ano 7o T
avaioya He TNV eVaAAAKTIKN.

O TeAeuTaiog auToc eAeyxoc Oivel NPOOEYYIOTIKA AMOTEAEOUATA
Kal £xel Tnv ovopaocia Welch Two Sample t-test.

To oupuEeTPIKO (1-a)% A.E. oTnVv NpokKeIgeEVN NEPINTWON €ival

— 82 5’2 = 52 82
(X=Y) —tyas2 71_1 + n_z <pr—p2 < (X=Y) +1,4 TL_1 + ’n_z
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AuUo ave€EapTnTa OciyuaTa

B Me noia KpITApIa OPWG anopaciCoupe av ol
Olacnopeg Twv NANBUOPwYV  €ival I0eG n OXl
(nepintwon 1 n 2); Zuxva n anogaocrn pag
AapBaveral ye Baon To ANOTEAECNA TOU EAEYXOU

Ho: 0,° = 0,° JE evaAAakTIKN H,: 0,2 # 0,°20£ £€.0. @

B Av_ dev egxoupe ooPapeg evdei&Eic ano  Ta
Oedopeva yia va anoppiywoupe TNV napanavw
gnésvmq unoBeon, TOTE OEWPOUPE 100TNTA
Iacnopwyv  Kal  Anyaivoupe Baon TNV
nepintwon 1. Av €XOUHE ooé-'apeq eVOEIEEIG
evavTiov Tng H, TOTE Tnv anoppinToups,
Bewpoupe 6r])\06r| OTI o1 Ola0TOpPEG EIVAl AVIOEG
Kal NpoXWPAPe PE Baon Tnv nepintwon 2.
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AuUo ave€EapTnTa OciyuaTa

B Katw ano tTnv gnoevikn unoBeon avapeveTal o AOYoC

82 - KaTavoun Tou
F— =2 F(n1 ~1. n, _1) Snedecor
S5
B YnoAoyiloupe Aoinov To OTATIOTIKO eAeyyxou F kar n P-Tiun Tou
eAEyXOU €ival 2 popec n mBavoTnTa TnG nepioxns Tng F(n, -1,n,-1)
0€€ia ano 1o F av F>1 | 2 gpopec n nmBavoTnTa TNC NEPIOXNC TNC
F(n; -1,n,-1) apiotepa ano 170 F av F<1l. O &v AOyw €AEgyXOG
KaAeital variance test ) F-test.
B Jooduvapa Pe Tov napanavw apPinAeupo eleyxo 6a pnopoucaps
Va EiXAPE KATAOKEUAOEl €va OUPMETPIKO (1-a)% A.E. Tou Aoyou
TWV 01aCNOoPWV KAl va EAEYXAUE av NEPIEXEI TNV povada.

1 S? o3 S%

. Sz < _2 <Fn1—1n2—11 01/252

Fnl—l,ng—l,l—a/Q
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AuUo ave€EapTnTa OciyuaTa

B H R yia To t-test xpnoiyonolei Tov TUNO PE TNV
ouyxwveupevn oOlacnopa av OnAwBei ano Tov
xpnoTn OTI ol d1a0MnopPEC €ival iI0EC 1 Tov TUMO TOU
Welch av 0dnAwbei ano Tov ¥pnortn OTI Ol
dlaonopec €ival avioec. Aev epappolel dnAadn 1o
K.O.©. TNa Tov AOyo aQuTOV nMpenel navrta va
eheyxetal n Kavovikotntad. Av Ta HEYEON Twv
OEIYHATWYV €ival PJeEYAAd, TOTE TUXOV aMNOKAICEIC
ano Tnv Kavovikotnta 0Oev ennpealouv Ta
anoTeAEouaTa, Kal 1o oraTioTiko Tou Welch €ival
NeEPIiNOU i00 PJE TO AVTIOTOIXO OTATIOTIKO Z, uno
TV npoUnobeon Tou K.O.O.
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AuUo ave€EapTnTa OciyuaTa

B [lapadeiypya otnv R. 'Eotw X n diapkela
(wnNc AQuATNPWV MNUPAKTWOEWC Kalr Y n
diapkela  {wNnc AauntTnpwyv  @Bopiou.
EvOliapepopaoTe va eAeyEoupe av n peon
TIMN TNG TuXaiag MeTapAnTNc X, €0TW My,
Io0oUTAl JE TNV MECN TIUN TNG T.4 Y, €0TW M-,
onAadn av Hy: pi=H, HE EVAAAAKTIKN
unoBeon TNV H;: P;#W, o0 €.0. 0.05. Ac
Bewpnooupe Ta €&nc dsdopeva
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AuUo ave€EapTnTa OciyuaTa

> X

1101.03772 1786.32947 1277.69708 1109.69338 1197.77010 1686.87452
861.60858 133.78242 1261.79457 457.88062 400.99297 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.
133.8 697.1 1106.0 1059.0 1266.0 2141.0
> 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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AuUo ave€EapTnTa OciyuaTa

5000

4000

3000
|

2000

1000
|
]
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AuUo ave€EapTnTa OciyuaTa

B H peon diapkeia (wng oto dsiyya Twv Aauntnpwv @Bopiou eival
4971h evw TwV avTioTOIXWV NUPAKTWOEWC €ival 1037h. Eival auTn
n oOla@opa nou PBAeENOUPE OTO OEiyha OTATIOTIKA ONMAVTIKN,
unopoupe dnAadn va BydAoupe avTioTolXa CUPNEPACUATA Kal yid
Tov NANBUCNO N OPEIAETAl OTA OUYKEKPIYEVA OEiypaTa;

B Oa eAeyEoupe apxika av Ta dedopeva npoepxovtal ano Kavovikoug
nAnBuopouc.

> hist(X)

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

> gqgnorm(Y)
> qqline(Y)
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AuUo ave€EapTnTa OciyuaTa

Frequency

Histogram of X

Sample Quantiles
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Auo aveEapTtnTa dO€iyuaTa

Histogram of Y Normal Q-Q Plot
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AuUo ave€EapTnTa OciyuaTa

B [lapatnpoupe OTI OV UNAPYXOUV HEYAAEC
anoKAIOEIC ano TNV Kavovikn katavoun
Kal yia Ta duo Peyeodn.

B Ev ouvexeia e€Aeyxyoupe Tnv 100TNTA
dlaonopwv HE TNV Bonbeia TNC €VTOANC
var.test.
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AuUo ave€EapTnTa OciyuaTa

> var.test(X,Y)

F test to compare two variances

FoTamomiko ehéyxou
data; xandgy_——— o

F=4.7208, num df = 19, denom df = 17, p-value =
0.0002266————

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

95 percent confidence interval:
1.792851 12.118288 ——,

sample estimates:

ratio of variances

4.72081
\ I
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AuUo ave€EapTnTa OciyuaTa

B [lapatnpoupe OTI N P-Tiun €ivar noAu
UIKPN ONOTE €XOUME oofapec eVvOEIEEIC
evavTiov TnC H, kai apa anoppinToupe
TNV unobeon via iocotTnTa oiacnopwyv. Ev

ouvexeia e@appoloupe 10 Welch Two
Sample t-test.
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AuUo ave€EapTnTa OciyuaTa

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

Welch Two Sample t-test

data: X and Y r_F
t = -32.0924, df = 27.306, p-value < 2.2e-16 — [Eiilill

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

95 percent confidence interval:
-4162.115 -3662.134 >
sample estimates:

mean of X mean of y

\.

1059.036 4971.161
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AuUo ave€EapTnTa OciyuaTa

B H P-Tiun TOu €AgyXOU €ival MOAU MIKPN
onoTE anoppinToupe TNV  PNOEVIKN
unoBeon. Me Tnv PBonbeia Tou A.E.
guunepaivoupe oOTl n olapkela (wNc Twv
AQUNTAPWV MUPAKTWOEWG €ival KaTtd
LECO OPO APKETA UIKPOTEPN TNC OIAPKEIAC
(wnNC TV AaunTnpwy pBopiou.

B Av unoBeooupe 100TNTA OIACNOPWY TOTE
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AuUo ave€EapTnTa OciyuaTa

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

Two Sample t-test

data: XandY
t = -30.9836, df = 36, p-value < 2.2e-16

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

95 percent confidence interval:
-4168.201 -3656.048

sample estimates:

mean of X mean of y

1059.036 4971.161
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AuUo ave€EapTnTa OciyuaTa

B Kar naAl pe 10 opiopya conf.level pynopoupe va
aANGEOUUE TO €.0. TOU EAEYXOU EVW ME TO OpIOUd
alternative va epapgO0oUpE HOVONAEUPO EAEYXO.

B 'OTtav Oev IOXUEl N unoBeon TNC KAvovikoTNTAc KAl
Ta MJeyedn e€ival  PIKPA  XPNOIMONOIOUME  TO
avTiOTOIXO HN NAPAUETPIKO EAEYXO HE TNV
ovopaoia Wilcoxon rank sum test.

B JoyUouv kal €dw Ol AVTIOTOIXEC MApPATNPNOEIC YId
TIC 100NaAiec kal Ta HNOEVIKA MOU EiXahe OTO
EAEYXO €VOC OEiydaToC. Z& TETOIEC MEPINTWOEIC
unopeiTe kal €dw va XPNOIMOMNOINOETE TNV EVTOAN
wilcox.exact and To nakeTo exactRankTests.
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AuUo ave€EapTnTa OciyuaTa

> wilcox.test(X,Y)

Wilcoxon rank sum test

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

alternative hypothesis: true location
shift is not equal to O
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AuUo ave€EapTnTa OciyuaTa

'EAeyxoc dilapopdac NocooTWV

B Ac unobeocoupne OTI €&xoupde pia OiTiun  TuXaia
MeETABANT) X pe Tieg 0 kar 1 kar P(X=1)=p;
(ayvwaoTo) Kal pia aAAn oiTign Tuxaia peraBAnTtn Y,
ave€aptnTn TNG X, ME TINEC 0 kal 1 kai P(Y=1)=p,
(ayvwoTto). [Mpopavwc T0TE N X Kal n Y akoAouBouv
Tnv katavoun Bernoulli pe napaperpo p; kar p,
avTioTtoixa. Evdiagpepopaocte va eAeyEoupe Tnv
unoBeon Hy: p; = p, evavti TnG Hy: p; # p, O¢ €.0. a.
'Eotw  Xi,...,X,; Tuxaio Oe€iypya ando TOV NPWTO
nAnBuopo kai Y4,...,Y,, Tuxaio Oe€iyya ano ToOV
deuTepO NANBuaouo.
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AuUo ave€EapTnTa OciyuaTa

B To OTaTIOTIKO EAEYXOU HAC TOTE €ival

A TR

7 (p1 _152)_ (P, —P>)
SE (131 = IA)z ) ,
Omov P, = X 1 GYETIKY cLYVOTNTO TNG TG 1

oto 1° delypo kot p, =Y 1) GYETIKY ovyvOTITO

e TN 1 oto 2° oetyua.
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AuUo ave€EapTnTa OciyuaTa

Kdatw amo tnv unogvikn vrobeon p, =p, =P Kot TOTE

= (ﬁl _f)z)
7/ =

\/p(l—p)(; +nl j
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AuUo ave€EapTnTa OciyuaTa

m Me Baon 1o K.0.0., yia peyaia peyedn deiypatwyv, 1o Z < N(0,1)
Katw ano Tnv |Jr]6£vmr| unoBeon. Tlia Tov uno)\oylopo TOU TUMIKOU
OPAANATOG OTOV MNAPOVOUAQTN EKTIHOUWE TNV Kolvr avaAoyia p
ouvdualovTag TIG NANPOPOPIEG TwV OUO BEIYUATWY, unvowCovmq
dnAadn Tnv ouyxwveupevn (pooled) OXETIKA oUXVOTNTA TNG TIUNG 1

ano Ta duo OsiyuaTa
ZX +ZY

B = n,p, +n,p, _ ol
1, +n2 1, +n2

B >uxva OTnVv NPOKEINEVN NEPINTWON YIa va €ival 1o IKavonoInTIKn n
NPOCEYYION HAG MPOXWPAHUE ONWG Kal OTNV MNEPINTWON TOU EVOG
deiypatog otnv diopbwaon ouvexelag Tou Yates (Yates continuity
correction). To oTaTIOTIKO EAEYXOU TOTE YiveETAl:

~ ~

N
Z _ pl p2 2n 2n1

Jﬁ(l—p)(n+ljj
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AuUo ave€EapTnTa OciyuaTa

B YnoAoyioupe TNV TIUR Tou Z PE BAon TIG NAapaTnpnoEl§ Hag
Kal Je Tnv BonBeia Tou nivaka TngG TUNONOINKEVNG KAVOVIKNG
KATAvounG BploKoups TNV P-Tign. AvTioToIXa WNOPOUME va
UMOAOYICOUUE TO Z2? TO OMNOi0 aKOAOUBEI TNV X? KaTavoun He
1 BaBuo eAeubBepiag kar BpioOKOUPE TNV P-Tipun HE TNV
BonBeia TOUu nivaka TNGC X2 katavopnc pMe 1 Babud
eAeubBepiac.

B Jooduvapa pE TOV napanavw dau@inAeupo €EAeyxo 6Ba
LUNOPOUCANE VA KATAOKEUAOOUUE €va OUMMETPIKO (1-a)%
A.E. yia T0 p1 P, Kal av doUuE av n unoT! EUEVN TIHN NG
d1apopag Baon TNV ugésvmn unoBeon (1o pNOEV
dnAadn) CIVI’]KEI OTO €V AOyw d1a0TNa.

JEIRLES)

n, n,

N | —

Pi—P2EZun {
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AuUo ave€EapTnTa OciyuaTa

B H P-miygn vyia TOoV &v AOYW EAEYXO
NPOKUMTElI KAl naAl pe Baocn TNV
eVAAAAKTIKN unoBeon:

B Av H,;: p; #p, T0TE N P-TIun €ivar 2 popec n nibavoTnTa
oe€ia Tou |Z| (N 1ooduvapa 2 Popec n nmbavoTnTd
apioTepa Tou -|Z]|). IoodUvapa av dOUAEWOUUE PE TO Z2
n P-Tiyn €ivai n mBavoTnTa d€&ia Tou Z2,

B Av H,: p; > p, T0Te n P-Tiyn €ival mBavornTta d€&1a Tou
Z. Iooduvapa av doUAeWoupe PYe To Z2 n P-Tiyn €ival 1o
1/2 Tnc mBavoTnTag de€ia Tou Z2.

®m Av H,: p; < p, TOTE n P-Tign €ivar mBavoTnTa apiotepa
Tou Z. Iocoduvapa av OOUAEWOUHE HPE TO Z2 n P-Tiun
gival ion e TO cuunAnpwpua Tou 1/2 Tnc mBavoTnTac
d€€ia Tou Z2.
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AuUo ave€EapTnTa OciyuaTa

B [a va ioxuel To KO® kal oAa Ta nponyoupeva Oa
npenel Ta HEYEON Twv OEIYHATWV va €ival PeyaAd.
>TnV Npa&n eAeyxoupe av
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AuUo ave€EapTnTa OciyuaTa

B [lapadeiypa ortnv R, AUO aveEaptnTeC NAPAYWYIKEC
diadikaciec edwoav 12 (k;) kar 20 (k,) eAaTTwpartika
avTikeipeva o€ Tuxaia deiypata Twv 300 (ny) kai 400 (n,)
AVTIKEIMEVWV avTioTolxd. OeAoupue o€ €.0. 5% va eAeyEoupe
av TO MOCOCTO TWV EAATTWHATIKWV MAPOIOVTWV ano TIC 2
napaywyikecg Oladikaaieg €ival 1o idio (Hy: p; = p,) evavTl
TNG evaAAakTIKNG OTI dev €ival To idio (H,: p; = p,).

NapatnpouUpe OTI

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

MNapatnpoupue €niong OTI
12+20
300+400
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AuUo ave€EapTnTa OciyuaTa

B O eAeyxog otnv R pnopei va yivel ge tnv ponbeia tng

EVTOANC prop.test.
> nec(300,400) — opBuon Guvireios
> prop.test(x,n) MéyeBog BeryudTwv -

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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AuUo ave€EapTnTa OciyuaTa

B AnO Ta AMNOTEAECMATA TOU NAPANAVW EAEYXOU
KaTaANyouue OTI, 0t €.0. 5%, O&v EXOUME
ooBapec evoeikeic  evavTiov TNC MNOEVIKNC
unobeonc, onoTe OV TNV ANOPPINTOULE.

B 'OnwcC kKal ornv oTnv nepinTwon Me eva O&iyua
unopoupe va (ntnooupe otnv R va pnv yivel o
eANEYXOC OUVEXEIdC KaBwC emionc kal va
aAAa&oupe TNV nNpokaBopiopevn TINNR TOU E.0.
nou kar €dw eivar 5%. TeAoc pnopoups va
(NTNOOUME PHOVONAEUPO EAEYXO.
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AuUo ave€EapTnTa OciyuaTa

B Ta nponyoupeva OedOPEVA HNOPOUCAME
va Ta BAEnape uno poppn &voC 2x2
nivaka cuxvoTnTwyv (contingency table).

# EAQTTOHATIKWV

# Mn eAATTOHATIKWV

MNapaywyikn
Ailadikaoia 1

12

288

Mapaywyikn
Aladikaoia 2

20

380
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AuUo ave€EapTnTa OciyuaTa

B Jooduvapa HE TOV NPONYOUMEVO au@InAsupo eAeyxo Ba
NTav Vva €AEyXape av O apipyoc Twv EAATTOHATIKWOV
NpoiOVTWV €ival aveEapTnToc TNC napaywyikne oiadikaaoiac
(HE evaAAakTIKn OTI O&v €ival). 2& TETOIEC NEPINTWOEIC

unoAoyi(OUUE TO OTATIOTIKO EAEYXOU

2 Z (apoTnpndeioeg GLYVOTNTES - OVOUEVOUEVEG cuxvornrgg)
OVOLLLEVOLLEVES GUYVOTITES

TR T e e i )
neyeboc ostypoTog

Kot To ABpotoua Eivar m¢ TPoS OAN T KEALA.
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AuUo ave€EapTnTa OciyuaTa

# EAGTTOUATIKOV

# Mn eEAATTOHATIKWOV

MNapaywyikn
Aladikaaoia 1

12

(avagevOHEVN ouxXvoTnTd
= (32x300)/700 = 13.7)

288
(avapeEVOHEVN ouxvoTNnTa
= (668 x300)/700 = 286.3)

Napaywyikn
Aladikaoia 2

20
(avapeVOMEVN CUXVOTNTA
= (32x400)/700 = 18.3)

380
(aVAapEVOHEVN oUXVOTNTA
= (668 %x400)/700 = 381.7)
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AuUo ave€EapTnTa OciyuaTa

B To OTATIOTIKO €Agyxou X2, KATW and Tnv HNOEVIKN
unoBeon TNG ave&apTnoidg, akKOAOUBEl NpooeyyIoTIKA
TNV X2 Katavoun pe 1 BaBuo eAeubBepiag. Zuxva orny
MPOKEIJEVN MAEPINTWON Yia va €ival nio IKavonoIinTiKn
N Npooeyyion Hag npoxwpape ornv  olopbwan
ouvexelag Tou Yates. To OTATIOTIKO €EAEYXOU TOTE
YIVETAl:

2 Z (|ropatnpneiceg cuyvdTeg - ovapevoueves cuyvotteg —0.5)°
OVOLEVOLEVES GUYVOTITES '

B YnoAoyiCoupge Aoimov  Tnv TIPR TOU  OTATIOTIKOU
gEAEYXOU peE [Baon TIG NAPATNPNOEIG HAG KAl &V
guvexeia n P-Tign Tou eAgyxou e€ival n nibavornTa
€€l TNC TIMNG AQuTn¢ JE Baon Tnv X2 katavoun He 1
.E.
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AuUo ave€EapTnTa OciyuaTa

L] AI'ICIpCIITI’]TI’] npounoeson EIVCII o)\sq ol
AVAPEVOUEVEC OUXVOTNTEC va €ival = b,

B O ev AOyw €Aeyxoc kaAeiTal X2 independence
test.

B Mnopoupe va Tov €PAPUOCOUNE OoTnV R HE
TNV Ponbeia TNC &vtoAnc chisqg.test agou
npwTa YpAawoupe Ta Oedopeva paAc uno
LopPpnN Nivaka ocuxvoTNTWV.

B Mnopoupue va {ntnooupe otnv R va HNV YIVEI
n oiopbwon Tou Yates pe TO Opiocua
correct="false”.
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AuUo ave€EapTnTa OciyuaTa

> 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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AuUo ave€EapTnTa OciyuaTa

NapaTtnpoupue Aoinov OTI Ot £.0. 5%,
Oev  EXOUME  oOoPBapec  evOEsi€elc
gvavTiov TNC pndevikne unobeonc TnC
aveéapTnoiac, ONOTE dev TNV
anoppINTOULE.
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AuUo ave€EapTnTa OciyuaTa

B 'Otav 0e&v Ioxuouv ol npounoBecsic Tou K.O.O.
(lcoduvapa o1 avAapeEVOUEVEC OUXVOTNTEC O&v E€ival
OAEC MEYAAUTEPEC Tou 5) kal napoAa auTta EPEIC
£QPAPUOCOUHE TNV EVTOAN prop.test 1 Tnv €&vToAn
chisg.test naipvoupe eva npoeidonoinNTIKO PAVUPA
AaBouc ano Tnv R.

B 3¢ QUTEC TIC MEPINTWOEIC E£PAPPOlOUPE TO MN
napaueTpIiko Fisher exact test pye Tnv BonBeia Tng
evToANcC fisher.test.

B Ac unoBegoupE OTO NPoNyoulEVO Napadeiypa oTi Ny =
10, n, = 15, k; =5 kai k, =5 . ToTe

. 5+10 =
p= 10115 =0.6 kan n,(1-p)=4<5S.
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AuUo ave€EapTnTa OciyuaTa

# EAGTTOUATIKOV

# Mn eEAATTOHATIKWOV

MNapaywyikn
Aladikaaoia 1

5

(avagevOHEVN ouxXvoTnTd
= (10x10)/25 = 4)

5

(avapeEVOHEVN ouxvoTNnTa
= (15x10)/25 = 6)

Napaywyikn
Aladikaoia 2

5

(avapeVOMEVN CUXVOTNTA
= (10x15)/25 =6

10

(avapeVOMEVN ouxXvoTnTa
= (15x15)/25 =9
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AuUo ave€EapTnTa OciyuaTa

> x<-¢(5,10)
> n<-c(10,15)
> prop.test(x,n)
2-sample test for equality of proportions with continuity correction
data: x outof 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:
prop 1 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))
> chisqg.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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AuUo ave€EapTnTa OciyuaTa

> fisher.test(mash)

Fisher's Exact Test for Count Data

data: mash
L P-mpR

p-value = 0.4422
alternative hypothesis: true odds ratio is not equal to 1

95 percent confidence interval:

0.2908366 13.7903042 _
sample estimates:
odds ratio
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Auo E&aptnueva AciyuarTa

[0 ApPKETEG (POPEG OTIG OTATIOTIKEG HEAETEG OUVAVTAMPE TO
(PAIVOUEVO TWV = €EapTnUeEVwy delypdtwy. T, ag
UNOBECOUHE OTI EXOUME psTpr]crslq TNG 010G, NOCOTIKNG
HETABANTAG yla Ta id1a aTopua o€ 2 JIAPOPETIKEG XPOVIKEG
nepiodouq. AG KAAEoOUPE X TNV PETAPANTR TNV XPOVIKN
TINA 1 Kal ag BewpnOOUNE OTI NPOEPXETAl Ano NANBUOHO
UE AyvwoTn PeEoN lell’] Uy Kal ayvwoTn Tunikn anokAion
O, KAl Y Tnv PETABANTR TNV XPOVIKN OTIYdN 2 Kdl dg
BEwpPnOOUPE OTI NPOEPXETAl ANO NANBUOHO HE avao-rr]
peon, Tlgq U, Kal ayvwoTtn TUMIKh anokAion o, 'EoTw To
TuXaio OElyha Nou anoTeAEiTal ano Ceuyn OUOXETIOHEVWV
TU)(CII(DV pueTaBANTOV (Xq,Y1),...,(X,,Y,). EvOlapepopaoTe

doupe av n uno ps)\sTr] Tuxaia MeTapAnTn
6|acp OMoOIEITAl _KATA HECO Opo OTIG 2 xpovmsq
NepIodOUG, 6r])\c|6r] va eAey&oupe TNV unoBeon Hy: g =
W, €vavTl TNG Hy: My # M, 0€ €.0. d. O v AOyw s)\syxoc
KaAegiTal paired t-test.
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Auo E&aptnueva AciyuarTa

AnNUIOUpYOUHE TIC O1apOPEC TWV NaApanavw
QEUYd)V (Z]'=X1_Y1),...,'(Zn= Xn_Y = KGI
£TOlI KATAANYOUHE O€ eva Tuxaio OElyud
Nou npoepxeTalr ano nANBUOHO HE
ayvwoTtn Heon TIKN Hy-H, KAl ayvwoTn
TUMIKN  anokAion  0,+0,-2:Cov(X,Y).
Mnopoupe Aoinov pe Bacn Ta 00a EiNApe
oTNV MNEPINTWON TOU EAEYXOU YIiA TNV
JEON TIMN HIAG NOOCOTIKNG MHETABANTNG
(one sample t-test) va eAey&oupe Twpa
TAV unoBeon Hy: H; - H,=0 evavTl TNG
Hyt by - B = 0.
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Auo E&apTnueva AsiypaTa

O MapadeiyuaTta eEapTnUEVWY OEIVUATWYV :

MeTpnoesic yia Ta idia aTtoud

I. oe 2 napopolec petaBAnTec (m.X. pE idlec Povadec

HETPNONG).
II. Tng_idiag peTaBAnTng ornv idia povada PEAETNG aAAd
o€ OIAPOPETIKEC XPOVIKEC OTIYHEC.

ITI. TnG i1d1ag HeTABANTAG AAAG O€ BIAPOPETIKA ONMEIA TNG
i0lac povadac HEAETNC.

IV. Tng idiag peTaBAnTNG Ot OIAPOPETIKEG HOVADEG
UEAETNC nou oxeTiCovTal (0idupa, ouyyeveic, gilol).
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Auo E&aptnueva AciyuarTa

Napadeiyya: Ta napakatw Oedoueva
ekppalouv TIC BOopadiaiec NWANCEIC
o€ €, 20 npoiovTwv NpIv KAl JETA TNV
dlapnUIOTIKN Kapnavia. 2 £.0. 5%
Behoupe va  eAeyéoupe av N
d1aNUICTIKN Kaunavia Kata Jeso 0po
dev ennpealel  TIC eBdouadiaiec
NWANCEIC HPE EVAAAAKTIKN OTI  TIC
BeEATIWVEI.
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Auo E€apTnueva Asiypara

Ataonu. EPJd. EPs. ’ AT EBo. EPJ. :
Kopmévia HoA. Hwk: Arapopd Kopimévia oA, me: Awapopd
[Ipwv Merta IIpwv 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

>TATIOTIKA ZUNNEpAcpaToAoyia 124 AnunNTpnc ®ouokakng



Auo E&apTnueva AsiypaTa

O Av Aoinov p; €ival ol peoeg eBdopadiaies NWANCEIG NPV Kal W, Ol
HECEG €BoopadlaleG NWANCEIC PETA TNV OIAPNMIOTIKN Kaunavia
Beloupe va eleyEoupe TnVv unoBeon Hy: py - P,=0 evavTt TnG
Hit g -4 <0

O Miag kai To peyeBog Tou JEiyHaTog pag dev gival TOOO HEYAAO OTHV
apxn ):e)\eyxouus av n unoBeon TnC KAvovikoTNTAc yia TIC OlapOPEC
glval Aoyikn.

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

>hist(d)
>qqgnorm(d)

O And Ta enopeva ypagnuata PBAEnoupe OTI n unoBeon Tng
KAVOVIKOTNTAC €V €lval napaioyn.
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Auo EEapTtnueva Aciyuara

Normal Q-Q Plot

Histogram of d

Frequency
3
l
Sample Quantiles

o -
I I I I I

I 1 1 1 1 1 1 D 1 0 1 5
-100 -80 -60 -40 -20 0 20

Theoretical Quantiles
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Auo E&apTnueva AsiypaTa

> 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

o _.-------~ Aheiyuamikéc p£oog TwV Slapopiv.
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Auo E&aptnueva AciyuarTa

Apa o€ €.0. 5% anoppinToupe TNV
uNOEvIKN unoBeon OTI N Ol1AaPNMICTIKN
Kaunavia kKata JdECoO Oopo  Oev
ennpealel TiIC €BROopadiaiec NWANOCEIC
Kal OEXOMACTE TNV EVAAAAKTIKN OTI
unnp&e auénon Twv NWANCEWV.
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Auo E&aptnueva AciyuarTa

Av 1co0duvapa BeAaUe va OUYKPIVOUUE
NooooTA dUO OUOYXETIOUEVV
deiyyatwv  Oa epapuolahe 1O
McNemar’'s test pye Tnv PBonBeia TNC
guvapTnonc mcnemar.test.
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Auo E&apTnueva AsiypaTa

Napadeiyua:

> UMQPWVEITE JE TOUC XEIPIOPOUC TNG KUBEpvNONC OTa
OEpATA OIKOVOUIKNCG NOAITIKNG;

Aevtepn 'Epevva (1 Boopdoda petd

amO CUYKEKPIUEVO UETPA.)

IHpwt Epsvva Nat O 2VUVOAO
Noat 10 15 25
O 12 17 29
2OVOLO 22 32 54
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Auo E&apTnueva AsiypaTa

> 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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'EAeyxoc KaAnc Mpooapuoync

O Mexpl Twpa o TPOMNOC MOU EAEYXAME TNV KCITCI)\)\r])\OTnTCI
TOU snl)\sypsvou hovTeAou (Kavovikou OTIC nsplooompsg
nsplnTwoslq) nTav HE TNV BonBeia  ypapikwyv
napaocTacewy, N.X. Iotoypapparta kal QQ-plots.

O Ynapxel evaq s)\eyxoq unoBecgswv (Kolmogorov-Smirnov
test), KaTa ToV onoiov s)\syxoups TNV PNOEVIKN unoeson
OTI Ta Oedopeva aKo)\oueouv Hia oustKplpsvn
KCITCIVO|JI’], HE EVCI)\)\CIKTIKI’] OTlI OV TNV aKo)\oueouv Me
Baon Aoinov Tnv P-Tiyn Tou ev AOYW EAEYXOU cpTavoups
o€ TeEAIKA oupnspaopam o€ crxscrn HE TNV KCITCI)\)\I’])\OTI’]TCI
| UN TOU PJOVTEAOU (KATAvoun) Nou €XOUME €MIAEEEL.

O TMNa Ta doedopeva TNC dlapkelac (WNC OUYKEKPINEVWYV
)\qunTr]pcov pOopiou nou €idapye oTo NAPAdEIYUA HE TO
£va OElyha EXOUUE:
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'EAeyxoc KaAnc Mpooapuoync

> ks.test(x,"pnorm")
S R e
AeBopéva x. .
One-sample Kolmogorov-Smirnov
test

data: X /

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