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KPLTIKEG TTAAALOTEPWYV POLTHTWV

"Avotnpoc + NMPOGYMOZ! To puoTIKO givatl va pun Tov VIPEMEDAL KAl va TOV pwTAG
anopieg. Av n artopia givat low level, 6a o napaneuwel evyevikd. Av 0x1, 6a givat
Bnoavpog. Av 6ev Tov pwTdg, Ba meAaywaoels. Av TOV KOPOIOEYELS, TNV MATNOEG.”

KpLtikn amno to www.rateyourprofessor.gr
(To site dbev umdpyxel Tia)

‘... KUpte lMapaBdvtn oag oTeAVw yia va oag nmw otL mAgov pottw otnv AXOEE oTo
pETAMTUXLAKO Atoiknon AvBpwrivou Avvautkou yta To ormolo pou ypdwate
OUOTATIKN EMOTOAN Kat oag evxaptotw! Apxioaue NMoootikn MeBodoAoyiag
Epeuvac kat Exw va nw OTL ipat TuxepPnN mov napakoAovbouvoa ylati akoua Buuduat
TI¢ Tapadooelg oag. 2ag evxaploTw.”

MnAvupa anogoitou

“Mia ovuBouAn: Ta pabnuata tou MapaBdvtn eivat evayyeAto. Nive aotept o autd.
Eivat ndpa moAv xpriowua oto eEWTEPLKO.”

AnAwon gottntn Erasmus oto Maveruotnuio tou Plymouth
(40 €tog AEY)

1. Maénpa

1.1. Zuyypappata

— ammmroTTo

Owkovopov, IT & AytakAoyAou, X.N.
(2004). MgBobot MpoBAewewv Kal
AvdAvonc Anopacswv. Ekdooelg
Mrmevou

e [0 HABNUATLIKO, TILO CUVOTITIKO

Aczel, A. & Sounderpandian, J. (2013).
2TATIOTIKN OKEWN OTOV KOOUO TWV
EMLXePNoewy. M. Zpakiavakng,
ErtpeAela-NMpoAoyog EAANVIKARQ
‘Ekdoonc, Broken Hill Publishers &
Ek6ooelg MaoyxaAidng

e [110 avaAuTLKO, TIOANEC AUPEVEG

QOKNOELQ

1.2. AlOAKTILKO UALKO

Avakolvwoelg, dtagaveleg, dedopeva, uANa urtohoyLopol, KA. 6a ta diaBalete
Kal katePBadlete OAa amno To eclass Tov pabnuatog


http://www.rateyourprofessor.gr

e https://eclass.unipi.gr/courses/DES103/

1.3. A§loAoynon
Mop@eg afloAoynong

e [poodol (dvo, multiple choice, pe mpoesidomoinon oTo TponyoLUEVO HABNUQ)
HE KAELOTO TO EKTALOEVUTIKO LALKO: 30% TOL TEALKOUL Babuov

o Av kdrota nmpoodo¢ yivel yeow Tou Internet, yia va UMoOpPECETE va
OUUUETACXETE Ba MPETEL va EXETE KAL va KAVETE Xpron Twv credentials
(username, password) rov oag €xet Swoel to Maverniotiuto Melpatwe

(kat pe ta onola unaivete 0to dkeAO oag kat BAEMETE ToUG Babuolg
oag)

e TeAlkn e€€taon (multiple choice pe aoknoeglg) pe avolxto 6Ao To
eKTALOELTIKO LALKO Kat dta {wong: 70% touv TeALIKOL Baduov

e Bonus napovciag otnv TAEN KAl CUUPETOXNAG OTO HABnua (Kkatd Tnv Kpion
Tou Stddokovta): 10% Tou TEALKOUL Babuov

o Na eiote mapovTteg oTIG SLAAEEELC KAL VA CUPPETEXETE UE EPWTNOELG
KaL amavtnoeLg

2tV (6ta Cwong) TeAkn e€etaon Ba pemeL va £xeTe padi oag eva (pOnvo)
ETLOTNHOVIKO Koptloutepdkt (calculator)


https://eclass.unipi.gr/courses/DES103/

CASIO fx-82SX PLUS

Sif 6E95E041,

4
g3n8550 120"

1.4. AoyLOHLKO TIOVU Ba XpnotpgoTotn0ei
Google Sheets
e Av dev €xete Aoyaplaopo oto Gmail, tapakaAw va gtiagete (eivat dwpedv)

e To KUpLO IPOYPAMMA Eloaywyng Kat dtaxeiplong dedopevwy, Tov Ba
XPNOLUOTIOLI)COVKE OTO pHabnua

JASP
e EEalpeTikO dwpeav mpoypapupa, KAvel Tn Xpnon touv R oAl eVKOAN
e To KUPLO IPOYPANKA OTATIOTIKNAG avAAuong Tov Ba XPnNGOLHOTIOLOOVHE OTO
Haénua
jamovi
e EEalpeTiko dwpedv MpoypapPpa, OPoiwg KAVEL TN XPNHon Tou R OAL €0KOAN

e [1L0 XPNOLUO Yla CUYKEKPLUEVEG OTATLOTLKEG AVAAVCELG, WG
CUUTIANPWHATLKO TOUL jamovi



https://www.google.com/sheets/about/
https://jasp-stats.org/
https://www.r-project.org/
https://www.jamovi.org/
https://www.r-project.org/

1.5. AsKadIKOo PnYio Kal YwPLoHOG XLALadwyv
> TIC ONPELWOELG AUTEG akoAouBeital To cuotnua twy HIMA
e [lava ywpidovpe TO aKEPALO HEPOG €VOG aplOpoL amo ta dekadika

“"n

xpnotuototeital n teAeia “.” (kat 6xL n KOPUa, 6we ovuvnbideTat oTnv
EANGOQ)

e [la TWV XWPLOPO TwV XLIALAdwV o€ €va Peydalo aplBuo xpnolpotoleital To

un

koppa (“) kat oL n teAeiq, 6nwe ovvnbicetat otnv EAAAda
e Xwpidoupe Pe KOPPA TIC XIALAOEC AKOPA KAl O€ apLlOPOVG IOV £X0OUV AKEPALO
HEPOC HE 4 povo pnepia
o (Meplkd eyxelpibla yoppomoinong cuoTAVOLV va PNV XwpPIiovye TIg
XtALadecg yla aptbpoug mou £xouv 4 yovo yneia)

Mapadeiypata

e O aplBuog xiAla dlakoola Tplavta TEcoepa Kat mevnvTa €L ypapeTal we
1,234.56

o (Kdmola oTuA popyotoinong Ba cuviotovoay, EMELdN TO AKEPALO
HEPOG, “1234", dev elval TAvw amnod TEcoEPA Yneia, va unv xwpicovpe
TIG XIALAdeQ)

e O aplBpuog dwbdeka XIALAdeg TplakOCLa oapAavta MEVTE Kal EENVTA ENTA
ypagpetat wg 12,345.67

e To cLOTNUa auto dev dlaepeL TIOAL Ao TO CLGTNHA TIOL CLUVLOTA N
Evpwrnaikn Evwon, 6nAadn va xwpidovtat ot xIALAdeg pe kevod (space) avti
yla KOPHQ, Kal va yivetal xpnon €ite koppa eite teAeiag ya va xwpidet ta
dekadika

1.6. Eav 6ev ta mate KaAd HE TA HAOnUATKa
OuTe 0 616doKwWYV Ta TAEL KAAA PJE TA Padnuatika

To paénua diddoketal wg Avalvon Aedopévwy (data analysis) 0xt Madnuatikn
Ftatiotikn (Mathematical Statistics)

e To pddnua to S1dACKEL PNXaviKog, OXL HaBNUATLKOG

Agv Ba vmtdp&el mapd ehaxlotn kalvyn mBavothTwy (probability), yeyovog mou
agatpei eva onuavtiko Baduo duokoAiag

Oa dobei epacn otn xpnon dwpedv umoAoyloTikwy epyaleiwv (Google Sheets,
JASP)

>nUavTiKo va yivetal To pdaénua katavonto Katd tn dtapkela tng mapadoong

e AAAAQ otav prnovpe otnv Emaywytkn ZTatioTtiki, €av mapdAAnAa pye tnv
napakoAovBnon dev dlaBalete, Ba xAoete TN PdAa



e 0Oa fepete MOTE Ba €pOEL ALTA N OTLYHUN YLATL Ba LTIAPEEL TIPOOOOG PE TO
TeAog NG MepLypaypikng ITATIOTIKNG

Oa Bondroel TOAL va KAveTe Xpnon urtoAoylotn Kabwg dtapalete
e Statistics is learned by doing

1.7. Nwg 6a MEPACETE TO HABNUA
Na epxeote aveAA WG OTLIG MapadOoELg
e [lepvape kaAq, dev Ba To BAEMETE cav ayyapeia
e EEaAAovu 1o MATIEl eival n mpwTtn oag dovAela
Na dtaBacete yia tnv mpoodo (A tig mpoddoug)
e [avaefaopalioete KAAO Babuo

e [la va pnv peivouv OAa 0To TEANOG KAl TIPETEL va pABeTe €va oAOKANPo BLBALo
O€ TPELG PEPEQ

o Oa elval cav va MpeMeEL va TiLeite eva o0AOKANPo BapeAL o dUO PEPEQ

Na emikowvwveite pye tov ditdaokovta
e Na €pXEOTE E ATOPIEG OTIG WPEG YpaPELioU
o Mmnopoupe va cuvavtiopaote Kat online (Google Meet)
e Na oteAvete email pye amopieg otov KABNYNTN

2. Baolk€g €vvoleg & €idn otatioTIKAG avaAvong

Moootikég MéBodol (Quantitative Methods) = Ztatiotikn (Statistics) = Avalvon
dedopévwy (Data analysis)

e H texvntn vonuooulvn (Artificial Intelligence ) Al) BaciZetal o peyalo PEpog
OTN OTATLOTLKN KAl OTLG TBAvVOTNTEG

>T1G NMoooTtikég MeBoddoug avalloouvpe dedopéva (data)



e Ta dedopeva eival opyavwpeva os mapatnpnoelg (observations 1) cases), yla
yla KaBe oTatloTIkn povada (| oTATIOTLKO ATOUO)

3 variables

k
{ \

Weight (pounds)|Length (inches)| Region
— 290 30 East
296 35 East
299 34 East
300 34 East
305 38 East
307 40 North
15 observations 311 46 North
— 315 45 North
325 49 North
339 48 North
340 55 South
355 58 South
357 55 West
359 57 West
- 361 59 West

Weight (pounds)|Length (inches)| Region
290 30 East
Observation #2 296 35 East
299 34 East
300 34 East
305 38 East

307 40 North

311 46 North

315 45 North

325 49 North

339 48 North

340 55 South

355 58 South

357 55 West

359 57 West

361 59 West




Eidn oTatloTIKAG:
1. Neprypaikn (descriptive)
2. Emaywytkn (inferential)

Me evllLaPepeL IEPLOCOTEPO Va PABETE TOUG AyyALKOUG Ttapad Toug EAANVIKOUG
0poug

2.1. MepypaiKi) CTATIOTLKI

Evolagpepopaote povo yla eva deiypa (sample), mou eivat eva cuvolo dedopevwv
(data set)

Aev pag evdlagpépel o mAnBuopog (population) and tov omoio mpogpxeTal To
delypa

AvaAvoupe petapBAnteg (variables, pla r meploocotepeg)

Ta dedopeva Kal ol HETABANTEG €ival OPYAVWHEVEG OE TIAPATIPICELG
(observations r) cases)

[pagikeg pebodol
e Aldypappa kouti (boxplot), totoypappa (histogram), paBdoypappa (barchart)

e Alaypdupata tumou mitag (pie charts) 6gv xpnotponotlovvtal oAL oTn
OTATLOTIKN

e e KABe mepiTWOon, anoevyovpe evieAwg ta Tplodidotata daypappata
(auTo Ba To avagepoupe Eava cuvToua)



Monthly Deaths from Lung Diseases in the UK
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Chart 5.7.1
Distribution of salaries of the employees of ABC Corporation
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O O = N

Expert responses per area
O = N W b o O J ©

East Asia

AplOunTikeC pebodol

Europe

e MeTpa B€ong kal dlaomopag

Middle
East/North
Africa

North America

South Asia

America

o I.x. eAaxtoto (minimum), p€yltoto (maximum), yeon TN (mean n

average), TuTtlkn anokAion (standard deviation)

Oa doLpe Kal kdmoloug Tivakeg ouxvotntwy (frequency tables)

Cumulative Frequency Distribution Table

‘( cue
THE MATH EXPERT

I:tlearsvsal Tally Marks Frequency (I:::;l::l:::
(cf)

20 - 30 ] 2 2

30-40 M 4 6

40 - 50 W | 6 12

50 - 60 | 2 14

60 - 70 W | 6 20

70 - 80 | 4 24

2.2. EmaywylKN 0TaTloTIKN

E€etaloupe eva deiypa (sample) yia va katahaBoupe tov AnBucpo (population)

Avahboupe (ouvnBwg) TEPLOCOTEPES MO Pia HeTaBANTEG (variables)

Baol{opaote OTIG ypaPLKEG HEBOOOUG TNG TIEPLYPAPLKNG OTATLOTLKNG

South/Central



e Kupiwg oto totoypappa (histogram)

Baol{opaote eniong og aplOunTiKA peyeON TIOL LTIOAOYICOVLE OTNV TEPLYPAPLKN)
OTATLOTIKN

e Kupiwg p€on Tipn (mean ) average) Kal TUTILKN anokAion (standard
deviation)

AlevepyoLE OTATLOTLKOUG EAEYXOULG (statistical tests)

e Meéow avtwy, due amno delypatikd peyedbn (sample statistics) oe
mAnBuoplakeg mapapeTpoug (population parameters)

Target Population Generalization
of results
Study Population Inference
e i vz Reliable and
Vo Valid data
Sample
Sample statistic

3. MAnBuopoc Kat deiyua
MAnBuopog (population)
AglypatoAnmrtiko mAaioto (sampling frame)

e To TUNAPa ekeivo Touv MANBUGCHOL OTO oToio €xoupe podopacn (T.X. Av
TIPOKELTAL YLa ATopa, SLaBETOLV KIVNTO TNAEPWVO) Kal and To oToio
uropoupe va emiAe€ovpe dedopeva yla to delypa



Otav kavoupe amoypawn (census) Tou TANBLCHOUL, KATAYPAPOLHE OAEG TLG
OTATLOTIKEG povadeg Tov TiepthapBdvovtal otov TAnBuopd (oTNV TPAYUATIKOTNTA
010 delypaTtoAnmTIKO TMAAioLO, KATIOLEG OTATLOTIKEG PovAdEG tAvTa EEPelyoLV)

‘Eva 6eiypa (sample) eival tavta moAL pikpotepo (“tdgelg pey€boug”) Tou
AnBuopou

Population




Target Population

«
|}

)
e T =

Sample (n=3)

Population (N=10)

Mapd To yeyovog OTL OTLC TTApATAvVW ELKOVEG paiveTal va eTitAeyetal deiypa ano
Tov MANBUOPO, va BupaoTte OTL TO Seiypa EMIAEYETAL TIAVTA ATIO TO
OELYHATOANTTIKO TMAALOLO e TNV eAmida:

e To Tunpa tTov TANBLCHOoL oL BpiokeTal EKTOG delypaToOANMTIKOU TAALGIOU
va givatl 000 Lo PIKPO YiveTal

e OLOTATIOTIKEG povadeg Tov Bpiokovtal EKTOG dELlyHaTOANTMTIKOU TAALGIOU
Va PNV €XOLV CUCTNHATLKEG dLaPOPES ATO TIG OTATLOTIKEG HOVADEG TIOV
Bpiokovtal evtog detypatoAnmrikoL Aatciou!




3.1. Tuyaio deiypa

‘Eva Seiypa mpemMeLl va CUAAEYETAL KATA TETOLO TPOTIO WOTE va €ival
QVTLIPOOWTIEVTLKO (representative), 5nAadn Ta xapakTneLoTLKA TOU va potddouv
HE auTd Tou MANBuopoL

To 1o KAaolko idog mBavoTikng detypatoAnyiag (probabilistic sampling) ival
TO amAo tuyaio deiypa (simple random sample rj SRS), ov €xelL Ta akdAouvba
XAPAKTNPLOTIKA:

e Kabe otatiotikn povdda (r dtopo) €xel tnv idla ubavotnTa eTAoyng
e KdOe deiypa tou 1diov peyeboug €xeL Tnv idla TBavotTnTa EMAOYNG

Ma Tnv eTitAoyn anAoL Tuxaiov deiypatog xpnotpotmolovvTal Tuyaiot apOpoi
(random numbers)

i Column number
Random numbers Line

number | 00-09 10-19 20-29 30-39 4049

00 15544 80712 | 97742 21500 | 97081 42451 | 50623 56071 | 28882 28739
01 01011 21285 | 04729 39986 | 73150 31548 | 30168 76189 | 56996 19210
02 47435 53308 | 40718 29050 | 74858 64517 2§§73 51058 | 68501 42723
03 91312 75137 | 86274 59834 | 69844 19853 | 06917 17413 | 44474 86530
04 12775 08768 | 80791 16298 | 22934 09630 | 98862 39746 | 64623 32768

05 31466 43761 | 94872 92230 | 52367 13205 | 386B4 55882 | 77518 36252
06 09300 43847 | 40881 51243 | 97810 18903 | 53914 31688 | 06220 40422
07 | 73582 13810 | 57784 72454 | 68997 72229 | 30340 08844 | 53924 89630
08 11092 81392 | 58189 22697 | 41063 09451 [ 09789 00637 | 06450 85990
09 93322 98567 | 00116 35605 | 66790 52965 | 628[77 21740 | 56476 49296

10 80134 12484 | 67089 08674 | 70753 90959 | 45842 59844 | 45214 36505
11 97888 31797 | 95037 84400 | 76041 96668 | 75920 68482 | 56855 97417
12 92612 27082 | 59459 69380 | 98654 20407 | 881p1 56263 | 27126 63797
13 72744 45586 | 43279 44218 | 83638 05422 | 00995 70217 | 78925 39097
14 96256 70653 | 45285 26293 | 78305 80252 | 03625 40159 | 68760 84716

o] 07851 47452 | 66742 83331 | 54701 06573 | P8169 37499 | 67756 68301
16 25594 41552 | 96475 56151 | 02089 33748 | 65289 89956 | 89559 33687
17 | 65358 15155 | 59374 80940 | 03411 94656 | 69440 47156 | 77115 99463
18 09402 31008 | 53424 21928 | 02198 61201 | 02457 87214 | 59750 51330
19 97424 90765 | 01634 37328 | 41243 33564 | 17884 94747 | 93650 77668
v 1

Jraviwg yivetal xprnon anAwyv tuxaiwyv 0elygdtwy otnv mpagn

Kata kavova yivetal xprion tuyaiov deiypatog (random sample), ov €xeL TIG €€NGC
dLoTNTEC:
e KdaBe otatiotikn povada (n dtopo) €xetl tTnv ibla ubavotTnta emidoyng (6nwg
Kal 0To amAo Tuxaio deiypa)

e Opwg, dev exel kABe deiypa Tov Oiov peyeBoug TNV idla mbavoTnTa
emAoyng!



AUTO akoLyeTalL PTIEPOEVTLIKO, OTIOTE €va tapadelyua BonOdel va dtakpivoupe
AUTEG TLIG dVO EVVOLEC:

“You have a class of 50 students, 30 males and 20 females. You are randomly
selecting 3 males and 2 females. This is an example of a random sample because
each person in the class has the same probability of being selected 3/30=2/20.
However, all your samples are going to be the same: 3 males and 2 females. It is not
possible to get 2 males and 3 females, or 4 males and 1 female. Therefore, it is not a
simple random sample.”

4. AswypatoAnypia
H dadikacia emithoyng evog deiypatog ovopdletal detypatoAnyia (sampling)
H SetlypatoAnyia €xeL VO 0TOXOULG:

1. To deiypa mou Ba emtAgyel va eivat 000 yiveTal TILO AVTLIIPOCWTIEVTLKO TOL
TtAnBuopovL

2. H dewypatoAnyia va €xeL 000 yiveTal HIKPOTEPO KOOTOG
Onuwg eimape mponyovpuevwg, oxedov mote dev eTAEyeTaAL ATAO TUXALO deiypa

e H emhoyn anAov tuyxaiov deiypatog dev Ba dlac@aAile kavevay amno Toug
S0 TPONYOVHEVOLG GTOXOUG

Ereldn oxedov note dev eTuAeyetal anAo tuxaio deiypa, avapepouacTe OTLG
dLapopeg popPeg delypatoAnyia kat cav pevdotuyaia detypatoAnyia
(pseudorandom sampling)

MapouvactadovTal OTIG ETMIOPEVEG EVOTNTEC TA TILO GLVNOLOPEVA €10N
delypatoAnypiag

4.1. AswypatoAnyia gevkoAiag

>1n delypatoAnypia evkoAiag (convenience sampling) emAgéyetal deiypa mou
BOAEVEL TOUG EPELVNTECS
| |

— S— Convenience Sampling:
| eyl Use results that are easy to get.
i

Do you believe
in the death

| IS
Y —
| I

AglypatoAnyia ano tnv MpwTn oELPA TNG TAENS
e Oa eival To deiypa avIMPOCWTEVTLKO TNG TAENG;


https://math.stackexchange.com/questions/1072695/random-sample-vs-simple-random-sample

Yuyyevng eivat kat n detypatoAnyia xtovootipadag (snowball sampling)

Researchers recruit initial subjects

Initial subjects
recuit additional
subjects...

...who recruit
additional

=42 058

4.2. Tuotnpatikn dewyyatoAnyia

3TN cuoTNHATLKN delypatoAnyia (systematic sampling), .x. avoiyoupe tov
TNAEPWVLKO KATAAOYO Kal ETUAEYOUHE KABE ELKOOTO Ovoua

] 9 Sysfemoﬁc SamPHng:
ﬂ ﬂ Select some starting point. then
select every kth (such as every 50th)
element in the population.

Ma mapdadetypa, detypatoAnyia ano oAn tnv Tagn

4.3. AswypatoAnyia kata ot fadeg

>1n delypatoAnypia kata otipadeg (cluster sampling), o mAnBuopog xwpiletal oe
OTIRASEG (TLX. YEWYPAPLKES TIEPLOXER) KAL HETA ETUAEYOVTAL OAQ TA PHEAN KABE
otolBadag

AKOAOLBWG, ETILAEYOVTAL TLXALA HEPLKEG ATIO TIG OTLRAdEG, OMWG paiveTal oTnv
TIAPAKATW ELKOVA



Cluster Sampf:'ng:
Divide the population area into

sections (or clusters), then rand'om-’y
select some of those clusters. and
then choose al/ members from those
selected clusters.

Interview all voters in

shaded precincts.

Av oL oTIBAdEC eival peyaleg, TOTE eTUAEYETAL TLXAiO Oelypa anod kKABe oTIRAda,
onoTe PYiAdpe yia moAvotadiakn detypatoAnypia (multistage sampling), mou
TapovolddeTal TMapakATw

Ma napddetypa, detypatoAnyia amno 1o aplotepo Kat SeELO HEPOC TNG TAENS

4.4. Itpwpartomoltnuevn detypatoAnyia

Telog, oTn oTpwpatonotnuevn detypatoAnyia (stratified sampling), o mMAnBuouog
Xwpicetal o (opoeldeic) opadeg, .x. Avdpeg Kal yuvaikeg, akohoLOBwCS de
ETAEYETAL TLXALO deiypa amo KAabe vtoopada

m ] = Stratified Sampling:
%L q Subdivide the population into at least
3 two different subgroups (or strata)
’ 4| that share the same characteristics
f A / g el (such as gender or age bracket). then

draw a sample from each subgroup.
Ma mapadetypa, detypatoAnyia Bacetl avdpwv/yuvaltkwy oTnv Tagn

4.5. MNoAvctadiakn detypatoAnyia

2uXVQ, oL TIapanavw Popyeg detypatoAnyiag cuvovadovtal peTagL Toug
neptAapBdvovTtag Kal kamota tuxaia deiypata, onote YIAAUE yiad TIOALGTASLAKI)
delypatoAnyia (multistage sampling)



Households

States [—| Districts — Villages

Ynaviwg ta otddla eivatl mavw amno Tpia.

2 XETIKO Ttapddetlypa kelpevou amno napadoteo (deliverable) Tng epeuvnTIKAG
opadag pou oto mAaiclo epeuvnTikoL €pyou Horizon 2020, tov oxoAlddel pia
BiBALoypagpikn mnyn:

Using a qualitative approach based on 37 in-depth semi-structured interviews
conducted in 2019 and 2020, the study focused on three themes: energy supply
security, the renewables’ role in enhancing energy security, and the connections
between energy security and environmental sustainability. Approximately one-third of
the participants were purposefully selected to ensure diversity in their backgrounds
and professions, with a particular focus on academics. The remaining two-thirds were
chosen through random sampling to ensure an unbiased representation of the broader
population. The two main criteria for including a participant in the sample were their
willingness to discuss energy security and share personal views on the topic and a
completed undergraduate university degree.

H ninyn eivat:

e Mouraviey, N. (2021). Energy security in Kazakhstan: The consumers’
perspective. Energy Policy, 155, 112343.
https://doi.org/10.1016/j.enpol.2021.112343

H poppotoinon (formatting) Tng mapandvw mnyng €xet yivel cOPPWVA UE TO OTUA
APA (American Psychological Association), tou eival €va and ta emkpateotepa
TPOTUTIA OTIG KOLVWVLIKEG ETULOTAMEG.

5. MANOUOHLAKEG TTAPAUETPOL Kal SELypHaTIKA HEYEDN

TL kAvoupe otnv emaywykn otatiotikn (inferential statistics):


https://doi.org/10.1016/j.enpol.2021.112343
https://apastyle.apa.org/

e Avalvoupe €va deiypa (sample), ouv €xel emiAeyei and tov mAnBuopud
(population) pe delypatoAnyia mouv va To KAvel 000 TILO AVILTPOCWTEVTLKO
(representative) yivetal

e YmoAoyidoupe TIC TIPES KATOLOL delypatikol peyEBoug (sample statistic)
o Tl.x. y€on TN Tou deiypatog

e Me Bdon TnVv TN Tov delypaTtikoL peyedoug, poomadolpe va
TPOBAEYPOULE, OE CLYKEKPLUEVO eTiTtedo epmiatoovving (confidence level),
TNV TN TNG avTioTolxnNg MANBVGHLaKN G TtapapETpou (population
parameters)

o T1.X. HEon Tiun MANBLoPOL
f

Ol TANBUOULAKEG TIAPAPETPOL EXOLV OTABEPN TLUN, TIOL OPWG Elval AyvwoTn oTovV
gepeuvntA (ylati dev yivetal va kataypdypoupe 06Ao Tov TANBLCHO)

AvTiBeTq, N TIPN TWV dELYPATIKWY PHeYEBWYV KupaiveTal ano deiypa og deiypa



Parameter VS Statistic

When studying statistics, you might come across many terms that, if you aren't fully
concentrated, will create a lot of confusion. For example, take parameter and
statistic.

DEFINITION

DEFINITION

If you are talking about a PARAMETER, | A STATISTIC describes only a sample of
you are talking about the whole the population.
population.

» According to a survey of 606 city
residents, garbage collection was the city

e In 2010, the population of the town
numbered about 5000.

service people liked most.

» A survey of 2000 federation members
had shown that 48% believed police
should have the right to take industrial
action.

« This city has a population of more than
1000000.

« There are 305 doctors in this hospital.

o The number of students enrolled at the
college is 15000.

Because a parameter is found out only when you know data about
everyone in the population, it's fixed. In contrast, a statistic that
describes the same population can vary. This is because you can
take different samples from the same population and thus get

= different results. So, a parameter is obviously more reliable than a
statistic. Still, when a population is so large that nobody has the
time or the resources to ask everyone, a statistic will provide
enough information to draw conclusions.

ESL COM

Mta aképa onuavTikn €vvola oTn oTatloTikn eival n a§lomotia (reliability)

e H aglomiotia xapaktnpilel TN CLVETIELA KaL TNV EVOTABELA EVOC OTATLOTLKOU
HeYEBOLG



o Eav n twn evog detypatikoL peyeboug dev aAAadel oAL amo deiypa
o€ 0eilypaq, TOTE TO SELYPATIKO AUTO PEYEBOC XapakTnpideTal wg
alomoto

o Amo deiypa oe beiypa Oa umtapyxel BERata kamota dtakvpavon Twy
TLUWYV OTIOLOVONTIOTE OTATLOTIKOU PHEYEBOLCG

e Eva kabnpepivo mapadeypa:
o 'Exete pla uyapld Pumaviov yla va JETPOETE TO BAPOC 0AG
o AveBaivete otn {uyapla TPELS POPEG, Kal KABe popa oag divel pia
eAappwe draopeTikn petpnon: 70 KIAG, 71 KIAQG, Kat 69 KLAQ
o Av n uyapla ntav aglomotn, 6a oag £061ve TIAPOPOLEG HETPNOELS KABE
(POPA TIOL TNV XPNOLUOTIOLELTE UTIO TLG 1OLEC GUVONKEG
o Y& auTtn TNV mepintwon, ol HeTPNoeLg Oev eival TIOAD CUVETIELG, OTIOTE
n Cuyapla dev pmopei va xapaktnplotel aglomotn
H a€lomiotia Kal N avTimpoowneLTIKOTNTA €ival Kat ol HV0 CNUAVTLKEG EVVOLEG
yla tnv a§loAoynon tTnG yKLPOTNTAG HLAG OTATIOTIKNAG avaluong
e 'Eva oTATIOTIKO PeEYeBOC Pmopei va gpaivetal aflomioTo o dlaPpopeTIKA
delypata

e Edv opwe avtad ta deiypata dev eival avTIMPOCWTEVTIKA TOL TTANBLGUOU, TO
OTATLOTLKO PHEYEDOG eVOEXETAL TEALKA VA PNV €lval agloTioTo yla tnv
e€aywyn akpLBwv CLUUTEPACHATWY OXETIKA PE TNV TAPAPETPO TOU
TtAnBuopov

Mua mAnBuopLaK MapapeTpog ivatl Tio agLlomioTn ano £€va OELYPaTLko PEYEBOC

e [lapoAa autd, oxedov moTe Sev EXOLHE TO XPOVO N TOLG TIOPOUC TIOV
anattouvTal yla va Kataypdaypoupe evav oAOKANPo MANBUGUO
Avtiotolya, €va delypaTtiko peyebog (TLX. N HEON TLUNA) EVOC HEYAADTEPOU
delypatog Ba gival 1o agLoToTOo Ao TO AVTIoTOLX0 SELYHATIKO HEYEDOG €VOQ
HIKpOTEPOUL Seiypatog

e [l auTto etuAeyovpe oxedov avta to peyalvtepo duvato deiypa mou
UTIOPOUPE VA aVTEEOLHE Ao MAELPAG XPOVOU, KOGTOUG, Kal AAAWY
ATALTOVPEVWY TIOPWV

MeplocoTepa yla TNy aglomiotia aAAd Kal Tnv epriotooLvn Ba movPe apyotepa

Ac doupe eva mapadeypa evog HikpoL MANBVopoL pe paypatika dedopeva Twv
apuvTikwy daravwy (military expenditure) 10 xwpwv (og dloekatoppvpla USS)

AMUVTIKEG damaveg

AplOpog  Xwpa (61c USS)
1 USA 801
2 China 293

3 India 110



4 Russia 87
5 UK 60
6 France 56
7 Germany 45
8 Brazil 31
9 Canada 18
10 Nigeria 5

Maipvovtag dlagopeTika Tuxaia deiypata peyeboug 3 amo avtov, BAETIOVHE OTL
e MepiKd pTopei va eival avimpoowTEVTIKA
o China, UK, Canada
e MeplKd PTopei va pnv ival aviimpoowTeVTIKA
o USA, China, India
o Brazil, Canada, Nigeria

5.1. O VOHOG TWV HEYAAWYV aplOpwyv

O vopog Twv peydAwv aptBuwy (law of large numbers) opilel 0TI 060 peyalwvel
To (amoAuTo) peyebog evog deiypatog (T.x. 10 dtopa, 50 dtopa, 200 dtopa), TOCO
Ta delypatika peyeon (T.x. o HECOG O6p0oG Tov deiypatog) Ba mpooeyyidouy TNV
TIMA TWV avTioToLXWV TTANBUOHLAKWY TIAPAPETPWY (TL.X. TOV HEGO OPO TOU
TIANBLoHOoL)
e Kal auto e€aptdtat povo amod 1o anoAuTo peyedog touv deiypatog (TL.X.
20 atopa) Kat oL amnod 1o peyebog Tou SeiypaTog wg MOCOOTO TOL PEYEBOULG
Tou MAnBuopoL (T.X. 10% Tou MAnBuoWOoU, edv 0 TANBLGOUOG eixe 200 dtopa)!

NMAnBuopoc EANadac kat Kivag
Ac 6oupe eva apadogo mapddelypa, OU TIPOKUTITEL ATIO TO VOO AUTO:
e [AnBuopdg EANAdag (2021) = 10.64 ekatoupLpla
e [AnBuopdg Kivag (2021) = 1.412 dloekatoppvpla = 1412 ekatoppvpla
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Eav emiiAeyei eva deiypa, ag movpe 10 XIALAdwyV atopwy, ano tnv EANAda, kat €va
aAAo Oeiypa emiong 10 XIAlAdwyv atopwyv amno tnv Kiva, oto Ba eivatl mo
a&lomLoTo;

Kat Ta 600 Ba eival to idlo aglomotal

e H a&lomiotia, AOyw TOL VOUOUL TwV HEYAAWYV aplBpwy, e€apTtatatl amo 1o
andAuTo peyebog tou deiypatog (10 xIALadeg), oxL anod to peyebog Tou
nAnBuopoL amo tov onoia eAnYon (10.64 ekatoupvpLla yla tnv EAAAda, 1421
EKATOUHLPLA Yia TNV Kiva)!

e To OTL 10 deiypa Twv 10 XIALAdwYV atopwy anoteAel To
10,000/ 10,640,000 x 100 = 0.094% (6nAadn nepinov 0.1%) Tng EANAdag, kal
10 10,000/ 1,412,000,000 x 100 = 0.00071% tNng Kivag, dev €xel kapia
onuacia



e To povo mov €XeL onuacia ival OTL Kat Ta dvo deiypata €xouv To idLo
arnoAvto peyebog, dSnAadn 10,000 datopa!

5.2. AELlyHATOANTTIKO KAL CTATLOTLKO GWYAAHA

**% [1a TLG EVVOLEC TNC EVOTNTAG AUTIG,

Baoioteite oto BLBALo oag ***

H evotnta autn €ival umd avakataokeun
Total Statistical Error = Sampling Error + Nonsampling Error
Sampling Error = The "Luck of the Draw" (Cause: Natural variation)

Example: You flip a fair coin 10 times. You get 6 heads (60%) instead of the
expected 5 (50%). That 10% difference is sampling error.

Nonsampling Error= The "Human Element" (Cause: Poorly worded questions, biased
researchers, data entry mistakes, or people lying on surveys)

Common Types:
(a) Non-response Error: People with specific views refuse to answer.
(b) Measurement Error: A scale is calibrated incorrectly, or a question is confusing.

(c) Coverage Error: Your list of phone numbers excludes people who only use cell
phones.

Increasing sample size does not fix nonsampling error




STATISTICAL BIAS

Statistical bias refers to an error that has caused the sample to not represent the
population. This error means the sample data is different from the target population.

OVERVIEW

Statistical bias refers to a systematic
error or deviation in the collection,
analysis, or interpretation of data that
leads to consistently inaccurate or
misleading results. It occurs when

EXAMPLES

e Response Bias: Arises when survey
respondents provide inaccurate or
misleading information due to factors
such as social desirability, memory
recall, or reluctance to disclose

certain details.

there is a tendency for the data to
consistently overestimate or
underestimate the true value being
measured. It can arise from various
sources, such as sampling methods
and measurement techniques.

e Measurement Bias: Occurs when
the measurement instrument or
technique systematically
misrepresents or distorts the true
value being measured.

HELPFULPROFESSOR.COM

<

Ano tnv wikipedia:

“An example of systematic bias would be the bias of a thermometer that always reads
three degrees colder than the actual temperature because of an incorrect initial
calibration or labeling, whereas one that gave random values within five degrees either
side of the actual temperature would be considered a random error.”

MeplocoTepeC AeTtTOPEPELEG amO TNV wikipedia:
In statistics, the term bias is used for describing several different concepts:

e A biased sample is one in which some members of the population are more
likely to be included than others.

e The bias of an estimator is the difference between an estimator's expectation
and the true value of the parameter being estimated.

e Omitted-variable bias is the bias that appears in estimates of parameters in a
regression analysis when the assumed specification is incorrect, in that it omits
an independent variable that should be in the model.

e In statistical hypothesis testing, a test is said to be unbiased when the
probability of rejecting the null hypothesis exceeds the significance level when
the alternative is true and is less than or equal to the significance level when the
null hypothesis is true. (AuTto dgv Ba yivel katavonTto Twpa)



e Systematic bias or systemic bias are external influences that may affect the
accuracy of statistical measurements.

Kamola amnod ta napandvw 6a culntnbolv apyotepa oTo Padnua.
MNapadeiypata eoPalpevwy (Un aVILMPOOWTIEVTLKWY dELYHATWY)

Population Sample

o® 00 @0 00
00 000 O 20 0606 O

®0® 00
0 000 O

Population Sample

—————————

Representative
Sampling

Biased
Sampling

AN\ tapadeiypata pn avIimpoowTEVTIKWY OELYHATWV:

e Av pwTOLOA TOULG POLTNTEG TIOL KABOVTAL OTO TIPWTO Bpavio Kata Mécov
TOULG APECEL TO HABNUQA, JE OKOTIO va €€AYW CUUTIEPACHATA YA TOUG
POLTNTEG OAOL TOU £TOUG

o lowg oL POLTNTEG TIOV ETILAEYOLV VA KATOOLV OTO TPWTO Bpavio givat
O PHEAETNPOL

o XKEWPTELTE €MioONG OTL OEV EpYOVTAL OAOL OL POLTNTEG OTLG OLAAEEELS



e Av pwTtoloa tnv napovoa ta&n (mpwtoeteig, AEY) TL TOLG LKavoToLEl Kat TL
oxL aro to IMATEI, pe okotmo va e€ayw cuumeEPACHATA Yia OAOUG TOUG
POLTNTEG OAWV TWV ETWV KAl OAWV TwV TPNUAtwy tou MANMEI

o OLTpWTOETEIG PolTnTES TOL AEX dev Ba eival avTLMPOCWTEVTLKOL
OAWYV TWV AAAWYV TUNUATWY KAl ETWV TOU TAVETILOTNHIOL

o Oa ETMPETIE va TIAPW €va dELYA TIOL VA TIEPLEXEL POLTNTES ATIO OAQ TA
TUAPA Kal OAa Ta €TN

6. Aebopéva (data)
Eidn dedopevwv
1. MocoTtika (quantitative)
o AplBpoi (numbers), mARB0G (counts), yeTproslg (Measurements)
m [1.X. YOG, BApOG, PNviaiog pLoBog
2. Mowotika (qualitative)
o Katnyopieg (categories), xapaktnplotika (attributes)

m ®UAo (avdpag/yuvaika), opdada (OAvpTakog/Mavabnvaikog/AEK
KATL.), KOPUaA TIov yn@ilete

E€alpeTika onuavTiko va Eepouvpe Ta €€NG yla Ta dedopeva pag
1. Mnyn (source) mpogAevong
2. Xpovoloyia (TL.X. £T0G) OTNV OToila avapepovTal
3. Movadeg petpnong (units)
Standing & running pulse deiypatog potrtntwy
e OUAO POLTNTWYV: TPOTOC KATAyPAPnS
e Kamviopa: TpOTOC KATAYPAPNG LOLOTNTAG KATIVLOTH
o WevdopetaBAnteg (dummy variables)

CASE NAME SPULSE RPULSE DIFF SMOKING MALE

1 Agpoditn 54 94 40 0 0
2 BaoiAng 76 100 24 1 1
3 Bktwplia 78 110 32 0 0
4 Twwpyog 100 110 10 1 1
5 Aavan 102 156 54 0 0
6 AnunTeng 56 96 40 0 1
7 EvoeBia 84 140 56 0 0
8 Kwvotavtivog 90 92 2 0 1



9 Mapila 84 108 24 0 0

6.1. Mocotika 6edopeva
Eidn moocoTikwy dedopevwy
1. Awakprta (discrete)
o Akegpatot aplopoi
m [1.X. aplBuog maldlwy pLag olkoyevelag, apLldpog poLtnTwy o€
€va £T0C
2. Zuveyn (continuous)
o [Mpaypatikoi aptBpol
m [.X. nuepnoleg ekmopnég dlogetdiov Touv avBpaka (CO,) amo Eva
£PYOOTACLO, ETACLA TIAPAYWYT) YAAAKTOG Ao TNV KTvVoTpoYia
hLag TePLOXNG, ETNOLO £1008Nua evog emayyeApatia
Muia akopa d1akpLon TocoTIKwY dedopevwy
1. Awactiparog (interval)

o Ta dedopeva dlaoctrnuatog eivat aptbunTikd akAa, ano tn Puon Toug,
dev €xouv onueio undeviopou (bnAadr dev unidpxel onueio oto omoio
va pnv UTIAPXEL KABOAOL N HETPOUVIEVN TTIOCOTNTA)

m [1.x. T0 €T0¢ (TL.X. 10000 TL.X, 1972 p.X., 2024 p.X.) N n
Beppokpacia (°C 1 °F)
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2. Avaloyiag (ratio)

o XnavTikn dtapopa Toug amno ta dedopeva dlaotAuatog eivat OtL
TIEPLEXOULV TO ONMUELO TOU PNdEVOG

o Qg ek TOUTOU, £XEL €vvola va e€etalovtal avaloyieg (ratios) avtwy
Twv 0edopEVWY
m [lamapadelypq, evag eviAikag mov uyilet 80 KiIAa eival dvo
POopEG BapuTEPOG amo eva mawdi ov ¢uyilet 40 KIAa
e Evw 40°C (=104°F) dev eival dvo opeg 20°C (=68°F)
m Eva aA\\o mapadetypa eivat ot TIHEG €vOG TpoiovTog, L. €10 ouv
elval mpaypatt SumAdcta Tng TIPNG Twy €5
e [lapAaAAnAa Og, undev evpw cnuaivel OTL TO TPOTOV
dlatiBetal dwpeav, SnAadn N TUN Tov PNOEVOG EXEL PUOLKO
vonua (og avtiBeon, TLX. e Tn Beppokpacia)

6.2. Mowotika dsdopéva

Eidn mototikwyv dedbopevwv



1. OvopacTtika (nominal) eival Ta molotika dedopeva mov dev emdEyovTal
Tagvounon

o Ovoparta, etikeTeg/TapmneNeg (labels), katnyopieg

m [1.X., TO Xpwya mov cag apeacel, n opada nodoo@paipou mou
oTnNPL{eTE, Ol AMavTnoeLg val/oxL/0ev yvwpidw evog
gpwTNUATOAOYiOL

2. Ta§wvopikd N taktika (ordinal) eival Ta mototika 6edopeva ov pmopoLv va
talvounbouv

o 'Eva mapadelypa eivat ot Babpidec kabnynTwy oTA TAVETILOTHULA, ATIO
TNV XaunAdtepn otnv upnAdtepn: Aéktopag (lecturer, dev umdpyet
mA€ov avtn n Badpida), Enikovpog Kabnyntng (Assistant Professor),
AvarmAnpwtng Kabnyntng (Associate Professor), Kabnyntng
(Professor)

o AM\a mapadeiypata: ot Babuoi mov divovtal og Apyepikavika
naverotnuLo (A: aplota, B: oAU kalg, C: kaAd, D: Bdon, F: anotuyia),
oL BaBpoi Twv aflwpatikwy oto oTpatod (ZTpatiwng, Yrnodekaveag,
Aekaveag, Aoxiag, EmtAoyiag, Apxthoyiag, KAT.)

MNpocoxn:
o MEepPIKEG POPEG UTIOPEL YLA EVKOALQ va KATAXWPOUE TIOLOTIKA dedopeva pe
apLOPNTLKEG TLYEG, TLX. avdpag=1, yuvaika=2

o AuTO dgv onuaivel OJwWG OTL N yuvaika Tov Kataxwpeital ye Tnv Tun 2
eilval dvo popeg “peyalltepn” and tov avdpa



Avake@ahaiwon Twv dLaPopeTIKWY ELOWYV dedoPEVWY E TTEPLOCOTEPA

napadeiypata
ICTIERBE Levels of Measurement of Data
Level Summary Example
Nominal Categories only. Student states:
Data cannot be 5 Californians _
) Categories or
arranged in an 20 Texans
- names only.
ordering scheme. 40 New Yorkers
Ordinal  Categories are Student cars: An order is
ordered, but determined by
differences can't 5 compact “compact,
be found or 20 mid-size mid-size,
are meaningless. 40 full size full-size.”
Interval  Differences are Campus
meaningful, but temperatures:
there is no natural 5°F 0°F doesn’t mean
starting point and 20°F “no heat.”
ratios are 40°F 40°F is not twice
meaningless. as hot as 20°F.
Ratio There is a natural zero Student commuting
starting point distances:
and ratios are 5 mi N )
. . 40 mi is twice
meaningful. 20 mi ,
. as far as 20 miles.
40 mi

6.3. MpakTikn duakpion dcdopeEvwy

Mapovoialetal edw MPAKTIKN dlakplon Twv dedopEVWY, OTIG KATnNyopieg o
XpnolgotolovvTal otnv avaluvon d€douévwy Je OTATIOTLKA Tpoypdppata (6rwe
t0 JASP 1| T0 SPSS):

1. Katnyopika (categorical) dedopéva ~ molotikd dedbopeva

o OvopaoTikd katnyoptkd (nominal categorical) 6edopéva, Ttov dev
£XO0ULV Kapia Lepdpxnon, anAd anoteAoLV SLAPOPETIKESG KATNYOPIEG,
LY.

m EOvikotnTq, T.X. EAAnVag, Komplog, Toupkog, lopanAtvog
m Opddaq, .x. OAvprmakog, Mavadnvaikog, AEK, MAOK

o Ta&wvoplka katnyoptka (ordinal categorical) 6edopéva, ov €xouv pia
PUOLKN Lepapxnon (Ttapd to yeyovog OTL eival TOLOTIKG, TLY.



m Emikouvpog kabnyntng, avamAnpwtng kadnyntng, (mpwtopaduLog
N TAKTIKOG) KaBnyntng

m XTpatTiwIng, vrtodekaveag, dekaveag, Aoxiag, KA.
2. Aedopeva kAipakag (scale) ~ moootika 6edopeva, TLY.
o Oegppokpaocia
o Ewoodnua
o Bapog

7. M€tpa BEcewg, HLaoTTOPAG KAl CUCYETLONG

7.1. MAR60¢, EAAYLOTO, HEYLOTO, KAl EVPOC
OewpoLpe 10 akOAovBo clVoAo dedopevwv
1,3,3,56,6,6,7,kaL9

Av kat dev pag anacxoAei katd oécov avtd ta dedopeva poEpovTaAL Amo
Karolov mMAnBuopod, Ba avapepopal og avtd oav deiypa (sample)

Av Kal TIPETIEL TTAVTA va YVWPLCOLYE TN PLON Kal TIG HOVAOEG HETPNONG TWV
dedopEVWY, 0TNV TIPOKELPEVN TIEPITITWON TIPOXWPAUE XWpig va To e€eTalovpe
avto

e Aev pag evolagpepel (yla eKMaltdeLTIKOLE okomoug) av ta dedopeva
AVTLIIPOCWTIEVOLY KATL

e OewpoLpe OTL Oev €Xouv povadeg petpnong, dnAadn otL eivat adtdotata
(dimensionless)

MARBo¢ debopevwy (dnAadr To péyebog Tou deiypatog, sample size, ov cuvRBwWC
TapLoTAvETAL HE N) = 9

e To deiypa €xel 9 mapatnpnoelg (cases ) observations)

Ta 6edopéva eivatl A6 Tagvounuéva amnod to PikpoTepo (EAAXLOTO i minimum) wg
TO peyaAlTEPO (MEYLOTO N Maximum), EMOPEVWE EVKOAA PTtopoLpE va dolpe OTL

e EAdaxiotn TN i eAaxioto (minimum) = 1

e Meylotn TIun N péytoto (maximum) =9

e EUpog (range) = Méyloto - EAdyxloto=9-1=38
Kwdikag R yLa tnv eVpeon Tov EAAXLOTOU Kal HEYLOTOU:
dat <- c(1, 3, 3, 5, 6, 6, 6, 7, 9)

cat("Minimum value =", min(dat), "\n")
cat("Maximum value =", max(dat), "\n")

EkteAwvTag To mpoypappa avto oto R maipvoupe
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7.2 Mivakeg CUYXVOTIHTWYV KAl LoToypapHata

dTId)VOoLUE €va TIivaKA CLUXVOTATWY TIPOKELPEVOL PETA va oXedLAoOLE Eva
LOTOYPAUHQ, TIaploTavovTag Ye Case tov avovta aplOpd Twv mapatTnPnoEwy

(case number) kal pe X TIg TIPESG TWV dedopevwv

ApxlKa ta 6edopeva Propouv va mapactabouv o€ HopYr) Tiivaka we €ENG:

Case

1

O 00 N O U1l WDN

x

O OO0y U1 W W =

AkoAoLBw¢ ta opadomolobpe oTov akoAovBo Tivaka cuxvotTnTwy (frequency
table), mou yla ta cuykekplpeva dedopeva £XeL HOVO AKEPALEG TIHEG:

Twn
(value)

1

N Oy o W

9
>0VoAO

MNpopavwg

Tuxvotnta
(frequency)

1

2
1
3
1
1
9

o,

11.1
22.2
11.1
33.3
11.1
11.1
100

Moavotnta
(probability)

0.111
0.222
0.111
0.333
0.111
0.111
0.999

e OLouvyvotnteg abpoidouv og 9, dnAadn oca ta dedopeva tov deiypatog

e Ta avtioTolya mocoota abpoilouvv oe 100%

o (Av eiote mapatnpnTikoi Ba mpooegete OTL N deELd oTtNAN dev aBpoilel
oe 100% aAAd og 99.9% AOywv oTpoyyuvlotmoinong)



e H dela otnAn epavilel TI¢ ouXvOTNTEG avayopeveg otn povada, dnAadn
TI¢ TiBavotnteg (probabilities), yla TIg omoieg Ba pIAfoovue o emopevn
gevoTnTa

Kwbdlkag R yla Tov uTtoAoyLopo TwV GUXVOTATWY KAl avTioToLXwV MocooTwV (%)
KAOe akepatag TIPNGg

dat <- c¢(1, 3, 3, 5, 6, 6, 6, 7, 9)

counts <- table(dat)
percents <- round(100 * prop.table(counts), 2)

print(counts)
print(percents)

TIOU Qv eKTEAEOTEL Olvel

dat
1356709
121311
dat
1 3 5 6 7 9

11.11 22.22 11.11 33.33 11.11 11.11

MeTda amno kdbe dat, oTnv MPWTN YPauun eggpavidovtal oL TIHES KAl OTNV KATW
YPAUHN Ol CUXVOTNTEG I TO MOCOOTO KABE TIUNG

To avtioTolXo loToypaupua oto R oxedialetal pe Tov akoAovBo Kwolka
dat <- c¢(1, 3, 3, 5, 6, 6, 6, 7, 9)

hist(dat,
breaks = seq(min(dat) - 0.5, max(dat) + 0.5, by = 1),
col = "orange",
main = "",
xlab = "Values",
xaxt = "n"

axis(1, at = min(dat) :max(dat))
KaL €XEL WG aKOAOVBWC
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Ma va KataAaBoupe TIG TIPES TOL OPLIOVTLOU AEova, TIPETIEL VA PAVTACTOUHE OTL O
Tlivakag GUXVOTATWY OTNV MPAYUATLKOTNTA arnoTeAeiTal ano Tagelg N KAACELS
(classes), N KABE Pl EK TWV OTIOLWYV EXEL KATW Kal Avw 6plo

e Ol KAAQOELG KATA Kavova €X0uV TO idLo TAATOog

e Emiong katd kavova uToBETOVE OTL WG TIPOG TO KATW OPLO Ol KAACELS gival
KAELOTEC (Kal autd cupBoAileTal e aploTtepn aykOAn), we POG To avw de
avolXTeG (kat auTto ocupPBoAidetal pe 6e€la mapevOeon)

o KAEL0TO dKpo KAAoNng onuaivel 0tL n kKAaon reptAapyBAveL TNV TP TOL

dKpouv
o AVOLKTO AKpOo KAAoNG onpaivel 0Tl n kKAaon dev meptAapBavet Tnv TPn
TOU AKpOUL
KAdon Xuyvotnta o
(class) (frequency) °
[1-2) 1 11.1
[2-3) 0 0
[3-4) 2 22.2
[4-5) 0 0
[5-6) 1 11.1
[6-7) 3 33.3
[7-8) 1 11.1



[8-9) 0 0
[9-10) 1 11.1
>0UVOAO 9 100

> Tov apanavw Tivaka, ypayape 1o “[” yia va dei€oupe 10 KAELOTO apLOTEPO AKPO
Kat “)” yla va 6ei§ovpe 1o avolyxto de€L0 Akpo NG KABE KAAoNG

e Kavovika opwe auta dev paivovtal o€ TVAKES CUXVOTHTWYV

o MepIKEG POPEG YPAPOLHE TA OpLa TWV KAACEWVY ETOL WOTE va €lvat
Eekabapo oe mola kKAaon nepthapBavetat To kabe dedopevo

KAdon Tuxvotnta o
(class)  (frequency) °

1-1.999 1 11.1
2-2.999 0 0

3-3.999 2 22.2
4-4.999 0 0

5-5.999 1 11.1
6-6.999 3 33.3
7-7.999 1 11.1
8-8.999 0 0

9-9.999 1 11.1
Y0UVoAo 9 100

7.3. Alapecog, EMLKpATOVOA TLHN, KAl TETAPTNHOPLA

> Tov MapakdTw Tivaka amnetkovidovtal ta pnkn tTwv vmoBpuxiwv (U-boats) tumou
IX tng Nadiotikng Meppaviag, kata tov Aevtepo MNMaykoouto MoAegpo.

Napatinpnon  Tomog Mnkog (m)

1 IX-A 75.5
2 IX-B 76.5
3 IX-C 76.8
4 IX-C/40 76.8
) IX-D2 87.6
6 XXI 76.7

To peyebog tou deiypatog eivatN =6
Oa vTtoAoyioovpe Ta akoAovoa:
e EAdxioto (min)



e Aiapeon tun (median i Q,)

o H Tiun mov eivat otn peon Twv Talvounuevwy dedopevwy, dnAadn
KATwW amo tnv omoia Bpioketal 1o 50% Twv dedopevwy

o [a peyaha deiypata, o akplPr anoteAeopata divel To va
Bewpnoovpe 6tL N dlapecog eival otn B€on (N+1)x1/2 Twv
Talvopnuevwy dedopeVWY

m Edv to (N+1)x1/2 bev avtioTolxel o€ akEpalo aplBuo, maipvoupue
TO NULABpoLopa TWV dVO YELTOVIKWY OEO0UEVWV

o H &iwapeon tun eivat To de0TEPO TETAPTNUOPLO
e Meyloto (max)
e Emkpartovoa tipn (mode)

o Hmo ouxvA TR (6nAadn n TN ekeivn mou gpgpavidetal
TIEPLOCOTEPEG POPEQ)

o H emkpatoloa TIPn Pnopei Kat va pnv urdpxet (av kaveva anod ta
debopeva dev eppavideTal mavw amo Pia Popd r TEPLOCOTEPES POPES
anod ta dAAa)

e MpwTto teTtaptnuopuo (first quartile 4 Q,)

o H TN Katw amo tnv omoia BpiokeTtal 10 25% TwWV TAELVOUNUEVWY
dedopevwv

o Edv o aplBpog twv dedopevwy pag ivat mepittog, 6ewpolpe OTL TO
peoaio 6edopevo (n dlapeoog) avikeL KAl 0TO TPWTO PLOO Kal 0TO
Se0TEPO PLOO TWV dedopevwy (Tukey's Hinges)

o [a peydAa deiypata, o akplpBn anoteAeopata divel 1o va
Bswpnoovpe 61L 10 Q, eivat otn B6€on (N+1)x1/4 TwV TALVOUNUEVWY
dedopevwv

m Edv to (N+1)x1/4 bev avtioTolxel o€ akEpalo aplBuo, maipvoupe
TO NULABpoLlopa Twv VO YELTOVIKWY OEOOUEVWYV
o To MPWTO TETAPTNHOPLO €ival n dLAPECOC TOL TPWTOL PLooL!
e Tpito tetaptnuopio (third quartile ) Q,)

o H TN Katw amo tnv omnoia Bpioketal 10 75% TwWV TAEIVOUNUEVWY
dedopevwv

o Edav o aplBpog twv dedopevwy pag ivat mepittog, 6ewpolpe OTL TO
peoaio 6edopévo (n dlapeoog) avikeL KAl 0TO TPWTO PLoO Kal 0TO
de0TEPO PLOO TWV dedopevwy (Tukey's Hinges)

o [a peydAa deiypata, o akplpn anoteAeopata divel 1o va
Bswprioovpe 6TL 10 Q; eival otn B€on (N+1)x3/4 TwV TASLVOUNUEVWY
dedopevwv

m Edv to (N+1)x3/4 bev avtioTolxel o€ akEpalo aplBuo, maipvoupue
TO NULABpoLopa Twv dVO YELTOVIKWY dEOOPEVWV



o To Tpito TETAPTNUOPLO Eival N dlapecog Tov devTEPOL PLooL!
e EvdotetaptnuopLako gvpog (interquartile range ) IQR)
o loovTal pe Q; - Q

Relative Position of Five-Number Summary

Min 1st Quartile Median 3rd Quartile Max
X )( P ¢ .4
Quartiles and Percentiles THE MATH EXPERT
Median
25% 25%
25% 259%
A A A

25t 50t 75t

percentile percentile percentile

I | ]DO“\.
First Quartile Third Quartile  percentile
Q) (Q,)
L J
—~

Interquartile Range = Q, - Q,



a va uTtoAoyioovpe Ta TETAPTNUOPLA Kat Tn SLAPEDO, TIPETEL VA TAELVOUNOOVE
Ta 6edopeva, amod TO YIKPOTEPO OTO PEYAAVTEPO

I'Ipquvsvn . Ta§wopnuéva
(ata§wounta) Mapatnipnon e
o6edopéva
75.5 1 75.5 min
76.5 2 76.5 Q,
76.8 3 76.7 median
76.8 4 76.8
87.6 5} 76.8 Qs
76.7 6 87.6 max

AovAegvovtag ota Taglvounueva dedopeva, uTtoAoyi{ovpe Ta MAPAKATW:
e EAaxioto=75.5
e Meyloto =87.6
e EUpocg = Meyloto - EAaxloto =87.6 - 75.5=12.1
e Aldpeocog

o Q¢ To nuIaBpolopa Twv dLo dedopEvwy Tov givat otn Peon:
(76.7+76.8)/2 = 76.75

o Emeldn 1o péyebog tou deiypatog eivat uyog aplbuog (6), kapia
napatnpnon dev eivat akpLBwg otn PHeEoN

o Apa maipvoupe To NULadpolopa Twv dVO PeCAiWY TIAPATNPHOEWY
e Emkpatovoa Tipn =76.8
o To 76.8 elval n povn TP ou epgpavidetal 0o PYopeg
e [lpwTto TETAPTNUOPLO Q; =76.5
o To MPWTO PLOO MEPLEXEL TIG TIapaTnpnoelg 75.5, 76.5 kat 76.7
o H dldpeoog avtwy Twyv TPLWV apLlbpwy, eivat 1o 76.5
e Tpito teTaptnuoplo Q;=76.8
o To &elTEPO PLOO TIEPLEXEL TIC TTAPATNPNOELS 76.8, 76.8 Kal 87.6
o H dldpeoog avtwy Twyv TPLWV aplBpwy, eival To 76.8
e Evdotetaptnuoplako epogIQR=Q;-Q,=76.8-76.5=0.3



Descriptive Statistics

LENGTH
Valid 6
Missing 0
Mode 76.76
Median 76.75
Mean (arithmetic) 78.32
Std. Deviation 4574
Skewness 2.383
Std. Error of Skewness 0.845
Range 12.10
Minimum 75.50
Maximum 87.60
25th percentile 76.55
50th percentile 76.75
75th percentile 76.80

Ac avaAhbooupe Kat €va aAAo cOvolo 7 Xxwpwv pe To AEM avd kepahr (GDP per
capita) Tou 2022 (og USS)

GDP pc

Mapatipnon Country ;56 5022 1000s)
1 Greece 20.9
2 Turkey 10.6
3 Israel 55
5 Germany 48.6
6 Russia 15.3



7 usS 76.4

Ta 6edopéva avtd pmopouvpe va ta anetkovioovpe og papdoypappa (bar chart) pe
TOV TMApaKATwW Kwdika R

countries <- c("Greece", "Turkey", "Israel", "Cyprus",
"Germany", "Russia", "US")

gdp_pc <- c(20.9, 10.6, 55.0, 30.7, 48.6, 15.3, 76.4)

barplot(gdp_pc,
names.arg = countries,
ylab = "GDP per Capita (USS, 2022, in thousands)",
col = "orange",
las = 2) # Rotates country labels for readability
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GDP pc (US$ 2022, 1000s)
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Ta&wvopnueva dedopeva

' GDP pc
fapatnpnon  Country ;56 2022, 1000s)

1 Turkey 10.6

2 Russia 15.3

3 Greece 20.9

4 Cyprus 30.7

5 Germany 48.6

6 Israel 55

7 US 76.4

YmoAoylopol

EAaxloto =10.6

Meyloto = 76.4

Eupog = Meyloto - EAaxloto =76.4 - 10.6 = 65.8
Awapeoog = 30.7

o Emeldn 1o peyebog tou deiypatog eival povog aptduog (7), umapxet
napatnpnon (to 30.7) ou eivat akplBwg otn YEon

Emikpatovoa tiun dev umtapyxet
MpwTo TeTapTNUOPLO Q; = (15.3+20.9)/2 = 18.1

o Emeldn €xovpe epltTo apLOpo dedopevwy, Bewpolpe OTL N OLAPEDSOG
avikel (kat) oto mpwTo PLod (kat oto de0TEPO PLOO)

Tpito TeTaptTnuoplo Q; = (48.6+55)/2 = 51.8

o Emeldn €xovpe nepLtTO APLOPO dedopevwy, AAL BewpoLpe OTL N
dlapeoog avikel (Kal 0TO TPWTO YLOO KAL) 0TO HEVTEPO ULGO



e Evbotetaptnuoplako evpog IQR=Q;-Q,=51.8-18.1=33.7

Descriptive Statistics

GPDpc
Valid 7
Missing 0
Mode 21.76
Median 30.70
Mean (arithmetic) 36.79
Std. Deviation 24.07
IQR 33.70
Skewness 0.631
Std. Error of Skewness 0.794
Range 65.80
Minimum 10.60
Maximum 76.40
25th percentile 18.10
50th percentile 30.70
75th percentile 51.80
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MNwg Ba mpémel va pooeyyiouvpe To boxplot

e To KevIplko “kouti”(box) ekTeiveTal (amod KATW TMPOG TA TIAVW) WOTE va
KaAvmtet 1o 50% Twv dedopevwy Tov deiypatog, Kat pdAlota Ta 1o
ouvnNBLoPEVQ, EKELVA TIOL dEV £XOULV TIOAD PLKPEG OVTE TIOAU HEYAAEG TIHEG

e Hkdtw “ouvpd” (whisker, tou onpaivel povoTakL) ekTEivETAL 0G0 TO 25% TWV
deOOPEVWYV TIOU £XOULV TIC PHIKPOTEPEG TIPEG

e Hmavw “ouvpd” (whisker) ekteiveTal 000 10 25% Twv dedOPEVWY TIOU €XOLV
TIG HEYAADTEPEG TLUEG

25% 25%

25% Ie ~ B 25%

T

Q1 Q2 Q3
25th percentile 50th percentile 75th percentile

Median

' auto 1o boxplot ovopddetat kat box and whiskers plot



> To apanavw boxplot mapatnpoupe 0TL N KATW oupd (TIoL AVTLOTOLXEL OTLG
HIKPOTEPEG TLUEG edopevwy) eival HLKPOTEPN TNE TAVW ovpag (TIov avTloToLyEl
OTIC UIKPOTEPEC PeYaALTEPEC OEdOPEVWV)

e AUTO onpaivel 0TL To deiypa avTto Twy 7 dedopevwy xapaktnpietal amno
6e€1d otpEPAwon (skewness)

o Oa TovYE MEPLOCOTEPA YLa TN OTPERAWON apyoTepa

Amno cuyypapgpa pabnpatog

Kal eva XLoUPOPLOTIKO tapadeLyua
e e TOLO PETPO Becewg avaepeTal o George Carlin oe auto o Bivreo:

https://youtu.be/AKN1Q5Sjbel?t=22

7.4. EcwWTtePLKOL KAl EWTEPLKOL PPAYTES

EUTteLpLlKOC EAEYXOG YLla akpaieg TIPEG (outliers) pe eocwTePLKOUG KAl EEWTEPLKOVG
ppaxteg (inner kat outer fences)

e Lower outer fence: Q, - 3xIQR
e Lower inner fence: Q, - 1.5xIQR
e (Kdmou ebw 6a BpiokeTal n 6tduecog)
e Upper inner fence: Q; + 1.5xIQR
e Upper outer fence: Q; + 3xIQR
Aebopeva mou eivat
® |00 OTOUG ECWTEPLKOLG PpaxTeg, dev Bewpouvtal outliers

e £&W ATO TOUG ECWTEPLKOLG PPAXTES AAAA PEGA OTOUG EEWTEPLKOLG
PpaxTeg, iowg eivat outliers

e £&W amo TOUG EEWTEPLKOUG YPPAXTEG, KATA acav Tbavotnta eivat outliers

EcwTtepLKOl KAl EWTEPLKOL PPAYTES
Mnyn mapadeiypatog edw

29,179,180, 201, 300, 301, 304, 350, 399, 401, 455, 501, 503, 540, 543, 549, 560,
561, 562, 563, 569, 570, 599, 601, 603, 650, 701, 703, 704, 709, 713, 733, 745, 801,
900, 982, 983, 985, 999, 1001, 1002, 1003, 1009, 1100, 1101, 1102, 1103, 1109, 1201,
1301, 1399, 1400, 1501, 1599, 1699


https://youtu.be/AKN1Q5SjbeI?t=19
https://www.statisticshowto.com/upper-and-lower-fences/

Ta dedopeva eivat 16N Tagvounueva
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180
201
300
301
304
350
399
401
455
501
503
540
543
549
560
561
562
563
569
570
599
601
603
650
1101
1102
1103
1109
1201
1301
1399
1400
1501
1599



1 29

2 179
3 180
4 201

S 300
6 301

7 304
8 350
9 399
10 401

11 455
12 501

13 503
14 540
15 543
16 549
17 560
18 561

19 562
20 563
21 569
22 570
23 599
24 601

25 603
26 650
SB) 1699

MAn6og dedopevwy: n=55

Agdopevou OTL To deiypa eivat peyalo, autn Tn Yopa ag Bpovpe tn B€on NG
SLaPEDCOL KAl TWV TETAPTNUOPLWY PE TOV TPOTIOU TIOL AVAPEPAUE TIPONYOUHEVWGS

e OAa tamapakatw avagepovtat oe dedopeva Taglvounueva ano to
HIKPOTEPO TIPOC TO PEYAADTEPO

[a va BpoLpe tn 6€on tng dapgoou: (n+1)/2 = (55+1)/2 = 56/2 = 28
e To 28 eival n B€on tng dlapeaoov, oL N TP TNG!

e Apq, n diapeoog (median) Ba eival To dedopevo mouv Bpioketal otn B€on 28,
dnAadn to 703



e Eav o TUMOC yLa TN B€on TNG dlapeoou pag dwoel SeKAdIKO aMOTEAEDUQ, TLYX.
10.2, 6a PEMEL va TIAPOVUE TO NULABpoLlopa TwV onueiwv Tov Bpiokovtal
TIPLV KAl HETA amd TNV TIPR autn, TLX. To 100 Kat 110 onueio

(H btdueoog bev gival anapaitnTn yia Tov UTTOAOYIOUO TWVY PPAXTWV aAAd TNV
vrtoAoyioaue yta va deifouue tov BEATIWUEVO TPOMO UTTOAOYLOUOU TNG BE0NG TNG)

Ma va Bpovpe tn 8€on tou Q;: (n+1)x1/4 = (n+1)/4 = (55+1)/4 = 56/4 = 14

e Emopevwg, 10 Q, Oa eival To 6edbopevo ov Bpioketal otn 6€on 14, dnAadn
T0 540

Ma va Bpouvpe tn B€on touv Qs (N+1)x3/4 = (55+1)x3/4 = 56x3/4 = 42

e Emopevwg, 10 Q; Oa eival To 6edbopevo ov Bpioketal otn 6€on 42, dnAadn
T0 1003

Evbotetaptnuoplako mAdtog: IQR = Q; - Q, = 1003 - 540 = 463
YTOAOYLOPOG ppaxTwyV

e Lower outer fence: Q; - 3xIQR = 540 - 3x463 = -849

e Lowerinner fence: Q, - 1.5xIQR = 540 - 1.5x463 = -154.5

e (H étdueooc, mou toovtat ue 703, Bpioketat avdueoa oto lower inner kat To
upper inner fence, xwpi¢ auto va nailet kaveva pOAo 0TO XAPAKTNPLOUO
dedougvwy we outliers)

e Upperinner fence: Q; + 1.5xIQR = 1003 + 1.5x463 = 1697.5
e Upper outer fence: Q; + 3xIQR = 1003 + 3x463 = 2392
AUuTA OAa PTIOPOUV VA ATIELKOVIOTOLV dlaypaupaTika oTo Tapakatw box plot
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MNMapatnpoupe OTL yovo eva 6edopevo, To 550 0T OELPA KAl HEYAAVUTEPO PE TLUN
1699 eival EKTOC TWV ECWTEPLKWY PPAXTWYV AAAA EVTOG TWV EEWTEPLKWV.

e To dedopevo auto eival bavo outlier

Oa pabouvpe akopa evav TPOTO evToTLopoL outliers otav e€gtdoovpe Tov
EUTIELPLKO Kavova (empirical rule)



Descriptive Statistics

STAT NUMBERS
Valid 55
Missing 1
Mode 587.1
Median 703.0
Mean (arithmetic) 761.1
Std. Deviation 379.4
IQR 461.0
Skewness 0.463
Std. Error of Skewness 0.322
Range 1670
Minimum 29.00
Maximum 1699
25th percentile 541.5
50th percentile 703.0
75th percentile 1003

OL TIhEG Twv Q, and Q; eival ehappa SLaPopeTIKES ylati To R xpnolpomnolet o
akpLBeic peBOdOULC YLA TOV LTIOAOYLOPO TOUG

Kat yia Tov LTTOAOYLOHO TWV ECWTEPLKWY Kal EEWTEPLIKWY PPAKTWY, 0 Kwdikag R

data <- c(29, 179, 186, 201, 300, 301, 304, 350, 399, 401,
455, 501, 503, 540, 543, 549, 560, 561, 562, 563, 569, 570,
599, 601, 663, 650, /01, 703, 704, 709, 713, 733, 745, 801,
900, 982, 983, 985, 999, 1001, 16602, 1663, 1009, 11600, 1101,
1102, 1103, 1109, 1201, 1301, 1399, 1400, 1501, 1599, 1699)

gs <- quantile(data, probs = c(0.25, 0.75))



igr <- gs[2] - qs[1]

lower_inner <- gs[1] - 1.5 * iqr
upper_inner <- gs[2] + 1.5 * iqr
lower_outer <- gs[1] - 3 * iqr

upper_outer <- qs[2] + 3 * iqgr

cat("Lower outer fence =", lower_outer, "\n")
cat("Lower inner fence =", lower_inner, "\n")
cat("Upper inner fence =", upper_inner, "\n")
cat("Upper outer fence =", upper_outer, "\n")
olvel

Lower outer fence = -841.5

Lower inner fence = -150

Upper inner fence = 1694
Upper outer fence = 2385.5

7.5. M€on TN Kat TUTILKI ATtOKALOT)

H pé€on tipn (mean r) average, Aéyetal Kal €GOS 6pog) EVOC GUVOAOL dedoPEVWY
(6eiypatog) vurtoAoyiZetal edv aBpoicovpe 6Aa ta dedopgva Kat dlalpEcove Ye To
TANBo¢ Toug

n
XX,
; _ i=1 l _ x1+x2+ +xn
n n

H peon tiun evog deiypatog cupBoAidetal pe x Kat arokaheitat “x-bar”

Exmopumeg d1o§e1diov Tov avlpaka

amno £6w: ekmopmeg dlogeldiov Tov avBpaka (CO,) yla TIC akOAovBeg 5 XWPEG PE
TIC TIEPLOCOTEPEC EKTIOUTIES

AN Xdpa Exmounecg CO,2 TOU ?016
(6toekatouuvpta tévol)
1 Kiva 10.433
2 HMNA 5.012
3 Ivdia 2.534
4 Pwoia 1.662
5 lanwvia 1.24


https://www.worldometers.info/co2-emissions/co2-emissions-by-country/

O HECOG OPOC TWV EKTIOUTIWY YLA AUTEG TIG 5 XWPECS €ival

n

NES
= 10.433 + 5.012 + 2.534 + 1.662 + 1.24 20.881
X=——= z =——=4176

O HECOC OPOC AOLTIOV TWV ETNOLWV eKTIOPTIWY CO, Tou £€TOLG 2016 YyLa AUTEG TIC
5 xwpeg eival 4.176 dioekatoppLpLa TOVOL

e 'ExelL eviLaPepov va mapatnpricovpe OTL N aplBunNTIKA TLHA TOL HECOU OPOv,
4.176, dev LoovTAL YE KAVEVA aATO Ta dedopeva Tov deiypatog

a va utoAoyicoupe Tn Yeon TP Twy Tapanavw dedopevwy 0To R ypagpoupe tov
TIAPAKATW KWOLKa

values <- c¢(10.433, 5.012, 2.534, 1.662, 1.24)

cat("Mean =", mean(values), "\n")
EkTeAwvTtag Tov mapandavw Kwola, maipvoupe ta akoAovba anoteAEopata
Mean = 4.1762

H tumikn anokAwon (standard deviation) evog cuvoAlou dedopevwy (deiypatog)
uTtoAoyideTal pe Tov akoAouBo TUTIo

Al ¥ ) \/(xl_;)i(xz;;_)}...+(xn_;)2

BAEMETE TO x OTOV TMAPATIAVW TUTIO;

e [la va UTIOAOYICOULPE TNV TUTILKN ATIOKALON EVOC GLUVOAOU SEOOUEVWY, TIPETIEL
TPWTA VA LTIOAOYICOLHE TN PEON TLUN

Eival emiong nepiepyo ov oTOV APOVOUACTH) TOU KAAGHATOG PECA OTNV
TETPAYWVLKN pila, €xovpe n-1 Kat oxL n

e AUTO Ba TO E€NYNOOVHE OTO KOVTLVO HEAAOV

YTOAOYLOPOG TUTILKAG ATIOKALONG Yla TIC ETAOLEG ekMopTieg CO, Twv 5 mapanavw
XWpPwyY

[ (10.433-4.176)°+(5.012—4.176) "+ (2.534—4.176) " +(1.662—4.176) +(1.24—4.176)°
— 5-1

_\/(6.257)2+(0.836)2+(—1.642)2+(—2.514)2+(—2.936)2
o 4

. 39.15+0.699+2.696+6.32+8.62
_ 4



57.485
=4/ . = \14.371 = 3.791

H tutuikn anokALon AoLmov Twv €TNOLWYV ekopniwy CO, Touv €Toug 2016 yla auteg
TIC 5 xwpeg elvat 3.791 dioekatoppvpLa TovVol
e H tutukn anokAlon deixvel (katd kdmoto TPOmo) TN YEon andotacn Twv
dedopevwy amno tn peon TP Tou deiypatog

Kwdlkag R yla Tov uoAOYLOPO TNG TUTILKAG ATIOKALONG

values <- ¢(10.433, 5.012, 2.534, 1.662, 1.24)
cat("Standard deviation =", sd(values), "\n")

EkteAwvTag Tov maipvoupe
Standard deviation = 3.790956

To TeTPAYWVO TNG TUTILKAG amokAlong Aéyetal dtakvpaven (variance), Kat yla Tig 5
TIapanavw XwPeg eivat ico pe

n

—\2
Z(x_—x)
_ 2 = 57485
v=s =———=—,—=14.371

AvTioTOlYXQ, HTIOPOVHE va TIOVKE OTL N TUTILKN ATIOKALON €ival N TETpaywviKn pica
™n¢ Sdtakvpuavong

n

)

i

_ _ i=1
§ = \/; - n—1
H Stakvupavon vrtoAoyidetal OMwG N TUTIKI ATIOKALON XWPLG OpWE TNV
TETPAYWVLKN pica
e [lpoooxn ouwg: ot povdde¢g Tn¢ S1aoTopdc ivat To TETPAYWVO TwWV HovadwVv
Twv 6edouevwy!
o Emopevwg, n dlaomopd Twy €THOLWY eKkTopnwy CO, Twv 5 mapanavw
Xwpwv givat 14.371 (dloekatoppdpla Tovol)?
m Ol povadeg Tng dlaomopag TIg MeEPLOCOTEPES PopES Ba elvatl
akaTtaAaBioTIKEG, EVW TNG TUTILKNG amokAlong Oa eival idleg pe
AUTEG TWV apXLKwv dedopevwy
m Onwg 8a doLpe apyotepa, N Stactopd eival xprolpn o pla
OULYKEKPLPEVN TIEPITITWON, KATA KAvova OPWG N TUTILKI ATOKALON
eival moAL mo xpriotun (kat eKoOAN va tnv Katahdapoupe)
Kwdlkag R yia tov umoAoytlopo tng dtakvpavong

values <- c¢(10.433, 5.012, 2.534, 1.662, 1.24)

cat("Variance =", var(values), "\n")

TIov pag divel



Variance = 14.37135

Aoknon yla va eunedwooule TNV Evvola TNG TUTTKNG armokAtong — AlaAe€Tte 4
akepatoug aptbpolg amd to 1 yexpLkat to 9 — .. (1, 3, 5, 5) dnAadn pmopei
KAToLoL 1] Kat OAoL amo avToug Toug 4 aplBpoug va ival idlol — €ToL woTe N
TUTILKN TOULG ATIOKALCN TOULG va ival

1. EAaxlotn

o Apkeiva eivatl ol 4 aplBpoi idlol, TOTE N TUTILKA TOLG ATOKALCN Ba ival
undev!

o [160oeg TETOLEG ADCELG LTIAPXOLY;
i. 2uvoAkwkaewea: (1,1,1,1),(2,2,2,2)..(9,9,9,9)
2. Mgylotn
o (1,1,9,9)
o [16oeg TETOLEG ADCELG LTIAPXOLY;
i. Movo pig, n mapandavw

Standing pulse deiypatog wottntwy
CASE NAME SPULSE SMOKING MALE

1T Agpoditn 54 0 0
2 BaoiAng 76 1 1
3 Bktwpla 78 0 0
4 Twpyog 100 1 1
5 Aavan 102 0 0
6 Anuntpng 56 0 1
7 EvoeBia 84 0 0
8 Kwvotavtivog 90 0 1
9 Mapila 84 0 0

Kwbikag R (6eite oto kitpLvo highlight mwg vmtoAoyicovpe to CV)
SPULSE <- c(54, 76, 78, 1006, 102, 56, 84, 90, 84)

cat("Mean =", mean(SPULSE), "\n")

cat("Standard deviation =", sd(SPULSE), "\n")
cat("Coefficient of variation (%) =", sd(SPULSE) /
mean(SPULSE) * 100, "\n")

oL divel

Mean = 80.44444



Standard deviation = 16.90496
Coefficient of variation (%) = 21.01446

‘Eva aAAo petpo dlaomopdg Twv dedopevwy gival 0 GUVTEAEGTIC HETABANTOTNTAG
n dtaomopag (coefficient of variation), ou ekppaleTal o€ MTOCOOTO TOLG EKATO

The coefficient of variation (or CV) for a set of
sample or population data, expressed as a
percent, describes the standard deviation relative
to the mean.

—>Free of specific units of measure

- For comparing variation for values taken from
different populations

Saiple Population

cv= S «100% CcVv= 2 «100%
X 7

(H xprion Tou nedoU ypduuatocg n yla to ueyebog Tou deiyuatog Kat Tou Kepaiaiov
ypdupatog N yia to uéyebog Tou mAnbuouou dev tnpeitat mdvra)

a To TponyoLEVO TIAPAdELYHa TWV ekTopTiwy CO,

CcV = % x 100 ==L « 100 = 90. 78%

4,176

NEog kwdikag R mou umtoAoyidel kKatl TUTIWVEL OAA TA PEXPL TwPA HETPA
0eoewg Kal dlaomopdg yia ta dedopeva Twv ekmopnwy CO2 kat
HAALOTA PE CLYKEKPLPEVA OEKADLKA Ynia

CO02 <- c(10.433, 5.012, 2.534, 1.662, 1.24)

cat("Mean =", mean(C02), "\n")

cat("Standard deviation =", sd(C02), "\n")

cat("Coefficient of variation (%) =", sd(C02) / mean(C02) *
100, "\n")

Ttov divel

Mean = 4.1762
Standard deviation = 3.790956
Coefficient of variation (%) = 90.77526



Awaomiopa dedbopévwv

DataSetI | 41 44 45 47 47 48 51 53 58

66

DataSetII | 20 37 48 48 49 50 53 61 64

70

YTIOAOYLOPOG PEONC TIPAG KAl TUTILKNAG amokALong
Data Set |
n=10
x =50
s=7.41
CV =14.82%
Data Set
n=10
x = 50
s=14.16
CV =28.32%
Mooa dedopeva mepTouv peca ota dactrnpata x + 3s;
Data Set |

;i 3s
Data Set |l
;i 3s = 50 £ 3 X 14.16 = (7.53,92.47)

(210 mapakdTw ypdenua, ot TIUEC TOU 0pL{OvVTIoU aova Exouv
UITOAOYLOTEL UETA Ao oTPOoyyuAomoinon Twv TIUWVY TNG TUTILKAG
amoOKALONG OTIG ELKOVI{OUEVEC)

50 + 3 X 7.41 = (27.77,72.23)



FIGURE 3.6

DataSetl; x =50,s =74
X +5 X+25 X+3s

Lzl

1
27.8 35.2 42 6 50 0 57 4 64.8 72.2

>
1
w
w
x|
1
N
1%
"l

FIGURE 3.7
Data Set II; x =50, s = 14.2
X-3s X-2s X-5 X X+s X+2s X+3s
| .
L ] L ] 900 [ ] @ [ ] [} :
1 1 1 1 1 1 1
7.4 21.6 35.8 50.0 64.2 78.4 92.6

> nNUavTIKO CLUTEPACHA
e JTaTmepPLoodTEPA oLVOAA dedopevwy (delypata), Ta neplocdtepa bedopeva
0a BpiokovTtal yeoa oto dtdoTnua x + 3s

7.6. TuppeTpia Kal cTPERAWON

Mua €lkOva NG KAtavoung evog cuvoAou dedopevwy diveTal amno To LoToypaupa

Normal Distribution N = 100

Mormal
Mean -0.06554
20- StDev 1044
M 100
15
=
[¥}
=
7]
z
@& 10-
-
(&9

-2 -1 0 1 2 3
Mormal

2 Ta Mapakdatw draypdppata AABeTe umtown OTL LTIAPXEL 0pBoypaPilkd AdaBog
(“distriutions” avti yia “distributions”)



Symmetric (normal) vs skewed and uniform distriutions

Normal distribution Right-skewed Left-skewed Uniform distribution
(unimodal, symmetric, distribution distribution (equal spread,
the “bell curve™) (Positively-skewed) (Negatively-skewed) no peaks)

Unimodal vs bimodal distributions

Normal distribution Symmetric bimodal Non-symmetric
(unimodal, symmetric, distribution bimodal distribution
the “bell curve™) (two modes) (two modes)

>tpEPAwoN (skewness)
® JYUUPETPLKEG KATAVOUEG: UNdeVIKN oTpERAWON

e Otav 10 “oouBAL” (N Aemttr “oupd” TNG KATAVOUNRG) €ival oTa aplotepd:
apvnTLKN oTPERAWON

e Otav 10 couBAL eival ota 6e€Ld: OeTIKN oTPEBAWON

Median/' \Mean Median/'\Mean Mean/ '\Median

(a) Right skewed (b) Symmetric (c) Left skewed



Q, Q; Q3 Q Q @
—] — |
(@) Uniform (b) Bell-shaped
| | | | | |
Q Q Qs Q Q Q;
—— | s
(c) Right skewed (d) Left skewed
Negatively skewed Normal (no skew) Positively skewed
Mean
Median
Mode Mode

Frequency

-
b —— —— e —— ——— —

7.7. TuoxETION

Y€ auTn TNV evotnTa £EETACOVHE YL TIPWTN POPA IEPLOCOTEPEG TIEPLOCOTEPEG

NG Ylag PeTaBANTES




AVO peTaBAnTEG, X Kal Y, ymopei va €xouv BeTIKN, apvnTIKA I HNOEVLKI) CLUOXETLON

e OETLKN CUOXETLON onuaivel 0TL 6Tav AVEAVEL N TIPN TNG PLaG, EV YEVEL
av€avel Kat n TLPn Tng aAAng

e APVITLKIN CUCGXETLON CNUAivEL OTL OTAV ALEAVEL N TP TNG HLAG, EV YEVEL
HELWVETAL N TIPA TNS AAANG

e Mnbeviki cuoXETLON onpaivel OTL oL HETABOAEG OTNV TIPN TNG PLag dev €XElL
OXEON Y€ HETAPBOAEG OTNV TLUN TNG AAANG

Tnv Lox0 TNG CLUOXETIONG TN PETPAEL 0 cuvTeEAEGTNG GUoXETIONG (correlation
coefficient)

e YupBoAietal pe To AYYALKO ypadupar

o -T=<r=<T
=l
er - n _ n _
( =x) 2 (v = y)
=l =]

n: sample size

x;, y; rindividual sample points indexed with /
;)_/ sample mean
H napandvw e€iowon dev pag evdlapepel dlaitepa, ylati Tov CUVTEAEDTN
OLOXETLONG OgV TIPOKELTAL TIOTE VA TOV LTIOAOYIOOUE PE TO XEPL
e [lpemel Opwg va Eepoupe va afloAoyoLpe
o Tn guOoN TNG CLUOXETLONG avdpeoa oTLG SVo HETABANTEG
B TLY. YPAUHLKA, BN YPAHHLKA

o To TPOGCNKO KAl TNV TLUN TOL CUVTEAEGTH GUOXETLONG, TIOU TIEPLYPAPEL
TN GUOXETLON AUTN

Ta napakdatw dtaypappata ovopdadovtal dtaypdppata dStacmopds N
oTIKTOypappata (scatterplots)
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ﬁ
Strong positive Weak positive Strong negative
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Correlation Coefficients
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Perfect Positive Strong Positive Weak Positive

No Correlation (r= 0
Correlation (r = +1) Correlation (0.7 s r < +1) Correlation (0 <r<0.7) rrelation (r = 0)

Weak Negative Weak Negative Perfect Negative
Correlation (-0.7<r<0) Correlation (-0.7<sr<0) Correlation (r =-1)

MNMpocoxn: ZTo peoaio napandvw oxnua, vrtdpxet Aaog! H cuoxetion dev eival
aoBevng aAAd LoXupN APVNTLKI CLUOXETLON.

p=-1 -1< p <0

0< p <+1 +1 p=0

©
Il




Interval Coefficient Level of relationship

0.00 —0.199 Very Weak
0.20 - 0.399 Weak
0.40 —0.599 Medium
0.60 —0.799 Strong
0.80 — 1.000 Very Strong

3 TO MAPAKATW OXAUA anelkovidovtal Un ypauuikeg (nonlinear) cUoXETIOELG YL TIC
omoieg dev LoXVEL 0 CLUVTEAEOTNAG CUCXETLONG (KAl OL OTIOLEC Elval EKTOC TOU
AVTLKELPMEVOU AUTOL TOU €LOAYWYLKOUL pHabnuatog)

A Juadratic A Cubic
¥ .I.. '.. ¥ o .'.
Types of b . o C“eof
» L ]
Non-Linear ™ . >
Relationships
In Correlation A Exponentia A Logarithmic
y .' y . a ® L .
o -
- .® :
; > x >

8. MOBavoTNTEC KAl KATAVOHEG TTLOAVOoTITWYV

MOVO BACLKEG Kal XPNOLUES YVWOELG




8.1. ZToXeELwdELG YVWOELG TTLBAVOTITWYV

Simple Probability

Favorable outcomes

Probabilty =
Total outcomes
Example:
7 & Number of red marbles
P(red)=—
12 = Total number of marbles (sample space)

.— Number of blue marbles

P(blue) ==

2 =~ Total number of marbles (sample space)

Basic Properties of Probabilities

Property 1: The probability of an event is always between 0 and 1, inclusive.

Property 2: The probability of an event that cannot occur is 0. (An event
that cannot occur is called an impossible event.)

Property 3: The probability of an event that must occur is 1. (An event that
must occur is called a certain event.)



Just as likely
rEArarAh e =

3 + + =
A bag contains@blue marbles@red marbles anJ 1 G
green marble. If you were to draw one marble at
random, what is the probability of drawing...

1. Ablue marble? 3 ||
T

2

2. Ared marble? = ,]_,
G =
O
== o]

3. A black marble?

—
—

4. A blue or green marble?
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b. Figure 5.1 also shows that doubles can be rolled in six ways. Consequently,
the probability of rolling doubles equals f /N = 6/36 = 0.167. *



5.12 Nobel Prize Winners. The National Science Founda-
tion collects data on Nobel Prize Laureates in the field of
science and the date and location of their award-winning
research. A frequency distribution for the number of win-
ners, by country, for the years 1901-1997 are as follows.

Country Winners
United States 190
United Kingdom | 71
Germany 61
France 25
Soviet Union 10
Japan 4
Other Countries 87

Suppose that a recipient of a Nobel Prize in science be-
tween 1901-1997 is selected at random. Find the probability
that the Nobel Laureate is from

a. Japan. b. either France or Germany.

c. any country other than the United States.



Playing Cards A deck of playing cards contains 52 cards, as displayed in
Fig.5.3. When we perform the experiment of randomly selecting one card from
the deck, one of these 52 cards will be obtained. The collection of all 52 cards—
the possible outcomes—is called the sample space for this experiment.
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Many different events can be associated with this card-selection experiment.
Let’s consider four:

1. The event that the card selected is the king of hearts.
2. The event that the card selected is a king.

3. The event that the card selected is a heart.

4. The event that the card selected is a face card.

FIGURE 5.5
The event a king is selected

K T—
‘ ' r+1‘ :!
\ & Aj :
T uw ]
_‘H
 FIGURESS iy Ty [iw v vl
The event a heart is selected v v v
LS YA YA A A A
FIGURE 5.7 [
The event a face card is selected
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FIGURE 5.19
Non-mutually exclusive events

I(A or 3)1

b

(A & B)




ZT[ REVISION OF serNonTmpﬁ

(@) INTERSECTION

(@) CoMPLEMENT
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ONE WAN T0 FIGURE OUT WHICH 81T TO SHADE: SHADE ALL REGUIRE P BITS FOR A AP B FIRST, THEN (F TS
= uNien (W), AL BITS SHADED ARE INCLUDED IN FINAL DIAGRAM
- INTEISECTION (1), ONLY BITS WITH OVERLAPPING SHADING (PR0M BUTH AAND B) ARE MNCLUDED.

a ERDBM}UTY FACTSB

Pr ()= "0 FAVOURED WlONE 5 ¢ prga)g |
MO, PoSSIRLE DuTCOMES f f
IrPERLRE CERTAIN

Pe(A’) =1 Pr(A)

.
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IF Pr (A0 B) =Pe(a) X Pr{ﬁ.)} THEN A ARD B
va.1F Pe(ale) = Pr(A) ARE |NDEFENDENT

Pr{auB) = Pr(a) + Pr(B) - Pr(a ng)
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Probability Formulas

P(AUB) = P(A) + P(B) - P(A and B)
P(ANB) = P(A/B) x P(B)
P(B/A) x P(A)

P(B)

P(A/B) =

8.2. Katavop£g méavotntwy

*** A0 EAQ KAI NEPA AIABAZETETIA THN
NMPOOAQ 2 **

8.2.1. Opolopopyn KATavoun

UNIFORM DISTRIBUTION

380
L

250
I

Freguency
150
|

0 50




Count plot for x
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i cvemath
THE MATH EXPERT

Uniform Distribution Formula

F(x) = — Mean= O*P)

(b-a) 2

_ (b - a)’
O = ‘\/ 12

8.2.2. KavoviKi Katavopn
H 1o onuavTikn Katavoun

Kavovikn katavopn (normal distribution) — avageépetal Kat wg KAvovikr KAauTuAn
(normal curve)

e KapmOAn oav kapmava (bell curve)



TUTILKA XaPAKTNPELOTIKA TNG KAVOVIKAG KAPTIUANG
® JUUMETPLKN
o Mndevikn otp€RAwon (skewness)
e EAdyxioto = peiov dmnetpo (-00)
e MeEyLoTo = ouv AmeLpo (+00)
Mean

Median
Mode

Mua KavoviKkr Katavopr kabopidetal mMANPwWCE amo tn YECN TN TNG, Y, KAl OTNnV
TUTILKN TNG ATOKALON, O



e Kat oupBoAizetat N(y, o)

Normal curve

/ (, o)

u=3c pu-20 p-o L w+o p+20 wp+30

H kavovikn Katavoun €Xel CUYKEKPLPEVA EPBAdA avapeoa oTa TapaKATw
dlaotApata (mov, 6pwe Ba bolLpE og Aiyo, avagepovTal GTOV EUTIELPLKO Kavova)

99.7%

95 %

68 %

-30 -20 -lo 1 +lo +20 +30
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Mivakeg KavoviKiG Katavoung

I
4 5

TuTIOTIOLNUEVN N Jovadiaia Kavovikn Katavoun

9 10 11 12 13 14 15 16

https://onlinestatbook.com/Ims/calculators/normal_dist.html

Table of Standard Normal Probabilities for Positve Z-scores

0 Z
z 0.00 | 0.01 0.02 0.03 0.04 0.05 | 0.06 0.07 0.08 | 0.09
0.0 | 0.5000 | 0.5040 | 0.5080 | 0.5120 | 0.5160 | 0.5199 | 0.5239 | 0.5279 | 0.5319 | 0.5359
0.1 0.5398 | 0.5438 | 0.5478 | 0.5517 | 0.5557 | 0.5596 | 0.5636 | 0.5675 | 0.9714 | 0.5753
0.2 | 0.5793 | 0.5832 | 0.5871 | 0.5010 | 0.5948 | 0.5987 | 0.6026 | 0.6064 | 0.€103 | 0.6141
0.3 | 0.6179 | 0.6217 | 0.6255 | 0.6293 | 0.6331 | 0.6368 | 0.6406 | 0.6443 | 0.6480 | 0.6517
0.4 | 0.6554 | 0.6591 | 0.6628 | 0.6664 | 0.6700 | 0.6736 | 0.6772 | 0.6808 | 0.6844 | 0.6879
0.5 | 0.6915 | 0.6950 | 0.6985 | 0.7019 | 0.7054 | 0.7088 | 0.7123 | 0.7157 | 0.7190 | 0.7224
0.6 | 0.7257 | 0.7291 | 0.7324 | 0.7357 | 0.7389 | 0.7422 | 0.7454 | 0.7486 | 0.7517 | 0.7549
0.7 | 0.7580 | 0.7611 | 0.7642 | 0.7673 | 0.7704 | O.7734 | 0.7764 | 0.7794 | 0.7823 | 0.7852
0.8 | 0.7881 | 0.7910 | 0.7939 | 0.7967 | 0.7995 | 0.8023 | 0.8051 | 0.8078 | 0.€106 | 0.8133
0.9 | 08159 | 0.8186 | 0.8212 | 0.8238 | 0.8264 | 0.8289 | 0.8315 | 0.8340 | 0.6365 | 0.8389
1.0 0.8413 | 0.8438 | 0.8461 | 0.8485 | 0.8508 | 0.8531 | 0.8554 | 0.8577 | 0.8599 | 0.8621
11 0.8643 | 0.8665 | 0.8686 | 0.8708 | 0.8729 | 0.8749 | 0.8770 | 0.8790 | 0.6810 | 0.8830
1.2 0.8849 | 0.8869 | 0.8888 | 0.8007 | 0.8925 | 0.8944 | 0.8962 | 0.8980 | 0.8997 | 0.9015
1.3 0.9032 | 0.9049 | 0.9066 | 0.0082 | 0.9099 | 0.9115 | 0.9131 | 0.9147 0.8162 | 0.9177
1.4 80192 — —5:6207 0822208236 0-6851—0:9265——6:85760-6282—| 0.9306|| 0.9319
1.5 0.9332 | 0.9345 | 0.9357 | 0.9370 | 0.9382 | 0.9394 | 0.9406 | 0.9418 | 0.9429 | 0.9441



https://onlinestatbook.com/lms/calculators/normal_dist.html

Probabiility
(P(Z<2)

Z-Scores

0.0
0.1
0.2
0.3
0.4
0.5
0.6
0.7
0.8
0.9
1.0
ibal
1.2
1]
14
5
1.6
1.7
18
1.9
2.0
2.1
2.2
23
24
2D
2.6
2.7
2.8
2.9
EX)
51
3.2
33
3.4

0.01 0.02 0.03 0.04 0.05 0.06 0.07 0.08 0.09
0.5000 0.5040 0.5080 0.5120 0.5160 0.5199 0.5239 0.5279 0.5319 0.5359
0.5398 0.5438 0.5478 0.5517 0.5557 0.5596 0.5636 0.5675 0.5714 0.5754
0.5793 0.5832 0.5871 0.5910 0.5948 0.5987 0.6026 0.6064 0.6103 0.6141
0.6179 0.6217 0.6255 0.6293 0.6331 0.6368 0.6406 0.6443 0.6480 0.6517
0.6554 0.6591 0.6628 0.6664 0.6700 0.6736 0.6772 0.6808 0.6844 0.6879
0.6915 0.6950 0.6985 0.7019 0.7054 0.7088 0.7123 0.7157 0.7190 0.7224
0.7258 0.7291 0.7324 0.7357 0.7389 0.7422 0.7454 0.7486 0.7518 0.7549
0.7580 0.7612 0.7642 0.7673 0.7704 0.7734 0.7764 0.7794 0.7823  0.7852
0.7881 0.7910 0.7939 0.7967 0.7996 0.8023 0.8051 0.8079 0.8106 0.8133
0.8159 0.8186 0.8212 0.8238 0.8264 0.8289 0.8315 0.8340 0.8365 0.8389
0.8413 0.8438 0.8461 0.8485 0.8508 0.8531 0.8554 0.8577 0.8599 0.8621
0.8643 0.8665 0.8686 0.8708 0.8729 0.8749 0.8770 0.8790 0.8810  0.8830
0.8849 0.8869 0.8888 0.8907 0.8925 0.8944 0.8962 0.8980 0.8997 0.9015
0.9032 0.9049 0.9066 0.9082 09099 0.9115 09131 09147 0.9162 0.9177
0.9192 09207 0.9222 0.9236 09251 0.9265 0.9279 0.9292 0.9306 0.9319
0.9332 09345 0.9357 0.9370 09382 0.9394 09406 09418 0.9430 0.9441
0.9452 0.9463 0.9474 0.9485 0.9495 0.9505 0.9515 0.9525 0.9535 0.9545
0.9554 0.9564 0.9573 0.9582 09591 0.9599 09608 09616 0.9625 0.9633
0.9641 09649 0.9656 0.9664 0.9671 0.9678 0.9686 0.9693 0.9700 0.9706
0.9713 0.9719 0.9726 0.9732 0.9738 0.9744 0.9750 0.9756 0.9762 0.9767
0.9773 09778 0.9783 09788 09793 0.9798 09803 0.9808 0.9812 0.9817
0.9821 09826 0.9830 0.9834 0.9838 0.9842 09846 0.9850 0.9854 0.9857
0.9861 09865 0.9868 0.9871 09875 0.9878 0.9881 0.9884 0.9887 0.9890
0.9893 09896 0.9898 0.9901 0.9904 0.9906 0.9909 0.9911 0.9913 0.9916
0.9918 0.9920 0.9922 0.9925 0.9927 0.9929 0.9931 0.9932 0.9934 0.9936
0.9938 0.9940 0.9941 0.9943 0.9945 0.9946 0.9948 0.9949 0.9951 0.9952
0.9953 0.9955 0.9956 0.9957 0.9959 0.9960 0.9961 0.9962 0.9963 0.9964
0.9965 0.9966 0.9967 0.9968 0.9969 0.9970 0.9971 0.9972 0.9973 0.9974
0.9974 09975 0.9976 0.9977 0.9977 0.9978 0.9979 0.9980 0.9980 0.9981
0.9981 0.9982 0.9983 0.9983 0.9984 0.9984 0.9985 0.9985 0.9986 0.9986
0.9987 0.9987 0.9987 0.9988 0.9988 0.9989 0.9989 09989 0.9990 0.9990
0.9990 0.9991 0.9991 0.9991 0.9992 0.9992 0.9992 0.9992 0.9993 0.9993
0.9993 09993 0.9994 0.9994 09994 0.9994 09994 0.9995 0.9995 0.9995
0.9995 09995 0.9996 0.9996 09996 0.9996 0.9996 0.9996 0.9996 0.9997
0.9997 0.9997 0.9997 0.9997 0.9997 0.9997 0.9997 0.9997 0.9998 0.9998
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standard deviation —

X —u

Solving for Z Scores |z =
g

Example: X = 120, 4 = 100, = 10

120 -100 20 _

= = +2
10 10

si—
=

Interpretation: A score of 120 is two
standard deviations above the mean.




Finding a z-score: the formula
_X-u
o)

A set of Economics Final Exam Grades are normally distributed
with a mean of 65 and a standard deviation of 12.

(where x is the data value)

<

Find a z-score for a grade of 70. 70 — 65
I=——/7— =042
12
Find a z-score for a grade of 62. —
202765 _ 415
12
Find a z-score for a grade of 49. 49 — 65
’ 7= 133

My time to run 200m is 28s. The mean time for this race is 31s
and the standard deviation is 1.5s.

My time to run 500m is 132s. The mean time for this race is 125s
and the standard deviation is 8.2s.

Assuming a normal distribution, in which race did | perform the
best compared to the other participants?

Z = Z =
(0) o)
_28-31 _182-125 _ o,
‘7715 T “T782 T
ko Maths at Home www mathsathome com
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Determining a Raw Score (X) from a Z-
Score: Example #2

z=-1,uy =50, 0=10; Solve for X

(7ip: Since the z is negative the X value must be below the mean.)

— Tip: If the standard deviation
X=W+z0 (SD) is'10 and a score is 1 SD
X = + (-1)( below the mean (z = -1), then

>0 ( )( 0) the score is (1 x 10) points, or
X=50-10 10 points below the mean of
50; that is, X = 40.

X =40

EUTELPLKOG KAVOVAG
(1) Aldotnua (u-o, y+o)
e 68.26%
e (Aiyo mapamndvw amno ta dvo tpita, epimov 68%)
(2) Aldotnua (u-2x0, u+2x0)
e 95.44%
e (Tiepimov 95%)
(3) Aldotnua (u-3xo, p+3x0)
e 99.74%
e (Tepimou 6Aa)

68.26%

1 | |

L=0 pm m+o nw=20 wn pu+220 w=30 n n+30c X

10 1 -2 0 2 -3 0 3
(a) (b) (©)




8.2. 3 Katavopun t (tov onou&uotn)

-

ubw'?mp BEER

William S. Gosset

The t-test is 107 years old.

The t statistic was introduced
by

Gosset published the t test in

in 1908, but was
forced to use a by his
employer who regarded the fact
that they were using statistics as
a trade secret. Hence, the
name Student's t-test.




‘Student’

A Statistical

Biography of
WILLIAM

SEALY

GOSSET

E. S. PEARSON

R. L. PLACKETT

G. A. BARNARD

“The new plaque honoring statistician William Sealy Gosset is displayed at the Saint

Patrick’s Boys National Primary School in Dublin, Ireland”
(https:/magazine.amstat.org/blog/2013/02/01/gossetplaque/)

-]

STAITISTEQIR
AGUS GRUDAIRE

WILLIAM SEALY GOSSET

(1876 - 1937)

STATISTICIAN
AND BREWER

o

Sedir

CHONAIGH SE ANSED SA
TEACH 'HOLLYVILLE PARK® 1913 - 1935.
IS FEARR AITHNE AIR FADINA AINM CLEITE
'STUDENT" AGUS AS A FHORBAIRT
AR t-DHAILEADH STUDENT.

..-_":':.J't
r’!
2

LIVED IN "HOLLY VILLE PARK" ON THIS SITE
1913 - 1935. HE IS BEST KNOWMN BY HIS PEM
MAME “STUDENT® AND FOR HIS
DEVELOPMENT OF STUDENT'S t-DISTRIBUTIOM.


https://magazine.amstat.org/blog/2013/02/01/gossetplaque/
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Ronald A. Fisher




BaBpuoi eAevBepiag (degrees of freedom)



T-distribution vs Normal Distribution

® t-distribution

@® normal distribution
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Online demo TG ox€ong avapeoa oTnV KAvoVvLKI KATavour Kat Tnv katavopn t
e https://www.desmos.com/calculator/xm56tvvalh

Basic Properties of t-Curves

Property 1: The total area under a t-curve equals 1.

Property 2: A t-curve extends indefinitely in both directions, approaching,
but never touching, the horizontal axis as it does so.

Property 3: A t-curve is symmetric about 0.

Property 4: As the number of degrees of freedom becomes larger, t-curves
look increasingly like the standard normal curve.

Kavovikn katavopr = katavoun t ye anetpoug (0o0) Babuoig eAevbepiag
e [lavw amod 30 Badpoug eAevbepiag, n katavopn t eivat oxedov idla pe tnv
KAVOVLKN Katavoun
o (Ba bdovue TN onuacia avtol OTav EETACOUUE TOUG OTATIOTIKOUG
gAgyxoug)


https://www.desmos.com/calculator/xm56tvvalh

0.40
0.35
0.30
0.25

X 0.20
0.15
0.10
0.05
0.00

8.2.4. Katavoun F

*** EKTOG UANG ***

TiNALko dVo Katavopwy t
Babuoi eAevbepiag (degrees of freedom) tou aptBuntn (numerator)
BaBpuoi eAevbepiag (degrees of freedom) tov mapovopaotr (denominator)

8.2.5. Katavoun x?
I1610TNTEG TNG KaTavoun X2
e XapaktnpiZetal ano Babuolg ehevBepiag (degrees of freedom)

o ‘0co peyaAwvouv ol Babpoi eAevBepiag, TOGO TO OXNHA TNS KATAVOUNG
X2 pooeyyiZeL TNV KAVOVLKN KATavoun

o Onwg Kat n katavopn t
e Aev aipvel apvnTIKEG TIPEG
o AnAadr naipvel TIHEC pEYaAALTEPES N oeC TOL Pndevog



e Exel wg elaxioto to pundev

o2& auTo dlapepel 0LOLWOWGE ATIO TNV KAVOVLKI KATAVOUr 000 TIoANOL
Kal va eival oL Baduol eAevbepiag

e 'EXEL WG PEYLOTO TO +00 (CLV ATIELPO)
e Exel BeTikn oTpERAWON

Basic Properties of yx2-Curves

Property 1: The total area under a x?-curve equals 1.

Property 2: A x2-curve starts at 0 on the horizontal axis and extends indefi-
nitely to the right, approaching, but never touching, the horizontal axis.

Property 3: A x2-curve is right skewed.

Property 4: Asthe number of degrees of freedom becomes larger, x%-curves
look increasingly like normal curves.

x?-curves for df = 5, 10, and 19

df=5

" df=10
[\ S ‘/df=19

“ | | r | | Xz
0O 5 10 15 20 25 30

TIVOKEG KATAvoung X2

8.2.6. Katavopn pnta

*** EKTOG UANG ***

€AAXLOTO, KOPLWPI), HEYLOTO

XPHON OTOV XPOVIKO KAl KOOTOAOYLKO TIPOYPAUHATIONO €pywV (project
management)




9. ASLYHATOANTITIKI KATAVOUN

E€etadovtag tn delydaToANTITIKA KATAVOWN), TEPVAUE amno tnv Meplypapikn
Y TATIOTIKN oTNV EMaywyikn ZTatloTikn
e Me TIC peB0OdoUC TNC EMAYWYIKNG OTATLIOTIKAG avaAvoupe gva deiypa

(sample) pe 0TOXO0 va YEVIKEVOOLE TA ELPNHATA PAG OTOV TTANBLOUO
(population) amno tov omoio pogpxeTal To deiypa.

9.1. Asiypata Kat SElypatoAnmTiko cpaipa

Otav avahvoupe €va deiypa, 6a vtdpxel avta detypatoAnmtiko () delypatiko)
o@dApa (sampling error)

e [laTi eva deiypa, 66ov KAAO Kal va eival, 6a anoteAel mavta €va oAU PIKPO
KOUPATL TOL TTANBLCoOL

e Emopévwg ta detypatika peyedn (sample statistics) 8a diapepouv Aiyo
TOAL amnod TI¢ MANBVoULaKES tapapeTpoug (population parameters)

O pOvVOoG TPOTIOG VA PNV UTIAPXEL OPAAPA 0Ta AanoTEAECHATA TNG AVAALONG Hag,
elval va kavoupe anoypagr mAnBucpou (census)

e AUTO OPWG Ba KOOTLZE TIOAL KAl WG EK TOVTOUL dev yivetal oxedov ote

Akopa kat eva deiypa, TL.X. 60 xIALadwyv volkokupLlwy, Ba €6lve peco e1.0o0dnua
VOLKOKUPLOL Ttou Ba SLeepe (lowg OxL TTOAL) Ao ToV TPAYHATIKO HECO OPO TOU
€L000NPATOG Yyla TOV CUVOALKO TTANBLOUO

e To €pwTNUA AOLTIOV TIOL TIPETIEL VA ATIAVTOOLHE €ival TIOCo akpLBnG eivat
Toavo va givat n ektipnon plag mANBuoPLaKnG TApPaPETPOL amno eva
OELYHATIKO pHEYEDBOC

Tnv andvtnon o€ auTto To €€ALPETLKA ONUAVTIKO epwTnpa divel n
detypatoAnmrikn katavopn (sampling distribution), tou Aéyetal kat deypatikn
Katavoun

e OAa Ta oTATLOTIKA PEYEDN (UECN TR, TUTILKA ATIOKALON, KATL)
xapaktnpidovtat ano tn Sikr Toug SELYPHATOANTITIKI KATAVOUN

e Epeic og avtn TNV evotnTa Ba e€eTACOVUE TN OELYUATOANTITIKI) KATAVOWN)
Tou delypatikoL peoou opou (sampling distribution of the sample mean),
dnAadn tou x

e MiAdpe yla deilypata Tou diov peyEBoug (Ttou eival Kat cuykpiolua)

AvTiAauBavopacte OTL N peon TN evog deiypatog Ba diapepel ano to £va deiypa
(ouykekpLPEVOL peyEBOLG) oTo AAAO (Tou Ldiov peyEBouLG)

o EMOpévwe, N PEoN TR QUTWY TWVY SelyPdTWY, x, Ba eival oav pa Tuxaia
puetaBAntn (random variable), Tng omoiag n Tiun 6a aAhadel and deiypa oe
delypa



ZeKklvape e€etadovtag €va TMoAL Pikpo MANBUopo (yia ekmatdeuTIkoLG oKoToUg),
TIov anoteAeital anod Toug 5 BACLKOVG TAIKTEC PLAC OPAdAC UTIAOKET

e H povn petaBAntn (variable) mov e€etdoupe ivat To LYoOG TOLG, TO OToio
HETPLETAL O€ ivToeg (Pla ivtoa = 2.54 ekatooTta)

e Oa cupBoAifoupe To peTABANTH LYOC HE X (OTIWG CLVABWG KAVOULE OTN
OTATLOTIKA)

TABLE 7.1
Heights, in inches, of the five
starting players

Player | A B C D E
Height | 76 78 79 81 86

H peon Tiun Tou LYOUC GTO PLKPO AuTO TANBLOHO ival
5

DES
=1 ' _ 76+78+79481486 __ 400 __ 30

_l
== 5 =75

Oa e€etdoovpe Twpa deiypata peyeboug 2 (kat auto MOAL PIKPO we PEyebog,
eMioNG yla eknatdeuTIKoLG oKOoToUg)

e AyVOrOTE TO YEYOVOG OTL €va deiypa peyeBoug 2 dev eival Tagelg peyeboug
HIKPOTEPO TOUL PeYEBOULC TOU TTANBUOPOL (KATL TTOL KAVOVLKA TIPETIEL VA
ouuBaivel)

> ToV MapaKAtw Tivaka anetkovidovtal 0Aa ta duvatd deiypata (Tov eivat 10)
pey€Boug 2 (n=2) amno Tov apandvw MANBuopo6 (Tou omoiov To peyebog eival N=5)

e XTn 6g€ld otnAn Tou Tivaka deixvoupe Tn Yeon TLun Kabe deiypatog (;)



TABLE 7.2
Possible samples and sample means for

samples of size 2
b

Sample | Heights x
A, B 76,78 | 77.0
A C 76,79 | 77.5
A, D 76, 81 78.5
A E 76,86 | 81.0
B, C 78,79 | 78.5
B, D 78,81 | 79.5
B, E 78,86 | 82.0
c.D 79, 81 80.0
C,E 79,86 | 825
D, E 81,86 | 835

MapatnpoLpe OTL
e Kdmota deiypata, onwe 1o (C, D) £xouv p€co 6po (x = 80) akplBWG idLlo pe
autoé to MAnBuopoL (U = 80)
e Kamnota dA\\a deiypatas, onwe to (D, E), £€xouv péco 6po (x = 83.5) mou
amnexel apKeTA amno To HEco 6po Tou MAnBuacpoL (U = 80)

e Y& KaBe mepimtwon AAAn amod avto To eKMAldELTIKO tapadetyua, dev Oa
Eepoupe av To delypa Tov €XOUE ETUAEEEL EXEL HECO OPO KOVTA I HAKPLA
aro TO HECGO OPO TOL MANBLGCHOU

o Tov omoio peco 6po Tov MANBuopoL emiong dev Ba Tov yvwpilovpe!

MNMapakAdtw amnelkoviovphe Toug HECOUC 0poug Twv 10 avtwy delypdtwy peyedoug
2 o€ €va KoukLdoypappa (dot plot)

FIGURE 7.1 ¢
Dotplot for the sampling distribution of the o o o e o ® o o o
sample mean for samples of size 2 (n = 2) ; ; i ; i 1 i 1 .
76 77 78 79 80 81 82 83 84



MapatnpoLpe To €€NG evdlapepov
e O PEOCOG OpOC TWV PECWYV OpwV TwWV 10 detypatwy (dnAadr OAwv Twv
delypydtwy peyeBoug 2) ivatl icog e Tov HEGO OPO TOL TTANBLCHOV
= 77477.5478.5+81+78.5+79.5+82480+82.5+83.5

x = T = 80

dnAadn oxvel To €N
H-= U

X
KATL TIOL LOoYVEL yla OAa Ta HeYEDN delypdTwy

Eni Tn evkatpiq, yla va urtoAoyicoupe TOV GUVOALKO apLlOpo TwV dELyHATWY
OUYKEKPLPEVOL PEYEBOULG, XPNOLUOTIOLOVE TOV TIAPAKATW TUTIO TWV CLVOLACHWY
(combinations) xwpi¢ emavdAnyn (repetition)

e To xwpic emavaAnyn, onuaivel 0TL dev pmopei va €xoupe €va deiypa mou va
£xeL 600 Popeg Tov idlo aikTn, LY. (A, A)

e Emiong, oL cuvduvaopoi onpaivouv 6TL N ogLpd pe tnv omoia Ba epgpavidovtatl
oL TtaikTeg o€ €va deiypa dev Ba €xel onuaocia

o I.X. 10 6¢elypa (A, B) eival idlo pe to deiypa (B, A)

_ n! _ 1X2X3X--Xn
C(n, k) = (m=k)k! — [1x2X3x-(n—k)]x(1X2Xx3x---Xk)

OTIoU N cLPPBOAiLCeL TO pEYEBOG TOL MANBLOPOU Kal k To peyebog Tov deiypatog

MPOXZOXH: AAAOU OTIC CNUELWOELG AUTEG £XOVUE pABeL va cupBoAidovpe pe N To
HEYEBOG TOL MANBLOPOU Kal PE N TO PEyEBOC Tov deiypatog

O TtUMo¢ paivetal Alydkt epimAoKog, aAAd n epappoyr Tou ival EDKOAN

e [pocoxn xpeldadetal o LTOAOYLOPOC ToL TtapayovTikoU (factorial), mou
opietal wg €ENG yla omoLovonmoTe BETIKO AKEPALO ApLlBO n

nl=1X2 X 3 X-Xn
e [lapadelypa
Sl = 1x2x3%4x5 = 120
e Ed1kd yla to pndey, To mapayovTiko opiletal we €ENG
0ol=1
YmoAoyiZ¢ovpe Aowrov ta 10 deiypata peyeboug 2 wg €ENGg

. 5! __ 5! 1x2x3x4x5 120
€(5,2)= (5-2)!x2! ~ 3Ix2! T (Ix2x3)x(1x2) = 12 10
Eav n oelpd ntav onuavtikn, dnAadn to deiypa (A, C) Bewpeito dLapopeTIKO amo
To deiypa (C, A), Ba EmpeTe va KAvoupe Xprnon dAAou TUToU, avToU yLd TLG
anokahoUpeveg peTabeoelg (permutations) xwpic emavdinyn

e AnAadn, o 6pog cuvduacpol avapepeTal oe Pn dlatetayyeva deiypyata evw o
0po¢ PeTaBeoeLG o€ dlateTaypeva



Ag mapouvpe Twpa deiypata peyalvtepou peyedoug, va dovpe TL cuppaivel e tTn
OELYHATOANTITIKN KATavoun.

OAa ta deiypata peyeboug 4 anelkovidovTtal 0Tov TAapaKATw Tiivaka, Je Tn YEon
TN KaBe deiypatog va eivat otn 6€€1a oTnAN

TABLE 7.3
Possible samples and sample means for
samples of size 4

Sample Heights X
A,B,C,D | 76,78,79, 81 | 78.50
A,B,CE | 76,78,79,86 | 79.75
A,B,D,E | 76,78,81,86 | 80.25
A,CD,E | 76,79,81,86 | 80.50
B,C,D,E | 78,79,81,86 | 81.00

Ma va dovpe pnmnwe Eexaocape Kaveva deiypa — 0 GUVOALKOG aplBuog detyudtwy
elvatr oviwg 5

. 5! 5! 1x2x3x4x5 120
C5,4) = (5—-4)!x4! —  1Ix4! —  (D)x(1x2x3x4) = 24 5

ATIEIKOVION TWV HECWYV OpWV AuTwV TwV 5 detypatwy og dotplot

FIGURE 7.2 ® @ o0 o
Dotplot for the sampling distribution of the ! | L 1 1 I ! 1 1

sample mean for samples of sized(n=4) 76 77 78 79 80 81 82 83 84
A
i
|

X

‘II'

Edv urtoAoyidape Toug HECOULG OPOUC OAWYV TWV deLYPATWY PHeYEBOLG T Ewg Kal 5
Kat Toug amnelkovi{ape og dot plots, 6a maipvape to mapakdtw Sidaypappa



FIGURE 7.3 H
Dotplots for the sampling distributions of
the sample mean for samples of sizes I, 2,
3,4,and 5 ™ e o a 9
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7 77 78 79 80 81 82 83 8 85 86

Kdbe deiypa eival oav va gpepel Ta xapaktnplotikd (to “DNA”) Tng “otkoyeveiag”
oTnVv omoia avrkel

e [lou kaBopileTal amno to peyebOG TOL

MNMapatnpouye OTL 000 HeyaAwVveL To peyeBoOC Tou Selypatog, TOGO TIo KOVTAd OToV
HECO OPO TOU MANBLOUO padevovTal oL HECOL OPOL TWV OELYHATWV!

e BeBala, otnv mpaypatikotnta nmavrta StahEyovue €va povo deiyuaq, yia tov
HECO OPO TOU oToiov Sev EEPOLE TIOCO KOVTA GTOV HECO OPO TOU
TAnBuopou eival

Sample size | No. possible | No. within | % within | No. within | % within
n samples 1" of 1" of 0.5” of 0.5" of
1 5 2 40% 0 0%
2 10 3 30% 2 20%
3 10 5 50% 2 20%
4 5 4 80% 3 60%
5 1 1 100% 1 100%




9.2. IXNHA KAl XAPAKTNPLOTIKA TG OELlYyHATOANTITIKAG
KATAvOHNG

ATIO TO TIpONYyoULPEVO TIAPAdELYHA, TIAPATNPOVHE OTL O HECOC OPOG TWV HECWV
OPWV OAWV TWV SELYPATWY CUYKEKPLUEVOL PHEYEBOLG, LOOVTAL PUE TOV HEGO OPO TOL
TIAnBucopovL

Mx = K
AUTO eival pla BewpnTik LOLOTNTA IOV LOXVEL Yia OAEC TIG OELYHATOANTITIKES
KATAVOUEG TOL PHECOL OPOUV
e AnAadn Loyxvel yla 0Aa ta geyeON detypdtwy

H tutukn andkAlon tTng SELYHAaToOANTITIKNC KATAVOUNG TOUL HECOL OPOUL ovopdleTal
TUTILKO opdApa (standard error) kat uTtoAoyideTal e Tov apakdTw TOMO

o
oy = —=

Jn

Ma va emaAnBg0ooupE TNV LOXL ALVTOL TOU TUTIOU ETILOTPEPOVTAC OTO
T(PONYOUHEVO TTAPAdELYHA TWV 5 TIALKTWY

TABLE 7.1
Heights, in inches, of the five
starting players

Player | A B C D E
Height | 76 78 79 81 86

OuuOopacTE OTL N HECN TLUN AUTOL Tou MANBLCoPOU gival
5

XX
i=1 ' 76+78+79+81+86 400

H turkn anokAlon tov mAnbuopou givat

n

.Z (xi_“)z
o = i=1
n

. \/(76—80)2+(78—80)2+(79—80)2+(81—80)2+(86—80)2
o 5



_ \/ =D+ +(= D+ W) *+(6)°
- 5

. 16+4+1+1+36
_ 5

_ |38 _ _
=4/ =V11.6 = 3.406

YrievBupidw 611 oTov Ttapandvw TUTo dtatpolpe Pe n Kat oxtL ge (n—1) yiati pthape
yla TNV TUTILKH artoKALon Tou AnBuopol (kKal oL karnotov deiypatog)
AG LTIOAOYICOUPE TWPA TNV TUTILKI ATIOKALON TNG OELYHATOANTITIKNG KATAVOUNG
TOL PHECOUL OPOL TWV OELYHATWY PeyEBOL 2 pe BAon Tnv Mapanavw TLPn ™Tng
TUTILKAG AmOKALoONG TOUL TTANBUGOHOL Kat TOV TUTIO TOL TUTILKOU OPAAHATOG
o 3406 _ 3406 __

- = AT T 2.408
[a va dovpe av Ba Bpovpe TNV dLa TP €Av UTIOAOYICOVE TO TUTUKO GPAAUA
avatpEXoVTAG o€ OAOLC TOUG HEGOULG OPoLC TwV 10 delypatwy peyeboug 2

TABLE 7.2
Possible samples and sample means for

samples of size 2
™

Sample | Heights x
A, B 76,78 | 77.0
W 76,79 | 77.5
A,D 76,81 | 785
A, E 76,86 | 81.0
B;C 78,79 | 785
B,D 78,81 | 79.5
B, E 78,86 | 82.0
en 79,81 | 80.0
g *79,86 | 825
D, E 81,86 | 83.5

YnievOupidoupe OTL 0 HECOG OPOC ALTOU TOL TTANBLGHOL givatl



W= p-=380

MdAL 8a dlatpecovpe pe n kat oL pe (n—1)

Emeldn exovpe apketa dedopeva, ag utoAoyioovpe EeXwPLOTA TOV APLOUNTI) TOL

KAdopaTog Tov gival yeoa otn pida

(77 — 80)° + (77.5 — 80)° + (78.5 — 80)" + (81 — 80)° + (78.5 — 80)" +
(79.5 — 80)° + (82 — 80)° + (80 — 80)° + (82.5 — 80)° + (83.5 — 80)°

= (=3 + (=25 4+ (=15 + @) +(- 1.5+
(= 0.5)° + (2)° + (0)° + (2.5)° + (3.5)°
=9 +6.25+225+1+225+0.25+ 4+ 0+ 6.25 + 12.25
= 43.5

OmOTE N TUTIKI arokKALon €ival

\ ’ é:l(xi—u)z /43.5
o = T= T=\/4.35=2.086

BAETOULPE AOLTIOV OTL N MPAYHATLKI TIPA TNG TUTILKAG ATOKALONG TNG
OELYPATOANTITIKAG KATAVOUNG TOU HECGOL O0poL Twv 10 delypdaTtwy peyeboug 2,
onAadn 1o 2.086, dev €ivatl ion pe TNV TLUN TIOL LTIOAOYiCAUE PE TOV TUTIO TOU
TUTILKOU opaApatog, 2.408!

O AOyoG Tov dLaepouy gival OTL 0 TUTIOG TOL TUTILKOU CYAAUATOC TIoL dwaoape
TIPONYOUHEVWG

LoxVEeL ovo oTav €xoupe enavatonobetnon (replacement), dnAadn 6tav pia
povada Tov eTAEYETAL Yia €va delypa, pmopei va etitheyei Eava yia to idlo deiypal

e AnAadn yla To mponyoLpevo apddetypa, Ba propovoe eva deiypa va ivatl
To (A, A), 6nAadn va eppaviotei 600 Popeg o idlog naikTng og €va deiypa

AuTO Oev eival pealloTIKO 0€ TIOAAEG TiEPLTTWOELG OelypatoAnyiag, onote og
nepintwon rov dgv €XOUHE EMAVATOTIONETNON, TO TUTILKO OPAApa diveTal amno Tov
TIAPAKATW TUTO



N—-—n o
) —

‘ N-1 ./n

orouv N gival To peyebog Tov MANnBLoPOL Kal n gival To geyebog Tou deiypatog

AUTOG 0 dlopBwpEVOC TUTIOG pag Sivel TpAyaATL TN CWOTH TLUR TOU TUTILKOD
OQAAPATOG TNG OELYPHATOANTITIKAG KATAVOUNG TOL JECOL Opov yLa deiypata
HeYEBoLG N=2 (ue ToV TTANBUOWO va €XEL HEYeBOC N=5)

_ o [N—n _ 3.406 . [5—2 _ 3.406 . /i_ 3406 [T ¢ _
G;_ \n N—-1 2 5-1 1414 4 T 1414 0.75 = 2.086

BeBata, 6Tav o mANBuopog ivatl moAL peyallTepog ano 1o deiypa, ot dvo avtoi
TUTIOU TOU TUTILKOU O@AAPaTOG divouv Tiepimou to idlo anoteAeopa

9.2.1. KEvTpLKO 0pLaKo Bswpnua

Otav n yetaBAnTr TNV onoia e€€TACOVYE, TL.X. VYOG TIALKTWYV PTIACKET, €lval
KQAVOVIKA KATAVEUNUEVN OTOV MANBLGUO, TOTE Kal N SELYHATOANTITIKI KATAVOUN
TOL PYECOUL OPOU Elval ETIONG KAVOVIKA KATAVEUNUEVN

e Kal pailota, otav pia petaBAnTn X eival Kavovika Katavepnuevn Ue Peon
TLUN Y KAl TUTILKA ATtOKALoN 0, TOTE N OELlYPATOANTITLKI KATAVOUI) TOL JHECOU
OpoUL TNG Ba elval €MiONG KAVOVIKA KATAVEUNUEVN PUE PEON TLUN Y KAl TUTILKNA
amnokAlon o/vn

o Ormou n gival To peyebog Tou deiypatog

PRINTOUT 7.1
Histogram of the sample means for
1000 samples of four IQs with %
superimposed normal curve

T T T T T I T
76 84 92 100 108 116 124

XBAR
Onwc €idape oto ponyovpevo apddeLyUa, 000 HEYAAWVEL TO HEYEOOG TOL

delypatog, TO00 PIKPALVEL N TUTILKI ATOKALON TNG OELYHATOANTITIKIG KATAVOUNG
TOL PJEGOUL OPOU



e AnAadn ol pecol 6pol Twv delypdTwy BpiokovTal Lo KOVTA OTOV HEGO OPO
TOL AnBuouov

FIGURE 7.4 Normal curve
(a) Normal distribution for 1Qs; (100, 4)
(b) sampling distribution of the sample
mean for n = 4; (¢) sampling distribution
of the sample mean forn = 16
Normal curve
(100, 8)
Normal curve
(100, 16)
= et T N N T (I Tl R T I i s g FR
52 68 84 100116132148 52 68 84 100116132148 52 68 84 100116132148
1Q n=4 n=16
(a) (b) ()

Tuyivetal opwg otav n getaBAntni x dev ival Kataveunuevn Kavovikd otov
TIANBLGOUO;

e JUp@wva Aotrtov pe to Kevipiko Oplako Oswpnpa (Central Limit Theorem), n
OELYPATOANTITIKA KATAVOUN TOL HECOL OPOUL Eival KATA TIPOCEYYLON

KATAvEUNKEVN KAVOVIKA aKOPaA Kal 0Tav n HETABANTA X akoAovBei pia dAAn
Katavopun!

o Kal paAlota n mpooeyyLlon avTn yivetal akpLBEoTepN yLa HEYAALTEPN
delypata

The Central Limit Theorem (CLT)

For a relatively large sample size, the variable X is approximately normally
distributed, regardless of the distribution of the variable under considera-

tion. The approximation becomes better and better with increasing sample
size.

Kevipilkod oplakd Bewpnpua (Central limit theorem)



variables

FIGURE 7.6
Sampling distributions for (a) normal,
(b) reverse-J-shaped, and (c) uniform /\ : _—
1 1 1 X | 1 | X
/-\

_/1\_,; lj\_x _/\l—x
n=10 n=10 n=10

—_ 1 x e et X
n=30 n=30 n=30
(a) (b) (c)

Evolagpepouoeg online mpooopolwoelg Tou Kevtpikou OpLlakoL Oewpnuatog
e http://www.ltcconline.net/greenl/java/Statistics/clt/cltsimulation.html

e https://onlinestatbook.com/stat_sim/sampling_dist

10. ALaoTNHATA EPTLGTOGUVNG HEGOU OPOU

> nuelakn ektipnon (point estimate)
e XYuvodeveTal amo emninedo epmniotoovvng 0%

Point Estimate

A point estimate of a parameter is the value of a statistic used to estimate
the parameter.

Alaotnpata epriotoouvng (confidence intervals)
e YuvodevovTal amo KUPALVOUEVO ETITIEOO EPTILOTOCLVNG

o 95% n o ouvnOng TN (kat avth ov Ba dtaAeyete v dev {nteital
dAAo emninedo)

o 99% kal 90% emiong og xpnon


http://www.ltcconline.net/greenl/java/Statistics/clt/cltsimulation.html
https://onlinestatbook.com/stat_sim/sampling_dist/

Confidence-Interval Estimate; Confidence Level

A confidence-interval estimate of a parameter consists of an interval of
numbers obtained from a point estimate of the parameter and a percentage
that specifies how confident we are that the parameter lies in the interval.
The confidence percentage is called the confidence level.

TNG HEONG TLUNG

TABLE 8.1
Prices ($1000s) of 36 randomly selected
new mobile homes

468 429 :41.6: 367 474 412 461 457 ' 382
34.6: i DLa 4T =359 . BL1Y r4YY. ;. 345 . 283  .50.2
349 557 519 -38.]1 303 558 289 433 327
396 355 '43.0' 350 H3H  I6Y 494 428 569

ux 15220

X=— = —=4228
n 36 %
$=7.83

0
25.00

30.83

36.67

42.50

54.17

60.00

a va mapouye pla mpwtn L8€a tTNG €vvolag Twy dLlacTnUATWY EUTILOTOCLVNG,
€£€€TACOOLE TA HLACTAPATA EPTILOTOCVVNG TIOV TIPOKUTITOLY ATO TOV EUTIELPLKO

Kavova



(1) Aldotnua (U-o, y+o) = (42.28-7.83, 42.28+7.83) = (34.45, 50.11) oc emninedo
guTLIOTOOLVNG 68.26%

(2) Awaotnpa (U-2xo, p+2x0) = (42.28-2x7.83, 42.28+2x7.83) = (26.62, 57.94) o¢
emninedo eyniotoovvng 95.44%

(3) Aldotnua (u-3x0, u+3x0) = (42.28-3x7.83, 42.28+3x7.83) = (18.79, 65.77) oc
eninedo gumniotoovvng 99.74%

Ta dtaotApata ePmotToolvNG TNG HEONG TIPNAG OPWG, TIOL Ba PAG ATIACXOANGOUV
O€ AUTH TNV evoTnTa £ivat aAAn vmobeon

Ag doupe Twpa TL ovpBaivel pe diagopa deiypata Kal To HEGO OPO TOUG OE OXEDON
pe Tov (AyvwoTo) HECO OPO TOL TTANBLCHOL

FIGURE 8.1

Twenty confidence intervals for the mean
price of all new mobile homes, each based
on a sample of 36 new mobile homes

Ta StaoctApaTa EPTLOTOCLVNG €ival KEVTPAPLOPEVA OTOV HECGO OPO ToL OelypaTog
e Apa aAAdlouv amnod deiypa o deiypa!

LI

39 40 41 42 43 44 45 46 47 48 49

| T3 T T T T | 1 T
Sample X 95.44% Cl  winCI? : [
|

1 4445 42.06 to 46.85 yes -

2 4321 40.81 to 45.61 yes e

3 4333 4093 to 45.73 vyes *

4 4259 40.19 to 4499 vyes A ;

5 43.17 40.77 to 45.57 yes ¥

6 44.07 41.67 to 4647 yes —8—

7 4356 41.16 to 4596 yes =

8 44.28 4188 to 46.68 yes re

9 44.87 4248 to 47.27  yes ——

10 43.61 4122 to 46.01 yes -

11 4451 4211 to 4691 yes —e

12 4545 4305 to 47.85 vyes : -

13 43.88 4148 to 46.28  yes -

14 4285 40.45 to 45.25 yes = ;

15 46.73 44.33 to 49.13 no | -
16 43.70 41.30 to 46.10  yes !

17 4360 41.20 to 46.00 vyes >

18 4288 4048 to 4528 yes il

19 45.82 43.42 to 48.22  vyes ; -
20 42.84 40.45 to 4524  yes _—




Ac doLpe Twpa TNV Kavovikn dtadikacia yia vTtoAoyLoPO dlacTNUATWY
guTLIoTOOLVNG

10.1. AlaoTNHA EPTLGTOGUVING TOU HECOU OPOV KATA TV
KATAVOMN Z

Katd tnv katavopn z
The One-Sample z-Interval Procedure for a Population Mean

Assumptions

1. Normal population or large sample
2. 0 known

Step 1 For a confidence level of 1 - «, use Table Il to find z,/;.

Step 2 The confidence interval for p is from

- g = (1]

X-mez'ﬁ : to X+2Zyn ﬁ'
where z,/; is found in Step 1, n is the sample size, and x is computed
from the sample data.

Step 3 Interpret the confidence interval.

The confidence interval is exact for normal populations and is
approximately correct for large samples from nonnormal populations.



When to Use the z-Interval Procedure?

e For small samples—say, of size less than 15—the z-interval procedure
should be used only when the variable under consideration is normally
distributed or very close to being so.

e For samples of moderate size—say, between 15 and 30—the z-interval
procedure can be used unless the data contain outliers or the variable
under consideration is far from being normally distributed.

e For large samples—say, of size 30 or more—the z-interval procedure can
be used essentially without restriction. However, if outliers are present
and their removal is not justified, the effect of the outliers on the con-
fidence interval should be examined; that is, you should compare the
confidence intervals obtained with and without the outliers. If the ef-
fect is substantial, using a different procedure or taking another sample
probably is best.

e If outliers are present but their removal is justified and results in a data set
for which the z-interval procedure is appropriate (as previously stated),
the procedure can be used.

TABLE 8.3
Ages of 50 randomly selected people in the
civilian labor force

22" 58 40, 42 43
32 344 38 19
33 16 49. 29 30
43 37 19 21 762
60 4l 28 . 3D 97
o i R e - YN - Sl
27 3133 44 34
20 0943 - 20 38
42 40 31 34 38
35 29 .83 32 "33




20

0
15.00 22.86 30.71 38.57 46.43 54.29 62.14 70.00

XapakTnPLoTLKA Tou deiypatog

x = 36.38
s=11.07
Eniong eival yvwotr n Tumikn anokALlon tou mAnBuopo (KATL TToAD acuvheLoTo)
0=12.1
Step 1 For a confidence level of 1 - «, use Table Il to find z,;.

We want a 95% confidence interval, soa = 1 — 0.95 = 0.05. From Table II,
Zaj2 = 20.05/2 = 20,025 = 1.96.

Step 2 The confidence interval for p is from

- o - o
X=2Zy2 s — to X+2Zyp s —.

J/n J/n

We have o = 12.1, n = 50, and, from Step 1, z,/» = 1.96. To compute X for
the data in Table 8.3, we apply the usual formula:

Yx 1819
X = = = 36.4,
* n 50
to one decimal place. Consequently, a 95% confidence interval for j is from
12.1 12.1
364—-196-—— to 364+1.96 - —,
V50 /50

or 33.0 to 39.8.



Step 3 Interpret the confidence interval.

We can be 95% confident that the mean age, u, of all people in the civilian
labor force is somewhere between 33.0 years and 39.8 years.

We can be 90%

confident that
p lies in here (90% confidence interval)

| | |

33.6 39.2

We can be 95%
|< confident that

p lies in here .‘ (95% confidence interval)

| | 1
33.0 39.8

Confidence and Precision

For a fixed sample size, decreasing the confidence level increases the preci-
sion, and vice-versa.

10.2. AlAOTNHA EYTILGTOGUVING TOU HECOU OPOV KATA TV
Katavopn t

OTav n Tutkn anokAlon Tov MANBLGPOL gival AyvwoTn

e Xpnolyomoleital n katavoun t (student i t distribution) avti tng z
(Kavovikng)

FIGURE 8.7
Finding the 7-value having area 0.05
to its right



t-curve t-curve
df =13

Area = 0.05

t=? t=1.771

TABLE84  df | o0  foos toos tom  tooos | df
Values of 1,

12 113060 1,782 | 2179+ 2,681 3.059 | 12
13- {.1:350: -1.7271; . 2160 . .2.650 " -3.012 (|13
14 | 1.345 1.761 2145 2.624 2977 | 14

10 1:1.34L - 1793 2131 2602 . 2947 | .10

H Siadikacia yia Tov utoAoyLopo d1acTPATOG EUTILOTOCUVNG TOL HECOUL OPOU
KaTta tnv katavoun t



The One-Sample t-Interval Procedure for a Population Mean

Assumptions

1. Normal population or large sample
2. 0 unknown

Step 1 For a confidence level of 1 - «, use Table IV to find t,,» with
df = n - 1, where n is the sample size.

Step 2 The confidence interval for p is from

5 s E s
X=%y2+ — to X+t —,
o JE o ﬁ
where t,; is found in Step 1 and x and s are computed from the
sample data.

Step 3 Interpret the confidence interval.

The confidence interval is exact for normal populations and is
approximately correct for large samples from nonnormal populations.

TABLE 8.5
Value lost ($) for a sample of
25 pick-pocket offenses

447 207 - 627 430 - 8835 .
518 - 844 253 39/ 214
217768 - 1064 26 587
833 =277 - 680b~ 653 - 249
649 554 570 223 443




Counts
D
|

200 400 600 800 1000
Value lost

n=25
min = 26
max = 1064
Q, =277
Q; =653
median = 549

x = 513.32
s =262.23

|
120C

Step 1 For a confidence level of 1 - «, use Table IV to find t,/; with
df = n - 1, where n is the sample size.

We want a 95% confidence interval, soa« = 1 — 0.95 = 0.05. For n = 25,
df =25 —1 = 24. From Table 1V, taj2 = to.05/2 = fo.025 = 2.064.



Step 2 The confidence interval for u is from

- S _ s
X—t,2+ — to X+ty —.

J/n J/n

From Step 1, t,» = 2.064. Applying the usual formulas for X and s to the data
in Table 8.5, we get ¥ = 513.32 and s = 262.23. Consequently, a 95% confidence
interval for w is from

262.23 262.23
51332 —2.064- —— to  513.32+2.064 - ——,
V25 J25

or 405.07 to 621.57.

(405.07, 621.57)
Mapddelypa ov SouAepape avaAuTikd oTnv TAgN

TABLE 8.6
Sample of year’s chicken consumption (Ib)

&/ .39 - D2 -89 .90 /U
o, S el R ¢ IR - R
X < 1 S R

Enidel&n Bnuatwy otnv TaN
1. OCR online
2. Convert in Word
3. Paste in DESCSTAT
4. YIOAOYLOPOG BACIKWY HETPWYV BECEWG Kal dlacTiopdg
5. 'EAeyxoq akpaiwv Tigwy
o EowTtepikol kat eEwTepLKOL PPAXTEG
o Epmelplkog kavovag
6. YTTIOAOYLOPOG Ola0TAPATOG EUTILOTOCLVNG
n=17
x_bar =51.94
s =16.084
CL =90%
a=0.1
df =n-1=16



t_a/2 = +/-1.746
(45.129, 58.751)

11. NMivakeg akndeiag
unéevikn (null) kat evaAAakTikn (alternative) urtobeon

Null hypothesis: A hypothesis to be tested. We use the symbol Hj to rep-
resent the null hypothesis.

Alternative hypothesis: A hypothesis to be considered as an alternative

to the null hypothesis. We use the symbol H, to represent the alternative
hypothesis.

Ho: The null hypothesis: It is a statement about the population that either is
believed to be true or is used to put forth an argument unless it can be shown to be
incorrect beyond a reasonable doubt.

Ho: = po

H,: The alternative hypothesis: It is a claim about the population that is
contradictory to Hp and what we conclude when we reject H.

ApgpimAevpog €Aeyxog (two-tailed test)

H,: n # 1o

MovomiAeupog €leyxog (one-tailed test)
Hy:p < po
Hos 12> g

Hp: o = 454 g (the packaging machine is working properly)
H.: v # 454 g (the packaging machine is not working properly)



A medical trial is conducted to test whether or not a new medicine

reduces cholesterol by 25%. State the null and alternative hypotheses.
Hp : The drug reduces cholesterol by 25%. p = 0.25
H, : The drug does not reduce cholesterol by 25%. p # 0.25

We want to test whether the mean GPA of students in American colleges
is different from 2.0 (out of 4.0). The null and alternative hypotheses are:

Ho: 1= 2.0
Hy u#2.0

We want to test whether the mean height of eighth graders is 66 inches.
State the null and alternative hypotheses. Fill in the correct symbol (=, #,
2, <, £, >) for the null and alternative hypotheses. Hp: 4 __ 66 H, . __ 66
1. HO M= 66
2.H,:u*66

We want to test if college students take less than five years to graduate
from college, on the average. The null and alternative hypotheses are:

HO: H =5
Hq:u<5
We want to test if it takes fewer than 45 minutes to teach a lesson plan.
State the null and alternative hypotheses. Fill in the correct symbol ( =, #,
2, <, £, >) for the null and alternative hypotheses.
Ho: W 45 Hgu __ 45

1. Hp: 4245

2. Hy: <45



In an issue of U.S. News and World Report, an article on school standards
stated that about half of all students in France, Germany, and Israel take
advanced placement exams and a third pass. The same article stated that
6.6% of U.S. students take advanced placement exams and 4.4% pass.
Test if the percentage of U.S. students who take advanced placement
exams is more than 6.6%. State the null and alternative hypotheses.

Ho: p < 0.066
Hq: p > 0.066

On a state driver’s test, about 40% pass the test on the first try. We want
to test if more than 40% pass on the first try. Fill in the correct symbol (=,
#, 2, <, <, >) for the null and alternative hypotheses.

Ho:p__040H, p__040

1. Hp: p=0.40

2. Hy:p>0.40

H, Hq

equal (=) :(rjt;s:taelr(fr)lan (>) or less than (<)
greater than or equal to (2) less than (<)

less than or equal to (s) more than (>)

o@aApata tomov | kat Il
mbavotnta a kat



Decision:

Do not reject Hy

Type Il

error

Reject Hy

Correct
decision




Type | and Type Il Error

Null hypothesis is ... True False

Type | error Correct decision

Rejected False positive True positive
Probability = a Probability =1- 8

Correct decision Type Il error
Not rejected True negative False negative
Probability =1-a Probability = B

< Scribbr

DECISION
Reject H, Fail to Reject H,

Type L Error | correct Decision

Producer Risk Confidence Interval = 1- o
c-Risk

False Positive

H, True

ACTUAL

Correct Decision| TYPe Ll Error

Consumer Risk
Power=1-p B-Risk
False Megative

H, True

Hg: MNull Hypothesis  H,: Alternative Hypothesis

Type | and Type Il Errors

Type I error: Rejecting the null hypothesis when it is in fact true.
Type II error: Not rejecting the null hypothesis when it is in fact false.



Type I error
(false positive)

You’re
pregnant

H,: you are not pregnant

Type II error
(false negative)

You’re not ]
pregnant

H.: you are pregnant!

Type 1 Error & Type 2 Error

Set Free

VERDICT

Jailed

Type 2 Error (B)

Innocent

Guilty

TRUTH

Eninebo epmnotoovvng (confidence level) =1 - a

a

a &f

Relationship ?
Power 7?7




Significance Level

The probability of making a Type I error, that is, of rejecting a true null
hypothesis, is called the significance level, a, of a hypothesis test.

Power =1 — P(Type Il error) =1 -

Relation Between Type | and Type Il Error Probabilities

For a fixed sample size, the smaller we specify the significance level, «, the
larger will be the probability, B, of not rejecting a false null hypothesis.

Possible Conclusions for a Hypothesis Test
Suppose that a hypothesis test is conducted at a small significance level.

e If the null hypothesis is rejected, we conclude that the alternative hypoth-
esis is true.

* If the null hypothesis is not rejected, we conclude that the data do not
provide sufficient evidence to support the alternative hypothesis.

Hy: Defendant is innocent

Ha: Defendant is guilty.

. Explain the meaning of a Type I error.

. Explain the meaning of a Type II error.

¢. If you were the defendant, would you want « to be large
or small? Explain your answer.

d. If you were the prosecuting attorney, would you want
B to be large or small? Explain your answer.

e. What are the consequences to the court system if you

makea =07 8 =0?

oo

12."EAgyxol UTIOBECEWV
Ymdpyouv tTa akoAovBa Kupla €idn eEAEYXwV LTIOBECEWY
1. 'EAEYXOL HEONC TIUNAG

o Oa e€eTACOLUE EAEYXOULG HECNG TLUNG EVOC TTANBUCHOL Kal EAEYXOUG
TIOL OGLUYKPLVOULV TIG HEOECG TLHES SVO MANBUCUWYV



2. 'EAeyxol ditaomopdg
o Agv 8a aoxoAnBolpe KaBOAOUL PE TETOLOLG EAEYXOUG
3. 'EAEYX0 MOCOOTWY
o 0a efeTAoOLPE EAEYXOLG TOU TTIOCOGTOL EVOC TTANBLGHOU
4. '/EAEYX0 TIPOCAPHOYNG
o Od eEETACOVHE POVO TOV EAEYXO X?
Baotkn Aoylkn OAwV TwV EAEYXWV LTIOOECEWYV
1. Maipvoupe eva Tuxaio deiypa amod tov MAnBuopo.

2. Eav ta dedopeva tou deiypatog eival cupBata pye tn undevikn vmobeon, dev
arnoppitovye TN Pndevikn vodeon
o [Mpemel BEPRata va uapxEL Eva CAPES KPLTAPLO yLa TNV anoppLypn tng
uNdeVIKAG uTtoBeoNg

3. Eav ta 6edopeva tou deiypatog dev eival cupBatd pe tn Pndevikr vmobeon,
arnoppintovpe TN PndevikN voBeoN LTIEP TNG EVAANAKTLKNAG

YNUAVTLKEG EVVOLEG

e Eminedo epmiotoovvng (confidence level), mou cuvBwe ekPppdleTal wg
TIOOOOTO TOLG EKATO, TL.X. 95%

e Jnuavtikétnta (a), mouv Loovtat pe 100 peiov To eninedo eumioTooLvng, Kalt
ouvnNOwGg ekppdaleTal wg PEpog tng povadag, .x. 0.05 (yia eninedo
gumioTooLVNG 95%)

Tpelg TpOTMO va dlevepPyNOOULUE TOV EAEYXO Z
1. Me kpiolpeg TipEg (critical values)
2. Me vmtoAoylopo tou p-value
3. Me dilaotrpata eumniotoouvng

12.1."EA€yX0¢ Z TNG HEONG TIHNAG
‘EAEYX0G Z TNC PEONG TIPNAG (z-test)
XpAon TivaKwy KavovIiKAG KaTtavoung



One-Mean z-Test

Purpose To perform a hypothesis test for a population mean, u

Assumptions

1. Simple random sample

2. Normal population or large sample
3. o known

Step 1 The null hypothesis is Hy: x = 19, and the alternative hypothesis is

Hy:p#Fpo o Haip<po o Haipe>po
(Two tailed) (Left tailed) (Right tailed)

Step 2 Decide on the significance level, .
Step 3 Compute the value of the test statistic
X = i

NG

<

and denote that value z.



CRITICAL-VALUE APPROACH |

Step 4 The critical value(s) are

+Za/2 —Za Za
(Two talled) (Left talled) (nght tailed)

Use Table II to find the critical value(s).

Rejt—:-ct' Do not 'Ht-:-]ect RejectiDo not rejectHy Do not rejectHDIREjECt
Hg | reject Hg | Hg Ho |

I |
| | : :
| |
al2 | | al2 I I
1

2oz 0 Zap
Two tailed Left tailed nght tailed

Step 5 If the value of the test statistic falls in
the rejection region, reject Hj; otherwise, do not
reject Hy.



P-VALUE APPROACH

Step 4 Use Table II to obtain the P-value.

—P-value-
__/r 1 'N-— 7 I 7 | 7
—lzol 0 |zol Zp 0 0 2z
Two tailed Left tailed Right tailed

StepS If P <a, reject Hy; otherwise, do not
reject Hy.

Some important values of z,

20.10 <0.05 20.025 20.01 <0.005
1.28 1.645 196 233 2.575




TABLE 9.8

Guidelines for using the P-value
to assess the evidence
against the null hypothesis

Evidence
P-value against Hy
P > 0.10 Weak or none
0.05 < P <0.10 | Moderate
0.01 < P <0.05 | Strong
P <0.01 Very strong
AppintAevpog €Aey)0G
TABLE 92.11
Top speeds, in miles per hour, 573 575 590 565 613
for a sample of 35 cheetahs 576 592 650 60.1 597
62.6 526 60.7 623 65.2
548 554 555 57.8 58.7
57.8 609 753 606 58.1
559 616 596 598 634
547 60.2 524 583 66.0




Hy: . = 60 mph (mean top speed of cheetahs is 60 mph)
H,: 1 # 60 mph (mean top speed of cheetahs is not 60 mph)

TuTikn anokAlon Tng TaxvTnTag OAwv Twv cheetah o = 3.2 mph
CL=95%,a=0.05

CASE Speed (mph)
52.4
52.6
o94.7
54.8
95.4
55.5
55.9
96.5
57.3
57.5
57.6
57.8
57.8
58.1
58.3
58.7

o N h PN O V0N O WN



17 59

18 59.2
19 59.6
20 59.7
21 59.8
22 60.1
23 60.2
24 60.6
25 60.7
26 60.9
27 61.3
28 61.6
29 62.3
30 62.6
31 63.4
32 65
33 65.2
34 66
35 75.3

Aoyw peyeBoug deiypatog, dev eival avaykn va KAvOUPE EAEYXO0 KAVOVLKOTNTAG
e Ag pifovpe OPWG Pla paTid oTo LOTOYPAPHA ToL delypatog

Frequency

52 54 56 58 60 62 64 66 68 70 72 74 76
Speed

daiveTal va uttapxeL €va oAu ypriyopo cheetah



DESCRIPTIVE STATISTICS
n 35 large sampleifn=30
Min 52.4
Max 75.3
Range 229 Max-Min
Q, 57.400
Q, 61.100
Interquartile range (IQR) 3.700 Q,-Q,
Median 59.200
Mode 57.800
Sum 2083.4
Mean $9.526 Sum/n
Standard deviation (sample) 4.274 +vVariance calculated with n-1
Variance (sample) 18.266 Calculated with n-1
CV (sample, %) -  Standard deviation/Mean (%)
Standard deviation (population) 4.212 +vVariance calculated with n
Variance (population) 17.744 Calculated with n
CV (population, %) 7.08 Standard deviation/Mean (%)
Skewness 1.401 0 for normal distribution

Hp: i1 = 60 mph (mean top speed of cheetahs is 60 mph)
H,: i1 # 60 mph (mean top speed of cheetahs is not 60 mph)

x = 59.526
Mo = 60
0=3.2
n=35

Z_f—ﬂn
o//n

59.526 — 60
z= = —0.88

3.2//35

Z TEST FOR THE MEAN
Confidence level (%) 95




z value left (two tail) -1.96
z value right (two tail) 1.96
z value left (one tail) -1.64
z value right (one tail) 1.64
Mean 59.526
Standard deviation 4.274
Population mean (y,) 60
Population standard deviation () 3.2
z statistic -0.88 (u-po)/(0/Vn)
P[z<z statistic] 0.1903 from standard normal distribution
p value (two tail) 0.3806
p value (one tail) 0.1903

To mapakdatTw ypdgnua ano tn oeAida
https://onlinestatbook.com/2/calculators/normal_dist.html



https://onlinestatbook.com/2/calculators/normal_dist.html

Specify Parameters:

Mean‘ﬂ ‘

SD |1 |
O Above 1.96
O Below 1.96
O Between |-1.96 and |1.96 |
® oOutside [-0.88 and [0.88 |
Results:

Recalculate

Area (probability) = ‘0.3?89 ‘

MovomtAevupog (apLoTEPOGTPOWPOG) EAEYXOG

0 Jack, maiktng golf, toxupiZetal 611 ynopei va pi&el tn pndAa 275 yards (one yard

=91.44 cm)

Ol televTaieg 25 emdooelg Tou elkovidovtal mMapaKATw



Distances (yards) of 25 drives by Jack

266 254 248 249 297
261 293 261 266 279
222 212 282 281 265
240 284 253 274 243
272 279 261 273 295

H tutukn anokAlon OAwvV Twv €TLOOCEWY TOU TtaikTn €ivat o = 20 yards
Avoruotog pilog Tou Jack Zntdel Tov apakatw eAeyx0

Hp: = 275 yards (Jack’s claim)
H,: i < 275 yards (Jean’s suspicion)

O eAeyx0g €ival pOVOTIAEUPOG KAl HAALOTA APLOTEPOOTPOPOG
Ta 6edopeva TaglvopouvTal amo TO HIKPOTEPO OTO PEYAAVTEPO WG €ENG

CASE DATA
1 212
2 222
3 240
4 243
) 248
6 249
7 253
8 254
9 261
10 261
11 261
12 265
13 266
14 266
15 272
16 273



17 274

18 279
19 279
20 281
21 282
22 284
23 293
24 295
25 297

Na emaAnBgvoouvpe OTL Ta dedopeva eival Katavepunueva Kavovika
To MapaKATwW LOTOYPAUHA OTO OTATIOTIKO TipOypappa Statistix

Frequency
[\ ] w B~ w

—_
'

210 220 230 240 250 260 270 280 290 300
DISTANCE

Kat pe tov epmelpikd kavova (DESCSTAT)

EMPIRICAL RULE
Mean 264.400
Standard deviation 21.231

Mean - 3xStandard deviation 200.707
Mean - 2xStandard deviation 221.938
Mean - 1xStandard deviation 243.169
Mean + 1xStandard deviation 285.631
Mean + 2xStandard deviation 306.862
Mean + 3xStandard deviation 328.093



Number of data in (Mean + 1xStandard deviation
Number of data in (Mean + 2xStandard deviation
Number of data in (Mean + 3xStandard deviation
% of data in (Mean + 1xStandard deviation
% of data in (Mean + 2xStandard deviation
% of data in (Mean * 3xStandard deviation

N N N N’ N’ N

Baolkd otatloTiKA peyeOn ano to DESCSTAT

21 Out of 25 data points

24  Out of 25 data points

25  Out of 25 data points
84.0 68.27% for normal distribution
96.0 95.45% for normal distribution
100.0 99.73% for normal distribution

DESCRIPTIVE STATISTICS

n 25
Min 212
Max 297
Range 85
Q, 253.000
Q, 279.000
Interquartile range (IQR)  26.000
Median 266.000
Mode 261.000
Sum 6610
Mean 264.400
Standard deviation (sample) 21.231
Variance (sample) 450.750
CV (sample, %) -
Standard deviation (population) 20.802
Variance (population) 432.720
CV (population, %)  7.87
Skewness  -0.676
x = 264.4
Ho = 275
o0=20
n=25
mz = =275yards and o3

large sample if n = 30
Max-Min

03_01

Sum/n

vVariance calculated with n-1
Calculated with n-1

Standard deviation/Mean (%)
vVariance calculated with n
Calculated with n

Standard deviation/Mean (%)
0 for normal distribution

20

—— = 4 yards
25 Y

=



X — Ui x—p:_i—275
o o//n 4
B x — 275 B 264.4 — 275

_ — 265
< 4 4

Reject Hy | Do notreject Hy

0.05

AleveEpYELA TOVU OTATLOTIKOL EAey)ov Ye To DESCSTAT

Z TEST FOR THE MEAN
Confidence level (%) 95
z value left (two tail)  -1.96
z value right (two tail)  1.96
z value left (one tail) -1.64
z value right (one tail)  1.64
Mean 264.400
Standard deviation 21.231
Population mean (y,) 275
Population standard deviation (o) 20
z statistic  -2.65  (u-po)/(0/vn)
P[z<z statistic/] 0.0040 from standard normal distribution
p value (two tail) 0.0080
p value (one tail) 0.0040



ALlEVEPYELA TOU OTATIOTIKOU EAEYXOUL PUE TO OTATLOTIKO TIPOypappa Minitab

Descriptive Statistics

N Mean StDev SE Mean 95% Upper Bound for yu
25 264.40 21.23 4.00270.98

Known standard deviation = 20

Test

Null hypothesis Ho: p = 275

Alternative hypothesis Hi: p < 275

Z-Value P-Value

-2.65 0.004

Mnv EeXVAUE TIG KPLOIPEG TIMEG TNG KAVOVLKIG KATAVOMNG Yla €Tinedo
gumiotToouvvng 95%

Do not
reject Hy

Reject Reject : Do not rejectH, Do not rejectH, : Reject
Ho Ho 1 I Hp
| |
| |
| |
| [
| [
| [

0.05

-1.96 0 1.96 -1.645 0 0 1.645

Z

(a) Two tailed (b) Left tailed (c) Right tailed



\
-1 0 1

Specify Parameters:
Mean‘ﬂ ‘

SD |1 |
O Above 1.96
® Below |[-1.64
O Between |-1.96 and [1.96
O outside [-0.88 and |0.88
Results:
Area (probability) = miﬁﬂﬁ |

Recalculate




MovomtAevpog (6e§LooTpowog) EAeyxog

TABLE 9.9
This year's prices, in dollars, 82.55 72.80 73.89 80.54

for 40 history books 80.26 7443 81.37 82.28
77.55 88.25 73.58 89.23

7435 7744 7891 77.50

7783 7749 87.25 98.93

7425 82.71 78.88 78.25

8035 7745 90.29 7942

67.63 91.48 83.99 80.64

101.92 83.03 95.59 69.26

80.31 98.72 87.81 69.20

CL =99%, emopevwe a = 0.01
Tutukn anokAlon mAnuopoL = 7.61

Hp: ;© = $78.01 (mean price has not increased)
H,: . > $78.01 (mean price has increased).

Kavovikotnta deiypatog
e Av Kal Oev xpelaletal va eAeyEoupe ylati To deiypa eival yeyaio

o [Mou onuaivel 0TL N SELYUATOANTITIKI KATAVOUN TOL HECOL OpPoL Ba
glval Kavovikn akopa Kat €av o mAnBuopog Twv dedopevwy dev eival
MpaypaTty, OTIWG TIEPLPUEVOULE VLA OLKOVOULKA PEYEDN, TO Sdeiypa TwV TIHWY TWV
BBAilwV eppavidel BeTikn oTpERAWON



Frequency
IS o ® = o

M

65 70 75 80 85 90 95 100 105
DATA

Baolkd otatloTika Peyedn

DESCRIPTIVE STATISTICS
n 40 large sampleifn =30
Min  67.63
Max 101.92
Range 34.29 Max-Min
Q, 77.448
Q. 84.805
Interquartile range (IQR) 7.357 Q,-Q,
Median 80.285
Mode none
Sum 3257.61
Mean 81.440 Sum/n
Standard deviation (sample) 8.093 +vVariance calculated with n-1
Variance (sample) 65.498 Calculated with n-1
CV (sample, %) - Standard deviation/Mean (%)
Standard deviation (population) 7.991 +vVariance calculated with n
Variance (population) 63.860 Calculated with n
CV (population, %) 9.81 Standard deviation/Mean (%)
Skewness 0.792 0 for normal distribution

‘EAeyX0Q z

Z TEST FOR THE MEAN



Confidence level (%) 99

z value left (two tail) -2.58
z value right (two tail) 2.58
z value left (one tail) -2.33
z value right (one tail) 2.33

Mean 81.440

Standard deviation 8.093
Population mean (y,) 78.01
Population standard deviation (o) 7.61

z statistic  2.85  (u-Ho)/(0/Vn)
P[z<z statistic] 0.9978 from standard normal distribution
p value (two tail) 0.0044
p value (one tail) 0.0022

x = 81.44
U = 78.01
0=7.61
n =40

. = X — [
o//n
81.440 — 78.01

Z o — 2.85
7.61//40

Me tn yEB0dO TWV KPIoLHWY TIHWV




Do notrejectH, : Reject H
!

Me tn pedodo tng mbavotntag p

P-value




Specify Parameters:

Mean‘ﬂ ‘
SD |1 |
@® Above 2.85
O Below -1.64
O Between |-1.96 and |1.96
O oOutside |-0.88 and |0.88
Results:
Area (probability) = m£m22
Recalculate

12.2."EAey)o¢ t TNG HEONC TLHAG
12.2.1."Eva deiypa

TNG HEONG TLUNG
t-test



One-Mean t-Test

Purpose 'To perform a hypothesis test for a population mean, p

Assumptions

1. Simple random sample

2. Normal population or large sample
3. o unknown

Step 1 The null hypothesis is Hy: u = 9, and the alternative hypothesis is

Hyp#Fpo o Haap<po o Haipe>po
(Two tailed) (Left tailed) (Right tailed)
Step 2 Decide on the significance level, a.
Step 3 Compute the value of the test statistic
[ = X — Lo

~ s//n

and denote that value ¢,.



CRITICAL-VALUE APPROACH

Step 4 The critical value(s) are

=179 /2 —ly or lo
(Two talled) (Left tailed) (Right tailed)

with df = n — 1. Use Table IV to find the critical
value(s).

Reject! Donot ! REJEC‘l‘ RelectlDo not reject Hy Donot reject Hyl Relect

Ho : reject Hp | Ho :

|
|
| | |
| I | |
I I |
al2 | | wf2

taf2 tar2
Two tailed Lef't tailed nght tailed

Step 5 If the value of the test statistic falls in
the rejection region, reject Hy; otherwise, do not
reject Hy.



P-VALUE APPROACH

Step 4 The ¢-statistic has df = n — 1. Use Table IV
to estimate the P-value, or obtain it exactly by using

technology.
1 | |
t ty 0 t t

It O |[to| 0 1
Two tailed Left tailed Right tailed

~P-value

Step S If P <a, reject Hy; otherwise, do not
reject H.

XPNon TVAKWYV Katavoung t

— P-value —

P-value P-value
/r I WK t 1 t | t
—ltol 0 [tof to 0O 0 ¢t
(a) Two tailed (b) Left tailed (c) Right tailed

pH (evepyoc o§vTnTa) Atvwy
oH levels for 15 lakes

72 73 6.1 69 6.6
73 63 55 63 65
57 69 677 79 58




Battery

The pH Scale

Lemon Tomato Milk Blood  StomachTablets Soap

Drain Cleaner

Stomach Acid  Vinegar Coffee Water BakingSoda  Ammonia Bleach
| Solution |
| Acidic Neutral Alkaline |
The pH Scale

7 4=H @& B W

|l BRI
L] . DR | ]|
[ 1 2 3 4 5 [ T 8 [ 10 i 121 14
Acidic Neutral Alkaline
pH 0 =Battery Ackd pH 4.3 = Acld Rain pH 7.4 =Blood pH 11 = Ammonia
pH2 =Lemon Julce PH 5.6=Clean Raln pHB.1 = SeaWater pH 12.6=EBleach

pH2.5 = Soda pH 7 =Distilled Water pH 9=Baking S5oda pH 14 = Liquid Drain Cleaner
Environmental Effects | pH Value | Examples
Gl Battery acid
Sulfuric acid

Leman juice, Vinegar
Orange juice, Soda
Acid rain (4.2-4.4)
Acidic lake (4.5)
Bananas {5.0-5.3)
Clean rain {5.6)
Healthy lake (6.5)
Wik (E.5-6.8)

Pure water

Sea waler, Eggs
Baking soda

Milk of Magnesia
Ammaonia

Soapy water
Bleach

Liguid drain cleaner

All fish die (4.2

Frog egas, tadpoles, crayfish,
and mayflies die (5.5)

Rainbow frout
begin fo dig (6.0)

MEUTRAL pH = 6

BASIC

5.5
5.7



3 5.8
4 6.1
S) 6.3
6 6.3
7/ 6.5
8 6.6
9 6.7
10 6.9
11 6.9
12 7.2
13 7.3
14 7.3
15 7.9

5.00 5.60 6.20 6.80 7.40 8.00

AvTlypagpw ta napandavw dedopeva oto DESCSTAT kat Bpiokoupe
n=15
Min = 5.5
Max =7.9
Q, = 6.2 (6ev nelpdlet mou Sev givat idLo pe auTo mouv BPICKOVUE UE TO XEPL)
Median = 6.6
Q, = 7.05 (6ev netpalet mov bev givat i6Lo ye avto mov BPIOKOUUE LE TO XEPL)
IQR =0.85
Lower outer fence = 3.65
Lower inner fence = 4.925
Upper inner fence = 8.325


https://docs.google.com/spreadsheets/d/1cFfYXcDKPgRuOQFxo2lVRxKaC7VYeVo_EltihlL4Nsg/edit?usp=sharing

Upper outer fence = 9.6
Mode = 6.3
(Sum =99)
Mean = 6.6
Variance (sample) = 0.451
Standard deviation (sample) = 0.672

a Tov EAeYX0 HEOCOL OpOL €iTE Pe TNV Katavoun z (av EEPOUNE TNV TUTIKN
anokALon Tou MANBUGCHOUL) 1 HE TNV KATAVoun t, MaipVouUE TIC TIAPAKATW TLUEG
(amo6 1o DESCSTAT 1 mivakeg)

Confidence level (%) = 95
z value lower (two tail) = 1.960
z value upper (two tail) = 1.960
z value left (one tail) = -1.645
z value right (one tail) = 1.645
Degrees of freedom = 14
t value lower (two tail) = -2.145
t value upper (two tail) = 2.145
t value left (one tail) = -1.761
t value right (one tail) = 1.761
t=-2.31,p=0.037

12.2.2. E§aptnpeva deiypata (dependent samples N paired
t-test)

Standing and running pulse (revisited)
Ta 6ebopeva ov cLAAEEape otV TAEN vwpitepa oTo €EAPNVO

CASE NAME SPULSE RPULSE DIFF SMOKING MALE

1  Agpoditn 54 94 40 0 0
2 BaociAng 76 100 24 1 1
3 Biktwplia 78 110 32 0 0
4 Twwpyog 100 110 10 1 1
5 Aavan 102 156 54 0 0
6 AnuAtpng 56 96 40 0 1
7 EvoeBia 84 140 56 0 0



8 Kwvotavtivog 90 92 2
9 Mapila 84 108 24 0 0

Meplypa@lka oTaTioTKA peyedn tng petaBAntng SPULSE
n=9
Min = 54
Max =102

9
) X = 724 kavx = 80.444
i=1

s =16.905

To deiypa eival pikpo (n =9 <30), EMOPEVWG TIPETEL VA EEETACOVE TO LOTOYPAPUA
TOU

—_

Frequency

70 80 90 100 110
SPULSE

Meplypa@lkd otatioTika yeyedn tng petapBAntng RPULSE
n=9
Min =92
Max = 156



9
D X = 1006 katx = 111.778
i=1

s =21.987
lotoypappa

no

Frequency

120 130
RPULSE

Twpa 6a doLpe 1o deiypa Twv dragopwyv DIFF (RPULSE-SPULSE)
Meplypa®lka oTATIOTIKA JEYEDN
n=9
Min =2
Max = 56

9
D X = 282 katx = 31.333
i=1

s =18.358
lotoypappa



Frequency

0 10 20 30 40 50
DIFF

Eivat o RPULSE peyaAUtepog tov SPULSE;
e EAeyyxoupe to DIFF!
Ho! Hr = Hs
H.: Ug > Hs
AC KAVOUUE TIG UTIOBEDELG TILO CUYKEKPLUEVEG
Ho: Hr-Hs =0
Hai Ur-Hs >0
AC KAVOUUE TIG LTIOBECELG AKOWA TILO CUYKEKPLUEVEQ
Ho: Hoirr = 0
Ha: Hpier > 0
YmoAoylopog tou t statistic ano to deiypa

X—H, 31.333-0

t=——="Taw = 5.12
T ®
Kpiolpeg TIpEg yia povomAeupo eleyyo t Baoel CL = 95%, a = 0.05
df=9—-1=8
1005 = 1.860

Epooov
t=5.12>1.860 =ty 5

60




arnoppintovpe TN Pndevikn vmodeon
EvaAAakTIKA gEB0dOG pe TNV TIUn tou p (p-value) mou avtiotolxei oet = 5.12
p-value = 0.0005
Epooov
p=0.0005<0.05=a
aroppintovpe TN Pndevikn vmodeon

12.2.3. Ave&aptnta deiypata (independent samples)

Oa d16aoupe TN PpEBOSO ToL EAEYXOUL t yla aveEdptnta deiypata (independent
samples) pge To akoAovBo Tapadelypa

OewpoLpe Ta akoAovba dVo deiypata plobwyv kabnyntwv og dnuoota (PUBLIC)
Kat LtduwTtikd (PRIVATE) naveniotiula twv HIMA, touv €xouv cUAAeXOel amno To
American Association of University Professors (og xtAtadeg USS)

INDEX PUBLIC PRIVATE

1 34.2 92.9
2 90 52
3 100.4 63.1
4 24.6 118.5
S} 107.4 37.7
6 63.6 102.2
7 56.8 62.9
8 41.4 53.8
9 35 101
10 54.2 68.6
11 24.4 51.5
12 56 46.4
13 58.2 45.2
14 76.8 76
15 84.2 96.1
16 79.4 77.6
17 42.2 61.6
18 81.8 78.3
19 290.2 66.3
20 15.8 31.1
21 33.8 71.1
22 40.2 73.5
23 51.2 67.6

24 41.2 52.4



25 60.2 47.2

26 88.2 59.3
27 44.6 97.5
28 64.4 27.2
29 74 81.2
30 71 24.8
31 71

32 97.3
33 92.6
34 56

35 62.3

Ta meplypa@ikd oTATIOTIKA HEYEDN TWV AVWTEPW HETABANTWY EXOLV WG
aKoAoLBwWC

Variable N Mean SD Minimum Maximum
PUBLIC 30 57 .480 23.953 15.800 107.40
PRIVATE 35 66.394 22.261 24 .800 118.50

> UYKPLON LOTOYPAUHATWY TwV dVOo peTaBANTWY

Histogram

PUBLIC PRIVATE

Frequency
E =Y w ()]

(78]
1

T
@ [o] o] @ o] @ @ @ o] (o] @ @ @ @ (o] @ (o] [o] @ (o] @ @
i o~ m = o] w P~ w )] lo] i o im Y] m = o] w M~ w 7] ©
—l i — i
65 cases plotted 5 missing cases

XpnotpotololPe Ta akoAouvba cOuBoAa
Uq: HEOOG PLOBOC KABNynTwyv o€ dnUOcLa TavemioTnuLa
U,: HEOOG PLOBOC KABNYNTWYV o€ LOLWTLKA TAVETILOTAHLA
Ta debopeva cUAAEXOBNKAV TIPOKELPEVOL Va EAEYEOUVHE TIG UTIOOECELG

Ho: Py = P2 ) Pi—H2 =0

110
120



Ha: pq # P2 N pi=p2 20
YnievOupidoupe OTL N OELYUATOANTITLKI) KATAVOUN TWV HECWYV OPpWV SELYPATWV
pueyeBoug n, 6nAadn n katavoun TG HETABANTNG, €XEL TA EENC XAPAKTNPLOTIKA:
e &ival Kavovikn

® E£XEL PEOCO OPO h-=

S
i
E Aowroy, n delypatoAnmTikn Katavoun tng dtapopag Twv JECGWV 0pwyv dLo
delypatwy peyeBoug n, Kal n, avtiotolxa, SnAadn n petaBAnth ;1 — J_CZ , EXEL TA
akoOAovBa XapaKkTNPLoOTIKA:

® £)EL TUTILKI amokALon ion pe 0- = (TUTLKO OPAApQ)

e cival emiong Kavovikn

® EXELHUEDO OPO b= - =W~
1 2

NN

2
o o
® KQL TUTUKA AMOKALON S= = = A [— — —
T Y "

Ma Tnv opBn e@apuoyn TNG HOPPNG TOU EAEYXOL TIOU €ival EVTOG LANG Kal
e€eTaleTal edW, TIPETIEL VA TNPOLVTAL Ol AKOAOLOEC TPOUTI0BEDELG:

1. Ta dvo deiypata va eivat aveaptnta

2. OL 800 MAnBuopoi anod Toug omoioug TpoepyovTal Ta deiypata va eivat
Kavovlkd katavepnuevol N ta deiypata va givat peydAa

3. Ol TUTILKEG amoKALoELg TwV OVO TIANBLCoPWY va eival Tepimnov ioeg

o [a va dolpe €Av oL TUTIIKEG amokAioelg Twy dvo MAnBuopwy eival
niepimnov idleg, akoAovBeital 0 akOAoOUBOG EUTELPLKOC KAVOVAG:

m H peyaAlTtepn amo TI¢ SVO TUTILKEC ATIOKALOELS, va pnv ival
vriepdinAdola (bnAadn peyalbtepn anod to SIMAAGLo) TNG
HIKPOTEPNG

> TATIOTLKO PYETPO IOV XPNOoLdoToLeiTal yia Tov EAeyyo (test statistic)

X —X
1

t _ 2
1 1
N —t+—
py™m

Me s, cupBoAidoupe TNV Ko TuTUKH anokAton (pooled standard deviation) Tiou
loouTal PE

OL BaBpuoi ehevbepiag, df, oTnv MepinTwon avtoL Tov EAEYXOUL LOOLVTAL PE



df = n1+n2_2
Pooled t-Test
Purpose To perform a hypothesis test to compare two population means, i1 and (2

Assumptions

1. Simple random samples

2. Independent samples

3. Normal populations or large samples

4. Equal population standard deviations

Step 1 The null hypothesis is Hy: 1 = u2, and the alternative hypothesis is

Hypa #p2 o Hepr<pz o Hapr > po
(Two tailed) (Left tailed) (Right tailed)

Step 2 Decide on the significance level, .
Step 3 Compute the value of the test statistic
X1 — X

e — ’
sp/ (1/n1) + (1/n2)

where

e Ds7 + (n2 — Ds;
P ny+ny;—2 ’

Denote the value of the test statistic ¢,.



CRITICAL-VALUE APPROACH

Step 4 The critical value(s) are

:E ta' / 2 — t o t,n:
(Two talled) (Left talled) (nght tailed)

with df = n{ 4+ n, — 2. Use Table IV to find the criti-
cal value(s).

Relect ' Donot lRe]ect RejectiDo not rejectHy Do not reject Hp | REJect

| reject Hg | Hy I I
| ' | |
| I | |
| ' | !
alf2 | | «al2
L2 tar2
Two tailed Left tailed nght talled

Step 5 If the value of the test statistic falls in
the rejection region, reject Hjy; otherwise, do not
reject Hy.



P-VALUE APPROACH

Step 4 The ¢-statistic has df = ny + n — 2. Use
Table IV to estimate the P-value, or obtain it exactly
by using technology.

P-value
/w\ P-M.\ P-value
1 t | t | t

—lto| O [tol to O 0 to
Two tailed Left tailed Right tailed

StepS If P <a, reject Hy; otherwise, do not
reject Hy.

Baolkd otaTtloTikd Yeyedn tou deiypatog Tou mpwtou AnBucpou (public):

El — 57.48
s, =23.95
n, =30

Baolkd otatloTika peyedn tou deiypatog touv devTEPOL MANBuGUoL (private):

x_ = 66.39
2
S, =22.26
n, =35

OL mpoimoBeoeLg paiveTal va TnpouvTal:
1. Ta dvo deiypata eival paypatt ave€apTnTa TO €va amo To AAAO

2. Av kat dev gxoupe yvwon Twy TAnBucpwy, Ta dvo deiypata gaivetal va givat
KQVOVLKA KATAveEUNUEVQ, OTIWGE PaiveTal amo Ta LoToypaypata nouv eidaye
TIPONYOUHEVWC



o E@ooov ta beiypata ival peydha (dnAadn €xouvv =30 dedopeva
£KAO0TO), apKei va emiBeRalwooupe OTL SV IEPLEXOLY AKPALEC TIHES
(outliers)

3. Ol TUTILKEG amoKALoELG TWV OVO detypdTwy, 23.95 kat 22.26, mpaypartt
UTIOpOLE va Bewpnooupe OTL ival Tiepinov ioeg dedopevou OTL N
pueyaAlTepn Oev eivat vmepdIMAdoLa TNG YIKPOTEPNG

YToAoylopog TG KOG Tutitkng amokAtong (pooled standard deviation, s,,)

-1 2.|_ —-1)- 2 2 2
S z\/(”l )51 (”z )Sz =\/(30—1)-23.95 +(35-1)2226 _ 53 53

30+35-2

X=X 57.48—66.39
t = -~ =— 1.55

5 AJt— 23.053+ %+
Eupeon Twv Kpiolpwy Tipwy (yla eninedo eumniotoobvng 95%)
df = 30+35-2 =63
~t,,, = -1.998, t,, = 1.998
To t mouv utoAoyicape, -1.55, MEPTEL EVTOG TNG TIEPLOXNG KN AMOpPLYNnS

Reject Hy! Donot
reject H,

Reject Hy

|
|
|
|
|
|
|
|
|
| 0.025
|

-1998 0 1.998

Emopevwg dev anoppimtouvpe tn gndevIKn uiobeon

e OLpLoBol Twv Kabnyntwy dnUooLwy Kal IOLWTIKWY Tavemiotnuiwy twv HMA
dev dlapepouy apKETA yla va anoacioove 0Tt dev eivatl ioot

Me tn p€Bodo tng mibavotntag (p-value), mpoomabolpe va EKTIPNCOVUE ATIO TOUG
TvaKeG TNG Katavoung t tnv p-value mou avtiotolxel oTig oupeg —t,,=-1.998 kat
t,,=1.998



—— P-value ——

t=-1.554

Me mpooBaocn 0€ OTATLOTLKO POypappa r dtadlktuakn epappoyn Bpiokovye tnv
akpLn TN

Distribution Plot

T: df=63
0.4
0.3
£
2
S 0.2-
(m]
0.1-
0.0627
0.0- -1.553 0 1.553
X

p=0.0627 +0.0627 = 0.1252
Agdopgvou OTL n TR avth g mbavotntag, p=0.1252, eival peyaAvtepn NG
onuavtikétntag a=0.05 (Tov avtiotolxei oe eninedo guniotoolvng 95%), opoiwg
dev amoppintovpe T PNdEVIKN LTIOBEDN
Badpoi mpwTtng Kat dsutepng mpoodov sapivou s§apnvouv 2024

NMPOOAOX 1 MNMPOOAOX 2

AM BaBuoe  Baduog
012139 4.4
©15008 4.4

018023 6.4 7.4



018085
018171
019126
020021
020025
020029
020057
020058
020089
020098
020113
020125
020127
020135
020137
020139
020182
021008
021011
021043
021047
021056
021100
021126
021131
021133
021134
021136
021138
021148
021152
021173
021178
022006
022011
022017
022024
022027
022030
022031
022032

6.4
5.1

3.1

2.6
7.3
7.6
4.4
4.9
6.7

5.8
6.7
7.1
3.6
7.3
5.1
7.6
5.1
4.2

7.6
7.1
5.8
7.1
4.4
7.3

6.2
5.6

4.9
5.6
3.6
3.6
6.7
8.2
5.3
5.6

4.8

6.1

2.6

3.9
4.3

2.6
6.1

5.2
7.4

4.3

8.7



022039
022046
022048
022059
022066
022069
022072
022075
022078
022090
022103
022108
022119
022128
022131
022134
022158
023001
023002
023004
023005
023006
023007
023009
023010
023011
023012
023013
023014
023015
023016
023017
023018
023019
023020
023022
023023
023024
023025
023026
023027

6.4
3.8
6.7
5.3
5.3
5.8
5.8
7.6
3.8
6.9
5.8
5.6
7.3
4.9
6.4
5.1
1.6
6.2

5.1
7.3
6.2

7.1
6.9
6.9
5.8
6.4
5.8

6.2
5.1

6.9
7.3
5.1
5.1
6.7
6.7
49
6.2

2.6

2.2

6.5

4.3

5.2
6.1
4.3

4.8

5.7
3.9

3.5
3.9
1.7
6.5
6.5
2.2
4.8
5.7
3.9

3.9

5.2

4.3



023028
023029
023030
023032
023033
023034
023035
023036
023037
023038
023039
023040
023041
023042
023043
023044
023046
023047
023048
023049
023050
023051
023052
023053
023054
023055
023056
023058
023059
023060
023061
023062
023063
023064
023065
023066
023067
023068
023069
023070
023071

6.7

5.1
7.6
5.8
5.1
3.6

6.4
7.1
6.9
5.3
5.6

7.1
6.7
6.4

4.4
7.3
5.8
5.1
7.6
7.1
6.7
7.3

5.8
5.6
7.1
5.1
7.6
7.1

7.1
7.8
6.7
6.2
7.6
6.9
6.2

5.7
4.8

4.3

4.8
4.8
4.3
5.2
6.1
7.4
5.2

2.6
2.6

7.8

4.8

6.1

3.5
2.2
6.1
1.3
2.6
4.3
4.3
4.8
2.2
3.9
3.9

3.5
6.1
6.1
4.3



023072
023073
023074
023075
023077
023078
023079
023080
023082
023083
023084
023085
023086
023087
023088
023089
023090
023092
023093
023094
023095
023096
023097
023098
623099
023100
023101
023102
023103
023104
023105
023107
023108
023109
023110
023111
023112
023113
023114
023116
023117

6.2
5.8
7.1
7.1
6.4
6.2
6.9
5.3
7.8
6.2
7.1
8.2
7.1
6.2
7.3
6.4
5.3
5.8
5.1
7.6
7.6
7.8
7.6
6.4
6.9

6.9
7.8
5.1
6.2
6.2
6.9
6.9

7.8
6.9
8.4
7.6
4.7

6.4

3.5
1.3
4.3
6.5
5.7
5.2
7.8
2.6

5.7
3.9

3.9
1.3
6.5
4.8
3.5

5.2
4.3
3.9
6.1

5.7
6.1
5.2
2.6

3.9
4.3
1.7

5.7
4.3
3.5
5.7
6.5
5.7
5.7
1.7
4.8



023118
023119
023120
023122
023123
023125
023126
023127
023128
023130
023132
023133
023134
023135
023136
023137
023138
023139
023140
023142
023143
023144
023146
023147
023148
023149
023150
023151
023152
023153
023154
023155
023156
023157
023158
023163
023164
023167
023168
023169
023171

4.4
5.6
6.2
7.1
5.3
7.8
7.1
5.6
7.3
5.1
7.1
5.3
7.3
7.8

7.6
7.1
5.3
7.8
7.8
7.8
7.6
7.8
5.1
7.1
4.9

7.1
5.3
6.9
4.4
5.1
6.4
6.9
7.8

4.4
6.7

5.1

3.9
3.5
7.8

4.3
3.9
4.8
7.8

5.7
6.1
4.3
4.8

4.8
5.7
8.3
3.9

3.9
4.8
1.7
6.5
4.3

4.3
3.9
4.3
3.9

1.7
4.8



0233076 7.8 3.5
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NMPOOAOT 1 BaBuoC
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Frequency
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NMPOOAOT 2 BaBuoC

‘EAeyx0Gg Twv BaBpwyv wg avedptnta deiypata
e Av Kal gpmeplexovral e€aptnueva deiypata




o OL@oLTNTEG IOV £dwoav Kat TNV MPWTN Kat tTnv devtePN TIPO0dO!

Ho: M1 = M2
Ha: M1 # M2
Total
Variable Count N* Mean StDev Minimum Maximum

MPOOAOY 1 BaBpuog 209 2 6.2362 1.2011 1.6000 8.4000
MPOOAOY 2 Babuog 209 67 4.638 1.634 1.3600 8.7600

N Mean StDev SE Mean
MPOOAOY 1 BaBuog 207 6.24 1.20 0.083
MPOOAOY 2 BaBuog 142 4.64 1.63 0.14

Difference = p (MPOOAOX 1 Babuog) - p (MPOOAOY 2 BabBuog)
Estimate for difference: 1.598
95% CI for difference: (1.3600, 1.897)

Ho: U1 = Y

Hai be # 1y
T-Test of difference = @ (vs =): T-Value = 10.53 P-Value = 0.000 DF = 347
Both use Pooled StDev = 1.3932

Ho: b1 = Y2
Ha: gy > [y

T-Test of difference = @ (vs >): T-Value = 10.53 P-Value = 0.000 DF = 347
Both use Pooled StDev = 1.3932

Av dev eixape vmoBeaoel (0€G TUTILKEG ATOKALCELG

N Mean StDev SE Mean
NMPOOAOY 1 BaBuog 207 6.24 1.20 0.083
MPOOAOY 2 Babuog 142 4.64 1.63 0.14

Difference = py (MPOOAOX 1 BaBuog) - p (MPOOAOX 2 BaBuog)

Estimate for difference: 1.598

95% lower bound for difference: 1.333

T-Test of difference = @ (vs >): T-Value = 9.96 P-Value = 0.000 DF = 242

E€etaooupe Twpa HOVO TOUG POLTNTEG TIOV £0wW0oav Kal TNV IpwTn Kat tnv
devTEPN IPO0SO WG e€apTnueva deiypata



NMPOOAOZ 1 NMPOOAOX 2

AM (both) " (both)  DIFF1-2
018023 6.4 7.4 -1
019126 5.1 4.8 0.3
020057 5.6 6.1 -0.5
020125 6.7 2.6 4.1
020139 7.1 3.9 3.2
020182 3.6 4.3 0.7
021100 4 2.6 1.4
021126 7.6 6.1 1.5
021136 4.4 5.2 -0.8
021138 7.3 7.4 0.1
021173 5.6 3 2.6
021178 6 4.3 1.7
022024 3.6 3 0.6
022030 8.2 8.7 -0.5
022059 5.3 2.6 2.7
022069 5.8 2.2 3.6
022075 7.6 6.5 1.1
022090 6.9 4.3 2.6
022108 5.6 7 1.4
022119 7.3 7 0.3
022128 4.9 5.2 -0.3
022131 6.4 6.1 0.3
022134 5.1 4.3 0.8
023002 8 4.8 3.2
023005 7.3 5.7 1.6
023006 6.2 3.9 2.3
023009 7.1 7 0.1
023011 6.9 3.5 3.4
023012 5.8 3.9 1.9
023013 6.4 1.7 4.7
023014 5.8 6.5 0.7
023015 8 6.5 1.5
023016 6.2 2.2 4
023017 5.1 4.8 0.3
023018 8 5.7 2.3

023019 6.9 3.9 3



023020
023023
023025
023027
023028
023029
023030
023032
023033
023034
023036
023037
023038
023039
023040
023041
023042
023043
023046
023047
023049
023051
023053
023055
023056
023058
023059
023060
023061
023062
023063
023064
023065
023066
023068
023069
023070
023071

7.3
5.1
6.7
6.2
6.7

5.1
7.6
5.8
5.1

6.4
7.1
6.9
5.3
2.6

7.1
6.4

7.3
5.1
7.1
7.3

5.8
2.6
7.1
5.1
7.6
7.1

7.1
7.8
6.2
7.6
6.9
6.2

4.3
1.2
1.5
1.9

3.2
2.1
4.6
1.5
2.1

1.6
2.3
2.6
0.1
-0.5
0.6
1.9
3.8
3.4
-0.5
0.3

3.8
3.8
-0.3
4.3
4.5
0.8
3.3
2.3
3.8
3.2
3.9
2.7
1.5
0.8
1.9



023072
023073
023074
023075
023077
023078
023079
023080
023083
023084
023086
023087
023088
023089
023090
023093
023094
023095
023096
023097
023098
623099
023100
023101
023102
023103
023104
023105
023108
023110
023111
023112
023113
023114
023116
023117
023119
023120

6.2
5.8
7.1
7.1
6.4
6.2
6.9
5.3
6.2
7.1
7.1
6.2
7.3
6.4
5.3
5.1
7.6
7.6
7.8
7.6
6.4
6.9

6.9
7.8
5.1
6.2
6.2
6.9
7.8
6.9
8.4
7.6
4.7

6.4
2.6
6.2

3.5
1.3
4.3
6.5
5.7
5.2
7.8
2.6
5.7
3.9
3.9
1.3
6.9
4.8
3.5
5.2
4.3
3.9
6.1

5.7
6.1
5.2
2.6

3.5
4.3
1.7
5.7
3.5
5.7
6.5
5.7
5.7
1.7
4.8
3.9
3.5

2.7
4.5
2.8
0.6
0.7

-0.9
2.7
0.5
3.2
3.2
49
0.8
1.6
1.8
-0.1
3.3
3.7
1.7
0.6
0.7
0.8
0.8
4.3
0.8
1.6
1.9
4.5
1.2
4.3
1.2
1.9
1.9

4.3
1.6
1.7
2.7



023122
023125
023126
023127
023128
023130
023132
023134
023135
023136
023137
023140
023142
023143
023144
023146
023148
023149
023150
023151
023152
023153
023155
023156
023157
023158
023167
0233076

7.1
7.8
7.1
5.6
7.3
5.1
7.1
7.3
7.8

7.6
7.8
7.8
7.8
7.6
7.8
7.1
4.9

7.1
5.3
4.4
5.1
6.4
6.9
4.4
7.8

7.8

4.3
3.9
4.8
7.8

5.7
6.1
4.3
4.8

4.8
5.7
8.3
3.9

3.9
4.8
1.7
6.9
4.3
4.3
3.9
4.3
3.9
4.8
3.5

-0.7
4.8
2.8
1.7
2.5
2.7
4.1

1.6
1.7
-0.3
2.8
4.8

2.1
-0.7
3.9
0.1

1.2
4.3
0.6

0.1
1.2
2.1

-0.4
4.3
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NMPOOAQZ 2 (both)
Total
Variable Count N* Mean StDev Minimum Maximum

MPOOAOX 1 (both) 1406 O 6.4814 1.0696 3.6000 8.4000
MPOOAOX 2 (both) 146 0 4.661 1.626 1.3600 8.7600



N Mean StDev SE Mean
MPOOAOX 1 (both) 140 6.481 1.070 0.090
MPOOAOX 2 (both) 140 4.661 1.626 0.137

Difference 140 1.820 1.638 0.138
Ho: pi—p2 =0
Ha: =42 >0

95% lower bound for mean difference: 1.591
T-Test of mean difference = 8 (vs > 0): T-Value = 13.15 P-Value = 0.000

Histogram of Differences
(with Ho and 95% t-confidence interval for the mean)

20

15

10

Frequency

&b
v

Differences

12.3. AlacTipHaTa EPTILGTOGUVIG Kal EAEYYXOL TIOCOCTWV
E€eTtaoaue
1. AELYJATOANTITIKEG KATAVOUEG
2. AlaoTApaTa EUTLOTOoLVNG
3. EAgyxoug
yla TOV HEGO OPO EVOC TIANBUGCHOU
Twpa eotiadovpe o T0cooTd (proportions), TLX.

e % Twv poltnTwy Tou MNavemiotnuiov Melpalwg mov cuvexidouv TIG OTIOVOEG
TOUG O€ PJETATITUXLAKO ETTEDO



e % Twv ABnvaiwv 1ov dnAwvouv TPOBECN YrPOL LTIEP CUYKEKPLUEVOL
KOUPATOQ

e % Twv dldaokoviwy og AEI Ttou givatl yuvaikeg
e % Twv EAARVWYV Tov gival cuvtaglovyol

Emeldn TIq mepLoocOTEPES POPEG OeV Elval TIPAKTLKA EPLKTO VA HETPIOOVHE TO
TIOO0OTO €VOG OAOKANPOL TIAnBLGHOU, cuxvad

e YUAAeyoupe €va deiypa
e MeTpdape TO TOCOCTO 01O deiypa

e YmoAoyilovpe dlaoTnpata eUTLoTOoLYNG Kal SLlEPYOVUE OTATLIOTIKOUG
€AEYXOUC YLA TO AYVWOTO TIOCOOTO oToV TANBUOoPO pe Baon ta dedopeva Tou
deiypartog

Population Proportion and Sample Proportion
Consider a population in which each member either has or does not have a
specified attribute. Then we use the following notation and terminology.

Population proportion, p: The proportion (percentage) of the entire pop-
ulation that has the specified attribute.

Sample proportion, p: The proportion (percentage) of a sample from the
population that has the specified attribute.

Sample Proportion
A sample proportion, B, is computed by using the formula
X

p="-,
n

where x denotes the number of members in the sample that have the
specified attribute and, as usual, n denotes the sample size.

Eival og xpnon kat to €€n¢ cLUBOAO

q=1-p

Opwg T0 g 6V XpnoLuoToLEiTAL OTOUG UTIOAOYLOHOUG SLACTNUATWY EPTILOTOCLVNG
KAl EAEYXWYV TTOCOOTWV

>uvneng opoAoyia
X: number of successes
n-x: number of failures



Correspondence between notations
for means and proportions

Parameter | Statistic

Means i X

Proportions p

>

a va vrtoAoyioovpe dlaocTpaTa EPTILOTOCLVNG Kal va SLEVEPYNOOLE

OTATLOTLKOUG EAEYXOUG, TIPETIEL VA EEPOVHE TN OELYPHATOANTITIKI) KATAVOUN) EVOG
0000 TOU

The Sampling Distribution of the Sample Proportion
For samples of size n,

* the mean of p equal; the population proportion: Ip = plie., jche sample
proportion is an unbiased estimator of the population proportion);

» the standard deviation of p equals the square root of the product of the
population proportion and one minus the population proportion divided

by the sample size: 05 = \/p(1 — p)/n; and

» pis approximately normally distributed for large n.

Apa, yla Tn SelypatoAnTITIK KATavopr evog TTo6ooTol ;9\ yla deiypata
OULYKEKPLUEVOL PeyEBOUC LoxVoLV Ta akoAovba

e O PECOG OPOG TWV TMOCOOTWY OAWV TwV delypatwy geyedoug n, dnAadn o
HECOC OPOC TNC OELYHATOANTITIKNG KATAVOMNG TOU TTIOGOCTOU, Elval (060G Pe
TO TTOCOGTO OTOV ANBULOUO

=P
p

e H TUTIIKN aTOKALON TNG SELYHATOANTITIKNG KATAVOUNG dELlyHATWY Peyedboug n

eivat
1_
G~ = [ p(A-p)
p n

Ol aparnavw TomoL eivat akpLBeic OTav LOXVEL O TTAPAKATW EUTIELPLIKOG KAVOVAG
np >=5



n(1-p) >=5
Agpe O0TL 1o Selypa eival yeyalo otav LoxLouv Kal ot SV apaTnavw cLUVONKEG
e AnAadn pe t1a MocooTq, N €vvola Tou peydlou deiypatog ivat oxeTikn!

k@Y What Does It Mean?

If nis large, the possible
sample proportions for samples
of size n have approximately
a normal distribution with
mean p and standard

deviation /p(1— p)/n.

Playing Hooky From Work In Example 11.1, suppose that 19.1% of all U.S. em-
ployees play hooky, that is, that the population proportion is p = 0.191. Then, ac-
cording to Key Fact 11.1, for samples of size 1010, the variable p is approximately
normally distributed with mean 5 = p = 0.191 and standard deviation

p(1 — p) \/0.191(1 —0.191) |
" = -_— — — . 12.
DN, 1010 0.0




12.3.1. AtacTnUA EYTLGTOOUVIG TIOGOOTOU
One-Proportion z-Interval Procedure

Purpose To find a confidence interval for a population proportion, p

Assumptions
1. Simple random sample
2. The number of successes, x, and the number of failures, n — x, are both 5

or greater.
Step 1 For a confidence level of 1 — «, use Table II to find z,/>.
Step 2 The confidence interval for p is from
P—2zap-VpA=p)/n to p+zep-vp—p)/n,

where zy; is found in Step 1, n is the sample size, and p = x/n is the sample
proportion.

Step 3 Interpret the confidence interval.

Aeiypa 1010 epyalopevwv

e 202 amo avtoug dnAwoav oTL poacidovtal acbevela yla va gnv mave otn
douAeld Toug

g=1-p=1-0.2=0.8
n-x =1010-202 = 808
‘EAeyxog mpoimnobeocewy
x=202>=5
n-x =808 >=5

Yuvexidoupe TNV avaAluon

CL=95%,a=0.05
Kplolpeg TIPHEG amo ToV TivaKa TNG TUTILKAG KAVOVIKING KATAVOUNG

Zas2 = Zoops = £1.96

YTIOAOYLOPOG TOU dL1acTAPATOC EUTILOTOCGUVNG

S~ o [20=p) 2 | 2(1-p)
(p Zcx/Z n P t Za/Z n )



_ 0.2-(1-0.2) - [02-(1-0.2)
= (0.2 — 1.96 '“/—1010 , 0.2 + 1.96 “/—1010 )

=(0.175, 0.225)
‘EAeyxo¢ pe to Minitab

Test and CI for One Proportion

Sample X N Sample p 95% CI
1 202 1010 0.200000 (@.175331, 0.224669)

Using the normal approximation.

Margin of Error for the Estimate of p

The margin of error for the estimate of pis

E=2zy2-vVP(1=p)/n

To TteplBwpPLO GPAAPATOC AOLTIOV (TTIOV GLUXVA AVAPEPETAL OTLC dNUOCKOTINOELG)
eival

- [02:0-02) _
1.96 - /2L = 0,025

Mooo peyalo mpemel va eival eva deiypa yia va e€acpalicovpe £va CUYKEKPLUEVO
TEPLOWPLO OPAAATOG;

e AUTO eival €va ouvnOLopEVo {NTOVPEVO OTLG SNUOOKOTINOELS



Sample Size for Estimating p

A (1 — a)-level confidence interval for a population proportion that has a
margin of error of at most E can be obtained by choosing

n=0.25 (Z““‘“'Efz)2

rounded up to the nearest whole number. If you can make an educated
guess, pgy (g for guess), for the observed value of p, then you should instead
choose

Za/2)2

n=bg(1_bg)( E

rounded up to the nearest whole number.

BeBata, cuvnBwe dev yvwpidovpe TNV TLYN TOL TTOCOOTOU!

e AV OPWG PTOPOUE va TIPOBAEYOLHE TNV KATA TIPOCEYYLON TLUN TOL
TIOCOOTOU, TOTE KAVOUHE XPNon Tou 6eV0TEPOU TUTIOU, TIOU TIEPLEXEL KAL TNV
KaT' €KTLYNON TLUA TOL TTOCOGTOL

e 0O b6elTePOC TUTIOG divel Lo akpLBn anoTteAEopata
Graph of p(1 — p) versus p
p(1-p)
0.25
0.20
0.15

0.10
0.05

(0.5, 0.25)

M
| | I |

00 0.2 04 06 08 1.0

To mapanavw oxnua deixvel otL xpelalopaote peyalvtepo deiypa yia va
TPOBAEYPOUE TIPEC TTIOCOOTOU TIOL €ival MAnclectepa oto 50% Tapd o€ PIkpEG (N
HEYAAEQ) TIHES

e Omote kKatalaBaivoupe OTL xpelalopaocte peyahltepo deiypa yia va
TIPOBAEYOUE TO TIOCOOTO TWYV KOUUATWY EKELVWYV TIOU £XOULV TIOCOOTO
yUpw 010 50%)!

Ac dovpe TL pag divel o MpwTtog (amAoboTEPOC) TUTOG Yid OLAPOPETIKES TIHES
nepldwpiov opdipatog (oe eninedo eumiotoovvng 95%)



( ) = 9604
n = ( )—38416=>385

n=025(016) = 96.04 = 97

AnAadn
e [la va vtoAoyioovpe dtaotnua eumiotoouvng 95% pe meptbwpto Adbog 0.01
(6nAadn 1%), xpelalopaote deiypa peyEboug 9604
o BAemovupe ylati ta exit poll cuvnBwc¢ Bacidovtal og TOCO peyaia
delypata
e [la va utoAoyioovpe dlaoTnua epmotooLvng 95% pe neplbwpto Aadog 0.05
(6bnAadn 5%), xpelalopaote deiypa peygboug 385

e [la va utoAoyioovpe dlaoTnua epmiotoovvng 95% pe neplbwpto Aadog 0.1
(6nAadn 10%), xpelalopaote deiypa peyedoug 97

12.3.2. AlGoTNHA EUTILOTOCUVIG TTOCOGTOV HE TO HEBO0DO plus
OUTAIEKTOX YAHZ IMNA EZEETAXH 2025-06]

Oa e€etdooupe tn PEBodOC plus four yia Tov uTIOAOYLOPO SlACTNUATWY
guTLoTOOLVNG

e Eivalmio akppBng yla pikpa deiypata

2e delypa 60 polTnTwy €vog averoTnuiov, ol 32 emeAe€ayv 1o padnua Twyv
HaBNUATIKWYV

(https://vrcacademy.com/tutorials/plus-four-confidence-interval-proportion-example
s/)

Na vrtoAoylotei SldoTnua EUTILOTOOLVNG YA TO TIOCOOTO TWV YOLTNTWY OAOU TOL
TIAVETILOTNHIOL TIov eTtEAeEav To padnuatika

n=60
X =32

A_i_ .
p=-=-=0.533

q=1—-p=1—-0.533 = 0.467
CL=95%,a=0.05
Ebpeon KplolpwVY TLHWYV amo Tov Tivaka TNG TUTIOTIOLNHEVNCS KAVOVIKAG KATAVOUNG


https://vrcacademy.com/tutorials/plus-four-confidence-interval-proportion-examples/
https://vrcacademy.com/tutorials/plus-four-confidence-interval-proportion-examples/

Z-Critical values

Zas2 = Zo 25 = £1.96

YTIOAOYLOPOG TOU dLlacTAUATOC EUTILOTOCGUVNG

~_ o [2(0=p) 2 | (1-p)
(p Za/2 n P t Za/Z n )

(0 533 — 1.96 - \/0533(1 0.0.533) 0 0.533 + 1.96 - \/0533(1 0533))

= (0.531 — 0.126, 0.531 + 0.126)
= (0. 405, 0.657)

Twpa pe tn peBodo plus four
e [1pocBETOLPE 2 TNV TLWI TOU X
e [pocBeTtoupe 4 oto peyebog tou deiypatog (n)
n=60
X =32

~ x+2 3242 34
P="7"72 = 6014~ 64

= 0.531

g=1—-p=1—0.531 = 0.469
CL = 95%, a = 0.05



Kpiolpeg TIPEG Ao TOV TlivaKa TNG TUTIOTIOLNHPEVNG KAVOVIKNG KATAVOUNG
Zas2 = Zoops = £1.96

YTIOAOYLOPOG TOU dLacTAPATOC EUTILOTOCUVNG

~_ 200 2 [p(1-p
(p Zo(/Z _(TH-JAI-_' p + Za/Z _(n-l-—4)_)

= (0,531 — 1.96 .\/0-531'(1—0-0-531)’ 0.531 + 1.96 .\/0.531-(1—0.531))

60+4 60+4

= (0.531 — 0.122, 0.531 + 0.122)
= (0.409, 0.653)

AA\O €va tapadetypa vmtoAoyLopol SlacTAPATOC EPTILOTOCUVNG TIOCOOTOU HE TN
pueBodo plus four
(https://pressbooks.lib.vt.edu/introstatistics/chapter/behavior-of-confidence-interva
|s-for-a-proportion/)

Y€ delypa 25 polTnTwy €vog averoTnuiov, ot 6 dnAwvouv OTL Kanvidouvv

Na vrtoAoylotei SldoTnua EUTILOTOOLVNG YLA TO TIOCOOTO TWV POLTNTWYV TIOL
Karnvi¢ouv og OA0 TO MANBLOUO TWV POLTNTWYV TOU TAVETILOTNHIOU

n=25
X=6

P
x+2 6+2 8
p= n+4 ~ 2544 = 29 0.276

g=1—-p=1—0.276 = 0.724
CL=95%,a=0.05
Kplolpeg TIPES Ao TOV TivaKa TNG TUTIOTIOLNHPEVNG KAVOVIKING KATAVOUNG
Zas2 = Zoos = £1.96

YTOAOYLOPOG TOU SLACTAPATOG EPTILOTOOUVNG

>~ [2(0=p) 2 [ p(1-p
(p Zo(/Z _(TH-J‘I-_' p + Zo(/Z _(TH-—4)_)

_ 0.276-(1—0.0.276) 0.276-(1—0.0.276)
—(0.276—1.96-\/ (00276 0.276 + 1.96 - 122000 )

= (0.276 — 0.163, 0.276 + 0.163)
= (0.113, 0.439)



https://pressbooks.lib.vt.edu/introstatistics/chapter/behavior-of-confidence-intervals-for-a-proportion/
https://pressbooks.lib.vt.edu/introstatistics/chapter/behavior-of-confidence-intervals-for-a-proportion/

12.3.3.'EAey)X0G¢ TOGOGTOU

One-Proportion z-Test
Purpose To perform a hypothesis test for a population proportion, p

Assumptions
1. Simple random sample
2. Bothnpg and n(1 — pg) are 5 or greater

Step 1 The null hypothesis is Hy: p = py, and the alternative hypothesis is

Hyi:p#po . Haip<po = Hap>po
(Two tailed) (Left tailed) (Right tailed)

Step 2 Decide on the significance level, «.
Step 3 Compute the value of the test statistic
.= P — po
Vpo = po)/n

and denote that value z.



CRITICAL-VALUE APPROACH

Step 4 The critical value(s) are

+Zo /2 or —lu {o
(Two tailed) (Left talled) (nght tailed)

Use Table II to find the critical value(s).

Relect' Do not 'Relect RE]ECtIDD not rejectHg Donot I"EjEC‘tHglREjECt
Hg | rEJECtHQ | Hg |

I
' | |
: | |
al2 | | a2 I I

~Za/2 Zaf2
Two tailed Left tailed nght talled

Step S If the value of the test statistic falls in
the rejection region, reject Hj; otherwise, do not
reject Hy.



P-VALUE APPROACH

Step 4 Use Table II to obtain the P-value.

P-value
1 = | 1 Z | rd

—|zol 0 |20l zg O 0 2z
Two tailed Left tailed Right tailed

Step S If P <a, reject Hy; otherwise, do not
reject H.
Anuookorinon 1053 evnAikwy, 548 ano avtoug dSnAwaoav otL otnpidouv pia
OUYKEKPLUEVN OLKOVOULKN TIOALTIKN

Y€ eMninedo epriotoovvng 95%, LoXVEL OTL TNV TOALTLKI TN oTNPi{el TOLVAAXLOTOV
T0 50% TOUL MANBUopOoL (dnAadn 50% r) kal apandvw);

> Tr)voupe To {eVYOG LTIOBECEWV
Ho: p = 0.50 = p,
H.:p>0.50 = p,
Po = 0.50 = 50%
n=1053
X = 548

548
~ 1053

= 0.52 = 52%

OL poimoBecoelg TAnpoLvTal
npy = 1053x0.5 = 526.5> 5
n(1-py) = 1053%(1-0.5) = 526.5 > 5
Entinedo epmniotoovvng (CL) kat onuavtikotnta (a)
CL=95%,a=0.05
YToAoyi{oupE TO OTATIOTLKO PEYEDOG



. = P = Dpo
Vol = po)/n
B 0.520 — 0.50
~ J(0.50)(1 — 0.50)/1053

‘EAeyX0G HE TN HEBODO TWV KPIOIHWY TIHWYV

= 1.30

<

Do notreject Hy | Reject Hg
|

0.05

0 1.645

z=1.30<1.645 =z, = dev anoppintovye TNV Hy
‘EAeyxog pe tn pEBodO ToUL p-value

P-value

z=1.30
p =0.0968 > 0.05 = a = dev anoppintovpe TNV Hy



Specify Parameters:

Mean‘ﬂ ‘
SD |1 |

@® Above 1.30

O Below 1.96

(O Between |-1.96

O Outside |-1.96

and |1.96 |
and |1.96 |

Results:

‘ Recalculate |

Area (probability) =\unmm ‘

‘EAeyxo¢ pe to Minitab

Test of p = 0.5 vs p > 0.5

Sample X N Sample p 95% Lower Bound Z-Value P-Value

1 548 1053 0.520418

0.495095 1.33 0.093



Using the normal approximation.

12.4."EAeyY)ou X3

O eAeyyol Tov Bacidovtal oTnV Katavoun X2 dev apopoLV TANBUOULAKEG
TIAPAPETPOLGS OTIWG TO YECO OPO

e Y& avTiBeon Pe TOUG TIPONYOUHEVOUG EAEYXOUG TIOL EEETACAE
‘EAEYXOL TIOL EUTITITOLY GE AUTH TNV Katnyopia
1. 'EAeyxo¢ mpocappoyng X2 (chi-square goodness of fit  GOF test)
2. 'EAeyxol avegaptnoiag x? yla mivakeg evoexopevwy (contingency tables)
3. 'EAeyxo¢ opoloyevelag X2 (chi-square homogeneity test)

OL eAeyxol ou BacidovTal oTNV KATavoun X2 elval mavta JovomAgvpoL Kat
HAALloTa Se€LOaTPOPOL

Xpnon Tvakwy Katavopung x>2

x2-curve
df=12
Area =0.025
2
0 1 *
2
X5 025 23.337

12.4.1."EAgyX0G¢ MPOGAPHOYNG
‘EAeyxog npoocappoyng x2 (chi-square goodness of fit ) GOF)

Mua dnpookornon deiypatog 1000 yneowopwy, poeBAETE Ta akOAovba
amoTeAEOPATA VLA TIGC BOVAEUTIKEG EKAOYEG, OE GXEON UE TA TIPAYHUATLKA
ATOTEAECUATA TWV EKAOYWV

. . AnoteAéopata
Anpookorminon AnHooKoTnon EKAOY OV

(aTopa) (%) (%)

Ae€la 341 34.1 36

Koppa



Y 00lAALOTECQ 255 25.5 26

Kevtpo 153 15.3 15
dLAeAevBepol 77 7.7 7
KOUUOULVIOTEQ 96 9.6 9
AveEdaptnTol 78 7.8 7
2YNOAO 1000 100 100

Oa eAeyEoupe KATd OCOV N dnuUooKoTnon MPoeRAEYE e APKETH akpifela ta
amnoTeAEOPATA TWV EKAOYWV Pe TN HEB0SO Tou eAEyXOUL Tipocappoyng (Goodness
of Fit ) GOF) X2

Me tn yEBodo auTr CUYKPIVOUUE TIC TIPAYHATIKEG/TIapaTtnpoLpeveg (observed)
OLXVOTNTEG TNG dnuooKoOTNoNG, UE TIC avapevoueveg (expected) ouxvoTnTES
BAoEL TWV ATIOTEAECPUATWY TWV EKAOYWY, TIG OTIOLEC LTIOAOYI{oUpE KaL
TIAPABETOVUE OTNV EMOPUEVO TIivaKa

e Ek@ppdaloupe Ta anoteAéopata Twy EKAOYWV OXL WG OCO0TA TOLG €KATO (%)
aAAd w¢ TI0c0O0TA TNG povadag (p)

o Namnapadetlypa, 10 36% yivetal 0.36, evw 10 9% yivetal 0.09

s pnorehiopra ATEIOLES
L (Observed L] (Expected
f0) ®) i E)
Aggla 341 0.36 360
>OOLOALOTEQ 255 0.26 260
Kevtpo 153 0.15 150
diAeAevBepOL 77 0.07 70
KoppouvioTeg 96 0.09 90
AvegaptnTol 78 0.07 70
2YNOAO 1000 1 1000

a va vrtohoyicoupe TI¢ avapevopeveg cuxvotnteg (E) moAlamAaoctdoape to
OULVOALKO peyeBog tou deiypatog (n = 1000) pe TO TIOCOOTO TIOU TIPE KABE KOPUA
oTLG eKAOYES (p)

Eneeis = NXPaced = 1000%0.36 = 360
Esooanoree = NXPsosianiorse = 1000%0.26 = 260
Exevepo = NXPrevipo = 1000x0.15 = 150
Eonersosepor = NXPonerevespor = 1000%0.07 =70



EKoupouvaéq = nproppouvaéq = 1000"009 = 90
EAVSﬁdPTﬂTOL = nprveﬁdpmrm =1000x0.07 =70

Expected Frequencies for a Goodness-of-Fit Test

In a chi-square goodness-of-fit test, the expected frequency for each possible
value of the variable is found by using the formula

E = np,

where n is the sample size and p is the relative frequency (or probability)
given for the value in the null hypothesis.

Edav n dnuookormnon ftav anoAVTwWS akpLBng, Tote oto deiypa twv 1000 moAtTwyv
TIoL epwWTAONKay, “Ae€Ld” Ba Enpete va eixav dnAwoel 6TL wneidouv ot 360 (kat
OXL oL 341), “XoolaAloTEG” Ba €mpene va eixav dnAwaoel 6TL Yneidouv ot 260 (kat
OXL Ol 255), KATL.

To epwTnua gival Kata MoOcov oL SLaPOoPES € AUTA TIOU TIPOEPRAEYE N
dNUOOKOTINGN KAl TA TPAYHATLKA ATIOTEAECUATA TWV EKAOYWV €ival OTATIOTIKA
ONUAVTIKEG

Ol ipoiTOBEDELG TIOU TIPETEL va TNPOLVVTAL KAl Ta TTARPN BAKATA TOU EAEYXOU
£X0OLV WC €&NGC

Chi-Square Goodness-of-Fit Test
Purpose To perform a hypothesis test for the distribution of a variable

Assumptions

1. All expected frequencies are 1 or greater
2. At most 20% of the expected frequencies are less than 5
3. Simple random sample

Step 1 The null and alternative hypotheses are, respectively,

Hj: The variable has the specified distribution
H,: The variable does not have the specified distribution.

Step 2 Decide on the significance level, a.
Step 3 Compute the value of the test statistic
x*=%(0 - E)’/E,

where O and E represent observed and expected frequencies, respectively.
Denote the value of the test statistic )(3.



O €Aeyx0G OAOKANpwveTal €iTE PE TN PEBOSO TWV KPIOLPWYV TIHWYV ELTE PYE TN
pueBodo tNng p-value

e MPOXOXH: O €\eyx0g pocappoyng x2 eivat mavta povomAeupog (Kalt
HAAloTta 6e€LooTPOYPOR)

CRITICAL-VALUE APPROACH

Step 4 The critical value is x> with df = ¢ — 1,
where c is the number of possible values for the vari-
able. Use Table V to find the critical value.

Do notreject Hy | Reject H,

0 xZ

Step 5 If the value of the test statistic falls in
the rejection region, reject Hy; otherwise, do not
reject Hy.



P-VALUE APPROACH

Step 4 The y’-statistic has df = ¢ — 1, where ¢ is
the number of possible values for the variable. Use
Table V to estimate the P-value, or obtain it exactly
by using technology.

P-value

0 X

Step S If P <a, reject Hy; otherwise, do not
reject H.

Ol poibmoBEoeLg TNPoLVTAL

e OAec oL avapeVOUEVEC OGUXVOTNTEG €lval TIOAL PeYAADTEPEG TOL T

e Kapia amo TI¢ avapevopeveg ouxvotnTteg Ogv elval plkpoTEPN TOL 5

e OewpoLpe OTL To deiypa TNG SnUookomNong ETIIAEXONKE PE TuXaAio TPOTO
Mn&evikn Kat eVaANAKTIKI uTtoBg0on

Ho: Ta moocootd TnG dNUOOKOTINGNG AKOAOLOOUV TNV KATAVOUN TWV
ATIOTEAECUATWY TWV EKAOYWV

H,: Ta mocootd tTnG dnuookomnong 6ev akoAovBouv TNV KATAVOUN TwV
ATIOTEAEOUATWY TWV EKAOYWV

Eninedo gpumiotoouvng
CL =95%,a=0.05
YToAOyLopOG TNG TIPAG TOL X2



Distribution of the x2-Statistic for a Goodness-of-Fit Test
For a chi-square goodness-of-fit test, the test statistic
x2=3%(0O-E)’/E

has approximately a chi-square distribution if the null hypothesis is true. The
number of degrees of freedom is 1 less than the number of possible values
for the variable under consideration.

2

Képpa Obs(gr)ved Exp(tlezc):ted (0-E) (0-E)? (o-)é)Z/E
Aeg€la 341 360 -19 361 1.003
Y 00LAALOTEG 255 260 -5 25 0.096
Kevtpo 153 150 3 9 0.060
diheAevBepoL 77 70 7 49 0.700
KoppouvioTeg 96 90 6 36 0.400
Ave&aptnTol 78 70 8 64 0.914
ZYNOAO 1000 1000 0 3.173

X2 =3.173

Me Tn HEB0OO TWV KPICIHWV TIHWYV
BaBpuoi eAevBepiag: df = ¢c-1, 610U € 0 Ap1BPOC TWV dlabeatpwy eTiAoywv (6nAadn
TWV KOPPATWYV)
Onote df=6-1=5

EUpeon Kpiolung TIPAG amo Tov Tivaka TG Katavoung x2 yia 5 fabuoug
gehevbepiag, a ico pe 0.05 Kat HOVOTIAELPO EAEYXO

X&.m X(%.OS Xg.ozs Xg.m Xg.oos df
2.706 3.841 5.024 6.635 7.879 1
4.605 5.991 7.378 0.210 10.597 2
6.251 7.815 0.348 11.345 12.838 3
7.779 0.488 11.143 13.277 14.860 4
9.236 11.070 12.833 15.086 16.750 5



2
Emeldn x2=3.173<11.070 = X, itical dev amnoppintovpe TNV pndeVIKI LTIOBEGN

Ma tn pebodo tng p-value

e AMO TOV Tapanavw Tivaka, pocov To X2 Tou Bpnkaye sivat 3.173, kat
ETMOPEVWC E€lval HIKPOTEPO AKOpA Kat amo to 9.236, cuptiepaivovpe OTL TO
p-value gival peyaAutepo tov 0.1

o Emopevwe dev anoppimtouvpe TNV undeVIKN LTIOBEDN

e Kavovtag xpnon touv Minitab, mpokUTTEL TO 1610 AMoTEAEGHA, EPOCOV TO
avtiotolxo p-value gival ico pe 0.673, dnAadn moAv peyalvtepo tou 0.05,
emopevwg dev amoppintovpe TNV Hy

Test Contribution
Category Observed Proportion Expected to Chi-Sq
1 341 0.36 360 1.00278
2 255 0.26 260 0.09615
3 153 0.15 150 0.06000
4 77 0.07 70 0.70000
5 96 0.09 90 0.40000
6 78 0.07 70 ©.91429

N DF Chi-Sq P-Value
1000 5 3.17322 0.673

2 UUTIEPALVOUE OTL OL dLAYOPEG TNG dNPOCKOTNONG ATO TA ATMOTEAECUATA TWV
eKAOywv OV €ival OTATIOTIKA CNUAVTLIKEG O€ €Minedo gumniotoovvng 95%
12.4.4."EAey)Y0¢ ivaka

O €Aeyx0¢ €ival TapOPOLOG UE TOV EAEYXO TIPOCAPHOYNG

Acg Tov epappocoupe pe €va napadetypa (Chase & Dummer, 1992) mou
TIapoucLael Tov aplOud Twv HabnTwy Tov BewPOLV TOV AVTIOTOLXO OTOX0 WG TILO
ONUAVTLKO OE TPELG OLAPOPETLKEG TAEELS

ItoYoL Tagn4 Tagn5 Tagno
Akadnpaikn enidoon 49 50 69
Anpo@tAia 24 36 38
ABANTLKN emtidoon 19 22 28

O mivakag avTtog mapouotdlel TIG tapatnpolueveg ouxvotnteg (Observed ) O)


https://pubmed.ncbi.nlm.nih.gov/1439167/

Ti Ba yrtopoLoApE va KAvouE yLa va SoVHE €AV UTIAPXOLV dLAYOPES OTO TIWG
BAETIOUV TOULG OTOYXOULG OL SLAPOPETLKES TAEELG;

ApXLKQ, ag uTtoAoyiooupe Ta abpoiopata oTNAWY Kat YPappwy

Ztoyol Taén4 Tagn5 Tagn6 XovolAo
Akadnpaikn enidoon 49 50 69 168
Anpo@Aia 24 36 38 98
ABANTIKNA emidoon 19 22 28 69
Z0voAo 92 108 135 335

Twpa pmopouvpe va uTIoAoyicove Ta MoocooTd o KABe Tdgn (Brua mou dev eival
anapaiTnTo), yla va dovue €dv pag AEve Tinota Xprotyo

ZTo)ol Taén4 (%) Ta&n5(%) Tagn6 (%) Zuvolo (%)
Akadnuaikn emnidoon 53.3 46.3 51.1 50.1
Anugo@lAia 26.1 33.3 28.1 29.3
ABANTIKN emtidoon 20.7 20.4 20.7 20.6
Z0voAo 100 100 100 100

daivetal va umtapxouv dLapopeg AoLTOY, TO EPWTNHA OJWG €ival €Aav oL dLaPopeS
AUTEG €ival OTATIOTIKA CNUAVTLKES

Emopevo Brpa eivat va vmohoyicouvpe 1 avapevopeveg (Expected i E)
oLXVOTNTEG (apLBUO padnTwy) oe KABE KeAL, edv dev vmpxav dlaopeg avdueoa
OTIC TAEELG, e BdAon ToV akOAOLOO padnuaTiko TUTO

Avapevopevn cuxvoTnTa o€ €va KeAL = ABpolopa oelpdg x ABpolopa otAANG /
YUVOALKO aBpolopa

Ztoy)ol Taén4 Tagn5 Ta&€n6 Xouvolo
Akadnpaikn emidoon  46.1 54.2 67.7 168
AnupogiAia 26.9 31.6 39.5 98
ABANTIKNA emidoon 18.9 22.2 27.8 69
Z0voAo 92 108 135 335

Ma mapadelypa, n cuXVOTNTA TOL TTAVW apPLoTEPA KEALOUL (Akadnuaikn enidoon
otnv Tagn 4) BpEbnke wg €ENG



168 x 92 / 335 = 46.1

Agv pag melpadel ov oL avapeVOPEVEG ouXvotnTeg dev elval akepatot aptbpoi

Twpa unopolpEe va vrtoAoyicovue TNV TR ToL X2 yia Tig Stapopeg Observed
ueiov Expected

TIOU LoovTal PE
X> = (49 - 46.1)%/46.1 + (50 - 54.2)*/54.2 + - + (28 - 27.8)*/27.8 = 1.51

[a tnv ebpeon TNG KPIoLPNG TIPAG ToL X2 urtoAoyidovpe Toug BaBuoug ehevBepiag
wg

df = (Rows - 1) x (Columns -1)=(3-1)x(3-1)=2x2=4

XWPIC OPWCE va uTtoAoyidoupe TN YPAPUN KAt T 6TAAN Twv aBpoLloPATwWY OToV
aplOpo ypappwy Kat oTnAwv

Y e eninedo gpniotoolvng 95%, N Kpiolun T TNS Katavoung X2 yia 4 Babpoug
eAevbepiacg toovtal pe 9.488



Values of the Chi-squared distribution

=]
DF 0.995 0.975 0.20 0.10 0.05 | 0.025 | 0.02 0.01 | 0.005 | 0.002 | 0.001
1 0.0000393 | 0.000982 | 1.642 | 2.706 | 3.841 | 5.024 | 5412 | 6.635 | 7.879 | 9.550 | 10.828
2 0.0100 0.0506 | 3.219 | 4.605 | 5.991 | 7.378 | 7.824 | 9.210 | 10.597 | 12.429 | 13.816
3 0.0717 0.216 4642 | 6.251 | 7.815 | 9.348 | 9.837 | 11.345 | 12.838 | 14.796 | 16.266
4 0.207 0.484 5989 | 7.779 | 9.488 [ 11.143 | 11.668 | 13.277 | 14.860 | 16.924 | 18.467
5 0.412 0.831 7.289 | 9.236 | 11.070 | 12.833 | 13.388 | 15.086 | 16.750 | 18.907 | 20.515
6 0.676 1.237 8.558 | 10.645 | 12.592 | 14.449 | 15.033 | 16.812 | 18.548 | 20.791 | 22.458
7 0.989 1.690 9.803 | 12.017 | 14.067 | 16.013 | 16.622 | 18.475 | 20.278 | 22.601 | 24.322
8 1.344 2180 |[11.030 | 13.362 | 15.507 | 17.535 | 18.168 | 20.090 | 21.955 | 24.352 | 26.124
9 1.735 2700 |[12.242|14.684|16.919 | 19.023 | 19.679 | 21.666 | 23.589 | 26.056 | 27.877
10 2.156 3.247 |[13.442|15.987 | 18.307 | 20.483 | 21.161 | 23.209 | 25.188 | 27.722 | 29.588
11 2.603 3.816 | 14.631 | 17.275|19.675| 21.920 | 22.618 | 24.725 | 26.757 | 29.354 | 31.264
12 3.074 4404 |[15.812|18.549 | 21.026 | 23.337 | 24.054 | 26.217 | 28.300 | 30.957 | 32.909
13 3.565 5.009 |16.985|19.812 | 22.362 | 24.736 | 25.472 | 27.688 | 29.819 | 32.535 | 34.528
14 4.075 5.629 | 18.151 | 21.064 | 23.685 | 26.119 | 26.873 | 29.141 | 31.319 | 34.091 | 36.123
15 4.601 6.262 | 19.311 | 22.307 | 24.996 | 27.488 | 28.259 | 30.578 | 32.801 | 35.628 | 37.697

Qg ek TouTou Sev anoppintovpe TN Pndevikn unobeaon ovdepiag diaopag
avApeoa oTLG TAEELG KAl TOUG OTOXO0UG
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