O&nyieg xpriong tou R, uépog 4°
(ovunAnpwua yia tnv epyacia)

MNa tnv oAokAnpwon tng epyaciag, adol culétete Ta SeSopéva pe Bacon TNV MPoKaBopLOUEVN
Sladikaoia pEtpnong, Ba MpEMeL va EKTEAECETE TIG €€ EVEPYELEC: KATAXWPLON TWV SeSOUEVWY,
ypadLkO Kal aplOuntikd EAeyxo Twv §edopévwy, AVAAUCH HE TO KATAAANAO OTATLOTIKO KPLTHPLO.

‘Exovtag neplopioel ta Bépata epyaciag o anin oxéon Hetafy SUo petaAntwy, Kot
Aappavovrtag umoyn otL kabe petafAnth unopel va elval molotikn (factor) fp moootikn
(numeric), £XouLE TPELG MEPUTTWOELG AVAAUONG:

(o) AUo TIOLOTIKEG LETAPANTEG, OMOTE KAVOUE GUYKPLON GUXVOTHTWV I avaloylwy, UE To
kpLtApLo x* (cuvdptnon chisq.test). & autiv T mepintwon n undevikr untdBeon (Ho) ivat ot
oL avahoyiec ouxvoTnTWY TS aptnuévng petaBAnTic eivat ioec, SnAadh x° = 0.

(B) Mia mototikn (aveEdptntn) Kat pia mocotikn (e€aptnuévn) petaBAntr), omOTE KAVOUUE
oUYKPLON HECWV OpwV TNG €€apTNUEVNG LETAPBANTAC AVAUEDTA OTLG KATNYOPLEG TNG aveEdaptnng,
LE TO KpLTAplo t (ouvaptnon t.test). Ze autnv TNV mepimtwon n undevikn unoBeon (Ho) ival otL
oL h€aol 0pol TG e€aptnUEVNG LeTaBANTHG elval loot, dnAadn t = 0.

(y) AUO MOGOTIKEG HETABANTEG, OTIOTE KAVOU LLE EAEYXO CUOXETLONG ULE TO KPLTNPLO TOU
OUVTEAEDT) CUOXETLONG Iy, (CUVApPTNON cor.test). Ze autAv tnv mepintwon n undevikr umoBeon
(Ho) elva 6tL oL petaPAntég elvar ave§aptnteg, SnAadn ry, = 0.

A. Kataywplon dsbousvwyv

Ma tnv Kataxwplon Twv 6edopévwy Lag oto R UmopoU e va XPNOLUOTIOL | GoUKE dladopa dAAa
npoypaupata, 6nwg to Microsoft Excel, } omolodnmote npoypappa Unopel va XelpLloTtel kat va
anoBnkeloel dedopéva pe popdn mivaka (TUTOU C€sv). 2T CUVEXELA ELOAYOULE TA OTOLXELO OE
€va mAaiolo dedopévwy oto R SlaBalovtag To OXETIKO apXelo e Tn cuvaptnon read.csv.

la TG AVAYKEC TNG Epyaciag, EMeLdr 0 OYKOG TwV SES0UEVWY Elval UIKPOG, UTOPOUUE VO
Xpnotlpomnolioou e To (61o To R. AuTOG elval o amAoVoTEPOG TPOTOG.

MpwTta opiloupe To mMAaicLo Sedopévwy Ue TIG SU0 LETAPANTEG LaG. Av, yla TApASELYUA, EXOUE
pia molotikn ave€aptntn petaBAntn f kot pia moootikn e€aptnuévn petapAntn x, opiloupe

> d<-data.frame (f=factor (), x=numeric())
Awote avayvwpiolpo ovopata otig LeTaBAnTEG oag—oxL x Kal f, aAAd mio mepypadikolg

HOVOAEKTIKOUC 6poug, T.X. «DUAo», «HAia» (Umopeite va xpnolponolioste eAANViKa). Etol Ba
daivovtal o Eekabapa ta anoteAéopata Kol ol YpodpLKEG MOUPACTACELG.

Avtiotolya, av €xoupe 800 MOLOTIKEG HeTaBANTEG opiloupe kat TG Suo w¢ factor, evw av éxoupe
600 MOooOoTIKEG PeTaBANTEG opiloupe Kol TG SU0 w¢ numeric. H oglpd Twv petafAnTwyY 0TO



mAaiolo Sedopévwy eival eAelBepn, BoAelel OUWG va TIponyeitaL n ave€aptntn wetaBAntn,
€l81ka av eival tumou factor, SLOTL AUTO ETUTPETEL OPLOUEVEC QUTOUATEG AELTOUPYILEC.

3TN CUVEXELA EL0AYOULE Ta §edouéva amod TG LETPHOELG oG KOAwvTag Tn cuvaptnon fix:

> fix (d)

210 mapdBbupo mou Ba avoiel, Ba Souue €va dlaypauulopévo Aaiolo, oTo omoio oL Suo
TIPWTEC OTNAEG £XOUV WG TIKEPAAISEC TA OVOUATA TWV HETABANTWY LOC. ZUUTTANPWVOUUE TLG
600 auTég otnAeg, mpooBETovTag pila oslpd yla kABe povada Tou Selylatog pag (m.y. yio kabe
ATOWO). € MEPIMTWON MOCOTIKAG LETAPANTAG, Slvoupe pe aplBuntiki popdr to anotéAeoua
™G H€tpnong. AaktuAloypadol e, SnAadr), Tov aplOud HECA OTO KOUTAKL. Z€ TIOLOTIKN
petaBAntn, daktuloypadoUpe TNV ETIKETA TNG KATAAANANG Katnyoplag. Ma mapadelyua, o
HETPpNON dUAOU pmopol e va BAJOUUE TO YpAUUa A OTOUG AVTPEG KAl TO ypappa I oTLg
yuvaikeg. 'H ohAOkAnpn tn AEn «avtpag» / «yuvaika», av MPoTLUAE (EUKOAOTEPQ LE COpY-
paste). & GAAN nepintwon pmopoupe va Baloupe tn Aé€n «Naw i «Oxw» (f to ypdupa Y / N).

Mpwv apxicou e TNV elocaywyn Twv dedopévwy Ba mpénel va anodacicoupe akplpwg nota Ba
elval n popodn kat o TUMOC Twv PeTABANTWY pag Kal To £60¢ tng avaAuaong mou Ba yivel. Ze
Tiepimtwon Lepapykng LetaBAntng, Oa nmpémnel va anodacicoupe av Ba Tt XELPLOTOULE TIOLOTIKA
1] TOOOTIKA. M.X. Hila e€apTNUEVN LEPAPXLKA LETAPANTH OTWG TO £T0G OTIOUSWV UMopPEl va
KwdLKkomolnBel w¢ moootikn, He aplBuouc 1-4 (yia ta £€tn A-A) kal 5 (yLa toug emi mruyiw), av
B£Aoupe va urtoAoyiooupe Kat va e€eTAoOUNE PEGOUG OpoUC. Mmopel OHwC va KwdikomolnBet
WG TOLOTLKN, UE Ypappata A—A kat M, av B€Aou e va cuykpivoupe avaloyleg. H molotikn
KwSLKoToinon elval mavto cwoTH, WNopPEel OPWE va PNV eEUNNPETEL TO OKOMO UAG. H TOCOTIKN
KwdLlkomoinon eival Bewpntikd AavOaopévn, Unopel OwC va elval anodeKkTh 0€ KATOLEG
TIEPUMTWOELG, aVAAoya PE TN HETOPANTA Kal TNV EMOUUNTA avaAuan.

Y€ MEPIMTWON KATNYOPLKNG LETABANTAC TPEMEL va eival cadelg oL Katnyopleg mou elocdyovral
oto mAaiclo 6edopévwy. Oa PEMEL va €lLOOTE TTOAU TTPOCEKTIKOL 0TV MANKTpoAdynon, SLotL av
pLa popd m.x. kavoupe AdBog kat ypdpoupe «Na» avti yta «Naw (] xpnoLUonoLjcoups
Aatwikd N avti yla eAANVIKO) Ba LeTproel wg véa eTIKETA, SnAadn Eexwplotr katnyopla.

‘Otav oAoOKANPWOOUUE TNV KATAXWPELoN TwV SeSouévwy, KAEIVOoUE To MapdBupo sloaywyng Le
KALK Ttavw oto X (otnv navw defLd ywvia), ondte n cuvaptnon fix Statnpel otn petapAntn nou
oploape 0,tL dedopéva MANKTPOAOYHOAE OTA KOUTAKLA. ATtoBNKEUOUUE OPUECWCE TO TTAALOLO
6eb6oéVwV 0TOo SLOKO YLO VA LNV TO XACOUE, XPNOLULOTIOLWVTAC TN ouvaptnon write.table:

> write.table(d,"ergasia.Rdata")

QuOoLKA UTTOPOULLE VO XPNOLLOTIOLCOUE OTIOLO OVopa apxeiou BEAou e, avTi ya
ergasia.Rdata, apkei va To Bupopaote yla va to Bpole apyotepa, Omote BeAGouE va
doptwoou e Ta dedopéva auta pog enefepyaaia.



B. EAeyyoc dedouévwy

lNa tov éAeyxo Twv SeSoUEVWVY PaG Ba XPNOLULOTOLGOUE TIG YVWOTEG CUVOPTIOELG.

> str(d)
> summary (d)

Amo tnv anavtnon nou Ba pag deifel To R Ba pénel va BePatwBoulpe otL dev €xel yivel A\aBog
oTnV KataxwpLon. MNa mnopadelypa, oL EAAXLOTEC KAl LEYLOTEC TIUEG TIPEMEL va elval eVAoyeg. To
TIANB0C KAl OL ETIKETEG TWV KATNYOPLWV (YLO TIOLOTLKEG LETAPANTEG) IPEMEL VA €lval cwoTo. To

TANB0o¢ Twv dedopévwy (aplBuodg eyypadwv) mMpeNeL va ival cwoto.

J& MePIMTWON MOV UTOWLACTOUE 1 SLATILOTWOOUHE KATIOLo AAB0C, MPEMEL APECWE VA TO
SlopBwooupe. H eykupotnTa TNG avaluong e€aptatal anoluta amno tny aflomotia Twv
S6ebopévwy pag! XpnolpomoloUpe aAL Tn cuvaptnon fix yla va dlopBwooupe 6,TL xpelaleTal.
Meta ano kabe S16pBwan, anodnkevou e To SlopBwuévo mMAaiolo dedouévwy (Ue write.table)!

Av €XOULE TIOCOTLKEG LETAPANTEG, KAAO €lval va EAEYEOUE KL TLG KATOVOUEG TWV TLUWY, UE
UM Oypapa, ) KOAUTEPA PE LoTOYpappa (Sivovtag to ovoua TG LETABANTHG Hag avti ya X):

> hist (dS$x)

Ma éva adpo EAeyX0o KAVOVIKOTNTAC, UOPOULLE VA XPNOLLOTIOL 00U UE T cuvdptnon histnorm
amno to apxeio pnorm-showz (to omoio npémnel va Bploketal otov emileypévo dakeho epyaciag)

> source ("pnorm-showz.R")
> histnorm (d$x)

Av 6Aa daivovtal evtatel, umopoU e va e¢etdooupe ypadika ta dedouéva pag oe cuvouaouo
Twv 800 petaBAntwv. MNa to okomo auto n cuvaptnon plot pnopei va «paviéPey to ldog Twv
MeTABANTWY KaL, ouvABwE, va pag Swael TNV KATAAANAN ypadlki mapdotach amno povn Ine.

> plot (d)

. Avaluon 6sdouévwv

‘Exovtag eAéyel kal emaAnBelosl ta 6eSopéva pag, UMOPOULE VO TIPOXWPI GOUE 0TV
avaluon. Na MoooTIKEG LeTABANTEG, auTh MepAAUPBAVEL OTTWOSHTIOTE TOV UTIOAOYLOUO LECWVY
OPWV KaL TUTILKWY OIMOKALOEWV.

> mean (dS$x)
> sd (d$x)

Av éxoupe SU0 MOCOTIKEG eTABANTEG oTo MAaiolo SeSopévwy, N avaiuon Kot Twv SUo pnopel
va Ylvel autopata Pe pia povo kArfon kabes cuvaptnong:

> mean (d)
> sd(d)



Evvoeital 6tL otnv £kBeon pog epdaviloupe To LECO OPO KL TNV TUTILKI ATtOKALON LE ToV (610
aplOuo dekadikwv Pnoiwv, cTPoyYUAOTIOLWVTAG OTIOU XPELATETAL WOTE VO NV EXOUE TTAVW
ano dUo Pndla CUVOALKA OTNV TUTILKNA OOKALON.

Av €xoue U0 TOLOTLKEG LETAPBANTEC TOTE MPEMEL VO UTTOAOYICOULE TOV TIVAKA GUXVOTATWV:

> table (d)

Av yLa kamolo Aoyo Béloupe SLaPOPETIKN OELPA MAPOUCLOONG TWV KATNYOPLWY Ao EKELVN TTOU
pog divel o R (mou elvat aAdaBnTikn), TOTE UMOPOULE VA XPNOLLOTIOL|GOULE TOV TUTIO
Slatetaypévng katnyopkng petapAntng (ordered factor). MNa moapdadetypa, av EXOUE TLG
katnyopieg “Low”, “Medium” kat “High”, umopoulue va Tig avadlata&oupe wg eEAG:

> d$f <- ordered(d$f, levels=c ("Low", "Medium", "High"))

Ze nepintwon U0 MOLOTIKWVY HETABANTWY, N GUYKPLON TWV avaloylwy YIveTal Apeoa:

> chisqg.test (table(d))

Quolka, av UTIAPXOUV TIEPLOCOTEPEG LETOPANTEG LECA OTO TTAioL0 Sedopevwy Ba mpémeL va
dpovticoupe va dwoou e otn cuvaptnon chisq.test Tov nivaka povo twv d00 PeTaBAnTwy mou
pog evbladépouv, SnAadn tng aveéaptnTng KoL TnG e€apTnUévng, OTIWG £XOUV OpPLOTEL

> chisqg.test (table(d[,c(1,2)1]))

3TN popdn autr, aplotePd amo To KOPUa 8gv UTtApXEL Timota, ultodnAwvovtag emAoyr OAwv
avVeEaLPETWE TWV OELPWV (6nAadn Twv povadwv tou delypatog), evw 6e€Ld utapxeL n
akoAouBia c(1,2), umodnAwvovtag emhoyn TNG MPWTNG Kot SeUTepNC otNANG (LeTaBAnTng).

Ze nepintwon U0 MOCOTIKWVY HETAPBANTWY, 0 EAEYXOC CUOXETLONG YiveTal aueoa:

> cor.test (d$x,dSy)

ESw umoBétoupe 6tL oL SUo petaPfAntég oto mMAaiolo Sedopévwy ovopalovtal X Kal y.

Z€ MEPIMTWON KATNYOPLKAG AVEEAPTNTNG LETAPBANTG KOL TOCOTIKN G E§apTNUEVNG LETAPBANTHG,
TPV A0 TN CUYKPLON TWV HECWY OpWV TIPEMEL va SLaXwpPLoou e TG U0 opadeg fAceL Twy
KaTnyoplwv tng aveéaptntng LetaBAntnc. A umoBEoouple, yia mapadelypa, otL n aveéaptntn
petapAntn f tumou factor meplthapBavel Tig katnyopieg “a” kat “b”, kal n e€aptnuévn
MeTABANTA TUMOU numeric ovoudletal x. Toéte oxnuatiloupe tig SU0 opddeg, xa Kal xb,

ETUAEYOVTOG TIC KATAAANAEG povadeg amo to delypa wg ENG:

> xa <- d$x[dS$f=="a"]
> xb <- d$x[dS$f=="Db"]

KaBepid amo tig SUo véeg LETAPANTEG TIEPLEXEL VAl ETUAEYUEVO UTTOGUVOAO TWV TLUWV TNG
METABANTAC X, KL CUYKEKPLUEVA EKELVO TTOU avTloTolxel o€ pia katnyopia tng petapAntnc f.



3TN CUVEXELA EKTEAOUE TN oUYKPLON OVAUECA OTLG SU0 EMIAEYUEVECG OUASEC LIE TO KPLTAPLO t:

> t.test (xa, xb)

A. ArtoBnkevon ypadkwy yio EwTeEPLKN Xprion

OL ouvaptAoelg YpadlKwV MAapaoTACEWY, OtwG N plot, pag divouv To amotéAeoud Toug o éva
E0WTEPLKO MapaBbupo oto R. lNa va XpnoLLOTIOL|C0UUE TO YPADIKO ATMOTEAECHUA EEWTEPLKA, TLY.
VO TO EVOWUATWOOUUE O Lo £KBeon og apyeio kelpévou (Word .docx), mpEMEL TPONYyOoU UEVWG
va To anobnkevooupe oe kamoLo apxeio ypadwkwv. To R Sivel moAAEG TéToleg Suvatotntes. Ma
mapadelyua, UmopoU e va SnULOUPYooUUE Eéva apxeio ypadlkwy TUTIOU jpg we EAG:

> jpeg ("test.jpg")
> plot (d)
> dev.off ()

MNa apyeio tumou pdf xpnotlpomnoloU e, avtiotowya, Ti§ €€1\¢ CUVAPTHOELG:

> pdf ("test.pdf")
> plot (d)
> dev.off ()

Fevika, n dtadikacia meplappavel tpia BApaTa. 2To MPWTO Bra avolyou e Eva e€WTEPLKO
apxeio yla va urtodextel to ypadiko pag. Avaloya pe th cuvaptnon pubuiletal to £i60¢ tou
apxeiou: n ouvaptnon jpeg avoliyel apxeio Tumou jpg, n cuvaptnon pdf avolyeL apxelo Tumou
pdf k.0.k. To dvopa Tou apxelou lval oTn SLOKPLTLKNA LOG EUXEPELA KOL UTTOPOUE VA TO
Badticoupe OMWE Hag ApECEL—OTO MAPATIAVW MOPASELYUA ovopaleTal «test». H katdAnén tou
OVOUATOG MPETEL Va oUUdwVEL e Tov TUTO Tou apyeiou, SnAadn, yla Tn cuvaptnon jpeg MPENEL
va lval «.jpg», evw yla tn cuvaptnon pdf mpénel va eival «.pdf».

2to 6eUtepo Bripa ekteAoU e T dadikacia mapaywyng Tou ypadlkol, elte Ye TN ouvapTnon
plot eite pe omoladnmote aAAn (m.x. barplot, boxplot, hist, histnorm kArm.). Otléfimote KAvoU e
O£ aUTO To Bripa dev Ba epdaviotel 0To ecWTEPLKO MapdaBupo tou R aAAd Ba kateuBuvBel oto
e€wtepLkO apyeio ou €xeL avoiel. OMoTe yla va ipaote olyoupol yla To anotéAeoua Ba
TIPETEL TIPONYOUUEVWE VA TO £XOUUE SOKLUAOEL ECWTEPLKAL.

210 tpito Bripa oAokAnpwvou e Tn Snuoupyla Tou e€wtepikol apxelou pe Tn cuvaptnon
dev.off(). H ouvaptnon autn eivat n (6la aveapTATwE amo Tov TUTo ToU apXELOU TTOU €XOUUE
avoiéel. To Brpa auto elvat amoAUTw anapaitnto—av To napaAeiPou e TOTe T0 eEWTEPLKO
apxeio 6ev Ba pmopel va avolytel amo kaveva mpoypopua.

Me autn tn Stadikaoia Tplwy Bnudtwy amobnkeleTal Eva apxeio ypadlkwy oToV EMIAEYUEVO
dakeho epyacioag otov umtoAoyLoTr) paG. ATo ekel UITOPOUHE va TO avoioUu e e OOLOSNTIOTE
MPOYpaUUa avayvwpilel ypadkd, n amAwe va to tpapnifou e mavw oto KE(UeVO pag oto word,
omote kal Ba epdavioTel n ypadikn mapdctachn LECA OTO KEIMEVO, WG ELKOVAL.



E. Mpoobloplopndc oxEoewv LETABANTWY OTLC CUVAPTHOELC

MoAAEG CUVAPTNOELG, OTLG OToleG €XEL vonua n Slakplon LeTafl avefdptntng Kal e€aptnUévng
petaBAntic, 6£xovral oplopoata pe popdn «poadnuatikol tumou» (formula). H popdn auth
xapaktnpiletal anod 1o cUpBolo ~ (cuvnBwe BplokeTal 0TO TTANKIPO APLOTEPA ATO TOV ApLlOpo 1
OTO TANKTPOAOYLO). Aplotepd amo to cUUPBoAo autod Tonobeteital n e€aptnuévn petaBAntn Kat
6e€la n avefaptntn (N aveaptnteg, av eival mavw amno pia).

MNa mapadelypa, otn cuvaptnon t.test, avti yia dvo Eexwplotd dtaviopata (OnMwe oto
TapanmAvw mapadelypa), pnopol e va Swaooupe aneuBeiag tn oxéon mou pog eviladépel ano
10 MAaiolo Sedopévwy. Xpnotpomowvtog Tig petaBAntég x (moootiky/numeric) kat f
(mototikn/factor) 6mwc¢ opiotnkav mapandvw, oto nmAaiclo dedopévwy d, Ba ypadape:

> t.test(x~f,d)

To (610 UMopOoUHE VA KAVOUE KOl OTn cuvaptnon plot:
> plot(x~f,d)

Me tov Tpoémo autd npoadlopilou e epeig ola BENoupE va eival n petaBAntr otov opLlovTLo
aéova (n ave€aptntn) kot mola otov Katakopudo (e€aptnuévn), omola KL av eival n B€on toug
péoa oto mAaiolo dedopévwy. Evvoeital 0TL n popdr auth pmopel va xpnolponolnBel kat otav
UTTAPXOUV KL AAAEG LeTaPANTEG LEa oTo (610 MAaiolo deSopévwy, oL omoieg €tol Ba ayvonBouv.

2t. BonBela

To R SlaBétel mapa moAAéG cuvaptrioelg oe TIOAAEG SladopeTikég BLBALOBNKeG. Elval aduvato va
Bupartal kaveig anéfw OAeg TG mpodlaypadEg yla T Xxprion KABe cuvaptnong KoL TLG
AETITOUEPELEG TWV AMOTEAECUATWY. [0 TO OKOTIO aUTO UTtdpXEL Suvatotnta Bonbelag,
TIANKTPOAOYWVTAC €va (AQTLVLKO) EpWTNUATIKO TIPLV OO TO Ovoud TnG cuvdptnong. MNa
napadelyua, yla va doU e Anpodopleg OXETIKA e TN XPHON TNG cuvaptnong mean, Sivou e

> ?mean

Av 8gv yvwpilou e akpLBwg To GVopa TNG CUVAPTNONG TToU XPELA{OUAOTE, UIMOPOULE Va
avalnTHooUE GUVAPTHOELG OXETIKA LE TNV aVAAUGH TIou pog evoladEpel, e€eTalovtag OAEG TIG
BLBALOBAKEG OV £XOULE EYKATAOTHOEL OTOV UTTOAOYLOTH HOG. AUTO YIVETAL TANKTPOAOYWVTAG
600 KOAANTA EpWTNUATIKA avTl yia éva. Mo mapddelypa, av xpelalopaote MANpodopleg oxeTIKA
He avalloelg ouoxétiong (correlation), Sivoupue

> ??correlation

To R e€etdlel OAeG TIG eykaTteoTnUEVES BLBALOBAKEC Kal pog EMLOTPEDEL KATAAOYO GUVAPTHOEWV.
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