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Since 2004, our University project has become the Internet's most widespread web hosting directory. Here we like to talk a lot about web servers, web development, networking
and security services. It is, after all, our expertise. To make things better we've launched this science section with the free access to educational resources and important scientific
material translated to different languages.
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Topics in Statistical Data Analysis: Revealing Facts From Data

['3ThI caiiT npananye iHdapmanpito ad CTaThICThIYHATA aHAMI3Y AaJ3eHbIX. EH anmicBae aHasi3 4aCcoOBbIX LIaparay, nanyJsipHbIsl ILICTPLIOYTHIBbI, 1 1HILbIS TAMbI. EH
pasriisjiae BbIKapbICTaHHE KaMIyTapay y CTaThICTBIYHBLIM aHaJli3e TaA3eHbIX. Y IM Takcama rnepajiyaHblsl KHIT1, 3BSI3aHbIS 1 CMIAChUIKI Ha a/illaBeIHbIsI B30O-CalThI.
IIpacpecap Xacenn Apuiam

MEHIO
1. YBsan3eHHe
2. T3Mbl ¥ CTAaTBICTLIYHBI AHAMI3 A/I3EHBIX
3. JavaScript E-naGaparopsbli Hapy4yaHHd AO'ekThl, Eypona Mirror Site Kanekupli.
4. BeparongHacup i CTaTbICThIKA pacypcay, Eypomne JlrocTapka caiita

Companion caunray:

Bi3Hec-cTaThICThIKA

Excel 11 aHami3y CTAThICTBIYHbIX JIAI3E€HbIX
AHaJli3y YacoBbIX IlI3paray i nparHa3aBaHHe Oi3HECY
KamnyTapsbl 1 KaMiyTapHas CTaTbICThIKA
Pacnpanioyka aHKETbI 1 BbIOapaYHbIX a0Cae/IaBaHHSY
IMaBepHACHBIM MAIJIIBAHHE

CicTaMbI MaRIIBaHHS

BeparonHacup i cTaThICThIKA pacypcay.

300pHIK B30-caiTa ArJisyy

biznec CraTbICThbIKa 3apa3 Ha caile Kypcy.

s momyky caura, nacnpadyiiue E nut | F iv1 Ha cTaponup! [Ctrl+ F]. Kani nacka, yBsjziiie cjioBa a00 ¢pa3y ¥ AblsiioraBbiM akHe, Hanpbikiaj "[lapametp " a6o
"BeparomHacup " Kaii nepiiae 3'syneHHe ciaoBa/gpa3y He Toe, ITO BbI lIyKaele, nacnpadyiue Finpg [lanei.

TaMbI y CTAaTBICTBIYHBI AHAJII3 AAA3EHBIX

e YBSN3EHHE

BuHOMMAILHOTO, MATIHOMHBI, TUIIEPreOMETPUYECKUE, TeaMeTPbIYHbIA, Pascal, aniMoyHbI 3HAaUsHHE, T pa3MepKaBaHHs . ATYJIbHbIS JIbICKPITHbBIS DYHKUbII
BeparogHacii P-3HauUsHHS N1 NanyJISIPHBIX JbICTPLIOYTHIBAY

Yamy KoxKHas pay4 KOIIIe ajHaro nedi Ha jpojaap?.

KapoTkas ricTopbisi BeparogHacugy 1 MaTaMaTblYHAN CTATbICTBIKI
PO3HBIX HIKOJ TYMKI1 ¥ CTaTbICThIbI

OanecoBCcKMil, yacToTHal 1 KytaciuyHbIg MeTagbl

YyTKaX, IEpPaKaHAHHAY , MEPKaBaHHAY 1 pakTay

IITo Takoe CTaTbICTLIYHBI aHaJi3 Jlan3eHbix ? JTan3enbls He iHdapmanbis !
anpauoyki JIa/I3eHbIX: KaJlaBaHbHE, YBO/I 1 3MEHA

TBIY aN3€HbIX 1 Y3POYHI BLIMSIPIHHS

AIXUICHHSY HEJIHENHBIX BbINAJIKOBBIX (DYHKLUBIN

Bi3yaJii3allbll CTATbICTBIKI: AHAIITHIYHASI T€AMETPbIS, 1 CTAaTLICTHIKA
? lIITo Takoe CAp3/IHsE reaMeTpbIuHAe

? llITo Takoe LIaHTpanbHas JiMiTaBas TaapaMa

IlITo Takoe BbiOapayHae pa3MepKaBaHHE?

BBLIKIJ] BbIJaJICHHE

HalIMEHIIbIX KBajpaTay MajaJl

HariMeHII MenpblIsdHa KBaipaTay MaidJil

IIITo nactaTkoBa?

BbI TaB1HHBI [IIsiA3elb HAa Bam Scattergrams!

Cina TacT

ANOVA: npicniepciiiHaii aHaTi3y

apraraHajbHbIX KaHTpacTay cponkay y ANOVA

IIpa6aemsl 3 [lasTanHae nepaMeHHast BbIOApy

aJbTIPHATBIVHArA Na/ILIXOAY a AU2HKI JIiHI1 PIrpacii

aHaJI3y IIIMATMEPHBIX MaN3€HbIX,_

COHC 1 TIyMauysHHe P-3HausHHS (TOE, IIITO Na3eHbIs KaXKYIb?)
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IIITo Takoe 3akoH bendopna? A sk HakOHT 3akoHa [{undha?
3PYLLU9HHA META/Ibl CKAPAYSHHA

I1ourya naj cTaHiapTHan HapMaJlbHAN KPbIBOM

Hymap kJaca Interval ¥ ['ictarpambl

(%)

CTpyKTypHbIA YpayHeHHI MajaiidBaHHe

Axoe ynabry namepy?

(=)

9KOHOMETPUKU 1 MaJIRJIsy YacaBbIX 1Iaparay_

TPUJIMHENHOW Kaap/bIHAT TPOXKYTHIK

YHYTpaHbIX 1 Inter-augHuIybIK Ha3enHaACH]

Kasi BbIKapbICTOYBallb HEMAPAMETPUYECKUE TIXHIKI?

aHaJ13y HANOYHbIX Ma/I3EHbIX

Y3aemanzesdHHe Y JbIcnepciiiHan aHanizy 1 ParpaciiiHas aHamizy_
KaHTPOJIbHbIX KapT, a CUSUM

Six-Sigma gxkacui

nayrapajabHaciii 1 y3HayJIsabHACHL

CTATBICTBLIYHbI IHCTPYMEHT, Grab anoopy npobay, 1 maciyHbis MeTa/bl a00py mpoday
Apngernacup BbIOApKi

Baiieca 1 amnipbluHbis MeTajibl baiieca

1 Mapkoyckix [Tamsup Toopbis

BeparoyiHaciii Merajbl.

JIAKJIQTHACII, IAKJIA/THACIIL, HAJI3EMHACII 1 SIKACIIi_
DyHKUBIA JIUIBIBY i fie TaIaTKy._

IlITo Takoe HenakaaHai BeparogHacui?

IIITo Takoe MeTa-aHasi3?

[paMbICJiOoBara MajiaJIsiBAaHHS a/I3€HbIX

[IParHo3y _IHT3PBAL

Ycranéyka nai3eHbIX Ha JaMaHa

Sk BbI3HAUBIIIb, KaJl I3B€ JIiHIl PArpacii payHaNaeKHbIs ?

aomexkaBaHae ParpacifiHasg Majiaii
IMonynapameTpruyeckue i He-napaMeTpblyHara MajiJisiBaHHs
yMEpaHaclb 1 NacpaHiNTBA_

NTUCKPUMMHAHTHOTO 1 KJ1acihikalpbls

IH/I9KC najjabeHcTBA ¥ KJacidpikaipbli
a0aryJbHEHbIX JIHEWHbIX 1 JIATICTBIYHBIX MaJIJISy
BLLKbIBAHHS AHAJII3

acalpIAlbll NaMiXK HaMIHATbHBIMI 3MEHHEIMI
KapaJsupl CnivpMeHa i Tay-npbikjananagy Kenpan
1ayTOPHLIM BbIMSIPIHHSMI 1 A0V >KHbIS 1a/13€HbIs
aHaJI13y NPacTOPABBIX JA/I3EHbIX

Mexbl aHami3y._

['eocTaTUCTUKA MaIRIIBAHHS

IHT2JIEKTyaJbHAra aHami3y JAa/3EHbIX 1 BbIAYJICHHE BENIAY._
HeripoHaBbIX ceTak [IpbIKiananHi

TI0PbI1 iHhapMaubli

(%)

3aXBOPBaHHS 1 pacnayCcroakaHaclb

BriGap nparpamuara 3a0ecnsysHHs
6okc-Kokca MaryTHacup nepayTBapaHHi

HEKAIbKIX Hap_a_\U/HaJIbeIX TICTAX

(2] ©

Antedependent MaipIgBaHHS NayTOPHBIX BLIMSAPIHHSY
CIUIIT MAJIoBE aHAIII3

nacJgaoyHara Bploapaysara

JaKaJIbHara y3/13esHHs

Bapuorpamm AHami3

Kpa/ibITHara ckopura: CrnaxbIBeUKi Kp3ajibIT AL3HKA

©

KaMIIaHEHTAaY NPal3HTHbIS CTayKi

YaCTKOBbIX HAMMEHIIIbIX KBajipaTay_

KpbiBag pocty MajaisiBaHHe

HAChIYaHbIS MaJIRJI 1 HAchlYaHblg Y Baxoyn BeparogHacup
Pacna3znanne BoOpa3zay i knacidhikaibis

IITo Takoe GMOCTATUCTUKHN?

nokasHast CTaTbICTbIKA

CTaTbICTBIYHBIS CYJJOBa MPbIKIA/IAHHSY

IIITo Takoe CICTAMATHLIYHLI arisin?_

IlITo Takoe Black-Sholes magaab?

IITo Takoe np3Ba kJacidikanpli?

IlITo Takoe parpacis apasa?

KJacTIpHara aHaji3y KapaJsBaji 3MEHHbIX

NBAHOra axomy MeTajibl

Tchebysheff HapoyHacui i Aro naasnisHHS

Ppauia MIXKbI /17151 3AJ1€KHbBIX BbINAJIKOBbIX BEJII1YbIHb
CTaTbICTBIYHBI aHAJII3 IAI3EHBIX Y TajiHe KPbIMIHAJTILHATrA IPABACY/I35
IITo Takoe 1HT3JEeKTYyaldbHas JIKaBbIX pa3jiikay?
Software Engineering na KipaBaHHi npacKTami
Xi-KBa/ipaT AHaJli3 KaTarapbIsjbHbl 3rPYNAaBaHbIX JIA/I3€HbIX
Kanna Kosna: Mepbl y3rofiHeHaci Iafi3eHbIX
Ma/I3JsIBaHHS 3aJI€KHACH] KaT3rapbIsSJbHbIX TAN3EHbIX
Heminr Paradigm

HaynzeitHacupb 1 paMOHTY _CICT3MbI

BbUIIY9HHI CTAHIAPTHBIX BbIHIKI

dyHkupI skacui Deployment (QFD)

——e e e )

[aji3eii ricTOPbI aHaJIi3
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BBITJISITY XJYCHI: XJYCHS, XJYCHS 1 MPaKJISThIS CTATbICTbIIbLL
cpakTapHara aHasi3

DHTpONuUiHas MEpa

lapanTbl: CTaThICTLIYHAC IJIAHABAHHE 1 AHAJII3

TICTAy HA HApPMaJEBACUb_

HakipaBaHaclll (HapbIKJaJl, KPyraBon) AHami3 Jaji3eHbIX

YBsia3eHHe

Pacnpanoyki y rasiiHe craTbICTbIYHArA aHATI3Y JAA3EHBIX, YaCTa MapajesbHa a00 HACTYIHBIX JIACSTHEHHAY Y 1HIIBIX a0Jacysix, a AKIX CTAThICTBIYHbIS META/bI
NJIEHHA YKbiBaenya. [1akombKi NpakThIKi CTaThICTBIYHATA aHAJTI3Y YAaCTa BHIPALISHHS KAaHKP3THBIX NPBIKJIA/IHBIX 33/1a4, PALISHHE , META/Ibl Pa3BILLs, TAKIM
YybIHaM, a0yMOYJIeHa MOLIYKY JIeMmuara NpbIHALUS PAII3HHSY Ba yMOBAX HSIBbI3HAYAHACII].

[Tpauac NpbIHALLS PALISHHSY Ba YMOBAX HSIBbI3HAYAHACH] Y 3HAYHAN CTYNEHI TPYHTYELA HA MPbIMSIHEHHI CTAThICThIYHATA AHAJI3Y AA3€HbIX JIJIs IMABEPHACHDI
alPHKI pbI3bIKi Bala paisHHe. KipayHiki maBiHHbI pa3yMelb 3MEHbI M1 IBYX aCHOYHbIX NpblubiHax. [la-nepiae, kad siHbI MarJii Becli 3a caboi 1HIIbIX
YKbIBallb CTATHICTBIYHATA MBICJIEHHST Y May CA3EHHBIM I3EMHACH 1, A-IPYroe, NPbIMSHIbL NaHSUE 3 MITall MacTasiHHAra yiackaHajeHHs1. ['9Tbl Kypc
npajactaBilb BaM npakThIYHbI BOIBIT [IJ151 CAI3€MHIYAHHS BHIKAPBICTAHHIO CTATHICTBIYHBIX META/]AY MBICJICHHS 1 Y >KbIBallb 1X, KA0 KaMMETIHTHBISI PAlll3HHI,
KaJl cupb 3MSIHEHH1 y O13HeC-Ia3eHbIX. Tamy, BsJIoMa, Y CTAThICTBIYHBIM MBICJIEHHI ITPa3 Aa3€HbIsI-apbIeHTaBaHAra MabIXOTy .

CTaTbICTBIUHBISI MJIRJ11 § USANEPAILHI Yac BbIKAPLICTOYBAIOIA § PO3HBIX rajiiHax O0i3HeCy 1 HaBYKi. ThIM HE MEHII, TSPMIHAJIOTIS aJIpO3HiBaeLa aj] MoJIs Jia
noJsisi. Hanpeikiaj, ycTaHoyKa Majiaii Jai3eHbIX , Ha3bIBaela KamopoyKa, FCTOPbIl aJillaBe/IHaCI, 1 3aCBa€HHE JJA/I3EHbIX, 3'VJIsIoNa CIHOHIMami
3 MapamMeTpam aji3HaKi.

Bama apranizanpisi 0a3bl IaHbIX 3MSIIYAE BEI3apHYIO KOJIbKACUb 1H(apMallbli, aJHAK PallI3HHE YJIEHAY TIXHAIATTYHAN IPyINbl HAL[ICHILIE YaCcTKa

se. CynpanoyHiki MapHYIOLb YacC YbICTKI PO3HBIX KPbIHIL /7151 0a3bl Aa3€HbIX. ACO0, SIKis MPBIMAIOLb PALISHHI OyIyllb pacyapaBaHblsi, TAMY LUTO SIHbI HE
MOTYLb aTPbIMallb KPbITbIYHA BAXKHBIX O13H3C-/IaI3EHBIX, KAJIl MEHABITA SIHbI MAOLb NATP30y y raThiM. TaKIM YbIHAM, 3aHAJITA MHOT1s PAIlIHHI MPBIMAIOLLA HA
aCHOBE 371arajak, a He akTol. llIMaTiikisa MarybiMacyi 1 mpamycuiy, Kaji sHbl HaBaT HE 3ayBaXKbly HAOTYJI.

Bepanne Taro, mto Mbl 1o0pa BefaeM. [Hgapmatpbis 3'ayisenua nepajjada Befay. Y KoKHbIM aOMEHY BeflaMi, ECLib aIIPAyHIKOM 1 aTpbIMaJIbHIKaM. AJIIpayHIK
3palillb aryJjbHae, To 3'aysenia npblBaTHLIM, HE NaBeamiyiibl, 3HOCIH. [H(apmalbist Moxa ObIlb KilaciikaBaHa sSIK BITABOYHBIX i

HAAYHBIX popmax. [laknagHas iHpapmalbist MOXa ObIlb pacTiymMayaHa y CTpyKTypaBaHail (popme, y TOii yac sk MaykJiiBae iHpapMalpli HenacysiIoyHbIM 1
HEJIaKJIA/IHBIM pacTiymayubllb. Befaiile, ITo fag3eHbis 3'9yJsronia ToIbKI chipas iHapMalibisi, a He Beibl caMmi na caoe.

Jlan3eHbls, sIK BsifioMa, ChIpON iHapmalibli, a He Befibl cami na cabe. [TacaspoyHacupb 3 1ai3eHbIX Befibl: aa AaA3eHbIX Aa ingapmanpli, ax iHgapmaupbli
¢axkTsl, i, Hap3mILe, ax pakTay aa Begay. [laj3eHbls cTaHOBSLA iH(apMalbIsii, KaJli iHa CTAHOBILA CTayJIeHHE Jla Ballara pausHHs

npa6sembl. [HpapMalibis cTaHoBiIA hbakTaM, Kajli Iaf3eHbIst MOT'YIIb MaATpbIMalb sir0.PakThl, IITO JIaI3EHbIs TaKa3Baollb. AJTHAK BbIpalllaibHbIM
IHCTpYMEHTAJIbHBISI (HANPBIKJIAJ, MPLIKJIaHas) Be/lbl BbISTYJIsIEllia pa3aM 3 HEKaTOPbIMi CTAaThICTLIYHbIMI CTYTIEHb JIaBepYy .

dakT cTaHOBILA BEJAHHEM, KaJll IHO BBIKAPBICTOYBACHA ¥ MACISIXOBbIM 3aBSIPIISHHI MPAURACy NPbIHALLA paaHHsay . Kani ¥ Bac Ecup Besi3apHasi KOJbKAClb
(pakTay, K IHTIrpaBalpb BEAbI, TO BAlll PO3yM Oy/3€ 3BbIIIYATIABEYAE ¥ ThIM >Ka CIHCE, IITO YaIaBEUTBA 3 MICbMOBAra rara 3BbIlIYajaBeyblsd ¥ NapayHaHHI 3
yajaBelTBaM nepaj 3amcam. Ha HacTyNmHbIM MaJFOHKY MMaKa3aHbl MPALRC CTAThICTBIYHATA MBICJIEHHS, 3aCHABAHATa HA Ja/I3¢HbIX MPbI MA0Y/I0BE CTATHICTBIYHBIX
MaJIJIy U1 MPBIHSLUS PALISHHSY Ba YMOBAX HSBbI3HAYAHACII].

Lewvel of exactness

of statistical model Knowledge
A P
Facts
P
Information
Data >

Level of improvements
on decision making

MasntoHKy BBIIISH MTAKa3aHa, IITO SK JAKJIAIHACIH CTATHICTHIYHBIX MARJISY MaBsJiuBacla, y3pOBeHb NAJSIIIISHHAY Y TPAURC MPbIHALLS PALIIHHSY
y3pactae. Boch yaMy MbI aBiHHbI CTATBICThIYHATA aHaMI3y JlafideHbIX. CTaThICTBIYHBI aHAI3 IA[3€HbIX MaycTaja 3 HeaOXOoHACL NacTaBilb Be/bl HA
cicTaMaTbIuHAN JJoKa3Hail 0a3bl. ['aTa natpadye BbIBYUHHSI 3aKOHAY BeparofiHaclii, pacrpanoyka Mep JIa3eHbIX YJIACIiBaCUsy 1 aJIHOCIH, 1 T3TaK JlaJieid.

CTaTbICTBIUHBISI BLICHOBBI HaKipaBaHa Ha BbI3HAUSHHI Taro, JF0Obl CTATLICTBIYHAM 3HAYHACLI MOXKA ObILb [ajy4daHbl, IIITO BbIHIKI MACJIS TAro, K 3-3a YKy
nt000€e BBITIAIKOBae 3MSIHEHHE ¥ SIKACIli KPbIHILbI MaMbIJIKi. IHT31eKTyanbHbI 1 KPBITBIUHBIS BLICHOBBI HE MOTYI[b ObILb ThISI, XTO HE pa3yMee M3Thl, YMOBBI 1
MPBLIMSIHEHHE PO3HBIX META/IAY /IS all9HK1 3HAYHACII].

Y niuBaroubl HSIBbI3HAYAHACLL ACSIPOJI351, BEparofiHaCclb Taro, ITO "MpaBlIbHbIS PAllI3HHI" MphIMarOLIa NaBsliuyBaella npbl HasyHacl "aKkJaHami
iHdapmaupll" . BeparogHacup Taro, mro "no0Opas indapmauplis' MOXKHA a3HAEMILILA 3 TABETIY3IHHEM Y3POYHIO CTPYKTYPAaBaHHS MPALRCY KipaBaHHS
BefjaMi. Bbiaii maka3ublk Takcama UIiocTpye TO (pakT, IITO Y JAKJIAIHACL] CTATBICTBIYHBIX MAI3JIs1y NMaBsAIiuBaela, y3pOBeHb NaJSIIISHHSY Y Mpauac
NPbIHAUUA PALISHHAY y3pacTae.

Bepnbl 0omblin Bearoybl, HEIlITA TIXHIYHAE. My/Ipaclb BE/IbI MaTpa0ay. Myapacup yiajibl MAaKJIACIl HAIl Yac 1 Hallbl Befbl a0 MPaBUJIbHbIM

BbIKapbICTaHH1. Myjipaciib NPbIXO/3ilib 3 y3pocTaM 1 BonbITaM. Myjipacup Eclib JakiaqHae y>KbIBAHHE IAKJIAIHbIX Beflay 1 1X KJI0UYaBbIM KaMITaHEHTaM
3'saynsiena Belaroubl MeXKbI CBaix Befiay. Myjpacup rpa Befjatoubl, SIK HEIlITa TIXHIYHAE JIeMIll 32 YC& MO3Ka ObIlb BbIKAPLICTAHBI [IJ151 3a/1aBaIbHEHHS
naTpa0HacUsy paursHHe. Myfpaciib, HapbIKJa/], CTBapae CTaThICTHIYHAE MparpaMHae 3a0eCsTu3HHE, LITO 3'yJsiela KapbICHBIM, a HE T9XHIYHA

osickyubIM. Hanpbikiiaj, qa ratara yacy B30 yBaillioy y MacaByro CBSJIOMACIb, Ha31paJIbHIKI a[j3Havyarollb, LIITO sHA CTaBilb 1H(hapMalbIsi ¥ Bac naji pyKoi, aje
IMKHel[l|a 3axaBallb My/paclb Ma-3a Jacs>KHACIIHO.

AMalib yce CrenpbisiliCThl TaBIHHbI CTAThICTBIYHAra IHCTpYMeHTapa. CTaThICTBIUHBIS HABbIKI J1a3BOJIsip BaM micbMeHHa 301palb, aHaTi3aBalp 1 IHTIPIpITaBalb
NaI3€HbIs, KIS JaThlYanya 1X BeipallaHHs. CTaThICTBIYHBIS TaHSIUL Ja3BaJSIOLb HaM BbIpallallb 3aaubl ¥ pa3HACTaHbIX ciTyauplsix. CTaTbICThIYHAE
MBICJICHHE Jla3BaJIsie /1ajlaBallb P3UbIBbI ¥ CBAIX PallIoHHSIX.

3'ayJieHHe KaMIyTapHbIX nparpam, JavaScript, amieTsl, anjaeTbl CTaTbICTBIYHbIS JIZMAHCTPALIbII, 1 HA Callle BbUIIYIHHSY HANOObII BaXKHBIX MaJ3ei y npanace
BbIKJIQJIAHHS 1 HABYYAHHS ¥ KQHLRMLbII MaJ3J11 HA ACHOBE CTATBICTBIYHBIX PALISHHAY KYPChl. ['aThIs NpbLIa/Ibl Ia3BaNISOLbL OyjaBallb JiKaBbIs NPbIKJIA/bI, Kad
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3pa3yMelb KaHURMbI1, 1 3HANCL] 1X 3HAaYHACLB JJ1s1 cs10€.

Mbi 6y3eM NPBIMSIHSLL ACHOYVHBISI TaHSII 1 META/Ibl CTATHICTBIKI BbI ¥>KO JaBEaIiCs 3 MAMSIPIHITa KYPCY CTAThICTBIKI paajbHbIX npadiem ceety. Kypc
CIeUbIsVIbHA pacIpalaBaHbl 7151 3a/IaBAJIbHEHHS BallIbIX NATP30ay ¥ CTATBICTHIYHBIX JJAI3EHBIX 013H3C-aHAIII3Y 3 JlallaMorai bIPOKa

NIACTYMHbIX KAMEPUbLIHbLX CTATBICTBIYHBIX MAKeTay KaMnyTapa, Takis 5K SAS 1 SPSS.Po6siubl raTa, Bbl Henaz0eskHa anbIHELEecs 3ajaBalb MbITaHHI a0
NaI3eHbIX, 1 MpanaHaBaHbl METAaJl, 1 Bbl Oy/3elie Mellb CpojiKi ¥ BalibiM pacnapaaskaHHi, Kab yparyssiBallb M3Thisl MbITAHHI, 1A YJlacHara

3a/JaBAJIbHeHHS. AJIaBe/iHa, yC& NPbIKJIa/IaHHI, TpadyieMbl 3ana3bluaHbiX 3 013HeCy 1 akaHOMIKI. [la KaHila ratara Kypcy Bbl 6yn3elie yMelb gyMailb
CTATBHICTbIYHA MPbI BbIKAHAHHI JTFOOOTa aHAI3Y JIa/I3EHbIX.

Ecupb 13Be aryJibHbISI MOTJIS/IbI BBIKJIAJaHHS/BbIBYU3HHSI CTATHICTBIKI: Bsmikara 1 Manora cTaThICThIK]. BoJblI CTaTHICTBIKI YCe 3BSI3aHbIsl 3 HAByYaHHEM I1a
NaI3€HbIX, aJ Mepliara niaHaBaHHs 1 300py, Ha anolHsI Np3a3eHTalbli a00 crpaBaszfiadbl. Mallbl CTATBICTBIKI LeJa CTaThICThIYHAN MeTaiaioril. ['ata Baaiki
KypC CIamulCMbIKL.

IcHyto1b /1IBAa aCHOYHBIX BBITJISY "CTAThICTBIKA" KypChl. PaasbHbI BBIMIISA Maka3Bae, K pa3zadpanua ¥ naa3eHbix. ['aThis Kypebl Oyaylb YKIIoUYalb y cs0e yce
amolLHiA Maj3€el 1 yce Maa3suisieM IIIbIOOKYIO MaBary a Jaji3eHbIX 1 mpay/bl. IMiTaubis BN YKIIOUae § cs0e NajIkJtOY3HHE HyMaphbl ¥ CTaThICTBIKY
cpopmyn. AKIBHT pobifua Ha ThIM, apbIPMETBIYHBIS NPaBiJbHA. ['9ThIsI KYpChI, K MMPaBUIa, HE 3aliKayJIeHbl ¥ JaI3eHbIX a00 npaypa, 1 npadJeMsl, K npasija,
apbI(PMETBIUHBISI TPaKThIKaBaHH1. Kaili mayHbIs 30aragki, HeaOXOHbIS U1 anpayiaHHsl Mpauaaypbl, SHbI Oy yllb POCTa cKa3alb BaM "y3s1b Ha cs0e...
HapMaJibHa pa3MepKaBaHbIsd'", - HE3aJIeXKHa aJ Taro, K MajlaBeparojiHa, o marJio 6 Obiub. [IaoOHa, BbI MakyTyeue aj nepajasipoyki anowssra. ['sTbl Kypc
Oy/3e BbIBECI Pajlaciib CTaTbICTBIKI y Bac.

CraTpICcThIKA éCclib HABYKA AanaMardysl BaM y NPbIHSLII PAIISHHAY BA yMOBAaX HSABbI3HAYAHACHI (HA aCHOBE JIIKaBbIX 1 BbIMepHa MaiuTadax). [Tpanac
NPbIHSLLS PALISHHSY NaBIHEH ObIlb 3aCHABAHbI HA [IAJI3€HbIX ,, HI Ha acabicTae MEpKaBaHHE, Hi Ma BEPhI.

['aTa y3k0 npbi3HaHbIM (pakTaMm, ITO "CTaThICThIYHAE MBICJIEHHE Kali-HeOy/13b Oy/13€ Ma Mepbl HeaOXoHac /I71sl 9PEKThIyHAra rpamMa/I3siHCTBa, SIK YMEHHE
ybITalpb 1 micanp". TakiM UyblHaM, 1aBaiilie Oy/I3eM Harepaj3e Hallara yacy.

IanyasipHbIX ABICTPBIOYTHIBAY i iX ThIMOBBIsSI BOOJIACII V>KbIBAHHS

buHoMuaabHbBIN

YxbiBanHe: [1ae BeparojHacib MEHaBiTa MOCNEX1 ¥ I He3aJIe>KHbIX BbIMPAOaBaHHSIX , KaJll BEparoHaclib MOCnexy p y aJHbIM BbIIpaOaBaHHI 3's1yJsienya
KaHCTaHTail. YacTa BbIKAphICTOYBaELA /111 KAHTPOJIIO SIKACLIi, HaI3eiHaCLl, BbiOapauHae a0ciieflaBaHHe, a TaKCaMa 1HIIbIX BLITBOPYbIX 3a/1a4.

[Ipbiknan: dkas BeparogHacup Taro, y 7 1 6osbii "ranasbl" Ha 10 KiIKoy cnpaBsijiliBail MaHEThI?

KameHTapbli: yacaM MO>KHA aNnmpOKCUMHUPOBATH HAPMaJIbHbIM a00 pasMepkaBanHeM [lyacoHa.

IManxiHoMHBI

YxbiBaHHe: [lae BeparofHacib poyHa 1 s BbIHIKax majsei s, ja = 1, 2,..., A ¥ 11 He3a/IeXKHbIX BbINpaOaBaHHSIX, KaJll BeparoiHacup p s najzel sy I cyjloBbl
npatac 3'aynasenia nactasHabiM.HacTa BbIKapbICTOYBaella ¥ rajiHe KaHTPOJIIO SIKACL 1 HIIBIX BBITBOPYBIX 3a/1au.

[Ipbikaan: YaTbipbl KaMITaHii Tapri AJ1s KOXKHAra 3 TpoX KaHTpakTay 3 Ha3BaHall BeparofiHacii nocrnexy. Skas BeparofiHacib Taro, To ajHa KamnaHis
aTpbIMae yC€ 3aKasbl?

KamenTapsbl: abaryibHEHHE OMHOMUAJILHOTO pa3MepKaBaHHs Py/ibl OOJIbIII 32 2 BbIHIKAY .

I'unepreomeTpuyeckue

YxbiBanHe: [lae BeparopHacupb BbIOApY MEHABITA X JOOPHI a/I31HAK Y BbIOAPLBI 3 11 3JIEMEHTAY 3 CyKyNHacll afg3iHak N, Kaji €clb a Jp3HHAI a31HaK
HaceJIbHILTBA. BbIKappICTOYBaena y rajiiHe KaHTPOJIIO sIKACL] 1 3BSI3aHbIX 3 IMI1 MPBIKJIA[JAaHHSY .

[Tpbikyaj: Y niuBaroubl, lmat goopara Ha 21 ajj3iHaK 1 yaThIpbl HACMPayHbI. SIKas BeparogHaclpb Taro, IITO BbIOAPKA 3 MLl Aaclb He OOJbII aTHOM
OpakaBaHaim?

KamenTapsbii: Moxka Obllpb anmpoKCUMMAPOBaHa OMHOMUAILHOTO pa3MepKaBaHHsI, Kajll sl MaJjia 3Bsi3aHbis 3 N.

I'eameTpPbIYHBI

YxbiBanHe: [lae BeparogHacup sKisl maTpalyrolb JJakJIaHACIi X OMHOMMAJIbLHBIX BbITpaOaBaHHSY , IEPII YbIM MEPILIbI OCNEX AacArHyThl. BbikapbicTOyBaena
Y KaHTPOJI1 SIKACI, HAJI3EMHACLI 1 THIILIX MPAMBICIOBBIX a0'eKTax.

[Ipeiknan: Bei3HausHHE BeparogHacui natpadyena poyHa Isib TaCTay CTPAb0ay nepaj NepLibIM MOCIeXaM NaCsTHyTa.

IMTackanp

YKbIBaHHE: I[ae BeparogHacub canpa}“’/nbl X HSI}U’IIa‘-I HaHHp:BIIHiX H I1OoCricxaMm.

IIpbiknan: Skast BeparogHacup Taro, ITo TP3Li nocnex Mae Mmecua Ha 10-i cyn?

AnMoyHae OMHOMUAJIbHOE

YxbiBaHHe: [lae BeparogHacib aHajariuyHblisl pazMepkaBaHHs [lyacona, Kai najizel He aobIBaroia 3 MacTassHHal XyTKaCLO, a XyTKaclb 3'yJIeHHs 3'ayJisiena



BbINA/IKOBAl BEJIIYbIHEN, SIKas BapTa rama-pa3MepKaBaHHE .
[Ipeiknan: PazmMepkaBaHHe KONbKacUi NapakHiH I TPYIbI CTaMATAJIATIYHBIX NMALBIEHTAY .

KamenTapbl: AGarynbHeHHe padmepkaBaHHe [lackans, Kaji 3 He 3'ayJsiena uaJibiM Jiikam. MHorist ayTapbl He poOsip apo3HeHH] naMixk [Tackanem 1
agMoyHara OMHOMUAJILHOTO Pa3MepKaBaHHS.

IIyacona

YxbiBanHe: [ae BeparoiHaclpb canpayibl X HE3JIEXKHbIX YBaXOJXKaHHSY Ha Mpalsdry NayHara nepblsijly yacy, Kaui naj3el aqobIBarola He3aneKHa aji3iH aj
ajiHaro 1 3 macTasiHHai xyTkacipo.Takcama Moxka mpajicTayJsilb JIKY 3'sSyJIeHHSY Ha macTasiHHai njomyay adbo ad'émay. YacTta BeIKapbICTOYBaeLLa sl
KaHTPOJIIO SIKACLI1, HaI3eMHACL1, T0Ppbll MacaBara a0CayroyBaHHs, 1 FaTakK Jajiei.

[Ipbiknan: BeikapbicTOyBaewua st MpajicTayJIeHHsT pa3MepKaBaHHSI KOJbKACI J2(PeKTay y YaCTIbl MaTIpbIsiyay, sKis NPbIObUII KIIIEHTAY , CTpaXaBbIs
BBIIUIATHI, SIKiS YBAXO/35Ib T3JE(OHHbIS 3BaHKI, ajib(pa-vyacliill, BbIMTYCKAHbIX, 1 F'ITAK JIAJIEH.

Kamenrtapbli: Hacta BbIKapbICTOYBaeUa sSIK HAOJIIXK9HHE OMHOMUAIILHOTO pa3MEPKaBaHHSI.

HapmaiabHbl

Y KbIBaHHE: aCHOYHAE pa3MepKaBaHHe CTaTbICThIKI. IIIMaTiKisl MpbIKIIaaHHl 3BSI3aHbI 3 IRHTPAJIbHAN JIIMITaBai T3apaMaii (y CSPIJIHIM 3HAYIHHS Ha31PaHHSTY
1. HaOJIXKaela Jla HapMaJibHara pa3MepKaBaHHi, He3aJie>kKHa aJ] (popMbl apbIriHaJIbHATA JILICTPLIOYTHIBA MPbI JACTATKOBA aryJibHbIX YMOBax). TakiM YblHaM,
NaJIbIXO/IHAM MaJI3JIITIO JIJIsi MHOT'1X, ajie He Yyce (pi31UHbIS 3'SIBbI.

[Ipbiknan: Pa3MepkaBaHHe i31YHBIX BLIMSIPIHHSY HA XKbIBbIX apraHi3Max, T3CThl HA 1HT3JIEKT, MaMEPhI BbIpaday, CAP3IHsS TaMIepaTypa, 1 raTak Jajen.
Kamenrapsbii: [lIMaTiikis MeTajibl CTaThICTBIYHATA aHAJTI3Y MSIPKYIOLb HApMaJibHae pa3MepKaBaHHE.
Tak 3BaHbIg a0aryJbHEHbISI pa3MepkaBaHHe ['ayca mae HactynHbist PDF:

A.exp [B I xIN], 13e A, B, N-nactasuubis. [Ipel n =11 2, Jlanuaca 1 pa3mepkaBanHe ['ayca ajnaBegHa. ['aTa pa3mMepkaBaHHe HaOJIi>Kaela AoChIlb J00pbIs
NA/I3€HbIS ¥ HEKATOPBIX KA/JABaHHS MAJIFOHKAY , PbIKJIA[JaHHAY .

Slash pa3mepkaBaHHs 3'syJisieliiia pa3MepKaBaHHe CTayJIEHHE HapMaJibHall BbINAIKOBA BeJIIUbIHI 3 payHaMEpPHbIM He3aJleXKHal BbINaIKOBa BeJiiubiHi, TJ1 T.
XaTubIHCaH, becnepanbiHHaa 08YXMepHbix pa3mepkasarta, Rumsby npad. [Ty6nikansi 1990 ropa.

I'ama

Y KbIBaHHE: ACHOYHAE pa3MEePKaBaHHE CTATBICTBIKI JIJIsl 3MEHHbBIX,, a0MesKaBaHas 3 afHaro OOKY - HANPbIKJIA[, X 00Jiblll a00 poyHas HyJ 0. [lae pa3MepkaBaHHe
yacy, HeaOXOoJiHara fijisi JakJIaJiHa [ja He3aJeXKHbIX Mag3el a0bIBaroLla, MIPKYOUbl, IITO Maji3el aI0bIBAIONIA 3 TACTasHHANA XyTKACI0. YacTta

BbIKAPBICTOYBaEIA ¥ T20PbIl MacaBara abCIyroyBaHHs, HA3EMHACII] 1 1HIIBIX TPAMbICIOBBIX V3KbIBaHHSY .
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[Ipeiknan: Pa3MepkaBaHHe yacy namiK nayTopHai KamOpoyKi IHCTpyMEHTay , IKYI0 HeaOXOJIHa MayTopHa nacsi Kanopoyki /1a BBIKAPbICTOYBAE, Yac MaMix
IHBEHTApbI3alpbll NanayHEeHHE,, HANPALOYKa Ha aIMOBY JIJISI CICT3MBbI 3 P2>XKbIMY YaKAHHS KAMITAHEHTAY .

KameHTappl: DpiaHreH, 3KCIaHEHTHAE, 1 X1-KBajIpaT pa3MepKaBaHHs aca0iBbIX BbIMajkax. [lupuxJe 3'aynsgenna mMaTMEPHbIM NalibipaHHeM baTa
pa3MEpKaBaHHS.

Pa3mepkaBaHHe MpajiyKTay He3aleKHbIX aHoJIbKaBa payHaMmepHai (0, 1) BbimagkoBbix? SIK 1 MHOTIS 1HILbIS MpadyeMbl 3 MpagyKTaMi, 3Ta CTaHOBILIA
npabsiemaii, K 3HaéMbIs epaTBapbuIics ¥ 3agadbl a0 cymax. Kam X 3'aynsenua agHactaiHbM (st mpacTaThl nazHayaHHgy poosius U (0,1)), Y = vacomica
(X) pa3aMepkaBaHbl 3KCIAHEHTHA, TaK IITO Yacomic TBopbl X1, X2,... X yaynse caboit cymy Y1, Y2,... Y11 gKi Mae rama-BbIlipaMeHbBaHHs (MamTadyenua Xi-
KBajjpaT) pa3MepkaBaHHe. TakiM UblHaM, raMa IYblUIbHACH] 3 mapameTpam ¢popMsbl 1T, MaiTad 1.

DKCIHAHEHTHBI

Y KbIBaHHE: 1a€ pa3MEPKaBAHHE Yacy NaMIXK HE3aJIEXKHbIMI Maj3esiMi, Kl aJObIBAIOLA 3 TaCTasiHHANM XyTKaclo. ['aTa payHaciibHa TaMy, pa3MEepKaBaHHE
BEPAroHACSY KIS, MIPKYIOUbI, TACTASTHHBI YMOYHBI afiMOBa (a00 HeOsicrieKl) cTaylbl. TakiM YblHaM, JacTacaBaJIbHbISL § MHOTIX, ajie HE yCe CITyallbll
Haj3eHACIHb.

[Ipbikaan: PazMepkaBaHHe yacy nmami NPpbIObINUEM YaCLIiL HA JIIYbUIBHIK. AKpaMsl Taro, XbIIUE pa3MepKaBaHHSI KOMILJIEKC HEU30OBITOUHBIX CICTAOM, a TIPMIH
3KCIJTyaTalbli HEKATOPbIX KaMIIAHEHTAY - Y NMPbIBATHACLIL, KJIl STHbI Ma/IBSPrarolila Ma4aTKOBail BbIFApaHH, a Takcama mpadijakThIK1 JIKBIye YacTUbI Jia
3HOCY.



Kamenrapbl: AcaOmiBbl BbINajiak, Tak BeiOyna 1 raMa-pa3MepKaBaHHs.
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Y KbIBaHHE: aCHOYHAe pa3MepKaBaHHE CTATBICTBIKI JIJIsl 3MEHHBIX , a0MesKaBaHbIX 3 a00ABYX 0aKOY - HANpbIKJaJ, naMix X a0 1 1. KapbicHa 111 T2ap3ThIYHBIX i
NPbIKJIA/IHBIX 33/1a4 Y PO3HbIX FAJIIHAX.

[Ipbiknan: Pa3MepkaBaHHe J10J11 HACEBHILTBA, PA3MELTYAHbIX aMiXX MIHIMAJIbHBIM 1 MAaKCIMAJIBHBIM 3HAY3HHEM Yy Y30Pbl, Pa3MEPKaBaHHE IITO3EHHBIX
aJIcoTKay MpbIOBITKOBACII ¥ BLITBOPYBLIM Mpalace, alicaHHe K1 Mpaniioy pa3 3aBgapiiaHHs 3ajaubl (PERT).

KamenTapel: YHicopma, mpaBasi TPOXKYyTHasl, 1 mapabajiyHara pa3MepkaBaHHs acabmiBbIX Bbinajkax. Kad cTBapbilpb 03Ta CTBAP3HHS ABYX BbINAIKOBBIX
BeNMiubIHb 3 rambl, T 1,1 2. Craynende r 1 /(r 1+ r 2) pacnaycrokBaela sik 63ra-pa3MepkaBaHHs. baTa-pazMepkaBaHHe MOyKa Takcama pasriisijjanua sk
pa3mepkaBaHHe X1 mag3enbix (X1+ X2), kam X1 1 X2 He3allexkKHbIX I'amMa BbINMAJJKOBbIX BEJ1YbIHb.

IcHye Takcama cyBsizb namik Beta 1 HapMalibHBIS pa3MepKaBaHHs. TpajbiubliiHbl pasik, o npsl PERT Beta 3 Bbiaiiinail KaluToyHacito, ik Obl Hi3Kas, sK 1,
XYTY3H 32 YCE, IK M, IUTO 3KBIBAJICHTHA HAPMAJIbHAE Pa3MEPKABAHHE MA€ CSIPIJHIO0 1 paKbIM (+ 4M+ 0)/6 1 cTraHapTHae ajxineHHe (Obl - a)/6.

['n. pasnzen 4.2, yesozenne ¥ eepazoonacyi Ix. Jlopsl Cuenn (Hero-Epk, Random House, 1987) ans cyBssi namixx 6ata-i F pasmepkasauus (3 ThIM
nepaBarain, ITo TaOJIlbl JIETKa 3HANCI]).

AHaCTaNHbI

Y KbIBaHHE: [Ja€ BEparojiHaClb Taro, IITO Ha3ipaHHe Oy/i3e afObIBala HA MPaAUry M3yHara iHTapBajy, Kajll BEparoiHaclb 3'1yJIEHHS ¥ T3ThIM 1HTIpBaJIE Npama
npanapupbliiHas mpaysriaacyl iHT3pBaiy.

[Ipbiknan: BeikapbicTOyBaela sl FfeHepalbli BbINAJKOBbIX IHAHYIOLIb.
KamenTapbl: AcabuiBbl Bbilajak 03Ta-pa3MepKaBaHHSI.

[IybbHACUB CSAPIIHSIE TeaMeTPbIYHAE 3 1T He3alexXKHbIX hopme (0,1):
P(X=x)=n(n-1) (YBaxop [1/x n]) (n-1) /(n-1)!.

rL=[UL- (1-U) LJ/L, gk KaxXy1lp, CIMETPbIYHbI THIOKH JI -pa3MepKaBaHHSI.

YBaxop ayist HapMaJibHau

YxbiBanHe: [1a3Bosbl Ys1yJIeHHE BbINAIKOBAl BENYbIHI, Jarapbli(pM sSIKOra BapTa HapMajbHaMy pa3MepKaBaHHI. Majjaib npanacy, sikisl BbIHIKAKOLb 3 IIMATIIKIX
IPOOHBIX NaMbUIAK MYJIbTBIIUIIKATBIYHbI. AJINAaBEHbIS Kl 3HAYHHE Ha31paHail 3MEHHAN 3'syJIella BbIMAKOBaN OIS Ha31ipallics paHel 3HAUIHHS.

Y BbINaJIKy, Kaji Ja/I3€HbIs JIOTHOPMAJILHO pa3MepKaBaHail reaMeTpbIYHAN aKTay CSPIHSIE, K JISMI A3CKPINTAP, YbIM CSp3aHse. UbIM OmixKai Ja/I3eHbIs
BbIHIKAIOLb JJOTHOPMAJILHOTO pa3MEPKaBaHHs, ThIM OJIIK31 CAPIJIHSIE reaMeTpbIuHae 3'ayisgenla CApafiHsi, TaK K 4acoMic NayTopHara BbIpasbl CTBapae
CIMETPbIYHAE pa3MEPKABaHHE.

[Tpbikian:. PasmepkaBaHHe namepay aji MajoMKI MpalaCcy pa3MepKaBaHHs JJaxofay naMepy CraubIHbl 1 0aHKayCKisl 19Ma3iThl; pa3MEpPKaBaHHS PO3HbIX
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OlsUIarivyHbIX 3's1y, SKBILLIE pacnayCr>KBaHHS HEKATOPbIX ThINAy TpaH3icTapay
a/IHOCIHBI I3BIOX JIOT-HApMaJibHae pa3MepKaBaHHE 3MEHHbBIX JIOT-HApMaJIbHAM.

Paryies

YXKbIBaHHE: Jac pa3MEepKaBaHHE pafibIsiibHAN MAMBUIKI, KaJll TAMbUIK1 ¥ IBYX y3a€MHa NEPICHABIKYISPHBIX BOCSY HE3AJIEXKHbIS 1 HApMAJIbHA PA3MEPKaBaHbIA
BAKOJI HYJIA 3 POYHBIMI JIBICTIEPCISMI.

[Tpeiknan: bomOa-npeIaabHaR npadaeM, aMIUTITy/Ia IyMYy KaHBEPT, KaJll JIIHEWHbI IaTYbIK BbIKAPLICTOYBACILA.

KamenTapsi: AcabuiBbl Bbinajak Beidysuia.

Komn

Y KbIBaHHE: Jac pasMCpKaBaHHC aHHOCiHI)I ABYX HC3aJIC2KHBIX CTAHAAPTbI3daBAHbIX HAPMAJIBHBIX 3MEHHBIMI.

[Ipbikaan: Pa3dMepkaBaHHe TAUYbIHEHHI ]a CTAHJAPTHI3aBaHbIX YbITAHHSY IIyM, pa3MepPKaBaHHS 3arapy (X) Npbl X payHaMepHa pa3MepKaBaHa.

Xi-KBagpar

KpbiBasi 1YbIIbHACLI BEparoHacli pa3MepKaBaHHs X1-KBaJipaT 3'syJiselnia aciMeTpblYHal KPbIBOW NPALTIACIEO OOJIbII CTAHOYYbI OOK JIiHil 1 MatOUb
Npalsrbl mpaBa XxBoCT. Popma KpbIBOM 3aJI€XKbILb af] 3HAYHHS CTYIEHAY CBAOO/BI.

Boo6nacui y>kbiBaHHs1: HaitOob1il IbIpOKa NPbIMSIHEHHE X1-KBajIpaT pa3MepKaBaHHE, 3'yJISIOLA:

o Xi-kBajpaT i Acaupisiubll (HEMapaMmeTPpUIECKU, TaMy MOXa OblIllb BbIKAPbICTAHBI [JJ1s1 HAMIHAJIbHBIX Ja[3€HbIX) NPABEPKI CTATHICTHIYHAN 3HAYHACL]
WbIPOKA BBIKAPBICTOYBAIOLLA IBYXMEPHbIS TA0MIYHbIA acaupblsaUbll aHami3y. Sk nmpasina, rinora3a ado HsiMa IBYX PO3HbIX MAIYJISILbIA JOCHILb PO3HbBIS ¥
HEKATOPbIX XapaKT3PHbIX a00 ACMEKT 1X MaBOJ31HAY , 3aCHABAHBIX HA [IBYX BBIMAKOBBIX BblOapak. ['aTast npauznypa BbllipadaBaHHSy TaKcama BSIJOMBI SIK
Pearson xi-kBajpar.

e Xi-kBajpaT f1adpa 3rofibl, TICT BbIKApPbICTOYBaeLA 71l NPABEPKI, KaJll Ha3ipaHae pa3MEPKaBaHHE a/IaBsae AKOMY-HEOY/I3b KAHKPITHAMY
pa3mepKaBaHHi. Pa3iik ratara KpbIT3pbItO 3rojibl TICT MAPAYHAHHS Ia[3€HbIX HA31PAHHSAY 3 Ja/[3¢HbIMI YaKallb HA ACHOBE KAHKPATHAra pa3MepKaBaHHS.

Benoyana

YKbIBaHHE: ATyJIbHBI Yac J]a aIMOBbI Pa3MEPKABaHHI § CYB$I31 3 LIBIPOKIM Pa3HACTANHACIIIO HEOSICTIEK] KYPC KPBIBbIX 1 3KCTP3MAJIbHBIX 3HAUYIHHSY
pa3MepKaBaHHs MiHIMalibHara 3Ha4aHHsA N aj] pa3MepKaBaHHs aOMeKaBaHbIX 3J1€Ba.

Pa3smepkaBanne BeiiOyiia yacTta BbIKapbICTOYBaeLa /71 Majiauii "yac 1a aqMoBbl". TakiM ublHaM, €H Y>XKbIBaella ¥ akTyapHasi HaBYKI 1 IH>XKbIHEPHBISI ITpalbI.

['sTa Takcama ajnaBeHae pa3MepKaBaHHe JIJIs1 alicaHHs A 3€HbIX, KIS anaBsjjalolb pa3aHaHCHAra rnaBoji3iHay, Takis sSIK 3MSIHEHHE 3 SHEpPrisil nepaceky
SII3EPHBIX PRAKIBIN 00 3MSHEHHE 3 XyTKACIO MarjbIHAaHHS BbITpaMeHbBaHHSA Y a¢hekue Meccbayapa.

[pbiknan: 2Keué pa3mMepKaBaHHs 711 HEKATOPbIX KaHA3HCaTapay , NaJlIbIIHIKI, P3Jie, 1 FaTaK Jajei.

MEHTapbI: Pajied 1 SKCIIaHEeHTH MEPKABAHHY 3'SV 1 MIPBLIBATHBIMI BbIMAIKAMI.
KamenTapnl: Pasiesa 1 akcnane ae pa3MepkKaBa 3' rora a ankKa

IKCTPIMYM

YxbiBaHHe: AOMesKaBaHHE MaJIRJ1b Pa3MEPKaBaHHSI MAKCIMAJIbHBIX a00 MIHIMAJIbHBIX 3HAU3HHSAY N BbIOipaenya 3 "sKClMaHEeHTHAE Thily" pa3MepKaBaHHs, TaKist
K HApMaJlbHae, raMa, 400 9KCIaHEHTHBIM.

[Tpeiknan: PazMepkaBaHHe TpbIBAIACIh HEKATOPBIX MaTIPbIsiyiay, KaHI2HCAaTapa Hanpys>KaHHe Mpadosi, Mapbly XyTKacCIi CYThIKHYJIICSI cCaMalléThl, pa3 6aKTaphli
3HIKHEHHS.

T pa3MepKaBaHHA

T paszmepkaBaHHs ObuTi BbIsyJieHbIsd § 1908 rog3e Yinbam ['oc, sKi ObIY XIMiKaM 1 CTaTbICTBIKA, SKisl Tpanyolb y miBaBapHai Kamnadii Guinness. EH jgiubry
cs10€ CTy/IHTaM SII4Y3 BYYbIIl[a CTAThICTBIKI, TAK IITO I'3TA, K EH Na/icBay cBae JaKyMeHThI, K nceyaaniMam "CryasHTt". L1, MaruysiMa, €H BbIKapbICTay
nceyianiM y cyBs3i 3 "KamepupliiHaid TassMHiLbI' aOMeykaBaHHsY ['iHeca.

3BSpHILE yBary, WITO ICHYIOLb PO3HBIS IICTPBIOYTHIBBI T, TO KJIAC pa3MepKaBaHHsY. Kasi Mbl raBOpbIM a0 KAHKP3THBIM pa3MEPKABaHH1 T, Mbl TABIHHBI
nakasaipb CTyneHsty cBaOofibl. T KpbIBbIX ITYbUIBHACIH CIMETPBIUHBIA 1 3BaHIla POPMYy HApMaslbHara pasMepKkaBaHHs, 1 1X mik Ha 0. TbIM HE MEHII, pOCKif
OO0JIbLI, YbIM Y CTaHJapTHAra HapMayéBara pa3MepkaBaHHs. UbIM OOJbII CTYNEHSy CBA0O/bI, YbIM OTi>K31 T-IIYbUIbHACHL HAPMAJIbHAN IIYbUILHACLI.

Yamy KoKHas1 pa4 KOIlIIe aJHaro nexdi Ha gpojap?

Boch ncixanariysbl ajika3. ¥Y CyBsi3i 3 BesibMi aOMesKaBaHail MardbIMacIto ampaloyKi IaA3eHbIX Mbl, JIFO[31 CHA3SIOLIA HA KaTarapbl3albli (HapbIKJIA],
Oayblllb paubl, SIK "YopHae abo Oesae" maTpadye TOJbKI IBAKOBbLISI CXEMbI KaJJaBaHHsI, a HE Oaublllb MHOCTBA aJilieHHsY 1apara). Haia cicTama 37114sHHST Mae
acHoYHaii kataropeil 100 (Hanpsikaaj, 100 newi, 200 newi, 300 neHi) 1 écub apeKThIYHBIX aKa3, 3BI3aHbIX 3 M3ThIMI FPYyNaMi - YbIM OOJIbILI, ThIM JIST, KaJi
BbI aTpPhIMJIiBacIie iX, GOJIBbII IPAHHA, KaJli Bbl iaelie iM. Pakiiama i IpHBI epaBara ratara abMexkaBaHara anpaunoyki gag3enbix Ha $2.99, $ 3.95, i r.ju. Tak mro
$ 2,99 nsce adekThIyHait agka3y 3Bs3aHa 3 200-rpyna kaneiiki. Canpaypl, Kaji BbI CIbITacIe JIo3eil y afika3 Ha "sK OJ1i3Ka aj3iH fa agHaro" 3'syJsrorua 271
1283 y napayHanHi 3 "sK OJi3ka afizid ja agHaro", 291 1 303, 6buibl Jivala 0J1ixkai (Ecupb IIMAT METO/bIK CTBOPaHbI, Ka0 ajiraBapbilb Cy0'eKTay npocTa
aJIHsIb MEHII aj] OoJibliiara). AKpams Taro, IKoja, npaua akiblsix, CIapThIyHbIX CHA0OPHILTBAX, 4 TAKCAMa MHOCTBA 1HIIIBIX aKTbhIBI3ye CITPOObI 3BsI3allb
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BSUTIKISL SIKACHBISI AJPO3HEHHI 3 ThIM, IIITO YAaCUSKOM HSI3HAUYHBISI KOJILKACHBIS aJIpO3HEHHI, HANPBIKJIA/], METAIIYHara 30J1aTa y ajJiMIIICKIX naja3eil 6acerH Moxa
ObILb MIJIICEKYH]] a/[]PO3HEHHE aJ] HE METaJ.

Swius aona mamvisaywis: Tcixanariyaa $ 9.99 moxka Beirasaans Jemni, ybiM $ 10.00, ane écupb 60JbII (pyHIaAMEHTATLHBIS TIPLIYLIHLI Takcama. [TaMouHik
NaBiHEH Jlallb BaM nepaiicui aj Bamara 10 ganspay, i naBiHeH TajedaHaBalb y NPOaXKbl Mpa3 sro/se rpoliibl 3aparicTpyilecs, Kad aTpbiMalp Ha 1 uzHT. ['aTa
npbIMyIIae 3/13e/Ka, Kad npaiciii mpa3 KHiri, Bbl aTpbIMaciie KBiTaHIbIIO, i TAMOYHIK He MOKa MpocTa 3a6iup simy $ 10/cama. Maiitie Ha yBase, IITO HIMA
HIYOora, Kab ChbIHilb aca0JiBa HEHA/I3EMHBIM CYNMpaLOYHIKaM YIaroubICs ¥ mpalbl 3 KIilI9HIO UZHTAY ...

Tam €cup najaTak 3 npopaskay st ratara. [1ist mo6oit nanon (npbiHamci ¥ 31IA), Bbl maBiHHbI Oy/13ele 3amiamiup najgaTak 3 npojaxkay Takcama. Tak 1mTo
BbIpalliae mpabdyiemy aIKpbILis KacaBara anapara. ['aTa, a Takcama Kamephbl BijJaaHa31paHHs;).

TaMm ObLTl HEKATOPbIS JacjeflaBaHHl ¥ T0Pbli MAPKETHIHI'Y Ha MABOA3IHBI CMAXKbIYIA Y NpbIBaTHACH] HaHe. [1a cyTHacui, siHbI 3Bsi3aHbl 3 TAKYTHIKOM
YaKaHHsIMI, 3aCHaBaHbIMI Ha Mansipa/iHiM Bonbile. KpbIThbIiuHAE faciiefjaBaHHe BbINajak y BssikaOpbITaHil na KOIIlEe yKa3aHHEM KaJaroTKi (maH4yoxi) makasani,
ITO OBLTIO SPKa BbISYJIEHBIX MIKAY MOMbITY HA MAaKyIMHIKA YaKaHbIX IPHABLIX 3 S9p, 79 nencay, 99p, £ 1,29 i ratak panei. [TonbIT Ha mpaMekKKaBbIX KPOIMKax
aHa OblIa 3HAaYHA HIXKA9H YaKaHai M3ThIX KPOMaK Ha aHaJlariuyHbl TaBap skacio. Y BsitikaOpbITaHil, HAPBIKJIa/l, U2HbI HA BiHA 3BbIYaliHA YCTaNEyBarona y
KJIFOYABBIX KPOINKax KOIIThI. BiHO po3HIYHAra raHijito Takcama nauBsipKarolb, IITO MPOJAXKbl Ma PO3HbIX PHAX (HABAT KaNEWKI Ll TaKisl pO3HbIS) HE
NPbIBO/A3ALB 1A 3yCIM PO3HbIS a0'€MbI Mpofiaxay .

[HIIbIS JacieaBaHHl Makasasi, ITO HAaBaAPOT, /I3€ 3HIXKIHHE KOILITAY Makaszay 3HIXKaHHe ab'émay npopaxay, cnaskblyoy, MPbIMICBAI0YbI SKaCl] Y
ajinaBeHacIi 3 HaHOU. ThiM HE MEHI, €H HE LAJIKaM NpaTacTaBaHbl, Kad BbI3HAUbILb, a0'€M npojiaxkay npausraae pacii 3 LaHOM.

[HIIBIS TaOOHBIS JlaciiefjaBaHH] aKa3Baela Ha MaBO/31HbI CMIAXKBIYIIOY /1a 3MeHay 12H. KiltoyaBbIM NbITaHHEM TYT 3'syjsiena Toe, IITO MPOCTa MPbIKMETHAsI
po3Hia (JND), Hixka1 SIKOW caskKbIybl HE OyyLb I3€iHIYallb HA MaBbIlISHHE KoTay. ['aTa Mae mpakThluHae NPbIMSHEHHE NPbI MaBEJIIY2HHI CTaBakK 300pay 1
Tamy najgooHae. JND, sk npaBina, 5%, 1 raTa jae MardybIMacipb JJIsi KAHCYJIbTAHTAY 1 I'.J1. /151 NaBbILISHHS KOLITAY BBIIAH, 1a cTayKi He 00kl ybiM HAa JND 6e3
CKapri KJlieHTa. Y gKacli aMMipbluHara 3KCepbIMEeHTY , acnpalyiile nepa3apajiki kiaientay Ha 1,2,.., 5, 6% 1 Hazipaupb 3a paakupisii. [la 5%, gk yayasenua,
HE aKas3Bae aJIMoyHara y313csIHHA.

3 iHmara 60Ky, HsMa HisiKara C3HCy y npanaHoBe IJ1aThl CKapauysHHE CKJIajiae MeHII 3a 5% KJlleHTay He MPbI3HAIOLb KAHIIC11 Bbl 3pa0ii. AHaariyHbIM
YbIHAM, Y NIEPbISA/IbI 1H(JIALBIL, POCTY KOILITAY MMaBiHHBI ObIb apraHi3aBaHbl TakK, IITO YAJAaBEK POCTAM LI3H 3Haxopa3inya naj 5%, MarybiMa, 3a KOIUT
NaBbILISHHA KowTay Ha 4%, iBa pa3bl Ha TOf1, a He a3iH aji 8% pocTy.

KapoTkas rictopbisi BeparogHacusy i MaTIMaTbhIYHAU CTATBICTBIKI

ApbIriHalibHas 11351 "cTaThICThIKA" cTay 300p iH(apmMalpli ad 1 "masipkaBa”. CiioBa CTaThICTBIKY JIbICKI HEMACP3IHA HE 3 KJACIYHbIX FPALKIX 1 JALIHCKIX
KapaHey, aje aj iTajbsHCKara cJIoBacTaHy.

HapajkaHHe cTaThICThIKI aiobLiocs ¥ capapzine 17 -ra craropn3s. HesnatHoro naxojskanHs, na imeHi [I>kon ['payHT, siki Ob1y popam 3 JIoHgaHa, navanp
a3yl ITOTHITHEBIK HAPKBA BbIIA3EHBIX MSICHOBbIMI KJIEPK MPBIXOJ, INTO NEPAIIYAHBIS KOJIBKACHb HAPAJPKIHHSY , XPICHOIHBI 1 CMSIPOTHACI Y KOXKHBIM
npbixoa3e. ['aThisk Tak 3BaHbIs BaKcaal CMIpOTHACUb TaKCaMa YKa3aHbl MPbIYbIHBI cMepli. [ payHT, siki ObIy yialalibHIKaM KpaMbl apraHi3aBaHbl I3ThIsS
naf3eHbls ¥ popmax, sikisi Mbl Ha3bIBAEM allicalibHAl CTATBICTHIKI, siKast OblIa anmyOJiKaBaHas ¥ SIKaCIinpbipoOHaza i NAAIMbIYHbIA HAIPAHHA, 3POONEHbIA NPbL
3akonanpaekmay ab cmapomuacyi. Hey3abase nacns ratara €H Obly abpanbl uieHam Kapaneyckara rpamajictBa. TakiM YblHaM, CTaTbICTbIKA MaBIHHA
nepaMalb Ia3par NaHsuuAy aj] CaubIsUIOorii, HAMPBIKJIA/, MaHILe "HaceabHINTBA" . BbIIO BhIKa3aHa MEPKABAaHHE, IIITO, MAKOJIbKI CTAThICTHIKY 3BbIYAlHA
YKJIIo4Uae y cs10e BbIByUIHHE YajaBeyara maBoj3iHay , SHa He MOXa MP3T3H/aBallb Ha JTIAaKJIaHacb (D131YHBIX HABYK.

Beparognacupb Mae 3HauHa OOJIBII JJAYHIOKO TICTOPbIIO. BeparofHacii Naxo3iup aj A3esciioBa, Kad gacieaBalb C3HC "faBefanua’, ITo He TakK YXKo 1 JIErka
NacTynHbIA 1 3pazymenbist. CiioBa "moka3" Mae Toe XX naxofKaHHe, IITO Jjae HeaOXOAHYI0 1H(hapMalbIto, Kad 3pa3yMelpb TOE, IITO CUBIPAXKAY, Kad ObIlb
npayjan.

Beparognacup naycray 3 BBIBYUSHHS a3apTHBIX T'YJIbHSY 1 IFpajibHbIX ¥ IIaCHALATBLIM CTaroi3i. T30pbIs BeparofgHacisay Ob1y npodijb MaTaMaTbIKi
BbiByUarona baes [Mackans 1 [T'epa ®epma ¥ 17. Craropnzi. Lsnepaini yac, y 21 -M crarojizi, iMaBepHaCHbI MajIaJIi, sIKisl BIKAPbICTOYBArOLLA 17151
KipaBaHHs aTokaM TpadiKy Mpa3 lallibl cCiCTaMan, TajiepoHaM aOMeHy, ado mmpanacap KammnyTapa, 3HaicCll FeHEThIYHbI CKJIQJ] aCOOHBIX aco0 abo rpyIm
HACEJILHINTBA; KAHTPOJIb SIKACIll, CTPaXaBaHHE, IHBECTBILBINHBIA 1 IHILbISI CEKTAPbl O13HECY 1 MPAMBICJIOBACII].

HoBbId 1 macTasiHHa pacue po3HbIX TalllHAX YajaBeyvail I3efHacLl, BbIKApbICTOYBAaOUb CTATHICTBIKY, a[JHAK, 3[]a€Lla, LIITO I'3Ta CaMO M0JIe 3acTacuia
He3pa3zyMedibiM st bipokaid nyoutiki.IIpagecap bpapni Sdpon Beikazay raTel dakT gqodpa:

Ha nmpaygiry 20 -ra ctarojji3si CTaTbICTbIYHATa MBICJIEHHS 1 META/IAJIOT11 CTaJIl HABYKOBAil aCHOBA [1J1s JIITapaJibHA JIBSICATKI abiacuei, y ThIM JIIKY
aiyKalpbisi, CeJIbCKas racnajiapka, 3KaHoMmiKa, O151710T1s1 1 MeJIbIUbIHA, 1 YCE OOJIbIIbI YIUIBIY Y anolIHI Yac Ha JaKJIaJHbIs HABYKI, TaKis SIK aCTPaAHOMIsl,
reaJsioris, ¢izika. [HIIbIMI CJIOBaMi, MbI BbIPACJIl 3 MAJIEHbKAN CMyTHAI NOJIS ¥ BSJTIKI UEMHBI MOJIE.
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[Toprep T. Ilasviuusnne cmamvicmoiunaza moicaerns, 1820-1900, Princeton University Press, 1986 ron. AyTap cussipyikae, ITO CTaThICThIKA CTAJIa BSIOMast
y XX cTarosi ¥ sKacul MaTaMaTblyHara anapary JJisl aHajli3y 9KCINEPbIMEHTAJIbHbIX 1 Ha31paJIbHbIX Aa/I3EHbIX. 3aMallaBaHbIX y A3sprKayHall nadiThIlbl
sIKacIl aJi31Hail Ha3eMHal acHOBaM /1l MepKaBaHH1 a0 2(DeKThIVHACII MEIbIIBIHCKIX Mpauaayp ado OsicrieKi XiMIUHbIX p3vbiBay, a TaKcaMa

NPBLIHSTHIS Oi3HECY /ISl TaKiX Y>KbIBAHHSY, SIK KAHTPOJIb SKACIi MPaMbICIIOBbIX, STHA, BiTaBOYHA, CSIPOJT PAyKTay HABYyKa, UbIE YIUIBIY HA rPaMajICKyIo i
NpbIBaTHAE KbILE ObIY HAOOJbII pacnaycCroKaHbIM. CTaThICTBIYHBI aHAJII3 TaKcama MpbIIIOY, Kad y0aubllb ¥ IMAT/IIKIX HABYKOBBIX IbICLBIIIIIH
3'yastrona a0aBsI3KOBBIMI IS CKJIa/IaHHsI HA3€MHBIX BLICHOY 3 MMipbIYHbIX results. This HOByr0 BOOJIaclb MaT3MaThIKi BbISIBIJII MTaK LILIPOKIS BOOJIACIII
NPbIMSIHEHHS .

Crurnep C., I'icmopuia cmambicmuiki.: 8bimapsHHe HasbidHawarnacyi /la 1900, Y . Chicago Press, 1990. En axorutiBae sroyi3eit, inai i mam3eii, siKist Kb y
ACHOBE Y3HIKHEHHS 1 pa3Billsl PaHHIX CTATbICTBIKI.

Tankard JI>x. Cmamuicmuiunbia nianepay, Schenkman KHiri, Hb}O-EpK, 1984 rop.

['aTas mpaya jgae naipadsA3HYIO KbILUE 1 Yachl TAPITHIKI, Mpala sIKiX mpaysdreae papmMasallb IMAT Cy4YacHal CTAThICTHIKI.



Po3HbIsI IKOJIBI AYMKI Y TajliHe CTAaThICTHIKI

Ecup HekallbKi pO3HbIX LIKOJ AYMKI ¥ rajliHe CTaThICThIKI. SIHbI YBOA3SLIA NACSJOYHA ¥ yace na HeaOXoHaCL.
[Tpanpc HapaiKaHHS HOBAH IIKOJIbI JyMKi

[Ipauac pacnpanoyki HOBai MIKOJbI yMKI ¥ 0001 BOOJIacIi 3ayCEIbI 3aiiMay HaTypaibHbl HUISAX. HapagskaHHe HOBail IKOJbI JYMKI § CTATHICThILbI HE
3'stysiena BIKrousHHEM. [Tpanac HapaaskKaHHS NpbIBOA3INIA HIXKI:

3 yJliKaM y>K0 YCTaHOYJIEHBIX LIKOJY, Tp30a Mmpauasaib y paMKax N3yHall CTPYKTYpPbI.
Kpbzic 3'aynsenya, rata 3Haubllb HEKATOPbISI HEAMABEHACI ¥ paMKax BbIHIKY SIr0 yJaCHbIM 3aKOHaX.
ANKa3 naBoa3iH:

1. HexxapaHHe miybliiia 3 Kpbl3icaM.

2. IMacnpaOyiiue pa3msicUilb 1 pacTIyMaubllb KPbI3IC Y ICHYIOUbIX PAMKaX.

3. IlepayTBapaHHE HEKATOPBIX BSIJOMbBIX HABYKOYIIAY MPLILSTBae NacsIoyHIKay Y HOBYIO LIKOJTY.

YcnpbIMaHHE KPbI3ICY § CTATHICTBIYHBIM CYIOJIbHACI BbIKJIIKae nmarpadye s 'magmypak ymanoysarolp". [Tacis Taro, sk KpbI3ic CKOHYBIIIA, YCE MOXKa
BBIMJISIIAlb 1HAKIII, 1 TICTOPBIKI CTATHICTBIKA MOXKa MpbIBECH] NaJI3el, K Y Cepbll Kpokay "abamipatoybIcsi HAa naMypak'. TakiM YblHaM, Mbl MOKaM NpaybITallb
FICTOPBIIO CTATHICTBIKI, TICTOPbII MUPAMU/TY CTBAphIy MJIACT 32 MJACTOM Ha TPHIBATYIO aCHOBY 3 LsiraM 4acy.

[HIIBIA IKOMBI AYMKI Y3HIKAOLB A NABIP3HHI 1 "3MSKYbILB" ICHYKOUYAll T30PbI BEpArogHacLsy 1 CTaTbICThIKI. HekaTopbis "3MsIKUaHHS" NafgbIXxofIbl
BBIKAPBICTOYBAOLA MAHSLL 1 META/Ibl, PaCIpalaBaHblsl ¥ TIOPbI HEJAKIAHBIX MHOCTBAY , T20PpbId MaruybiMaci 1 [lemncrep-1ladep Toopbis.

Ha HacTynHbIM MaJItOHKY Maka3aHbl TPbl ACHOYHBIS LIKOJIbI AYMKI, @ MEHaBITa: KJlaciuHbl (MpbinicBaelua Jlamnnaca), agHocHas dyactata (npbinicBaenua Fisher) 1
OartecoBckuil (mpbinicBaenuaSavage). CTpasiki Ha F3ThIM MATIOHKY 3'STYJISTFOLA a[JHBIMI 3 ACHOYHBIX MP3T3H31M Y M3ThI, YACTOTHAM 1 Cy0'€KThIyHAN HIKOJbI. Y
SIKOW IKOJIe Bbl HaseKbile? [IpaubiTaiilie BRICHOBY Ha I'3ThIM MAJIFOHKY .

The Three VMajor Schools of Thought in Inferential Statistics

Notation for arrows: B~ ™ A ; means group A is being attacked by group B

Classical (LaPlacian)

Based on: Conditions of symmetry.
Regquirement: Logical conditions to
meet symmettic conditions; limited
applicability in real world problems.

Rehtie Frequency (Fisherian) Sub jective (Bayesian)

Based on: What happened in the past Prior distribution Based on: State of knowledge of a
will happen in the futwre (long-run » gven individual.

behaviat); inferential procedure is is subjective. Regquirement: One must measwre the
based on data only. subjective probability, but how?

Regquirement: Large number of
independent trials must be available.

wdw, we are liberal.

Identical conditions? Repeated trails?

Conclusion: Working statisticians use whatever methods come in handy from a variety of app roaches.

Ski TIn cTaThICTHIK Bb1? HamicHine Ha MaJIlOHaK, Ka0 MaBsLTivbIlb

HamaTtkosas jitaparypa : [1natoH, 1 boH, cmeapsnne cyuacnaii sepazoonacyi, Cambridge University Press, 1994. I'atas kHira ysyise caboi
riCTapbIUHYIO MYHKT IJIEJI)KaHHS Ha CyOBEKTUBUCTCKOM 1 00 bEKTUBUCTCKON BeparoHacp KoJibl iyMKi. [Tpac C., [Ixx. Tanur, cy6'ekmuiynacuypv Hasykoyyay i
baiiecosckuii naovixoo, M., 2001 . TlapayHanHe 1 npouinacTayJieHHe paajibHacLl Cy0'eKThIYHACH] ¥ Mpalibl BSUTIKIX BYYOHBIX Y TICTOPBII 1 Cy4yacHai
OalleCOBCKUI MabIXOf] Ia CTaThICThIYHAMY aHallizy. Weatherson b., mpocsiubl nbiTaHHe 1 Bayesians, oacaedasanusay y eanine 2icmopuwli i ¢inacogpii Hasyxki, 30
(4),687-697, 1999 rop.

baiiecoBcKMi1, 4aCTOTHAH i KJIaCIYHBIX MeTaaay

[Ipabsiema 3 KJtaciyHara najibIxofy 3'syJsiena Toe, ITo 3'syisenia BbIHikaM He a0'eKThlyHa adymoyeHbimi. [IpocTae naf3es aji3in yanaBek 3'sysienia
CKJIajlaHae naj3esl H1ara yajgaBeka.A/i3iH Jlacyieffublk MOKa CIbITallb, 3HOY aJKpbITas TylaHeTa ", sikasi BeparofiHaclpb Taro, ITo XbIIIE iICHYye Ha HOBai
nua”ene?" y Toi yac K 1HIIbI MOXa CIbITallb: "flKas BeparofHaclp, ITO BYIJISIPOJHbISA ICHY€E XKbIIUE Ha Ei?"

Bpyna ®uHeTTH, y pagMoBe Jla CBaéll ByXTOMHAM TpakTaT a0 6aileCOBCKMIA 17131, BbIpa3Ha raBOpPhILLA, IITO "BeparogHacyi He icHye". [Taj raTeiM €H Mae Ha
yBase, IITO BeparojHaclb He 3HaXO/3s1a ¥ MaHeThl a00 KOCII1, SIHbI HE 3'yJISIoLIA XapaKTapbICTbIKaMi TakiX payay, sik Maca, IYbLJIbHACL 1 T'.1.

HekaTopblist 6aiieCOBCKOIo MajbIxoy Jivyalb TI0PbIIO BEparojHacusy siK Mpausr A3yKThIYHbI JOTiK1 (Y ThIM JIKY JIBISUIOT JIOTIKY , MbITabHbIS JIOTIKI,
HedapMaJibHal JIOTIKI 1 IITyYHAra iHT3JIEKTY) [AJ1s ampaloyKi HsBbI3HaYaHaCLi. IHO HaKipaBaHa Ha TOE, KaO BbIBECL 3 MEPIIbIX MPbIHUbINAY aIHa3HAYHA
NpaBUILHBI CIOCa0 NpajIcTayJICHHS Balllara npajcTayJieHHs a0 CTAaHOBIIIYLI p3yay, 1 1X aOHayJIeHHs ¥ CBATIIEe JoKa3ay. 3aKOHbI BEparoHaclil Marolb TOM Ka
CTaTyC, K 1 3aKOHbI JIOTiKi. These 6aileCOBCKOro najbIxody BilaBOYHa "Cy0'eKThIVHBI" Y ThIM C3HCE, IIITO SIHbI MaKOLb CIPaBY 3 MpayaanajooHacupb sKix
paubIsTHATIbHBI areHT MaBIHEH MPbIKJIACL] Jla MpanaHoBax €H/sHA JYbllb, '3 yJIKaM Sro/se Usanepaiidi CTaH Befay 1 focBey". Y aipo3HEeHHE aji rarara, na
MEHIIail Mepbl HEKATOPbISI HE 0aleCOBCKOIO MAbIXO/Y Jivalb BeparofHacii sk "a0'eKThIyHbIs" MPbIKMETHI pauyay (a0bo ciTyalpli), sSIKis Ha caMail cripaBe Tam
(HastyHACUb MA/I3€HBIX).


http://www-history.mcs.st-and.ac.uk/~history//Mathematicians/Laplace.html
http://www-history.mcs.st-and.ac.uk/~history//Mathematicians/Fisher.html
http://www-history.mcs.st-and.ac.uk/~history//Mathematicians/Savage.html
http://home.ubalt.edu/ntsbarsh/Business-stat/stat-data/classical.gif

BaiiecoBckuii 1 KiaciyHas CTaThICThIKA aHAJII3 ThIX >Ka Ja3eHbIX, K MpaBija Jacsiratolb TaKON xka BbICHOBA. ThIM HEe MeHIl, 0aiieCOBCKMI MOXKa JIeT JJalb
KOJIbKACHYIO al[3HKY ITpay/3iBail HsBbI3HAYAHACL] § CBaiM aHaJIi3e, acalJiiBa NMpbl ICTOTHBIX J1a IHapMalpli. Bayesians 2amoébisa npbi3Hayubiyb QyHKYbL
PaA3MepKasanta 6epazooHacyi (vl) 3 napamempam HaAceAbHiumaeda (bt), a He frequentists.

3 NyHKTY TJIE[’KaHHS HaBYKOY1a, ECLib YCe MaJCTaBbl afMOBILA aj] 0aiecOBCKOro MbICiieHHs. [IpabnemMa ¥ ThiM, IITO GAECOBCKUN 3/13€JIaK pa3Bari He
a0'eKThIYHbIS, a Cy0'eKThIYHbISI BEparofiHacli. Y BbIHIKY, JIIOObIsS pa3Bari BbIKAPbICTAHHEM 0aileCOBCKOIO MAJIbIXO/ly HE MOxKa ObIlb MyOJIiuHa NpaBephly - TOE,
ITO poOilp SITO, A CyTHACLI, OeCKapbICHAN /sl HABYKI, SIK 1 6€3 9KCIepbIMEHTAY PETJIMKATUBHOM.

BaiiecoBckuil mepcnekThIBbI YacTa MpaliBarolb KapbICHBI CBSITJIO HA KJIACIYHBIX Mpauaayp. Tpada icui ¥ 6aileCOBCKOM Jlallb aCHOBY JIJIsI JaBEPHbIX IHTIpBAJIAY
IMaBEpHACHBI IHTAPNPITaLbIl SIKIX MPaKTLIKYIOUbIS YacTa X04uyllb, Kad pa3MsiCLilb Ha iX. ['aTa afikpbIUé MozKa JanaMardbl ¥ IPbILSITHEHH] yBari ia Taro, ImTo
IHIIBI anpbIEPHAe pa3MepKaBaHHE MO3Ka MPBIBECII []a PO3HbIX IHTIPBAJIaM.

BaitecoBckuil MOrylib MaiMaHylb, 3aCHOYBAOUbI MANSP3IHAra pa3MEpPKaBaHHs Ha JIa[3€HbIX , YaCTOTHAra MO>Ka 3aCHOYBAllb MMOT33bl MaBIHHbI ObIb
npaBepaHbl HA IaThIS 1aa3eHbIs . Hanpbikiiaj, posis npaTakosy KIIHIYHBIX BbIpabaBaHHSY , Ka0 rartara He ajiobIBasiacs, aTpadyroubl aji TnoT33bl MABIHHBI ObILb
yKa3aHbl Jja 300py aa3eHbIX. TakiM >ka yblHaM, 0aileCOBCKUI MO3Ka OblIlb a0aBsi3aHbl Ma3HAYbIL J]a FpaMajicKacli ¥ mpaTakoJ 1a mavyaTKy jlacyiejaBaHHs. Y
KaJIEKThIYHbIX HABYKOBBIX JIACJIE/IaBaHHSY , T3TA Oy/13€ HEKAJIbKI CKJIAJIAaHE|, YbIM JIJIs YACTOTHAM TiMOT33bl, TaMy IITO HACTASILEI MABIHHBI ObILb aCa0iCTHIM
JIJIs1 Y3raJIHEHHS PABSII3E€HHS .

AnnaBeiHae KOJIbKACIb, sIKisl ObLJTl panaHaBaHbIs 7151 aPHKI HIBbI3HAYAHACL BLICHOY , I3Ta 3HAUBILB JIJ1s afpalloyKi anpbIEpbl HEYAKAHBIM, BEParoHaCIb
Taro, cama (pyHKUpbIS.

Kauni 6bl 8bikoHBaeue cepvlio AOHOAbKABBIX 8bINAOKOBbIX IKCHNEPbIMEHMAY (HaANPbIKAAO, MaHema KiOKO0Y), AKI AANCbIUb Y ACHOBE PA3MEPKABAHHA
8ePAZOOHACYL MA20, WMO MAKCIMI3Ye 8ePaz00HACYb MA20, WMO BbIHIK 8bl HAIIPANL 29MA IMABEPHACHBIM PA3MEPKABAHHE NPANAPYbLIUHA BbIHIKAX
9KCNnepbiIMeHmy.

['aTa mae npamMoe TiiyMa4y3sHHE Taro, Kad Ka3allb, SIK (aJJHOCHA) KOXKHbI 3 MardybIMbIX TIIYMa4Y3HHSY (MaJI2Jib), HIXa raTa Oy/3e aTpbIMaHae 3 Ia3€HbIX LIl He,
npajika3Bae Ha3ipaHbIX fgaja3eHbix . Kam qai3enbis anbHynua KpaiHis ("aTbImoBbI'") Y HEKATOPbIM PO/3€, TaK IITO BEparofiHACLb Taro, Naka3pae Ha OeIHbI
HA0Op MaJIRJIyY, raTa Oy/3e XyTKa 3a0palp y HACTYMHBIX PayHIaX HABYKOBBIX JjacjiefJaBaHHy 3 O0KY HaByKOBai cynoJjibHacli. He qoyra rapanTtsbli yactaTa
BbIKAHAHHSI, HI acaldicTara MepKaBaHHsI HE aTpadyena.

Icnye, y AKiM caHCE 6aeCOBCKUIN MAJbIXOJ] APbICHTABAHBI HA MPBIHSALLE PALISHHAY 1 BBITPAOABAHHAY YACTOTHAN TMOT33bI MALIXOJ] APBIEHTABAHbI HA
HaByKy. Hanpbikiaz, Mozka ObIlb HE TACTATKOBA I0KA3ay Taro, IITO HABYKOBA areHT X 3'ayJsenua IKOAHBIM JIJI1 YaJlaBeKa, aJie He MOxKa ObILb anpayiaHa y
NPBIHSLL] PALISHHAY , Ka0 Ma30erHylb ratara y paupléHe XapyaBaHHSI.

AMasib Ba yCixX BbINJKaXx, KpoONKaBas aji3Haka 3'syisenua oecrepanblHHAN BbINA/IKOBa BellubIHI. TakiM YblHaM, BEparofiHacllb Taro, ITO BeparojHaclpb KO-
HeOY/13b KaHKPaTHail KamTapbicy CripaBa y ThIM, canpayibl HyJis. ['aTa a3Hadae, To y Bakyyme iHgapMmanpli, MOKHa 3padillb 3Aarafaky ad ThiM, i HE
BeparofiHacui. HaBat kani § Hac €cupb iH(papMalibIsi, Mbl canpayibl MOXKaM TOJIbKI 3/larajiBalia, AbIsna3oH BeparoiHaclii.

TakiM ybIlHaM, NPkl AUBHIIBI NApaMETPAy AaJ3€HAN IPYIbl HACEJBHILTBA, HEA0XO/IHA, Ka0 KPOIKaBas aJ[3HaKa CYNMpaBajKaella HEKaTopal CTYNEHI MarybIMbIst
nambUIKl ¥ ausHupbl. llbipoka mpeiManbHbIM NabIXofaMm 3'ayJisenia Toe, IITO KPONKaBasl alpHKa MaBiHHA CyNpaBa/Kalla HEKaTOpbIM IHT3pBajam ad alHIbI 3
HeKaTopai Mepai 3a0eClsTYaHHS, IITO M'3ThI IHTIpBaN 3MSAIIYAE Mpay/ 31Bac 3HAYIHHE NapaMeTpy HacelsibHINTBA. Hanpeiknan, 3a0ecnsausHHs Hai3eHaCHl
npatacay y anpaygoyyaii MmpaMbICI0BaCLl 3aCHABAHBI HA JIQ/I3EHBIX MPBLIBOA31INUA iH(hapMalpls 1711 BbIpaOy NPAagyKTy MPACKTHBIX PALLISHHSY .

Mbsra 6aiiecoBckuii: IcHye Bbipa3Hasl CyBsi3b NaMi>K BEPAro[HACLIIO 1 JIOTIKA: SIK ySyJsielia, KaxKylb HaM, sSIK Mbl aBIHHbI pa3Baxkalb. AJie 5K, yjacHa,
3'TyIrOLUA TAThIS [BA MAHALI 3Bsi3aHbl? MaTa Bayesians mpanaHoyBae aji3iH 3 ajjka3ay Ha raTae nbITaHHE. Y aJnaBeqHacli 3 MaTtail Bayesians, BeparogHacub
abaryJibHsie J3yKThIYHbI JIOTIKI: I3IyKThIYHbI JIOT1Ka MajKa3Bae HaMm, siKisi BLICHOBbI I3YHbIS, YJIIUBAOUbl MHOCTBA MaMSIILIKAHHSTY , Y TOU Yac sIK BEparojiHacllb
Ka’ka HaM, y SIKOW CTYIEHl1 BapTa BEPbIlb BLICHOBBI, YJIIUBAIOUbI MaMSIIIKAHHS M3YHbISI BLICHOBbI MPBICY/IPK9HHEM MOYHAI Mepbl Bepbl. Y ajlaBe/IHACLl 3 MITail
Bayesians, namsitukaHHsy a0'eKThIYHa (Ir3Ta 3HaUbIlb aJHA3HAYHA) BbI3HAUBILb, Y SIKOI CTYINEH] BapTa BEPbILb BLICHOBHI.

HamaTkoBas jitaparypa : bepnappa 5., A. Cmit, 6aiiecoBckuii Taopbii, M., 2000. Konryion I1., 6aiiecCOBCKOro CTaThbICThIYHATA MR IsIBaHHsT, M.,

2001. Corfield . 1 [Ix. YinbsimcaHa, acHosbt Bayesianism, Kluwer Academic Publishers, 2001. ¥ TpbiMoyBae JIOriKi, MAaTIMAaTBIK1, TIOPbI MPbIHSLLS
pausHHAY 1 KpbIThIKi Bayesianism. 3samimi ®., anepamuiynaa Cy6'exmuiyHbLa cmamvlcmbluHbla memaowst, M., 1996. Ysynse cicTaMaTbluHae JSTY9HHE
CyObEKTUBUCTCKON METAJIbl HapayHe 3 I00pbIM aOMepKaBaHbHEM TICTapbIYHBIX 1 (hiacodcKix poH 3 aCHOYHBIX MajIbIXO/AY /1a T0PbIl BEparoHaclii i
ctatbICThIKi. [Ipac C. Cyb'ekmuiyubia i ab'ekmuiyHbia batiecosckuti Cmamblcmblka.: NPbiHUbNbL, Maol i npvikaadarnui. M.: Ceet, 2002Llimepmana

H., maopuii neoakaaonvix mnocmaay, Kluwer Academic Publishers, 1991. HeBbipa3Hnaii jorinp! nagpixofay aa BeparogHacii (ma JI. 3aia i siro macnsijoyHikay)
ySIVJISIOLb PO3HINY MaMixK "MardbIMaclb T0PbIl" 1 T0PbIl BEparoHacLsy .

CabIx, nepakaHaHHSY, MePKaBaHHAY i (pakTay

CraTbICcTbIKA ECLIb HABYKA a0 MPBIHALL PALISHHSY Ba YMOBAX HSIBbI3HAYAHACL], SIKisl MaBIHHBI ObIlbL 3aCHaBaHbIsl HA (paKTax, a HE HA YyTKax, acadicTae
MEPKABaHHE, Hi 11a BEPHI.

Y HeaOGXxojHacll palblsiHAIbHAra yajapeyara CTpaTariyHara MbICJICHHSI pa3BiBastics, Kal CrpaBila 3 sro/sie HaBakoJibHara acsipoyizs. PaupisiHanibHae
CTpaTariyHae MbICJIEHHE, SIKOE Mbl Ha3bIBAEM pa3Bari siys a3iH CPojak, Kad 3padilb CBET BbUIIYACLa, MPaKa3abHbI 1 O0JIbII KIpAaBaHbIM JIJI1 YThUTITAPHBIX
maTtay. [Tpel nabyoBe Majiail paanbHacl, (PakThIuHAN 1H(apMalibli, TaKIM YbIHaM, HeaOXO/IHA JIJIsl TaYaTKy JIDOOora palblsiHaJIbHAra CTpaTariyHara MbICJIEHHS
y popMme paszBari. TbiM HE MEHIII, Mbl HE TABIHHBI OJIbITalb (PaKThI IEPAKaHAHHI, MEPKaBaHHI a00 UyTKi. ¥ HAaCTyMHai TaOJIilbl anamMarae pacTayMaublib
aJIpPO3HEHHI:

CabIx, nepakaHaHHSY , MePKaBaHHAY i (pakTay

Cabix Bepa MepkaBanHe (@DakT
An3in Kaxa | MHe Tpa0a BbIKapbicTOyBalb rata y |['ara npaypa. S| I['ata maé ['ora dakr
caoe JIHOOBIM BbINAJIKY npaBoy MEpKaBaHHE
A n3i o A mary
N31H KaxKa ['aTa mo3ka ObIlb npayjai. Bbl Bri I'sTa 3Ha4ybIb
’iHI[IBIM Bepaelne! nambLIsIeecs Ballla pacm}z/;ﬁqmub




BepaBaHHi BbI3HaUaela sIK yjJacHae pa3yMEHHE HeXTa. Y nepakaHaHHi, "f" 3aycénpl Mae pauplto, 1 "Bbl" HE paBbl.. [CHye Hivora, ITo MOXKHA 3padilp, Kad
nepakaHalb YaJlaBeKa, IITO SHbI JIlYallb HANPABIIbHbIM

[ITo Terubinua Bepbl, AHpLI [Tyankape cka3ay: "yc& cyMHEBBI 1 BEPbILb YCAMY, IITO: F3ThIA A3B€ aJHOJIbKABA 3pYYHbISl CTPATATii, alnb00 MbI adbIcUics 0e3
HeaOXO/IHACLI. AyMaro ". JTYaydbl CPOJIKAY, HE XKa/Iar0ybl Beflallb, IITO IaTa pakT. HanaBeubls 1CTOTHI 3'4yJII00Ua HANOOJIbII CX1JIbHBIS BEPbILb Tamy, IITO SHbI
MEHI 3a yc& pasymee. TakiM UblHAM, Bbl MOXKALE, a €CUb PO3YM aJIKPBITHI [I31yHA, UbIM aJi31H 3aKpbIThl Bepai. Haitbouiblas 3acMy4sHHE pO3yMy y HEllITa
BEPbIlb, TaMy 1ITO a/I31H X04a, Kad rata ObUIO TaK.

["icTopbist yanaBeuTBa NOYHAs TPHIBOXKHBIX MEPCMNEKTHIBAX HAPMAThIYHA AJIJTIFOCTPABAHA, HAMTPBIKJIA[], IHKBI311IbIs, NAJISIBAHHE HA Be3bMaY , JAHOCHI, 1
npambIBaHHsI Ma3roy. "CBsTbisl epakaHaHH1" He TOJIbKI ¥ PaJIirii, ajie 1 ¥ 119aJ1orii, 1 MOKa HaBaT YKjrouyalps HaByKi. [IIMaT y 4bIM TakiMm Ka YblHAM IIMATJIIKis
HaBYKOY1IbI cripabaBasti "BbIpaTaBallb T0pbIt0" . Hanpbikiaj, ppaiabICLK] JSTY3HHE 3'sysiela CBaiiro poy npaMbIBaHHS Ma3roy 3 OOKYy ncixaTapaneyTa, Kaji
NaubIeHT 3HAXOJI311a ¥ HaBaJHbI HACTPOIO LAJIKaM 1 paJliriiiHaii Bepbl ¥ JH0ObI TapaneyT pooilp sAro/se 1 BiHaBallillb cam/caMa Ba YCixX BbImajkax. ICHye raTbl
BeJIi3apHbI HI3rpaOHbl MOMAHT 3 YacOy XaJIOfIHAl BaiiHbI, [13€ MbICJICHHE SIIIY3 He auaHiji. Himro Tak uBépaa Bephly, SK TOE, IITO MEHI 3a YCE BsiloMa.

["icTopbIs YanaBelTBa TakcaMa yCesiHbIsl aJ]MOBILLIA Bepa-Majiansty. ThIM HE MEHII, I'3Ta He a3Hayvae, IITO TOW, XTO He pazyMee, IITO ai0bIBacila BbIHAMIIAY
MaJI3JIb, Hl HE 32 KAMYHAJIbHBIS MACcyT1 a00 NMpakThlyHAe 3HaU3HHE. ACHOVHAS 171951 CKJajiayiacsl ¥ KyJAbTYPHbISI KAIITOYHACI JTOOOM 1HILIAM

Majai. [TambIKoBacb nepakaHaHHI He a0aBsi3KOBa Msipa4yaHHi ia Bepbl. [IbITaHHe ¥ ThIM, Y SIKOW CTYINEHI raTa XbIIUE caj3eiHIYaHHs 1 YMalaBaHHSI JKbILLS
JIJ1s1 BepHiKa?

MepkaganHi (a00 mavyuyi) KpbIXy MEHII 9KCTPIMAJIbHBIX, YbIM NIEPaKaHaHHI, a[JHAK SHbI 3'SyJISTIOLLA JarMaThbIYHbIX. MepKaBaHHE a3Hayae, IITO YaJlaBeK Mae
N3YHbIA YYJIECHH1, SIKis SHbI JIiYalb MpaBa. AKpamsi Taro, siHbl BEJIatOLb, LITO 1HILbISA MAOLb MTPaBa Ha cBa€ yJIacHae MepKaBaHHE. JIrO/131 JaUubIHEHHI /1A 1HILBIX
MEPKaBaHHSY 1 ¥ CBar0 4yapry, 4yakaroup Taro K. [Ipbl (papmipaBaHHi cBairo MEpKaBaHHSI, SMITIPbIYHbIS HA31paHH1, BITABOYHA, MOL[HA 3AJIEXKbIUb 4]l CTayJICHHS 1
ycnpbIMaHHA. ThIM HE MEHI, MYMKI, SKisl JOOpa YKapaHijics MaBiHHA pacii 1 3MSIHSLUA, SK 371apoBae ApaBa. PakT TONbKI HaByYalbHbl MATIPIS, SIKI MOXKA
ObILb MMPAJICTAYJIEHbI ¥ 3yCIM He-JarMaTbIYHbIX cniocadam. KoKHbI Mae rmpaBa Ha Aro/se yJiacCHbIM MEPKABaHHi, ajle HIXTO HE Mae NMpaBa NamMbUISLLA ¥ Aro/se
(pakTami.

['pamayickast myMKa dacra 3'ayJisieriia CBauro poy paJirisu, 3 O0JbIIACIIO, K Sr0 MpapoKa. AKpaMs Taro, NpblObITaK Mae KapOTKYIO MaMslUb 1 He 3a0scneyBae
NACJISIOYHYIO IYMKI 3 IAraM 4acy.

YyTKi 1 IETKI 143 cnadeit, YbiIM MepkaBaHHe. L{snep nbiTaHHe ¥ ThIM, XTO Oy/i3€ Bepbllb r3ThiM? Hanpbikiaj, yyTKi 1 IJIETKI Mpa yajaBeka, raTa ThIs, Kajl
BbI Uyelle, IITO BaM najjadbaenia, mpa Karo Bbl He poOile. Boch HanmpbIKiaj, Bbl MoXKalle Obllb 3HaéMbId 3: HaMy HsiMa HobGeneyckaii npamii na

MaTamaTbilpl? ['aTa mepkasanne MHOTIX, IITO Anbgpan Hobenb 31aB1y cBaro >KOHKY Y 1000V Haii cityaupl 3 Murtrar-Jledduiepa, nepiu 3a yc& mBecki
MaTaMaThIK Taro yacy. TakiMm ubiHaMm, HoGeneycki 0asycs, mto Kam 6 €H CTBapbllb MATIMATBIKY MPaMii, niepiiae, Kad €H 661y 6b1 ML. I'icTopbIs
nayrapaeua, HezajexKHa aJi Taro, sk yacTta nayrapae npoctbl ¢paxm, mrro Hobeneycki He Obly >KaHaThI.

Kab 3pazymenb po3Hily namixk nauyiuéMm i cTpaTariyHae MbICJIEHHE, YBaXKJIiBa pa3rief3elb HACTYIHbIS AaKiaHae CUBSIPIKaHHE: Toi, XTO JiYbIlb cs0€
CaMbIM IIIYACJIiBbIM YAJIABEKAM Ha camai CIpaBe TaK, ajie TOM, XTO JIUbIlb CsI0€ MYJIPbIM, SIK ITpaBijia, HanOoobIIbI IypaHb. bosbluacup froa3ei He npaciye
cpakTay y npbIHALLI CBAIX palllaHHAY . SIHBI ajyian nepaBary O aji3iH 100pbI, Aylla-3MalbliiHae 3ajaBAIbHEHHE, UbIM JI3sicaITKa pakTay. ['aTa He a3Havae, IITO
Bbl HE MABIHHBI a/[UyBallb HIYOra. 3BSPHILIC YBary Ha cBae mavyuui. Aje He IyMaro, IITO 3 iMi.

dakThl apo3HiIBAKOLIIA /] TepaKaHAHHSY , YyTaK 1 MepKaBaHHsy . DakThI 3'syJisioa acHOBal palsHHsy. CnpaBa ¥ ThIM, IITO HEIlITa MPaBijbHA, a MOXKHA
llakazalpb, Kad ObIlb Mpay/ai Ha aCHOBE (PaKThIYHbIX JIA/I3EHbIX 1 JIATIYHBLIX aprymeHTay. ®akT Moxka ObIlb BbIKApbICTaHbl, Kab nepakaHalp csioe, cBaix csaopoy,
1 Boparay. ®akTbl 3ayCEbl MOTYLb ObIlL 3MeHEeHbIs. [1ag3eHbis cTaHOBsIUA 1H(hapMallbIsiii, Kajll siHa CTAaHOBILA CTayJIEHHE Jja Balllara palisHHs

npabnemsbl. [Hdapmanpist cTaHoBinIA pakTam, Kajl JafA3eHbIs MOTYLb MAATPbIMALb 0. PakT CTAaHOBILA BEJAHHEM, KaJll SHO BbIKApPbICTOYBacHua y
NACHSIXOBbIM 3aBSIPUISHHI CTPYKTYpaBaHbl MPALRC NPBIHALLS pallisHHy . ThiM HE MeHIII, (DAKT CTAHOBILLIA MEPKaBaHHE, KaJll SIHO Jla3BaJisie /1J1sl PO3HbIX
IHTIPIPA3TALbIN, T'3TA 3HAUBILb PO3HbIS MYHKTHI [JIEXKaHHS. 3BSIPHILIE YBary, IITO 3/1apbliacs ¥ MIHYJIbIM, camall cripaBe, He Tak. ICliHa raTa Toe, IITO MbI
JIyMaeMm mpa TOe, IITO af0buIOCs (HANPbIKJIA[, MAJI2JI).

biznec CraTpicTbika nabyaBaHa Ha akTax, a oM KaMsHsaMi. AJie 300p dakTay, He 00JIbII KapbICHA 1 IHCTPYMEHTAIbLHBIX HaBYK JIJII MOH3/IKapa, YbIM Kyva
KaAMSHEY JIOM.

HaByka 1 paJtiris KapaHHbIM YbIHaM ajipo3HiBaronua. Pamiris 3aknikae Hac BEpbILb 0€3 CYMHEBY, HaBaT (a00 acalJiiBa) y CyBsi31 3 aJICy THACLIO HA/I3EMHBIX
nokasay. Ha camaii cripase, rata BesibMi BaxkHa /i1l MaroLpb Bepy. HaByka natpaOye aji Hac Hidora He MpbIMalp Ha BEpY, Kad ObIb acUSPO>KHbIMI HALLIAi
CXUJIbHACL] JIa camanajiMaHy, agMoBiLa HeadilbIiHbIA Jan3eHbis.HaByka niublib, IbIOOKI, ajie 3[1apOBbl CKENTHILLI3M NP3M 'ep-PYHKUBIIO. AJJHA 3 PBIYbIH Si€
NoCNexXy ¥ ThIM, LIITO HAByKa Mae YOyaBaHbl, BbITPAYJIsllb NAMbUIKI MAlIbIHbI § CAMbIM $I€ CIpUbI.

HaBenaiiiecst, ik majpIcyi jia iHapmMallbli KpbITbIYHA 1 a/IpO3HIBallb NPbIHIITIOBbLIM YbIHAM aJ IEPaKaHAHHI, MepKaBaHHI 1 pakThl. KpbIThbIuHAE MBICJIEHHE,
HeaOXxo/Hae /151 BBITBOpYACLI apryMEHTABaHbIsI MPAJICTaYyJIeHHS PAJIbHACL ¥ Mpauace MajIaisiBaHHs. AHAJIIThIYHAE MbICJIEHHE aTpadye sicHacCl,
nacJsOyHacll, CBeUbIb, MEPUI 3a YCE, MACIINOYHAN, M3TaHAKIPABAHAN, MBICJICHHSI.
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IlITo Takoe CTaThICTHIYHBI aHAJI3 Aan3eHbIX? [lag3eHbisa He iHpapmaubis!

Janzenbis He 3'aynstonua iHgapmanpisii! Kad BbI3HAUbILE, SIKI CTATHICTBIYHBI aHAJI3 JIaI3eHbIX , HEA0XOJIHA CMAYaTKy BbI3HAUBILbL CTATHICTHIKY. CTaThICThIKA
ysiyasie caboil Habop MeTajiay, sIKisl BBIKapbICTOYBAIOLA 1151 300py, aHAJTI3y,, TPaJICTaBIlb 1 IHTIpOpITaBalb Aaa3eHbIsA. CTaTbICTBIYHbIS META/bI
BbIKApbICTOYBAIOLI[A ¥ CAMbIX PO3HBIX Mpadieciii 1 JanaMardbl JIOA35IM BbISIBILb, BBIBYUbILb 1 BbIPALIbILbL IIMATIIIKIS CKIIAJaHbIsl Tpa0JieMbl. Y CBele 3KaHOMIKI
1 O13HECY, I'3ThIS META/IbI IA3BANISIONb KipayHIKaM 1 MEHE[I>KapaM MpbIMallb aOrpyHTaBaHbIs 1 aNThbIMAJIbHBISI PALLISHHI aJHOCHA HSBbI3HAYAHBIX CITyalbIi.

Bsnikas konbKacup CTaThICThIYHAN 1H(papMalpbli, JACTYNHBIX Y IIa0ajabHai 1 CyYaCHbIX 9KAaHAMIYHBIX YMOBAX 3-3a MacTassHHAra NaJSIIIIHHS Y rajiHe
KaMII' FOT3PHBIX TaxHaorin. Kad nacnsixoBa KaHKypaBalb y riadajabHbIM MaluTade, KipayHiki 1 aco0bl, Kisl MPbIMAOLb PALI3HHI MTABIHHBI ObILb Yy CTAHE
3pa3dyMelp IH(papMalpbIio 1 BBIKAPbICTOYBALb € 3(peKThIyHA.CTaThICTBIYHBI aHAJI3 JJA/I3EHbIX 3a05CTIeYBae MPAKTHIYHbI BOMBIT, KA0 3aaXBOYBallb
BBIKAPBICTAHHE CTATHICTBIYHATA MBICIICHHS 1 METaIbl MPBIMSIHSIFOLLA I TAro, Kad NpbIMallb KAMIIETIHTHBISI PALIPHHS Y A3€JIaBbIM CBELIC.

KamnyTapsl rynstolb BeJibMi BaXKHYIO POJIIO ¥ CTaTbICTBIYHBIM aHaJi3€e Jlag3eHbIX . CTaThICThIYHBI NTAKET NparpamMHara 3adecnsiusnss, SPSS, skas
BbIKAPBICTOYBaEIA ¥ T'IThIM, BSJIOMA, TpanaHye MIbIPOKi CIEKTP anpanoykKi JaI3eHbIX 1 MarybIMacli IMATIIIKIX CTAThICTBIYHBIX MPALRAYP aHATI3Y, IKi MOXa
aHaJji3aBallb MAJIEHbKIX /1a BeJIbMI BSJIIKIX CTAThICTBIYHBIX fAaji3eHbix . KamnyTap 6ya3e caizeiiHivalb adaryibHEHHIO Ja/I3€HbIX, ajle CTaThICTBIYHbI aHaIi3
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NIA3€HbIX MPbICBEYAHA IHTIPNPITALbIl BLIXOJHBIX, Ka0 3paldillb BLICHOBBI 1 MPArHo3bI.
BriByusHHe npabsieMbl 3 JanaMorai CTaTbICTbIYHATA AHAJTI3Y JIAI3CHBIX 3BbIUalHA YKIIOYae y c0€ YaThIPbl ACHOYHBIX ITallbl.

1. Bei3HauaHHE pabyiemMbl

2. 300p 1a3eHbIX

3. AHami3yroubl Ta3€HbIS

4. CnpaBa3jiayHaciib a0 BbIHIKAX

BoI3HausHHE NpadieMbl

JlaknagHae BbI3HAUHHE MpadsieMbl HeaOXOfIHA JIJIsl Taro, Kad aTpbIMallb JAKJIaHbIS Jai3eHbIst pa sro. BeabMi Lsixkka 30ipatib Jaji3eHbls 6€3 Bbipa3Hara
BbI3HAYSHHS MMPAOJIEMBI.

300p naa3eHbIx

MBI >KbIBEM 1 IpalyeM Ba YMOBax, Kajli 300p Iaf3€HbIX 1 CTaThICTBIYHbIA PA3JliKi CTal JIErka aMalib Ha MsixKbl nouuiacui. [TapagakcanbHa, ane JipI3aiiH 300p
Na[3€HbIX,, HE ACTATKOBA MAJKPICIIBACLA § CTATHICTBIYHBIM aHAJI3€ JJA/I3EHbIX NaIpyyHiKay, OblIi nacaabieHblst ObITYFOLMM MEPKABAHHEM, LIITO LILIPOKIs
BbIJIIY3HHI MOT'Yl[b KAMIIEHCABALIb JIFOObISI HEJAXOMbI ¥ KaHCTPYKLbI 300py /1ai3eHbIX. Tpa0a navayp 3 aKIHTaM Ha Ba>KHACLb BbI3HAYSHHSI HACEJIBHILTBA, a0
SIKOM Mbl IMKHEMCSI, Ka0 3padilb BBICHOBBI, yC€ NaTpadaBaHHI afi0opy 1 3KCNEPbIMEHTAIbHATA IPACKTABAHHS TABIHHBI ObIllb BLIKAHAHBI.

Pacnpanoyka cnocabay 300py ag3eHbIx 3'aysieliia BasKHail 3a/iadail y rajiHe CTaThbICThIYHArA aHAJI3Y Jaj3eHbIX. [IBa BasKHbIX acleKTay CTaThbICTbIYHAra
nacyenaBaHHs:

HACEJIbHILTBA - I'3Ta CYKYIHACIb YCIX 3JIEMEeHTay , LIKaBaclb fia IacjelaBaHHs

y30pay - MaJJMHOCTBA HACEJIbHILITBA

CTaTbhICTBIUHBISI BLICHOBBI ¥ CTaBIlA [ja MAllIbIP3HHS CBalX Beflay aTpbIMallb aJ] BLIMAKOBAl BbIOAPKI 3 TeHepaIbHAN CYKyNHACH] JIJIs1 yCAro HaceabHinTBa. ['aTa
BSIJIOMa § MaTaMaThILbI SIK IHAYKTBIYHBIX pa3Bar. ['aTa 3Haubllb, Be/Ibl RJ1ara ajj KaHKpaTHara. Siro acCHOYHbIsI NPbIKJI/IaHH] § TIN0T33 a0 Aag3eHaii rpynbl
HaceJILHINITBA.

M3Ta CTAaThICTBIYHArA aHAJII3Y CKJIafaelia ¥ aTpbiManHl iHapmalpli ad iHapmalpll ad HaceIbLHINTBE, sKisl 3MsJaronya y opme y3opy. ['ata npocrta He
ysyasiena MardbiIMbIM IpaBephIlb YCE HACEBHILTBA, TAK IITO Y30 3'sayJisella ag31HbIM P3ajbHbIM criocabam aTpbIMaHHS JIQI3EHbIX 3-3a Yacy i

kotty. [Tag3eHbist MOrylib Oblllb KOJIbKACHBIMI 200 sIKaCHbIMI. SIKaCHbISI aJi3eHbIsl Ma3HAK 1l IMEHAY, sIKisl BBIKAPBICTOYBAIOLIIA [IJ1s1 BI3HAUIHHS aTPbIOyTAy
KO>KHara ajemMeHnTa. KojabKacHbIs lai3eHbls 32y CEbI JiuOaBbl 1 MaBeAamIIsilb, KOJbKI 1 SIK IIMaT.

J1nst cTaThICThIYHATA AHATI3Y JIAI3EHBIX, AJPO3HEHHI MaMiXK MEPAceKaM 1 YaCOBbIX LI3paray fAaJ3eHbIX Mae Bsjlikae 3HausHHe. KpbIKaBaHbIs 1ai3€HbIs
caOpaHbIs JJa/I3€HbISI TayTOPHA HA ThIM Xa a00 MPbIKJIa/HA TAKON Ka MOMAHT 4Yacy. [lai3eHbIX 4acoBbIX Iaparay AajJ3eHbIX, CA0paHbIX 32 HEKAJIbKI NEphIsay
yacy.

Jlan3eHbis MOrylb Oblllb ca0paHbl 3 ICHYKOUbIX KPbIHIL a00 aTpbIMAHbI 3 JIallaMOrai Ha3ipaHHsY 1 9KCMEPbIMEHTAJIbHBIX JIac/ie/laBaHHsY , HAKipaBaHbIX HA
aTpbIMAHHE HOBbIX [A/I3EHBIX. Y 3KCMEPbIMEHTAILHBIM Jlac/ie[JaBaHH1, 3MEHHAs 1[IKaBacUp BbIsgyseHa. Tabl ag3iH a0o 6oJibll hakTapay y gacienaBaHH1
KaHTPATIOIOLILA, TaK IITO IAA3€HbIS MOTYIb ObIlb aTPpbIMaHbl a0 ThIM, IK pakTapay, sKisl YIJIbIBAIOLb HA 3MEHHbISI. Y HArJIsAadbHbIX JJac/ie/JaBaHHSIX , HE
pooina HisIKiX cipo0ay KaHTpassiBalb a00 YIIbIBalb HA 3MEHHbIS, SIKisl MPAICTAYJISIOLUb 1HTapaC . ATIbITaHHE 3'aysenua, 0anai, HanooIbII pacnayCrOI>KaHbl
ThIN 0OCEPBALMOHHOE JaCJIEJaBaHHE .

AHai3 naa3eHbIxX

CTaTbICTBIUHBI aHAJTI3 IA3€HBIX A3€Jilb META/IbI 111 aHATI3Y Ja/I3EHBbIX Ha JI3B€ KaT3rophli: MOIIYKABbIS MEeTaJibl 1 MalBspxKarolub MeTafay. [TomrykaBbis
MeTaJlbl BLIKAPbICTOYBAOLIA, Ka0 BbISIBILb, IIITO JA/I3€HbIs, 3/1aella, FAaBOPhILb 3 JanaMorai npocTai apbi(pMeThIKi 1 MPOCTBIX ¥ MaJIsIBallb KapIiiHKI 17151
abaryJibHEHHS Ta3€HbIX. SAKis mauBsp/zKarolb META/Ibl BIKAPLICTOYBAIOLb 17131 T20PbII BEparogHacusy ¥ cpooe ajka3aib Ha KaHKPITHBIS

NbITaHHI. BeparofHacip rysie BasKHY0 POJIIO ¥ IPBIHALI PAlIHHSY , TAKOJIbKI EH 3a0siCrieuBae MEXaHi3M /71 BLIMSIPIHHSI, BbIpa3bl, a TaKcama aHaJli3
HSIBbI3HAYAHACLSY , 3BSI3aHBIX 3 Oyy4dbIMi Naji3esiMi. bonblacupb ThIM, 3aKpaHyThIX Y Aa/I3€HbIM Kypce NMajiajjarolb Naji F3TYI0 pyOpbIKY.

Cnpasa3gayHacip a0 BbIHIKax

[Tpa3 BBICHOBBI, all3HKa a00 TICT 3asBbl a0 XapaKTAPbICTBIKAX HACEJIbHILITBA MOKA ObIlb aTPbIMAHbI 3 ¥30py. BbIHIKI MOTYLb ObILb MPAJCTAYJIEHbI § BHITJIS/I3E
TadJ1L, rpadikay abo HaOOp MpauzHThI. TaMy IITO TOJLKI HEBsUTIKAS KaJleKlbisl (y30p) He ObUIl arjiefi>kKaHbl 1 He 3a YC& HACEeJIbHILTBA, ATPbIMAHbISI BbIHIKI
NaBiHHbI AUIFOCTPOYBALb HSIBbI3HAYAHACUb 3 AIAMOrail BEparoHACLi 3asBbl 1 IHT3PBAJIbI 3HAYIHHAY .

Y 3aKJItOYsHHE,, HAallBa>KHEHIIIbIM aCTIeKTaM KipaBaHHs JJ0O0M aprasizalpbll NJIaHyoUb y OyayubiHi. Pa3yMHbI C3HC, IHTYILBIIO 1 pAa3yMEHHE CTaHy 9KAHOMIKI
MO>Ka Jlallb M3HAIKAPY NPBIKIAHbIS MpajicTayaeHHe ado "mauynué", mro Moxa aaobiua y OyayubiHi. ThiM He MEHII, epaTBaparoybl raTa nauynue y Hymap,
SIK1 MO>KHA 3(peKThIYHA BbIKAPLICTOYBALb LsKKA.CTAaTHICTHIYHBI aHAJI3 [a/I3€HbIX JIalaMarae MeHeKapaM MparHa3asalb 1 npajKa3Balb OyIy4YbIHIO ACTIEKThI
Bsi/I3eHHs1 O13Hecy. HaitbonbI macnsixoBbIsi MEHEKIPHI 1 KIpayHiKi Thisl, XTO MOYa 3pa3dyMellb 1HhapMalibIio 1 BLIKAPLICTOYBAlb si€ 3(peKThIYHA.

Hagepariilie TakcaMa po3HbId Na/IbIXO/IbI /1a CTATBICTBLIYHATA MbICIIEHHS

Anpanoyka aafa3eHbix: KajiaBaHbHe, YBOJ i p3jjaraBaHHe

Jla3eHbid 4acTa pariCTpyronla YpyuHyto Ha qaji3eHbls Jjicta. Kami jik Ha3ipaHHSAY 1 3MEHHbBIX HEBSJTIKI TA/I3€HbISI TABIHHBI ObIlb MpaaHali3aBaHbl HA
KamiyTapbl. ['aThIs 1ag3eHbIs Oyaylb 3aThIM MPACIl MPa3 TPbI TalbL:

KanaBaHHe: 1aj3eHbIs Iepajiatolilia, Y BbINAKy HeaOXOoqHACL] 3aKa/laBaHbIs JIICTOY .

YBoa: 1anzeHbls yBoa3AUa 1 3aX0yBaronia na KpanHsid MephbI, /IBa HE3AJIEKHbIX YBOAY Na3eHbIX aco0. Hanpeiknan, kam bsaryusl abcrenaBaHHe HaCEIbHILTBA
1 IHIIBIX IITOMECSTYHBIX a0CJelaBaHHsy ObLIl MPBLIHATHIS 3 BbIKAPLICTAHHEM MaNsiPOBbIX anbITalbHIK, bropo nepamnicy HacenbHinTBa 3IIA BbIKapbicTOyBaI
criapaHblsl KJaBilia YBOYy Ja/I3eHbIX.

PapnaraBanHe: J1a/i3eHbIsl TpaBsparolia HUISIXaM NapayHaHHS JI3BI0X HE3aJIeKHbIX ThiNay fAaji3eHbIX. CTaHIapTHAs MPaKThIKA /JIsl KIFOYABbIX YBOAY Ia3€HbIX 3
nansipoBbIX aHKeT, Kab yBeclii yce na3eHbis ¥ iBa pa3bl. Y i19aje, y ApYri pa3 naBiHHa Oblllb 3p00JieHa 1HIIBIM KJIFOYaBbIM anepaTapam, ubls mpana
YCTYIUIEHHE ¥ MPbIBATHACI, YKJIOYAE MPaBEPKY HEAMINMABEIHACII MaMixX apbIriHaibHai 1 2. 3anickl. Jliubmua, mro rata "double-key/verification" metay 1ae
99.,8% nmaxiiagHacupb XyTKACI JIJIs1 MOyHAra HajiCKy KJIaBilll.

Trin nampLIKi: 3anic NaMbLIKi, MAMBUIKI IPYKY, MaMbLIKI TPAHCKPbIMNLbIL (HSMpaBUIbHAE KalisiBaHHE), IHBEpCis (HanpbIkiiaj, 123,45 nabipaeuya sik 123,54),
nayTapaHHe (Kaui JIiK nayTapaelnia), HayMbICHAE MaMbLIKY .
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Thin pag3eHbIX i Y3POYHI BBIMSAPIHHSA

Inapmanpisi Mozka Obllb caOpaHa ¥ rajliHe CTAThICThIKI 3 BIKAPBICTAHHEM SIKACHBIX 1 KOJIbKACHBIX 1AI3€HbIX.

SIkacHbIS JaJI3EHbIsA, TaKis SK KOJIEp Bau3i Ipynai aco0, siKisl He BBIYMCIUMBIX apblPMETBIUHbIX aIHOCIH. ['aTa ma3Haki, siKisl pasiup, ia IKOH KaTaropbli ado
KJlace yajaBeka, ab'ekT abo npauac naj3eHHs. SIHbl Ha3bIBAIOLA KAT3rapbIsibHbIS 3MEHHbIS .

KosbkacHbis HaO0Opay 1af3eHbIX CKIIaaea 3 Mep, sIKisl MPbIMatoLb JIIKABbIS 3HAYIHHI, JIJI51 IKiX alliCaHHS, TaKis K CAPIHISA 1 CTAHAAPTHBIS aX1JI€HH] MaOUb
C3HC. SHbI MOTY1Ib ObIIb YBEA3ECHbIS Y MapajiKy 1 MajI3eJICHbIS Ha JI3BE FPYMbI: ILICKPITHBIS JJAI3€HbII 00 OecriepanbIHHbIX Aa/I3EHbIX. [IbICKPATHBIX /Ia[I3€HbIX
MaJUTIKOBBIX [Ja/I3EHBIX , HAMPBIKJIAJ], KOJIbKACUb N3(PeKTHBIX BbIpaday, BEIPAOJIEHBIX Y MPALCE BHITBOPYACI KOXKHbI 13¢Hb. becnepanbiHHbIA faI3eHbIs, Kall
napameTphbl (3MEHHbISI) BBIMEPHA, BhISTyJIsienia ¥ OecnepanbiHHaN mKane. Hanpbikiaj, BBIMSPHHS BbIIIbIHI aCOObI.

[lepuibiM MepanpbieMCTBaM y TajliHE CTAThICTBIKI CKJIaJaeua ¥ BLIMSIP3IHHI Ll JIIUbIlb. BHIMSIp3HHE/KOLIT T30PbIS Mae CpaBy 3 CYBsI31 MaMiXK Aa3€HbIMI 1
paaJIbHACILI0. HA0OP a3eHbIX 3'saysenua npajacTayaeHHe (HanpbIKaaj, Majiafib) y pIajbHACL Ha aCHOBE JIIKABbIX 1 PhITMIUHbI MalTadax. [lag3eHbis 3BaHbl
"mepiacHbl ThI" JA/I3EHBIX, KaJll aHATITHIK NPbIMAy Y3 y 300pbl IA3€HbIX, SIKis MAIOLb TAYbIHEHHE []a SIF0/sIe pacciiefjaBaHHs. Y aJBAPOTHBLIM BbINAJKY, EH
Ha3bIBacUlA "'APYracHbIM" TaI3€HbIX.

Jlan3eHbis NpbIXo3slb Y (hopMe HaMiHAIbHAN, TapajikaBai, IHTIpBaJ 1 cyagHociHbl (yecnomHine dppaniry3ckis NOIR cioBa 4yopHbl KoJiep). [lai3eHbis Moryupb
ObILb OecniepanbIHHBIM a00 JILICKPITHBIM.

Iveasureraent Scales

Linguistic Numeric
Categorical Ordinal
(Nominal) e.g. pollution: Cardinal — Cataicorical
e.9., smart, high < med < low T e.g., land use
= arigin unknown .
categones:
e.q., hierarchy levels LI
Interval R atio Absolute
= origin is arbitrany. » has fixed ongin. . defined over 3 dosed set.
e.q., temperature [F, C] e.q9., mass [Ibs, kg] e.q., objective probability

Measurement Scales

AOojBa HyJIs1 1 aI31HK] BBIMSP3HHS Y a/IBOJIbHAN IHTIPBAJIbHAN LIKAJIE. Y TOM Yac SIK aJI3iHKal BBIMSIPIHHS 3'syysiera aJIBOJIbHbIM Y IIKAJIE aJIHOCIH, sie
HYJIsIBasi KPOMKa 3'ayJisiellla HaTypajbHbIM aTpblOyTaM. KaTarapbisibHail 3MEeHHa BbIMApaena ¥ napajkasaii a00 HaMmiHaJIbHA 1IKAJIE.

BbIMspaHHE T30pbIsi Mae CrpaBy 3 CyBsI31 MaMix JIaI3eHbIMI 1 pajibHACLIO. AGOBA CTATHICTBIYHAN TAOPHII 1 TOPbIl BLIMSIPIHHSY HeaOXoqHa, Kab 3padilb
BBICHOBbI a0 paajibHACLI].

3 CTaTBICTBIKI XKbIlb NAKIIAHACII, SHbI ajatolb nepapary iHTIpBai/CyaqHOCIHbI y3POYHSTY BHIMSIPIHHSI.

IIpaonemsl 3 IlasTanHae nepaMeHHasi BbIOAPY

Boch HekaTopbIs 3 pacnaycrofizKaHbIX MpadyieM ca CTYNeHICThIM 3MeHHal ajioopy ¥ ParpaciiiHast aHasi3y.

I'sTa nae R-kBajipaT 3HaAY3HHS, SIKisl MOL[HA MIPATy35Tac BbICOKAS.

F 1 Xxi-kBajipaT T3CThI UpITYE MOOAY 3 KOXKHAM 3MEHHAI HA pa3ApyKOYUbI HE CUBIP/KAY pa3MepKaBaHHS.

Meray 1ae 1aBepHbIsS IHTIPBAIIBI 7151 9(PEKTAY 1 MPArHO3HBIX 3HAYSHHSY , SIKis 1JKbIBA BY3KIM.

['sTa nae P-3HausHHS, sIKis HE MaroOllb JJAKJIa/IHAra 3HAYSHHS 1 MPaBLJIbHAE BbITPAYJIEHHE JIJIA 1X 3'ayIsenia BeJbMI CKIIajjaHai mpadiaemMaii

I'sTa nae npaay3sitae KaapiupleHTay parpacii, Kisl NaBiHHbI YCAPKBAHHE, T. €. Ka3(PIlbICHTHI JIJI1 ACTATHIX 3MEHHBIX 3'SyJISIONIA 3aHATA BSJTIKIMI.

EH Mae cyp'é3HbIst Tpa6aeMbl Npbl HASTYHACL{ KOJLTMHEAPHOCTH.

EH 3acHaBaHbI Ha MeTaIaxX (HanpbIkJaf, F-TaCT I YKITAA3eHbIX MAIRJIsy ), Kisl NaBIHHBI ObUTI ObIlb BHIKAPLICTAHBI JIJ1s1 MPaBEPKl 3araji3s abymoyieHara
rinoTa3.

8. IlaBemiuaHHE MamMepy NPOOBI HE BEJIBbMI fanamarana.

Nk =

AJI3HaubIM Takcama, ITo YC& MardybiMa-maMHOCTBA Ma/IbIXOJ] HE MPbIBO/IBILb /I BbIJAJICHHS 3 MepajliyaHbIX BbIIIN MpadyieM.
lapaTkoBas jitaparypa:

Hepkcen, C.1I'. KecenbMaH, Ha3aj1, Harepay 1 nasTanHa ayTaMmaTbl3aBaHbIsl aJICapbITMbI BbIOAPY MaMHOCTBA, British Journal mamamamuiunbix i
CMamubICMbIYHbIX ncixanoaii, 45, 265-282, 1992.

AJIbTIPHATBHIYHBI MAABIXOM AJI51 AUIHKI JiHii parpacii

HacTtynubl najibixop 3's1yJisena Tak 3BaHbl "'HenapaMeTpUYeCcKuid MeTal" Il a@HK1 napaMmeTpay y npocTbl parpacii y = TX+ b:



[a—

. epamubime y = TX+ b a6 =-1+y.

2. KozkHast Kponka Jai3eHbIX (X 51, y MsIHE) anaBsjiae JiHil 0 =-X 1 M y+ 5 ¥ IeKapTOBOM MJIOCKaCL KaapabHaT (T, Obl), 1 all3HKA M 1 6 MOTYLIb ObIlIb
aTpbIMaHbl ajl MEPACSYIHHS Nap Takix JiHif. Ecup 6ombm 1 (n+1)/2 Takix alnzHak.

3. Bazbmine MefbIsHbI, Kab aTpbIMallb KAHYATKOBBIS a/I3HAKI.

JagaTkoBas JiTapaTrypa:

Kopnuii-boynen A. Anaaia kinamubiunbix 0aosenwvix pepmernmay, Oxford Univ Press, 1995.

Hald A., licmopuis mamamamoiunaii cmamvicmuixi: 3 1750 na 1930 200, M., Helo-Epk, 1998 rop. Cspoy iHiara, ajtap ag3Hauae, I0To § nayatky 18-ra
CTarojyI3si acyieqaBaHHi ObUTl YaThIPbl PO3HbISI META/IbI JIJIs1 BbIpALIaHHS NpabJieMbl ycTaHoVKi: Maiiep-Jlannaca MetajiaM csapaHix, bomkosuu-Jlannaca
METAaJIaM HAMMEHIIbIX a0CAMIOTHBIX aIXUICHHSY, MeTay Jlannaca MiHIMI3alpll HaOyMHENIIIBIX a0CAIOTHAS PAIITKABHI 1 JIexkaHipa MeTaji MiHIMI3albll CyMbI
KBajipaTay pawrkay. TosbKi ai3id cnocad BbIOApy NaMixk raThIMI METajlaMi ObUIO: NapayHalb BbIHIKI all9HAK 1 PILITKaY .

IllmaTMepHara aHaJj3y aaja3eHbIX

JlajzeHbls J€rka 36ipalb, LITO MbI canpayibl MaeM NaTpa0y Y KOMIJIEKCHAE palllsHHe npadsembl iHapManpli. Mbl MoKaMm npariensenb 6a3y J1ai3eHbIX K
BOOJIacpb, siKasl matpadye AaTybIKi 1 NPbLIa/IbI /1711 BbIMAHHS HeaOXoHal iHapMalpbli. SIK 1 § BLIMSIP3HHI MPALRCY , a/INaBeHbIS IHCTPYMEHTBI Pa3Bari MaBiHHbI
ObILb Y>KbITBIS 12 33/1a4bl IHTIPIPA3TALbIL TAA3€HbIX. D(PEKTHIYHbIS IHCTPYMEHTHI BBICTYNAOLb Y ABYX SIKACUSAX: JIJIs1 a0aryJIbHeHHs JaJI3€HbIX 1 aKa3aHHEe
llanamori y iHTapnpaTaubil. Mata TiyMadysHHs CpOJIKI MaBiHHBI PACKPbIBALb JIA[3E€HbISI HA HEKAILKIX Y3POYHSIX A3Tai3aupbli.

JlacnenaBaHHe HelaKJIaHbIX JIaI3EHbIX BbISIBbI YacaM naTpadyeliia MbIpOKaBYTOJIbHbI a0'eKThIY, Kab Mmarssiji3elpb y sro nayHaie. Y iHIIbIX BbITaKax
naTpalyerna OyiHbIM MJ1aHaM a0'eKTbIY, Kab 3acspoyizilia Ha ApOOHbIX aTalsiX. [ padiyHa iIHCTpYMEHTSI, SIKisl Mbl BLIKAPLICTOYBAEM 3a05ICTIeYbIlb TaKyIO
rHyTKaclb. boJblacb XIMIYHBIX CICT3M 3'SyJISIOLNLA CKIaJaHbIMI, MAKOJIbKI STHbI 3BSI3aHbl MHOT'IMI 3MEHHBIMI 1 €CLb IIMAT y3aeMajI3esTHHSY maMixk
3MeHHbIMI. TakiM YblHaM, XeMOMETPUUYECKUE METa/Ibl abamiparoliia Ha IIIMAaTMEPHBIX CTATBICTBIUHBIX 1 MATAMATBLIYHBIX IHCTPYMEHTAY , Kab pacKpbillb
y3aemaj3esiHHe 1 MaMeHIIIbILb MaMepPHACIb aI3¢HbIX .

[ImardaxkTapHara anamsy 3'synsenua (iisiiaM CTaThICTBIK, YKIHOYa0Ubl pa3riisy] a0'eKTay Ha KOXKHBIM 3 SKIX Ha3iparolla 3HAaY3HHS JIIKY
3MeHHbIX. [lIMaTMEPHBIS METa/IbI BLIKAPBICTOYBAOLA BA YCIM IBIANA30HE NAalEy CTATHICTBIYHATA NPBIMSHEHHS: Y MEJIbILbIHE, DI31YHBIX 1 O1sJIariYHbIX HaBYK,
9KAHOMIKI 1 CaUbISTIbHBIX HABYK, 1, BIJIOMa, Y MHOT1X IMPAMBICJIOBBIX 1 KAMEPLBIAHBIX MPbIKJIA/IAHHSY .

AHaJli3 aCHOYHbIX KaMITAaHeHT BbIKApbICTOYBAEllA /1JIsl BBIBYUSHHS Aa/I3EHBIX 7151 aMsHIIRHHS namepy. Sk npasuia, CIIC cnpabye npajacraynsipb 1.
KapaJisiBajll BbIMAKOBBIX BeJliUbIHb MaMEHIIaHbl HA0OP HEKOPPEJIMPOBAHHBIX 3MEHHbIS, SIKisl aTPhIMJIIBAIOLILA LIIJIIXaM MepayTBapaHHs 3bIXO[Hara Habopy Ha
aJiaBe/IHbIs MOANPOCTPpaHCTBA. HeKoppeanpoBaHHbIX 3MEHHbISI BbIOiIparolLilia J00pbIMI JIIHEHHAN KaMOIHALIBISIN 3bIXOIHbIX 3MEHHbBIX, 3 MYHKTY TJIe/I>KaHHs
TJIyMAUY3HHS MaKCIMaJIbHAl IbICTIEPCISi, apTaraHalbHbIX HalTpaMKax y a3eHbiX. [IBa HecHa 3Bsi3aHbIX 3 M1 METaJay , aHaI13 rajJOyHbIX KaMIIaHEeHT 1
cpakTapHara aHasi3, BbIKApbICTOYBAKOLA JIJIs1 3HIK3HHS MaMEePHACL IIMAaTMEPHBIX JA/I3€HbIX. Y I'IThIX METajay KapaJisibli 1 y3aeMai3esiHHS TaMiK 3MEHHbIMI
MPbIBEI3€HbI Ba YMOBAX HEBsJIIKail KOJbKACI aCHOYHbIX (pbakTapay. MeTajibl XyTKara BbI3HAU3HHS KJIFOUaBbIX EPAMEHHbIX a00 rpyl 3MEHHbIX, SIKisl KIPYIOLb
BbIBy4aeMaii CiCT3MbI. ¥ BbIHIKY MaHI>K3HHSI TaMEPHACIIl fjla3Balisie Takcama rpadiyHae najiaHHe Aaji3eHbIX, TakK 1ITO 3HAYHbIS CYBSI31 MaMiXK HazlpaHHsIMI a00
y30pay Moxka ObIUb 13HTbI(IKABaHbI.

[HIIBIS MeTa/IbI YKIIIOYAIOLb Y Cs10€ MHaraMepHae IKaJIMpoBaHUE, KJacTapHbI aHasi3 1 AHaI3 anaBeqHacUsy .

amaTkoBas Jitapartypa:
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. Xonn P., CraTbIcTbIYHasl CTPATATii JJIs1 MAJIBIX facienaBanHsy y3opay, Thousand Oaks, KanmidopHnis, Sage, 1999
Krzanowski B., Ilpbinubinot uumammepuovix Anaaia nynkmy 2aeodxcartia kapoicmaua, M.: Ceet, 1988.

Mardia K. J[Ixx. Kenra 1 [Ixx. buoou, wumammeprnaza ananizy, M., 1979.

3HausHHe i TAymMauysHHe P-3HausHHs (TOe, IITO Jafa3eHbIsl KAXKylb?)

P-3HausHHE, KO€ HaNMpamyro 3aJIeXXbIb aJ] KAHKP3ITHAra acoOHiKa, cnpaldye 3a0scneyblb M3YHYI0 Cly BbIHIKAY TACTAY, Y aJPO3HEHHE aJ] MPOCTa aiXuIilb ado
He anxitiub. Kani HyJisiBast rinoTa3a JakjiajHasi 1 BeparojiHaclb BbINaIKOBbIX 3MSTHEHHSTY 3'syJisielilia af3iHaii MpbIlubIHA MPbIKJIAJ] AJPO3HEHHI, TO P-3HausHHE
3'synsienia KoJbKacHai Mepaii KapMillb ¥ palace NpbIHSILLS PALISHHSAY y sSKacll loKa3zay. Y HacTynHail TaOIilbl MPbIBE3EHbl pa3yMHail IHTIprpaTaubli P-
3HAYSHHSI:

P-3Ha4sHHe InTopnparaubis

P<0,01 BeJIbMI MOLIHBISI CBE/TYaHHI cynpanb HO

[0.01 £ P <0,05|ymepanbiM gokasel cynpans HO

|0 05 £ P < 0,10fHaBajgHbI o0Ka3ay cynpaips HO

|0,10 £P MaJjia [l YBOTYJIE HIMA HISIKIX pPaJIbHBIX JIoKa3zay cynpaups HO

['sTas iHTaprpaTanpblsl aTpbiMalia IIbIPOKAe MPbI3HAHHE, 1 MHOT1Sl HABYKOBBISI YaCOMIChI ParyJisipHa MyOIiKYoLb apThIKYJbl 3 AaniaMorai raTail INTapnpaTalbli
BbIHIKY ITPaBEPKi rinoTa3.

Jnst pikcaBaHara mamepy BbIOApKi, Kajli KOJIbKACIh paaii3aliblii BbI3HaAYaella 3araji3si, pa3MepkaBaHHe p payHamepHa (Mpbl YMOBE HYJISIBOU rinoTa3bl). Mbl
xauedsi 0 Bbikaszalp rata y gakacui P (p £ x) = x. ['ata azHavae, mrro kpbitapsbii p < 0,05 pacarae 0,05.

[1pbI p-3HaU3HHE 3BsI3aHa 3 HAOOPaM JIai3eHbIX, 3'AyJIsIela Mepail BeparofHacii Taro, IITo Aaj3€HbIsl MarJji naycTaub sK BbIIAJIKOBYIO BbIOAPKY 3 HEKaTOpai
nanyJsitbll anmcBaela CTaTbICTbIYHAN (T3CTaBaHHE) MAJIAJIL.

P-3HausHHe 3'syJisiena Mepai Taro, HaKoJibKi ¥ Bac €clib IOKa3bl Cynpallb HYJISIBOW TMOT33bl. UbIM MEHII p-3HAY3HHE, ThIM OOJIbIII I0Ka3ay V Bac
écupb. MoxHa cnianyJalb p-3Ha42HHE 3 Y3POYHEM 3HAYHACL [IJIs1 IPBIHALLS PALISHHSY Na Jaji3eHail MpaBepKi rinoTa3. Y TakiM BbINJIKY, KaJll 3HAY3HHE P MEHII
HEKaTopara rnaporasara 3Ha4sHHs (3Bbr4aiiHa 0,05, yacam Tpoxi 6osbl sk 0,1 ui kpeixy meHi sk 0,01), To agMoBiLA aj HYJISIBOW TMOTI3bI.

3pa3ymerile, IITO pa3MepKaBaHHE P-3HAYHHS MPbI HYJIIBOU rinoTa3bl HO payHamepHa, 1, TakiM YbIHaM, HE 3aJI€XKbILb aJ] KAHKP3THAra Bily CTaTbICTbIYHBIX
T3CTAY. Y CTaTBICTBIYHBI TACT INOT33bl, 3HaUsHHE P 3'aynsenua BeparogHacup BbISyJIEHHS T3CTaBai CTATHICTBIKI A KPAHSIN MEPBI, SIK KpaiHss sIK 3HAYHHE
canpayibl Ha3ipaenua, npbl YMOBE, IITO HYJISIBAs TINOT33a IAKJIa[Hasi. 3HAY9HHE P BbI3HAYACIla Ma aJIHOCIHAX Ja pa3MepKaBaHHs. TakiM YblHaM, MbI MarJi O
Ha3Balp Aro "MajaJl pa3MepKaBaHHs InoTa3a", YbIM "HyJIsIBas rnoTasa’.

Kapaueii kaxkyubl, raTa MpocTa a3Hayae, IITO KaJll HyJsiBast ObUla Mpay/ia, 3Ha43HHI P BEparofHacib Cynpaib HyJsIBOW ¥ T'IThIM BbINAJKy. P-3HausHHE
BbI3HaYaellla Ha3ipaHae 3HaU3HHE, a[JHAK, [3Ta a0lsKapBae HaBaT CUBSP/Kallb 3BApOTHAE P.



Brl Moxatle sk 3 janmamorai P-3HausHHA 715 anyJISpPHbIX JIbICTPLIOYThIBAY arieray Java.

JagaTkoBas JiTapaTrypa:
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HaknagHacup, JakJagHaclb, HaA3eMHaCHb i AKacClb

JlaknanHaclp cTaBilua faa 6ai3kacii BbIMIp3HHS "dakTbiyHara" i "pavaicHacup" 3HausHHE (pi31UHa BeTiUbIHI, y TOM Yac SIK TIPMIH IaKJIajHaC]
BbIKApbICTOYBaellla, Kab rnakas3aiib 0J113Kaclb, 3 IKOI BbIMSIPIHHSY aillaBsilatolb aJ31H 3 aJJHbIM 3yCIM He3aJle>KHa aJi cicTaMaTbluHai xiOHacii ya3en. Takim
YyblHAM, "flakJIaiHbIsg" aj3HaKa Mae HeBsIiK1 YX1u1. "JlakamaaHbl" a3Haka Mae Malibisl 3pYII3HHS 1 AbICIEpCii. SKaclp npanapiubliiHa 3BapOTHAi AbICIIEPCII.

HanzeitHacup npausaypsbl, y KO CTYNEH] Sro yjaacuiBacll He 3ajiexKallb aJ] ThIX 3/larajiak, sKisl Bbl He Xoualle padilpb. ['aTa Majbicikalbls apbIriHajdbHAl BEPCii
Box, 1 rara ykmouae § cs10e 0aileCOBCKMII MEpKaBaHHSY , CTPaThl, a TakcaMma panei. LlsnTpanbHas nimitaBas Taapama (LIIIT) 1 "'ayca-Mapkasa kBasidikaBaup
K ycTonmiBacb Taapambl, ajie Huber-Hempel BbI3HausHHE He majnajiae naj KaTaropbito HAJI3ENHACLI T2ap3Mbl.

MpbI 3aycénbl MaBIHHBI aIPO3HIBallb HA/I3EMHACI 1 9PEKThIYHACHI 3PYII3HHS HA/I3EMHACI. 3/1aela, s MSHE BiJJaBOYHA, IIITO Hi CTATHICTLIYHAS TPALRIypa
MO>Ka ObIIb HA/I3EMHBIM Ba YCiX CaHCaX. Tp30da ObIlb OO KAHKPATHLIMI a0 ThIM, IITO Mpalaypa naBiHHa ObIlb adapoHeHa aj|. Kaii BeiOapayHae csapajiHsie
yacam pasrisjacnia sk Haa3enHas alsHka, rata tTamy, mro LIIT rapanTtye O 3pyisHHs npbl BSAJTIKIX BbIOAPKAX, HE3aJIeXKHA A 3bIXOJIHAra

pa3mMepkaBaHHs. ['9Tas aji3Haka 3'syisenia 3pysHHe HA/I3EMHbIS, ajle T'3Ta BIJJaBOYHA HE HA3EUHBI, SK 1 9DEKThIYHACIH SIE€ ABICTIEPCis MOXKA MABSUIIYbILLA 14
OsickoHuacui. ['ata agxineHHe Mozka ObIlb HaBaT OSICKOHIIBIM, KaJll aCHOYHbI padmepKaBaHHsl Komm a6o [1apara 3 Bsutikim napamerpam maiurady. ['ata
NpbIYbIHA, A SIKOM BbIOapayvHae CSPI/IHsE HE xanae Hag3enHacui y aanasenHacui 3 Huber-Xamnens aznausnHi. [Tpadaema y Thim, 1m0 M-ai3HKi BBICTYAOL
XyOep, XaMIiesib 1 HeKaJabKl 1HIIbIX JIO3EN, 3'ysiena 3pyI3HHe Ha/I3eiHai, TOJIbKI KaJll 3bIXO[JHA€ pa3MEPKABaHHE CIMETPbIYHA.

Y pamkax BbiOapauHara abcieflaBaHHs, iBa ThIy CTATbICTBIYHBIX BLICHOY Marolilia: MaJi3Jib Ha aCHOBE BbIBajIay 1 pacrpaloyKka Ha aCHOBE BbIBajiay, sIKl
BBIKAPbICTOYBae TOJIbKI paHIOMM3ALIMK, CIATyYaHbIs 3 MpalacaM BbIOapki (0e3 3parajiki ab HeabxoHacul MajaJi). AG'eKThIyHae IbI3aiiH Ha aCHOBE alPHKI, SIK
IpaBijia, Ha3bIBAIOLb HA/I3eMHAl alPHK1, TaMy IITO HECMELIEHHOCTHU AaKIaHa I YC1X MardbIMbIX pa3MepKaBaHHsY . 3acla BiJaBOUYHbIM, aJHAK , LLITO I3ThIs
alPHKI1 YCE S1I43 MOXa ObIlb JPIHHAN SIKACI, SIK JbICTIEPCisl, IKasi MOXa ObIlb Mpa3MepHa BSUTIKIM.

ThIM HE MEHIII, 1HIIbIS JIFO/31 Oy/Iyllb BLIKAPLICTOYBALlL I'3TA€ CJ0BA ¥ 1HIILIM (HemakiiaqHbl) cnocadami. Tom Kenpan. 2 CyyacHasi T30pbIsi CTaThICTBIKI, A
Takcama npbiBof3iue Box 1953, 1 én pobiyp MEHII KApbICHBIM 3asiBbI a0 3faragkax. Akpams taro, Kenjan q3spsxkay y aiHbIM MeCUbl, Ha[3€MHACII CpOfIKay
(TOJIbK1) a0 ThIM, IITO T3CT NAMEPY, 3acTaella nacTasHHai Mpbl pO3HbIX YMOBax. ['3Ta Toe, IITO JIto/131 BLIKAPBICTOYBAIOLb, Na-Biflallb, KaJli SHbI
CUBSIP/KAlOlLlb, IITO JIByX0akoBae T-TacTay "HajizeiHbl" , HAaBAT KaJjll aiXiJIeHH1 1 maMepbl BbIOAPKI He poyHbIs.AcalicTa s He JTF00JII0 Ha3bIBallb TACThI
HaJ[3eHal, KaJil 13Be Bepcil T-TacT, skl NpbIKJIaIHA ¥ POYHa CTYNEHI HAI3eMHbIMI, MOTylb Mellb 90% pO3HbI BbIHIKI MPbI NApayHaHHI y30pay sKiX
TPAIVISIIOLb Y IHTIPBaJ aIMOBBI (200 PariéHy).

MHe nsryai BeIKapbICTOYBalb pa3y: "ICHye po3Hila Hai3eiHbl", IITO a3Havyae, IITO TOW XKa BHICHOBA MPBLIXOA31Lb HE3AJIEXKHA /] Taro, siK Bbl BbIKAHANILIE
T3CT, IITO (anmpayjaHain) nepayTBap3HHE Bbl BBIKAPBICTOYBACLE, KAl Bbl NA/3SJIsICLIE alPHKI /711 MPaBEPK1 Ha JipIxaTaMil 1 I'.Ji., a00 TOe, IITO 3HEWHIX YIJIbIBAY
BbI TPbIMaclE NMacTassHHYIO AKACIl KOBAPUAHT.

@D yHKIbIS YIUIBIBY | sie MPHIKJIATAHHSA

Ynnbly pyHKIBI ag@HKI § KPOMIBI X, Ta CYTHACI, 3MEHbI § allaHKaX, Kajl OSICKOHIA MAJIbIX HA31paHHSY Iaarolia y Kpomusl X, J3eJeHail Ha Macy
Ha3ipaHHAY. Y Ibly (pyHKIBIS 1ae OSICKOHIA MAJION aiuyBaJIbHACII PAILIHHS JIa TaJJaHHSI HOBAll CICT3ME Kaap/bIHAT.

['sTa acHOYHbI NATIHLBISUT MPLIMSIHEHHS (PYHKILBII YIJILIBY ¥ MapayHaHHI METajiay alRHKI 1711 paH>KbIpaBaHHS Haq3enHaci. Pa3yMHbI C3HC ()OPMBI YIUIBIBY
(pyHKUBIIO HA3EHAl TPAURYPhl, Kalll 9KCTP3IMalbHbIS 3HAYIHHS aIKIJAtoLa, F3Ta 3HaYbILb Aa3€HbIs a31a0JICHHEM.

Eclb HEKaTbKi aCHOYHBIX CTATBICTBIUHBIX TACTAY, TAKiX SIK TACT HA BBIMAJKOBACIb, KPBITAPbIi afJHACTANHACI HACENBLHIITBA, TACT /7Sl BbISY IEHHS
MUIaHABAJIBHIK (bI), @ 3aThIM TACT HA HapManiéBaclb. {7151 YCIX raThIx HeaOXOIHbIX BbIMPAOABAHHSY MAarOLA MaryTHBIS MPALRAYPbl CTATBICThIYHATA aHATI3Y
NA3€HbIX JIITapaTypbl. AKpams Taro, MakoJibkKi ayTapbl a0MS>KOYBaIOLb CBA€ YSIYJIEHHI TACTAY CAP3IIHSN, STHbI MOTY1b BbIKJiKaub LIITT ams1, ckaxkam, J1ro0Obl
y30p namepam 6ok 3a 30.

KaHupnpis yiuibiBy 3'sysieia BIBYYHHE YIUIBIBY Ha BBICHOBBI 1 BBICHOBBI Y PO3HBIX a0JacUsiX JJacJEaBaHHY, Y ThIM JIIKY CTATbICTbIYHATA AHATI3Y
nan3eHbix. ['aTa MarysiMa 3a Kot a0ypaHHsy aHamizy. Hanpeiknaj, pyHKUBIA YIIbIBY alaHKI 3'dyJIenla 3MIHEHHE § allHIIbI, Kasll OSICKOHIIA MaJiasi 3MSIHEHHE
Y aiHbIM Ha31paHHi, I35IJIEHHS] Ha KOJIbKACLb 3MIHEHHAY . EH [I3eliHivae K aHam3 auyBaJIbHACI all9HKI.

Ynbly dyHKIBI ObLT NallblpaHblsd, Kad "mTo-Kami" aHaizy, Ha3eiHacll 1 aHaIi3y CURHAPBISY, TaKiX SK JlafjaHHe Ll BbIJaJIeHHe Ha3ipaHHs, outliners (bI)
y3n3esiHHs, 1 raTak ganein. Hanpbiknag, ais nag3eHara pa3MepKaBaHHs SIK HAPMaJIbHbBIX , TaK Ll 1HAKII, JIJIs1 SIKiX HACEJIbHILITBA MapaMeTpbl ObLJI1 all2HEeHbIS 3
y30pami, laBePHbI IHT3PBAJ JIJIs1 AURHKI CSIPaIHIra abo CSIpa/IHsIra MEHII, YbIM JIJIsl ThIX 3HAUSHHSY , SIKisl MAtOLb TAH/SHLBIIO J]a KaHEeYHAacCl, Takis K 90% abo
10 % pap3eHbIX. Y TOM Yac SIK Npbl ALRHIBI CP3IHIM Ha MO3Ka BBIKJTIKALL LRHTPAIbHAN JIIMITaBall TaapaMbl 715 JI000# BbIOApIbl a0'€éMy a napayHaHHi,
ckaxkam 30. TbIM He MeHIII, Mbl HE MOYKaM ObIlb YII3YHEHbI, IITO Pa3JiiKOBbI PO3HILA ECLb Mpay/i3iBasi po3Hila HACEJbHILTBA 1, TAKIM YbIHaM, OOJIbIIAN
HSIBbI3HAYAHACLIO, MOY3ae 1 a3iH Tpa0a najaip y cyj Ha PYHKUbII VIJIBIBY ¥ SIKACL{ BbIMsIpajibHara IHCTPyMEHTA NMPpaLu3Ayphbl NPLIHSLLS PALLISHHSY .

HapaTkoBas jitaparypa:
MenbHnikay 1., Ynawoty pyuxywsii i mampuiyst, Dekker, 1999.

IlITo Takoe HegakJagHAM BeparogHacui?

HenaknaiHbisg BeparogHacip 3'syisenia aryjJbHbIM TIPMiHaM 171l MHOT1X MaT3MaTbIUYHbIX M1y, SIKisl BBIMSPAtOLb BbINAIKOBA 1l HBbI3HAYAHACI, O€3
P33KiX KoJibKacHara BeparofgHacusy .['aTbis Maiai YKIoyarolb y cs0e Bepy pyHKUBIN, T0PbIl MarybIMaclsly , napayHajdbHal criapajikaBaHacll BeparojgHacui,
BbINYKJIbISI MHOCTBA IMaBEPHACHBI MEP, HEJJAKJIA/IHbIX MEP, IHTIPBAJI 3HAUIHHSIMI BEpArojHacIii, MarybiMacli Mep, JaKJIaHacll Mep, a Takcama BEpXHSS 1
HI>KHSIS YaKaHHS a00 npajoavanHs. Takist Majgasi HeaOXOJIHbIS 17151 BBICHOBBI MpalJieMbl, 13€ ajinaBeHai iHdapMalibli He Xanae, HBbI3HauaHbIs a00
CyISIpWIIBbISI, @ TAKCaMa ¥ BbIpAllIHHI padyiem, 13€ nepaBary Moxka ObIlb HAMOYVHBIM.

IIITo Takoe MeTa-anaaiz?


http://home.ubalt.edu/ntsbarsh/Business-stat/otherapplets/pvalues.htm

Mera-aHani3 pasrisjjae Habop BbIHIKAY,, Ka0 Jalb aryJibHbI BbIHIK, IK1 HOCILb YCEAONBIMHBI XapakTap 1 Cliy.

a) AcabmniBa, KaJii 3(peKT, mamepsl IOCHILb Mabls, ECLIb HAJ3€51, IITO MOXHA aTpbIMalb TOOPYIO YJIaay, Ma CyTHACII pOOSYbI BBITJIS, INTO MarOUb 007kl N, K
y cijie, KamOiHaBaHasi BbIOApKa.

0) KaJil BesubIHs 9(PEKTY JJaCTATKOBA BsUTIKAE, TO A/JaTKOBAsl MAaryTHACIb HEe maTpadyelia 1Jisi aCHOYHbIX 3(peKkTay bl3aiiHy: 3aMeCT rarara, €H TaapaThluyHa
MO>Ka ObIIb MOXKHA NarJIs/i3elb HA KAHTPACT MaMixK HEBsUTIKIMI 3MEHaMi § Mpanax camix csioe.

Hanpeiknaj, kad napayHaip 3Be BeJiiubiHi 2peKTY ('), aTpbIMaHbIs 3 IBYX aCOOHBIX JjacjieflaBaHHsy , Bbl MOKAlle BbIKapbICTAlb:
Z=(Z1-722)/[(1/n1-3)+(1/n2-3)]1/2
m3e 7. 117 2 3'aynsronua Piiisp nepayTBapHHI T, 1 IBA H 5 ayTapa Yy Ha30YHIKY VSIYJISIIOLb MaMep BbIOAPKI /7151 KOKHAra facje/iaBaHHi.

Kauti BbI canpayyibl ynayHEeHbId, IITO "NPbI IHIIBIX POYHBIX YMOBax'" nponaze yBepx. Thinossl "MeTa"-nacnenaBanHe He padilb T3CThI HA a[JHACTANHACLD, IITO
MaBiHHBI ObIIbL a0aBsI3aHbI

[HIIBIMI CTTOBaMI:
1. €cup a0'ém racieaBaHHsy/MiTapaTypHbIS Ta3€HbIs, SIKis Bbl Xalell adaryJibHilb
2. Cknafaenya pa3am yce fganyldaibHblsl TPbIKJIA/bl JiTapaTyphbl (HaTaTKa: HEKATOPbIS 3 1X MOTYIb ObIllb a[JKIHYThIS Ma PO3HBIX MPbIYbIHAX )

3. HEKATOPbIS JI9TAJl KOXKHAra pacciieflaBaHHs paciibippoyBaronya... HaBaxkneinae 3HausHHe Mesia O rmpa Toe, ITOo ObIy 1l He ObIY 3HOW/3EHbI, I'.3H.,
HAKOJIbK1 00J1blI y afi3iHKax SD 3'siysienua BbIKaHaHHE TpYTIe JISTY9HHS ¥ MapayHaHHI 3 aiHbIM 1[I HEKaJIbKiM1 3JIEeMEeHTaM1 KipaBaHHSI.

4. Ha3bIBAIOLb 3HAUSHHS ¥ KOKHBIM 3 flaciefaBaHHsy y # 3.. [Tamepbl MiHi-3¢peKT.

5. ycix panymyajabHbIX HAaOOpax Ja/I3€HbIX , BbI Clipadyele MaBeCIi aryJibHbl mamep apeKTy 3a KOIIT papMipaBaHHs HAOOpPY aCOOHBIX apeKTay... 1
BbIKApbICTAHHE aryjbHai namsui SD ¥ sikacii a3enbHika.. TakiM YblHaM cacTynaroubl a CyTHACLI CSAP3JIHI MaMep 3eKTy.

6. Y mitapaTypsbl aHani3 MeTa... Hacam ratbisd BeliubiHl 3(peKTy [1aIaTKOBA Na3HAYaHbIS SIK MAJIbIX, CAPIAHIX 1l BSJTIKIX....
Bb1 Moxkalle narnsjizenps Ha 9(peKT mamephbl na-po3HaMy.. pO3HbIX pakTapay i 3MEHHbIX., AJle ¥ IByX CJIOBaX, raTa TOe, IITO 3po0JieHa.

A yenaminaro Beimagak y giziupl, y SIKON macis 3'sBa Ha3lpasacs ¥ naBeTpbl, SMYJIbCIl Ja/I3€HbIS ObLTL pa3rieqkKanbl. T20pblst Oya3e Meub Kaid 9% adgekTy §
3MYJIbCil, 1 BOCh, anyOJlikaBaHbIs Jai3eHbis faji 15%. Sk rata yacta ObIBae, He ObLIO HISIKIX ICTOTHBIX aJPO3HEHHSY (NMPAKThIYHbIS, @ HE CTATHICThIYHAN) Y
T0pbIi, a TaKCaMa He NaMbLIKa ¥ Iafi3eHbIX . ['3Ta ObUIO TOJIBKI TOE, ITO BbIHIKI 3KCIEPBIMEHTAY, Y SIKIX HIYOTa CTAThICThIYHA 3HAUHBIM aKa3ajiacsl He
naBegaMIIsLIacs.

['sTa HenaBegamyieHHE NMaIOOHBIX 9KCNEPIMEHTAY , @ YACHSIKOM 1 KAHKPITHbIS BBIHIKI, SIKisl HE ObLTl CTAThICTHIYHA 3HAYHBIMI, SIK1 YBOJ311b ACHOYHbIS
npay3stacti. ['aTa Takcama cnanydaena 3 HajkaMm NaMbUTKOBAe CTAayJICHHE JIac/ieubIKay , CTaThICTbIYHA 3HAUHbIS BbIHIKI 3'STYJISIOLA BaXKHBIMI, 1, UbIM KaJii O
raTa He Mae 3Ha4Y3HHS, 9(peKT Obly He BaxKHbl. HaM canmpayyibl Tpa0a ajpo3HiBalb T3PMiH "CTATHICTBIYHA 3HAYHAE", a 3BbIYAIHBIS CJIOBbI 3HAYHBIM.

MerTa-aHauni3 3'ayJsiena CpayHbIM ThIlaM arJisij] JiTapaTyphbl, y sSIKiX BbIHIKI aCOOHBIX PaHOMI31pOBaHHbIN KaHTPAJISIBAHbIX Jlac/ie/laBaHHSY , sIKisl a0'sHAHbI
pa3am, ka6 nacrpabdaBalb aTpbIMallb alIPHKY VIUIbIBY YMsIIIaHHS BbiByYatola. ['aTa naBsuliuBae CTaThICTBIYHYIO MAaryTHACID 1 BIKAPLICTOYBArOLA 17151
BbIpallloHHS TpabJieMbl CripaBasfiaubl, sIKisl He 3TOJIHbIS aI3iH 3 aiHbIM. ['9Ta He mpocTa o0pa, 1 EClib IMAT NMPBLIPOJIPKAHbIX MpadeM.

JlapaTkoBas Jitapartypa:
JIuncu M., [1. Yincau, npakmuiunbia mema-anaaiz, Sage Publications, 2000.

JIKoe ymibly mamepy

[Tamep adpekty (ES) ysaynse caboii cTayaeHHe CApIiHsi pO3HINAN y CTaHJAPTHAE aJIX1IJIEHHE, FaTa 3Haubllb (popMma Z-paxyHak. Beikaskam 31arajiky, o
9KCNEPbIMEHTAJIbHAS FPYIA JITY3HHS Mae csipafiHi 0an Xe 1 KaHTposbHas Tpymna Mae csapajHi 6an Xc 1 cTaHgapTHaE aJixiJIEHHE HABYK, TO BENMIYbIHA 3(PEKTyY
poyHas (Xe - Xc)/Sc

DdekT namepy a3Bajisic napayHaabHae YIUIbIY PO3HBIX META/IAy JISTUSHHS Y MapayHaHHI HABAT TaJibl, KaJl HA ACHOBE PO3HBIX Y30pay 1 PO3HbIS BLIMSIPAJIbHBIS
PbIOOPBI.

TakiM ubiHam, ES-csapafHss po3Hila namMi>k KaHTPOJIbHAI rpymnaii 1 rpynai jssuanHsa. Howevere, metagam I'nacc, ES 3'ayasenua (meanl - mean2)/SD 3
KaHTPOJIbHAN IPyMbI, y TOX Yac 5K Ha meTaj XanTap-lImit, y ES écup (meanl - mean2)/SD a6'sjiHanHs 1 paryoenua iHCTPYMEHT KaailbIeHT
HajerHaci. ES 3BbluaiiHa BhIKapbICTOYBaca ¥ METa-aHasi3 1 aHaJli3 MaryTHACII].

J{agaTkoBas JiTapaTypa: )
Kynep X. 1 JI. Hedges, /[aseonix Cinma3 oacaeoasannsy, Heto-Epk, Russell Sage, 1994.
JIuncu M., [1. Yincan, npakmuiunbia mema-anaaiz, Sage Publications, 2000.

IlITo Takoe 3aKkoH bendopaa? A sk HakoHT 3aKoHa [unda?

IIITo Takoe 3akoH bendopna: 3akon bendopaa adBsAIIYae, IITO Kai Mbl BbINTAAKOBBIM YbIHAM BbIOpallb HyMap 3 TaOiubl (pi314YHBIX KAHCTAHT abo
CTaTBICTBIYHBIS JIA3€HbISI, BEpArojIHACIb Taro, ITo nepiuas jiyda oyaze "1", cknamae kans 0,301, a ve 0,1, K MbI MarJyii O Yakailb, Kajil yce Ji40bl aIHOJIbKaBa
BEparofiHbIs. Y BOTYJIie, "3aKOH" Kaxa, IITO BEparoHaclb Taro, o nepuas jiyda "D":

1

['sTa a3Havae, WITO MK Y TAOIUbI (Pi31YHBIX KAHCTAHT, XyTU3# 32 YCE, MaybIHAIOLLA 3 JIUYObI MEHI, YbIM OOJIbII Ji40a. ['aTa MOKHA Ha3ipalb, HaPbIKJIal,
[ISIXaM BbIBYUHHS TaOJIilbl TarapelipMay 1 afj3Havaroybl, IITO Ha MEPIIbIX CTAPOHKAX 3HAUHa OOJIbII 3HOLIAHBIX 1 HeJlaKIaHae, YbIM Ma3Hell CTapoHaK.



MeTtanbl CKapa4HHSA 3PYIIHHSA

Hait6osb111 a¢peKThIYHBIMI TpbLTaaMi 15l 3pYIISHHS CKapausHHE He 3'ayJisiela npaay3saTai alzHKi 3'ayisronua nayatkoBai 3arpyski 1 Jackknifing.

[TaBopne nerenyibl, 6apoH MIOHXray3eH BbIpaTaBaycs aji NaTAIIEHbHS ¥ 3bI0YYbIs NSICKAX , NALSATHY yIIbI 32 c0€, BBIKAPBICTOYBAKOYbI TOJIbKI CBAE

Bas1achbl. CTAThICTBIYHBIS MAYATKOBAN 3arpy3Ki, K1 BbIKAPBICTOYBAE NMEPEUCKPETU3ALMHA 3 3a/]a/I3eHara Habopy Aa/I3€HbIX, Ka0 iMiTaBalpb 3MEHIIBACLb, KA
NPbIBSJIA J1a TAA3EHBIX Y MEPLIYIO Yapry, Mae 3HayHa OOJIbII HA/I3EMHbI TRAP3THIYHbIS ACHOBBI 1 MOXKA ObILb BEJIbMI 3(PeKThIYHAN Mpauypan s alaHK1
X10HACI1 BEJIIYbIHI § CTATBICTBIYHBIX 3a/1a4.

Bootstrap 3'synsena cTBapaHHE BIpTyalibHara HaceJbHILTBA LIJIsIXaM IyOJIsIBaHHS 1 Taro XK y30py 3HOY 1 3HOY, a 3aThIM MayTOPHA Y30phl 3 BipTyaJlbHara
HACEJIbHILTBA, Kab cpapMaBaib HA0OP cnachlIak. 3aThIM NapayHaiille Balllblsl apbIFIHAIIBHBISL ¥30pbl Ca CMAChUIKal yCTalIsBalb, Kab aTpbIMallb JJaKJaHae
3HaYsHHE p. BenbMi yacTa, nayHbIS CTPYKTYPhI "Ha cs10€e", Tak IITO PAMITKAaBbI pa3iiiuBaciia s KOoXKHara BbInafky. Toe, ITo 3aThIM 3HOY MPOObI aJj MHOCTBA
paLITKAY, SIKisl 3aThIM JIAJatola ¥ ThIX CTPYKTYpax MIpKyena, ja HekaTopai cTaTbICThIKal alzHbBaenua. Martail yacTta ii1s ausHki P-y3poyHtio.

Ckutajanara Haka r'aTa nayTopHa BbUIIUbILG AaJ3€HbIS, aKilatoubl HA Ha3ipaHHE KOXKHbI pa3. [TakiHyup a3iH-3 paruiikalbll Jae BaM Thisl XK TIMATbIYHbIS
alpPHKI, S AyMaro, y sKacll Hajle>xkHara CKJajiaHbl HOXK alpHKi. Jackknifing po0ilb HeKalbKi JariyHbIX CKJajlaHbis (aIKy/b "CKjajlaHara Haxka'" - narjsijizelb
Sro), Kad 3a0sicrieybllb alPHKI KaadibleHTay 1 MamMbLUIak, IITO (BbI criazesuecs) Oyi3e naMeHIIaHbl YXi.

Mertajipl 3pylIaHHS CKapay?HHE MElb LIBIPOKAE MPBIMAHEHHE ¥ aHTPANasorii, XiMil, KIIIMaTaJIOr1l, KJIIIHIYHbIA BbITPa0aBaHHI, KIOEPHETHIKI 1 3KAJIOT 1.

JagaTkoBas JiTapaTrypa:

DdpoH b., ckaadanaza naxca, 3azpy3ki i inubta Ilepeouckpemusayus naanwt., Cism, Pinaganbdis, 1982

Od¢pon B. 1 P. Tibshirani, ysaosenue y nauamxosaii 3azpysxi, Chapman & Hall (y ugnepamni yac CRC Press), 1994.
lao J., [1. ay, cknadanaza naxca i nawamrosaii 3azpy3sxi, Springer Verlag, 1995.

IIomvy mag cTaHgapTHAU HApMaJIbHAW KPbIBOU

[TpbI6113HbI UIOLIYY Maf] CTaHAPTHAN HapMaJibHai KpbIBoi aj 0 na Z 3'ayisena

Z (4.4-2)/10 pha 0 £ 2 £ 2,2 0,49 2,2 < 2 < 2,6 0,50 Z £ 2,6 MAKCimaNbHAA abGCAMOTHAS MAMBUIKA BbIU3MA HAGALXIHHL  MpbIKNAAHA MNANOBA ¢

Kouabkacup Kjaacay y iHT3pBaJ ricrarpambl

[lepur ybIM MBI 3MOKaM Mady/laBallb HAlllA pa3MEPKABAHHE YAaCTOT MbI MTABIHHBI BbI3HAYBILb, KOJIbKI KJ1acay Mbl MaBiHHbI BBIKAPLICTOYBAlL. ['aTa UbIlcTa
aJIBOJIbHA, aJIe 3aHa/ITa MaJia Kjacay a0do 3aHajiTa IIMaT Kjacay He Oyqi3e 3absicneyBalb MakCiMalbHa JAKJIaJHYI0 KapliHy, SK MO>Ka ObIlb aTPbIMaHa 3 ALIY3
amaJb anTbIMAJIbHAE KOJIbKACHb. DMIIIPBIYHAS 3aJIeXKHACUB (BSOoMast SIK mpaBiiia Sturges "), K1, K MPaBeC 1 sIKi MOT'YLIb ObIlb BBIKAPBICTAHBI ¥ SIKACLI1
KipayHIITBA Ma JIKY Kjacay (K) jaenma

la = HaliMeHIlIae 1pae, 6onbias i poyHae 1+ Log (N)/Log (2) = 1+ 3.332Log (1)

st Taro, ka0 "anTeiManbHbl" Bbl Maele naTpa0y ¥ HekaTopai Mepaii siKacll - BeparojiHa, y aJi3eHbIM BbINAJIKY, "Jenibl" crnocad ajiyTtoCTpaBaHHS JIIOObI
ICHY0UbI a0'€M 1H(apMalbll ¥ naa3eHbix. [TaMep BbIOapKi copblsie raTamy, Tak IITO 3BbIYAHbIS MPBIHLBIILI TABIHHBI BHIKAPLICTOYBALb a1 S5 1a 15 kiacay,
aJIHbIM Tp30a OOJIbII KJ1acay, Kajl BaM JaBOAI3ILLA BEJIbMI BsUTiKas BbiOapka. Bel mpbiMaelie maj| yBary nepaari akypaTHa IIbIPbIHI KJlaca, NaxkajiaHa KpaTHa 5
a6o 10, TaMy 1ITO I'3TA JISATY5¥1 aljaHigb MallTao.

AKpams raTara siHa CTaHOBI[Aa TPajiMeTaM MepKaBaHHi - arpadaBalb IIapar Kjace MbIPbIHIO 1 BbIOpalb TOU, SK1 mpanye Jen 3a ycé. (Mspkyenua, y Bac €clib
KaMIlyTap 1 MOXa reHepaBallb albTIPHATBIYHBIS FiCTarpambl JIaBOJIL JIETKA).

Ecup yacTa nbITaHHI KipaBaHHsI, sIKisl YBaxoa3siup y siro. Hanpbikiiaj, Kami Ballibl 1a3€HbIs  apayHaHHI 3 aHAJariyHbIMI 1a3€HbIMI - TaKis, K MarnspaHis
nacyefaBaHHi, a00 3 IHIILIX KPaiH - Bbl aOME3KaBaHbISl IHTIpBaIaM Y 1M BbIKAPbICTOYBATICSI.

Kani ricrarpama BeJsibMi CKa>KOHbISI, TO HAPOYHBISI KJIaChl MABIHHBI ObILb pasriieKaHbl. BbIKapbICTaHHE BY3KiX Kjacay, 13€ KJlac BbICOKIX YacCTOT, IILIPOKIs
KJIAChl, I3€ STHBI HI13KIS.

HacTynHbist naibIxofibl 3'yJIsoLA aryibHbIMI:
Xaii m BbIOAPKI, TO JIIK KJlacay IHTIpBa MOXKa ObIlb
MIN {n ', 10log (m)}.

Takim ubHam, aist 200 Ha3ipaHHAY Bbl Oyj3ele BbIKapbicTOyBalp 14 iHTapBanay, ane y 2000 ropse Bbl OyA3ene BbIKAPLICTOYBALb 33.

AKpams Taro,
1. 3naiicul AbIsina30Hy (MakCiMalibHAEC 3HAYIHHE - MiHIMAJIbHAE 3HAUIHHE).
2. [Tapzsumine ApIAna30oH Ha pa3yMHbI mamep iHTapBany: 2, 3,5, 10 ado Hekanmbkim = 10.

3. IMKHelecs 1a He MEHII YbIM S5 IHT3pBasay 1 He 0okl 3a 15.

MapansiBaHHe CTPYKTYPHBIMI PAYHAHHSIMI

CTpyKTYpHbISI META/IbI MAJIRJISIBAHHS YPayHEHH] BIKAPbICTOYBAIOLILA [IJ11 BBIBYUSHHS CYBSI35y MaMiK 3MEHHbIMI. AJTHOCIHBI, SIK MpaBijia, JiublUa JIHEUHbIM. Y
CalpISUTbHBIX 1 MABOJHIUKIX AacselaBaHHsy , OosbIIacb 3'sy Maj] YIUIbIBaM BsiTiKara JIiKy I9T3PMIHAHT, sIKisl 3BblUaiiHa MaOLb CKJIAJaHYI0 CTPYKTYPY
y3aeMacyBsizsy. [1ns Taro kab 3pa3zymelib aJHOCHYHO BasKHACLb MIThIX A3TIPMIHAHT 1X aJHOCIHbI MaBIHHBI ObIb a9KBAaTHA NpajCcTayaeHbl ¥ MaaJIl, sKas MOoXKa
ObILb 3p00JICHA 3 MAJIRJISIBAHHS CTPYKTYPHbIMI payHAHHSIMI.



CTpyKTypHasi MaJi2J1b YpayHEHHI MOTYL[b TPLIMSIHSLLA /14 a[JHOW rpyIe BbiNaikay abo HeKANIbKiX Tpyn Bbimagkay. Kam HekanbKi rpyn, aHami3yruya
napaMeTpbl MOTYLIb ObIllb aOME>KaBaHbIsl POYHbIMI MaMixX JIByMa a00 6oJibll rpynami. Kasi 138e abo 00Jiblil Tpyibl, aHATI3YIOLLA, 3HAUbIb, Ha3ipaella 1 Ha
CXaBaHbIsl 3BMEHHBISI TAKCaMa MOTYLb ObIlb YKJIFOUaHbI § MaJIaJib.

Y sikacui 1afiaTKy, sIK Bbl PABEPbIlb POYHACIL PIrP3Cii CX1JIbI 3 TAr0 K NPBIKJIAAY 3 BbIKAPLICTAHHEM 3-X PO3HBIX MeTajay BbIMSIpaHHS? Bbl Moxalne
BbIKAPBICTOYBALlb CTPYKTYPHBI NAJILIXOJT 1A MaJIJISIBAHHS.

1 - cTaHpapThIzalpIsl YCiX TPOX HAOOpay Maa3eHbIX ia aHaJi3y, MaKoJbKl O Bari Takcama 3aJiexKbllb af IbICTIepCil MPEUKTOP NepaMEHHbIX 1 CTaHAapThI3albIl,
BbI BbIJJAJIILIE M3ThI KPbIHILIA.

2 - MaJIpJIb 3aJIeXKHal epaMeHHan, ik 9PEKT aj] YCiX TPOX MEP 1 aTpbIMalp LIIAX KaadiubleHT (O Bara) Jijisl KOXKHara 3 ix.
3 - 3aTbIM ycTaonle Majialib, Y SIKOW Tpbl KaailbleHTa HUIAXYy aOMeKaBaHblsl poyHbiMi. Kasli 3HauHae naMsiHIISHHE ¥ naTp30Hae Meclia, IJIsIX1 He POYHbIS.

JHamaTkoBas JiTapaTrypa:
Schumacker P., P. Jlomakc, kipayuniymea oaa nauamkxoyuyay, kab Maoasaasanune cmpykmyphwimi paynarnami, JlJoypauc Erlbaum, Heto-JIxkapci, 1996 roj.

IKOHOMETPUKH i MaRJIsly YacaBbIxX HIparay

DKOHOMETPUKU MaJIaJli HAabopay ajHayacoBa parpacil 3 NPbIKJIAJaHHSIMI ¥ TaKiX rajiiHax, K 9KaHOMiKa MpaMbICJI0BACIIi, CEJIbCKAl racnajiapki i
KaprnapaTbIyHai CTpaTarii 1 paryJsiBaHHs. Majai yacoBbIX LIaparay narpadye Bsilikail KoJbKacll Ha3ipaHHay (cKaxkam 6ousbii 50). Adenzse Majadi
NacnsixoBa BbIKAPLICTOYBAIOLIA /1J1s1 O13HEC-TIPbIKJIA/IaHHSY , MAYbIHAOYbI aJ1 MIKpa J]a Makpa JlacjieflaBaHHi, yKJtouaroubl (piHAHCHI 1 SHAAreHHara pocTy. [HIIbIs
NaJIbIXO/Ibl /1a MaJIRJISIBAHHS YKJITIOYAIOlb CTPYKTYPHbBIS 1 KJIACIUHBISI MaI3J11, Takis K XapBi, 1 00KC-JI>K9HKIHC MaJibIXO/bl, 3-aHATI3Y 1 IHT3rpalpbll aryjJbHbIX
MIKpa 9KOHOMETPUKHM ¥ iIMaBEPHACHBI MaJIJISIX , HAMPBIKJIA, JIOTUT, MPadiThl 1 TOBUTA, MAHAJIbHBIX IA3€HbIX 1 epacekay. IJKOHOMETPUKA, Y aCHOVHBIM,
BbIBYUSHHEM MbITaHHS a0 MPLIYLIHHACI, [3Ta 3HAYbILb MbITAHHE a0 BbISYJEHHI NMPbIUbIHHA-CJIE YAl CyBs31 MaMiK BbIHIKaM 1 HA0op dakTapay, siKist MOTylb
ObILb BbI3HAYAHBI TAKOTa 3bIXOY.Y MPbIBATHACIII, Il p3aji3albli I3Tall KaHIRMIbI § ¥ YaCOBBIX IIIparax, 1 3K3areHHbIX MaJI2JIsIBAHHSI.

HapaTkoBas jitaparypa:

Ericsson M. 1 JIxx. AiipoHc, TacTaBanHe ak3areHHara, Oxford University Press, 1994.

C. I'panyikap, [1. Newbold, nparnazaBanns y 6i3Hece 1 skaHoMilpbl, M., 1989.

Xamynam A. JIx. Poyai, (papakupls), Magassty yacaBbIX LI2paray, NpbIUbIHbI 1 9K3areHHbIX, Jusapy Darap Pub., 1999.

Tri-siHeMHBIA KAapabIHATHI TPHIKYTHIKA

"TpaiiHbl cxeme" 3BbIYAHA BBIKAPBICTOYBaela, Kad nakazaups 3MeHa fyMKl (FOR - CYTIPALD - He Bbi3Haubwtics). TpoXKyTHaN JibIATpame
BBIKAPBICTOYBAKOLA Y MEPIIYIO Yapry mna Ximik ?inapn ['16c ¥ cBaix gaciefaBaHHAX Ha (pa3aBbIX Mepaxopax. EH 3acHaBaHbI Ha 37arajibl, MITO 3 reaMeTpbIsii §
BBITJISAI3€ pOoyHa0akoBara TPhIKyTHIKA, CyMa aJijIerjacusy aj JFoOOM KPOIKi Jja TpoX 0akoy macTasiHHa. ['aTa a3Havae, IITO MPALRHT CKJIAy 3 CYMECI TPOX
paubIBay MOXKa ObIlb MPAJICTAYJIEHA SIK KPOIKA ¥ TaKOW CXEME, TaK SIK cyMa npausHray 3'synsenua nactagaian (100). Tpel BApIIbIHI 3'Syst0La KPONKaMi
YBICTBIX P2YbIBAY .

Toe 3k camae cnpaBsiiiiBa 1 /7151 "Kamna3iuplil" 3 MEpKaBaHHSY HaceabHINTBA. Kasi npausHThl 3a, cynpailb 1 He BbI3HaubLTica cyMy jia 100, Tyro 3K T3XHIKY /1715
pajICTaYJIEHHSI MOT'YLIb ObIlb BbIKAPBICTAHbIA. [ Is/1311e AbIsirpaMy HIXK3M, sIKisl BapTa pa3risjalb 3 HermpanapupbliiHbiM JicT. [Ipayna poyHabakoBara He MOTYy1Ib
ObILIb 3aXaBaHbl ¥ nepagaubl. Hanpbikiaj, Hsixail nepiianayaTkoBbl CKJIal MEpKaBaHHSY ObIUb npajactayiieHa 1. ['aTa 3Haublub, HEKaIbKl HE BBI3HAYBLIICS,
NPLIKJIQJIHA ¥ POYHAll CTYIEHI sIK IJIs1 cynpaub. Jla3Bosible 1HIIBIM CKJIa/IaM 3a/iaj3eHa Kpomnka 2. ['aTast kpornka ysyisie caboii 60JbII BLICOKI a[ICOTaK He
BbI3HAYBIYCS 1 CSPOJ] BbIpalllbly, OosbIIacp "3a".

For

Against Undecided

YHyTpanbia i Inter-anaHIIYbIK HAA3EMHACID

"YHyTpaHas Hag3erHacup"' WIKaJIbl yacTa BbiMspaena KasdiupleHT Kponbaxa. ['aTa akTyanbHa, Kaji Bbl Oy/I3€1i€ BbUTIYbILb aryJibHbI 0ajl 1 BbI XO4ale Bealb,
S0 HAJI3EMHACIb, 3aCHABAHASI HA HAMA 1HIIara panuThiHry. "HanzelHacup" ¥ * ag3Haka * aj capaHsra KapaJisipli, 1 /T KOJbKACI 3JIEMEHTAY, TaK K OOJIbIII
Mairad 0yn3e (K Mspkyenua) oyaze 0onbil HaRenHbIM. JIi 19Tas Maroub ThIS K CPOJIKI K MpaBijia, HE BaXKHA.

Tay-sKkBiBaJICHTHbIS: canpay/HbIsl alPHKI 1A MyHKTAaX, SK MSIPKyela, aipo3HiBaroLla a3iH aj] ajHaro He 00JIbII UbIM Ha cTaiai. Y poyHail Haji3eiHacli Mephbl,
sIK151 CKJIQ/IatoLb SIFO 3JIEMEHThI MaBIHHBI ObILb A KpaiHsii Mepbl Tay-3KBIBAJIEHTHbIS, KaJll I'3Ta 3/1arajka He BbIKOHBACILIA, IITa HIXKHSISI MsI>Ka alpHKI
HaJ3eHAaCII].

PopHacHbIst Mepbl: ['aTa HaliMeHII abMeyKaBaJIbHbIX MaJI3JIb Y PaMKax KJIAaCiuHaM T20PhIl TICTAY MmaTpadye TOJIbKi, IITO canpayaHae 6anay na mepax Kaxyup,
IITO BBIMSIP3HHS 1 TAro 3K 3'sBbl BbIJATHA KAP3JOOUb. TakiM YblHaM, Ha POJIHACHBISI MEPHI JILICTIEPCil MAMbLIAK, Mpay/ia, KOWT CPOAKay, a canpayaHae KOIIT
aJIXLJIEHHI MOTYlb ObIllb HIPOYHbIMI

st "[HT9p-ausHIIubIK" HaJI3ENHACIB, a/THO a/[PO3HEHHE Y ThIM, IITO 3HAYIHHE JISKbIbL HA HA/I3EMHACHb a/I31HAra pauThIHTY . BhikaxkaM 3p1arajiky , Mbl Maem
HACTYTHBIS JIA/I3E€HbIS



Ya3zenbHiKkl 4ac Q1 Q2 Q3 Ha Q17 001 1 mMam 4 kpacaBik 4 002 1 4 CakaBik 3 cakaBika 001 2 4 KpacaBik 3 mas 1 r.g.

BriByuaroubl Jaji3eHbls, S [yMaro, HIXTO HE MOKa 3padilp JIEMI, YbIM TJIS3eUb Ha napHbl T-TacT 1 Pearson Kapassiupli NaMizxK KOXKHAN napai padThIHIABbIX
areHUTBAy - T-T3CT CKaxKa BaM Il CPOJIKI PO3HbIS, y TON Yac K KapaJslpblsi Kaxka BaMm 1Ll Cy/ibl ¥ aiBAPOTHBIM BbINAIKY MACSAIOVHA.

Y apposnenHe aj [lipcan, "yHyTpbI Kj1aca" CyaIHOCIHBI MSIDKYE, IITO PIUTHIHIaBbIsl ar€HITBA canpay/ibl MarOLb TOM Ka csipafiHsie. ['aTa He ipaHHa, 5K 1
aryJibHae pa3toM3, 1 r3Ta MEHABITA TOE, IITO HEKATOPbIS paJaKTapbl XOUyllh Oayblllb MPaJICTAYJIeHbl HAa HA/I3EMHACUD YCEN PIUTHIHTaBbIX areHuTBay. ['ara i
IJTFOC 1 MIHYC, IITO ICHYEe HEKaJIbKl PO3HBbIX (DOPMYIJI JIJIs YHYTPhI-KJlaca CYaHOCIHbI, y 3aJIEXHACH] aJi HaJI3eMHACI] SKIX alPHbBaella.

Jnst Takix MaTay, sIK MJaHaBaHHE XapyaBaHH JIJIs TpanaHaBaHara jlacjieflaBaHHs, STHO He3aJie>kKHa aJ] Taro, PIUThIHTaBbIsl areHITBbI, SIKisl OyIylb
BbIKApbICTOYBallAa Oy/i3e ¥ lakJIaHacli This K acoObl. [loOpast MeTajanorist NpbIMSIHEHHS § TakiX BbIMajKax, 3'symsenua Bland & Altman ananizy.

SPSS kamanfpl:
Hap3enHacub (Alpha, KR-20) HAJ3EMHACLIb
SAS KamaH/bI:

Hap3senHacub (Alpha, KR-20) Kap ALPHA

KaJii BapTa BbIKApbhICTOYBallh HeMapaMmeTpuiecKre TIXHIKI?

[TapaMeTpbIUHbISL META/IbI 3'SYJISIONIA OO0JbII KAPbICHBIMI, YbIM OOJIbII BbI Beflaele ab cBaiM mpajgMele, Tak K Be[JaHHe Balllara rnpajiMeTa Moryupb ObIlb
yoynaBaHbl ¥ napaMeTpbiuHai Majiaiii. HemapameTpuueckue MeTajbl, y ThIM JIIKY aOO/IBYX CIHCAX raTara ClioBa, pacnaycCrojsKBaHHe OsICTIaTHAE TICTABAHHE 1
THYTKiS1 QyHKUBISIHATBHBIS (pOpPMbI, O0JIbII KapbICHBIS, ThIM MEHIII Bbl Befjace a0 cBaiM npaaMelie. Tpa0a BbIKAphICTOYBallb CTATHICTHIYHBI META]], 3BAHbI
HenapaMeTpUUYECKUi, KaJll siHa 3ajaBaJIbHsIE Ma KpaiHsIii MEepbl, 3 HACTYMHBIX M1 ThINAY KPbITIPbISY:

1. YBoay ai3eHbIX aHalli3y NepaliuaHHs - I3Ta 3HAUbILb, J1UbILb IA[3€HbIS, KIS NPaJCTaYIS0lb KOJIbKACHb Ha31paHHSIY Yy KOXKHa KaTaropbli ab0 Kpoc-
KaT3ropbli.

2. [Tap3eHblst BbIMsIparola i/ado mpaaHaii3aBaHbl 3 BBIKAPbICTAHHEM HAMIHAJIbHAN 1IKAJIbl BBIMSIPIHHS.
3. an3eHblst BbIMSIparoliia i/ado mpaaHalii3aBaHbl 3 janaMorai napajikaBai Kajbl BbIMSPIHHS.

4. BbICHOBA HE ThIUbILIA MAPAMETPY ¥ pa3MepKaBaHHI HACEJIBLHILTBA - SIK, HAMPBIKJIAJ, T1MOT332a a0 ThIM, IITO Yac-CrapajKaBaHA€ MHOCTBA HA31paHHSTY
NaKa3Bae BbINA/IKOBbIM YbIHAM.

5. PazMepkaBaHHSI BeparofiHaclsly CTaThICTBIKI, HA SIKIM aHaJIi3 3aCHABAHbI HE 3AJIEXKbIb /] KAHKP3ITHa 1H(apMalibli a0 3/1aragki ad HaceJbHINTBE (bl), Y30PY
(OB) ¥351ThISA, aJIe TOJIbKI HA aryJbHbIX 3/1arajikax, Takix K OecnepanbHHae 1/a00 ciMeTpblyHbIM Pa3dmepKkaBaHHE HACEbHINTBA.

3rojiHa 3 raThIM a3HAY3HHI, QIPO3HEHHE HENAPAMETPUUECKUX MPAJACTAYJIEHbI aTb00 3-32 Y3POYHIO BIMSIPIHHSI, SIK1SI BLIKAPBICTOYBAIOLIA 200 HEAOXO/IHbIS J1JIs
aHami3y, a ¥ Teinax 3 1 ma 3, ThIN BLICHOBBI, a ¥ ThINE 4 111 aryJjbHACL] 3/]arajlak ab HaceJbHIITBE pa3MEPKaBaHHS, a ¥ 5 ThIMY.

Hanpeiknan, MoxXHa BbIKapbICTOYBalb MaHHa- Y1THI paHr BbIIpaOaBaHHSY SIK HEMAPpAMETPUYECKNE albT3PHATHIBBI CTYA3HTaY T-TaCT, Kalll af3iH HE Mae
HapMaJIbHAEC Pa3MEPKABAHHE JA/I3EHBIX.

ManHa- YiTHi: [{511 BbIKapbICTaHHS 3 IByMa HE3aJI€>KHbIMI Ipynami (11a aHAJIOT11 3 HE3aJIEXKHbIMI Ipynami T-T3CT)

Binkokcona: [17151 BbIKapbICTaHHS 3 IBYX 3BSI3aHbIX (HAMPBIKJIAM, aiaBejHacpb a00 nayTopHae) rpyim (ma aHajorii 3 aJinaBe/iHbiMI y3o0pami T-TacT)
Kruskall-Yogic: [1511 BeIKapbICTaHHs 3 IByMa a00 OOJIbII HE3AJIEXKHBIMI Ipynami (1ma aHayorii 3 afabM pakTapam namix cyo'ekrami-ANOVA)
®pbigman: [1715 BbIKapbICTaHHS 3 IByMa a00 OOJIbII POJHACHBIX TPYI (ITa aHAJIOT11 3 aiHbIM (pakTapam yHYTphI cy0'ekTay ANOVA)

AHAaJII3 HAMOYHBIX JaA3€eHbIX

MerTappl, gKisl 3aiMarOLa aHATI3aM JIAI3CHbIX 3 MpaMyIlIvyaHbiMi 3HAY9HHIMI MOXKHA Na/3sUTIIb Ha!

- AHani3 BbINajiKay MOYHAM, Y ThIM JIIKY Y3Ba>KBAHHE KAPIKTHIBbI,

- Hapropacupb MeTajibl 1 NallILIPIHHS HEKAJIbKi1X aOBiHaBauBaHHE, 1

- METAaJIbl, SIKisl aHATI3YIOLb HATIOYHBIS Ia[3€HbISI HEMACP3JIHA, HE NaTpa0dyroubl NPacTaKyTHBI HAOOP JIaI3EHbIX, TAKIX SIK MaKCciMaljibHara npayjaanajgooHachl 1
0afieCOBCKMX META/IAY .

Hekanbki adBiHaBauini (IM) 3'syasena aryJjibHail napajbIrMbl JIJ1s1 aHATI3y HAMOYHBIX J1aa3eHbIX. KoKHbI aficyTHIYae faji3eHae 3aMsHsiena M > 1 Majianroena
KalITOYHACII1, BLIPAOJIsIFOUbl M MaJI2JISIBAHHS BEPCIl MOYHBIS fAajzeHblsi. KoskHas Bepcist aHalli3yela CTaHapTHall KaMIJIEKTallbll, Ja/I3€HbISI METa/Ibl 1 BbIHIKI
a0'sIHOYBAIOLILA 3 TaaMorai NpoCThIX MPaBll, KA BbIpalillb BLICHOY 3asiBbl, SIKisl YKJIIOYAIOLb aJICyTHIYae HIBbI3HAYaHACUb Na3€HbIX. ACHOYHBI YIIOp
poOinua Ha mpakThiubl MI 1151 p2aibHbIX CTATHICTBIYHBIX 3314 Cy4YacHall BbUTIYAJIbHAN aCSPOI3Sl.

JamaTkoBas JiTtaparypa:

Py6ina [1. Hexaavki Yapezosacuypb oas yaoune y anvimarnnsax, Hero-Epk, M., 1987

Schafer J., ananizy wimammephwix oaosenvix Hanoywuoisa, Jlongan, Yanmen 1 Xou, 1997.

Manenbkas P., J1. Py6iH, cmambicmuiunbl anaaia 3 a0cymmiuaroyb 0a03eHbiMI, HBIO—EPK, M., 1987.

VY3aemanzesinust § ANOVA i Parpaciiinas anamisy

Y3aemaj3esiHHe IrHApyHOLLA, TOJIbKI KaJll Bbl Aa3Bodiile rata. [1a rictaperudbix npbrubiHax, ANOVA nparpamsl, siK MpaBijia BbIpaOJisilib YCe MardbIMblIst
y3aeMajI3esIHHS, Y TOW Yac (HEKaJbKi) parpacii nparpambl 3BblYaiiHa He BbIPAOJISIIONb HISIKIX Y3aeMa3€sHHSY - 11a KpalHsii Mepbl, HEe TaK ParyJsipHa. Tak 1To
Jla KapbICTauy nadyaBalb y3aeMai3esiHHE YMOBaX, KaJli 3 BbIKapbICTaHHEM ParpaciiiHas aHami3y mpabsiembl, Kajll y3aeMai3esiHHS, 111, MOKa ObIlb,

uikaBacib. (ITag "ymoBbl y3aeMazessHHs" S1 Maro Ha YBa3e 3MEHHbIS, SIKisl AXKbIUAYSIOUb 1HpapMalbliiHae Y3aeMai3esiHHE,, YKJIFOUaHbIs ¥ SIKacCl
npajikazalibHiKay y ParpaciiiHas Magaoi.)

Parpacii 3'sayisenia ajzHaka yMoyHae MaTaMaTblYHae YaKaHHE BbINMAKOBa BEIIUbIHI I'3Tara iHiibl (MarybiMa, BEKTap-) BbIMAJJKOBa BET1UbIHI.



Cambl MPOCTHI KAHCTPYKIIBIL, Kad NepaMHayKallb Mpajika3ajbHIKay, y3aeMa/3esiHHE SIKiX MaBiHHA ObIlpb YKIto4aHa. [Ipbl HasgyHacHl OObII YbIM Y TPbI
npajKa3aibHIKay, 1 acabiiBa, Kajl CbIpaBiHy 3MEHHbISI MPbIMAIOLb 3HAY3HHS, JANEKIS aji HyJsl (HanpbIKJIa/l, KOJIBKACIb 3JIEMEHTAY CIIpaBa), PO3HbIX BbIpaday
(MJ1 LIMATIIKIX Y3aeMAI3€siHHAY , K15 MOTYLb ObIlb aTPbIMaHbl), SIK MMpaBijia, HeCHA 3BsI3aHbI aJI31H 3 cs10paMm 1 3 apbIriHaiabHail NpeaukTopoB. ['aTa yacam
Ha3bIBaIOLb 'TTpadyiemMail MyJIbTUKOJUIMHEAPHOCTHU ", XOUb ObUIO O JIaKJIaIHEN Ha3Balb 1JKbIBbIM MYJIbTUKOJUIMHEAPHOCTH. ['aTa MarybiMa, 1 yacta
pakamMeHjyena, Kad Hanaas3iupb CbIpaBiHbl, Kad 3paldilp 1X apTaraHaJIbHbIX J]a 3bIXOJIHbIX MIEPAMEHHBIM (1 MAJIOIIbIS YICHbI Y3aeMa/I3€sIHHSI, a).

[IITo 3HaubIIb, Kajli CTaHIapTHLI TOPMIH MaMbLIKI BbicoKasi? Multicolinearity rata He ag3iHbl pakTap, sIKi MOKa NMpbIBECH Aa BsIiki ¥ SE 15 atpHak
"KpyTacui" KaagiygpleHTay parpacii 1oObIX Magaisay. SE, Ha3a/ npanapubliiHbIs AbISNA30H 3MEHMIBACL] ¥ MPeUKTOPOM 3MeHHal. Hanpreikiiaz, Kani Bl ObuTi
al[PHKI1 JIIHeHail CyBsI31 MaMiX Barou (X) i HeKaTopbls AMXOTOMUYECKHUX BbIHIKaY 1 X = (50,50,50,50,51,51,53,55,60,62) SE 6yn3e HaMat OOJIbIII, YbIM KaJIl X
= (10,20,30,40,50,60,70,80,90,100) npbl iHIIBLIX pOYHbIX yMOBaX. ICHye YpoK /1Jisl MJIaHaBaHHSI KcnepbIMeHTay . [17151 ma/iBbILISHHS TaKJIaTHACL ALHKI,
NAaBSUTIYbILb ABISIMA30H YBAXOHbIX JIa3€HbIX. A1IUa aiHON NpblublHal BsWlikara y SE 3'sysienua HeBsiiKasi KoJbKaclpb 'majzes’ HazipaHHs a00 HeBsuTiKast
KOJIbKaclpb "He-maji3el" HazipaHH (Ma aHaJIoril 3 MaJIoii ILICTIEPCISi ¥ BbIHIKY 3MEeHHas1). ['aTa He cTpora KaHTpassiBaHbl, ajie NaBsulivbilb yce aiaHkl SE (He
TOJIbK1 acoOHbIst SE). IcHye 1 1HIIast npbIubiHA BbICOKAra Y3pOYHIO MaMblIaK, F3Ta Ha3bIBaelLa cepbliiHall Kapassipli. ['3Tas npadieMa yacta, Kai He ThINOBas,
NPbl BLIKAPBICTaHHI YaCOBbIX 1I3paray, 00 ¥ raThIM BbINAJKY BbINAKOBbISI TIPMIH NapYIISHHI YacTa ayIFIOCTPOYBAIOLbL 3MEHHbISI, HE VKJIFOUaHbIsSl § BIJABOYHbIM
BBIMJISIJI3E § MaJI3JIl, SIKisl MOTYIb 3MSIHSLLA MMABOJIbHA, SIK Yac MPaxo/3ilb MiMa.

Y niHeliHai Majiani, sSiKast IpajcTayJisie 3MeHa 3aJesKHai nepaMeHHai Y y BbITJIsAA3€ JIHeHa (PYHKIbI HEKAJIbKIX HE3AJIESKHBIX 3MEHHBIX , y3aeMa/3esTHHE
naMixK I3BIOMa He3aJieKHbIMI 3MeHHbIMI X 1 W MO>KHA NPaJICTaBilb CBatO NMPaAYyKIUbIIO, I'3TA 3HAUBILb NEpaMEHHAsl CTBOPaHa LIJISIXaM MaMHaK9HHS 1X
pazaM. AnreOpaiyHbIX Takasi MajaJib NMpajicTayJieHa:

Y =+ Blx+ b2+ b3 W XW+e.

Kam X 1 W 3'ayasronua kataropsli cictaM. ['aTa payHaHHe amicBae 2 picnepciiiHail aHami3y (HoBast) Majiaiib, Kam X 1 W, (kBa3i) 6GecrepanblHHbIX 3MEHHbIX
raTa payHaHHE arnicBae MHOXKECTBEHHOMN JliHeHau parpacii (MJIP) majaai.

Ba ymMoBax HOBas1, pa iCHaBaHHE y3aeMaji3esTHHE MOKa ObIlib anicaHa sIK PO3Hila MaMixK aJIpO3HEHHI: PO3Hila § CPojKax Mmamix JI3BIoMa Y3poyHsmi X Ha aHO
3HauYsHHE W He 3'sayJisena Takoii xXa, SIK Po3Hila ¥ ajinaBe/HbIs CPOJIKI Ha 1HIIAae 3HaYaHHE W, 1 raTyto He-xka-Hecc ysayiisie caboii y3aeMajzessHHe naMix X 1
W, sHa KoJIbKacHa 3HaYSHHEM b3.

Ba ymoBax MLR, y3aemajizessHHe mpajiyriieixkBae 3MsiHEHHE ByIJla Haxiny (aj parpacii Y Ha X) aji afiHaro 3Ha4sHHs J1a iHmara W 3Hausnie W (i,
9KBIBAJICHTHA, 3MSIHEHHE Haxiy parpacii Y Ha W Ji71st po3HbIX 3Ha4y3HHI X): Y ABYX-MPaJIKa3aIbHIK PArpacii 3 y3aeMajI3€IHHEM MTABEPXHI BOJITYKY I'3TA HE
IJI0CKACIb, a Kpy4yaHasi IaBEPXHIO (HANpPbIKJIAJ, "BbIFHYThI BoJiaBa neubiBa", y (1990 [lapninrrona) gpasy). SMsSIHEHHE HAXUTy KOJIbKacHa 3HauaHHeM b3. [1ns
BbIPALIZHHS IaTail NpadJieMbl HEKAJIbKI KOJUIMHEAPHOCTH.

Jbicniepcisi HeJliHeMHAHW BhINMAAKOBBIX (QYHKIbIN

3MeHa HesliHeHal (PyHKIbII HEKAJIbKIX BbINAJIKOBBIX BEIUbIHbL MOKa ObIlb HaOJi>kaHa 1a "manbTa metayy" . [IpeiomizHa qucnepens s raaakan pyskupsi F (X,
Y) 1ByX BbINAJIKOBBIX BeiubIHb (X, Y) aTpeiMiiBaenua anpakcimyenya F (X, Y) na miHeiiHai NyHKTY ryiepKanHsg Tannapa ¥ HaBakosuti ad y30pbl cpopki X 1
Y.
Hanpsikiag, geicnepcis XY 1 X/Y Ha acHOBe Bslikara naMepy BbIOApKI anpakciMyenua:

[E (Y)] 2 Var (X)+ [E (X)] 2 Var (Y)+ 2 E(X) E (Y) Cov (X, Y)

Var (X)/([E (Y)] 2)+ Var (Y) ([E (X)] 2)/([E (Y)] 4) - 2 Cov (X, Y) E (X)/([E (Y)] 3)

ajinaBegHa.

Bizyamizaupbisi CTaTbICThIKA: AHAJITHIYHAS TeaMeTPbIs, I CTATBICTHIKA
YBonzinbl y Bizyaizanpli CTaThICTBIKI

Boublras yacTka cTaTbICThIYHAN anpalloyKi JaHbIX YKItodae ¥ csa0e AnreOpaidHbls anepaupli ¥ Ha0OpbI JaI3eHbIX. AJJHAK, KaJll HA0OP AAaHbIX 3MsI4ac OOJIbIII
YbIM Ha 3 HyMaphbl, LITO HEMAarybiMa ysBillb cabe sie reaMeTpblYHae NPAJCTAYJIEHHE, Y ACHOYHBIM 32 KOLUT YaJaBeyblX CIHCAPHBIX aOMeXXaBaHHAY . ['eameTppist
Mae 3HayHa OOJIbLI JJAYHIOK TICTOPBIIO, YbIM anreOpy .CrapaKbITHbIS IPIK1 NPLIKJIAHON IreaMeTPbIl ISl 6bLMAPIHHA 3AMAL, & TAKCAMA

pacrnpanaBaHbl 2eamempbliHbia MAIANL. AHAAIMbIMHAN 2eamempbli, Kad 3HANCLI IK8I8ANEHMHACYb Mex Oy anzebpall i :eamempulal. MaTaii 3'aysenya
JIenae pa3yMeHHe Bizyanizalpll ¥ 2-X 1l 3-MepHbIM MMPACTOPhI, a TaKcama adaryJbHILb 1131 7151 O0JIbII BHICOKIX NMaMepaM aHAITHIYHBIM MbICJIEHHEM.

be3 aOMexkaBaHHsI CYNOJIbHACI], 1 9KAHOM11 MECLIa, HACTYIHBISI MP33EeHTAlbll § paMKax HEBsIiIKara naMepy BblOapKi, IITO 1a3Bajisie HaM 0aubllb CTATHICTBIKY ¥
1 abGo 2-MepHBIM MPACTOPHI.

CapaaHiolo i MeabIsiHa

BbikaxkaM 37arajiky, IITO YaThIPOX YAJIaBEK XOUYllb cabpalia pa3aM, Kad ryJsiup y nokep. SIHbl XXbIByUb Ha 1 -ii ByJIiLbl, 3 - Bydina, 7 -1 ByJigsi i 15 -
i cTpbIT. SIHBI XOUylb, Kab BbIOpalb I0M, SIK1 YKJroUae ¥ cs10e MiHiMallbHasl KOJIbKaclb KipaBaHHS 1151 YCIX 3aliKayJeHbIX 0aKoy .

JlaBaiilie BbIKaxkaM 3/1arajiky, lITO siHbI BbIpallbLIl 3BECII [Ja MIHIMYMY abcajitoTHara Kojbkacui pyxy. Kami 6 sHbI cycTpamnics ¥ 1 -l ByJilbl, KOJIbKaclb
KipaBaHHe Oyn3e 0+ 2+ 6+ 14 = 22 6nokay. Kani 0 siHbI cycTpasics Ha 3 -i ByJIilpbl, KOJIbKAacUb BajixKaHHs Oyjize 2+ 0+ 4+ 12 = 18 osokay. Kami 6 siHbI
cyctpanicd ¥ 7 -it ByJiupl, 6+ 4+ 0+ 8 = 18 6nokay. Hapaue, Ha 15 -iicTpeit, 14+ 12+ 8+ 0 = 34 Gnokay.

TakiM 4bIHaM, JBa ambl, IITO JIaCllb MAardybIMacilb 3BECI] J1a MiHIMyMYy KOJIbKacCIlb KipaBaHHe Oyqze 3 -1 ui 7 -1l ByJiupl. Ha camaii cipase, Kajii siHbI XOUylUb
HEWTPaJIbHbI CAlT, Y JIOOBIM Meclbl Ha 4 -1, 5 -1 a00 6 -1 ByJIilbl Takcama Oy/13€ npanaBallb.

3BspHile yBary, ITo Jr0oe 3HausHHe aj] 3 fa 7 MoxKa Obllib BbI3HaUYaHa sIK capapHsis 1, 3, 7 1 15. Takim yblHaM, CApaHSs 3'ayIsenia 3HauU3HHEM, SIKOe
3BOJI31Lb /1a MIHIMyMY aOcaslroTHasl ajijieryiacipb jla Kponak JIa3eHbIX.

Lsnep, yanasek, Ha 15 -if 3acMyuaHbl Ha 3ayCEbI MPbIXO/3iLA padilb O0JbII KipaBaHHS. TakiM UblHaM, TpyMna 3rojiHasl pa3riei3elb po3Hbls MpaBijbl. [Tpbl
NPbIHSL pallzHHS, Ka0 MiHIMI3aBallb KBaJpaT ajierjacyi KipaBaHHs, Mbl BLIKAPBICTOYBAEM MPbIHIIbIN HAMEHIIbIX KBajipaTay. [1a y3Bsin3eHHs y kBajgpat, Mbl
MlaeM OOJIbII Bari Ha aji3iH BEJIbMI Mpalsrian s3/bl, YbIM Ha Ky4dy KapoTKix nae3fak. [Ipbl raThiM npaBuibl, 7 - ¥ ByJiusl oM (36+ 16+ 0+ 64 = 116 kBajipaTHbIX



Os0kay) nepaBaxkHen 3 -il Byiupl oM (44 0+ 16+ 144 = 164 xBajpaTHbIx O6s10Kkay). Kami Bbl Jiublle, y JH0ObIM MECLBI, & HE TOJIBKI CaMiX jaMoy, TO 9 -
11 ByJIiLIbI MECLIa, SIKOE MIHIMi3ye KBaJIpaT aJIJIerJiaciii MpbIBajiaM.

3HaiicLi 3HausHHEe X, SIKO€ 3BO/I311Ib /la MIHIMYyMY:
(1-%x)2+3-x)2+(7-x)2+(15-x) 2.

3Hay3HHE, IKO€ 3BOJI311b /Ia MIHIMYMY CyMbI KBajIpaTay 3HaUaHHAY 6.5, sikas Takcama poyHas csapajHsie apbidpmeTbrunae 1, 3,7 1 15. [Ipbl BbITiuaHHI, NErKa
naxkasayp, LITO [3Ta Mae MECLA § LIBJIbIM.

Pasrnen3imM HeBsUIIKI MPBIKJIAJ] pAXYHKI 3 HOTHBIX JIIKaM BbIMAKay, HanpbIkiafd, 1,2,4,7,10 1 12. MenbisHa 5,5, csipafi3iHa IHTIpBaly naMix j3ecsiTkami 41 7.

SIK MBI ¥>K0 Ka3zaji BbIIAK, I'3Ta Npay/a, IITO CAPIAHSIS KPOMKa, BAKOJI SIKOM CyMa aOCaIIOTHBIX aIXUICHHSTY 3BE/I3€HbI []a MIHIMyMY. Y HaAlIbIM MPbIKJIa]3e
cyma abCcaltoTHBIX afxuieHHsy 22. ThIM He MeHI, I'aTa He aj3iHas Kporka. JIto0as kponka y 4-x ga 7 pariéH Oyj3e Mellb TaKOe K 3HAaU3HHE 22 Ha CyMy
aOcaroTHara agxiJIeHHI.

Canpaypl, MefibIsiHbI 3'synstonua ckaaganbiM. 50% Boiai - 50% HixXosi, He 3yciM npaBiabHa. Hanpeiknan, 1, 1, 1, 1, 1, 1, 8 He mae capagusie. KaHBeHUbIs
Kaxka, IiTo MefbisgHa 1, agHak kans 14% nang3eHbix Jspkaib ctpora Haj €id, 100% nan3eHbix, siKis O0JbII Ll POYHAS CAPIHSINA.

Mpb1 6y13eM BbIKApbICTOYBAllb MITYIO 171310 ¥ ParpaciiiHast aHamizy. Y aHaJlariuyHbl apryMEHT, JIiHI1 parpacil 3'aysiena yHiKaabHal JiHisi, siKas MiHIMi3ye
CyMy KBajipaTay afixuleHHs1y aji siro.ICHye He yHIKaJbHas JIiHis, sSiKasi 3BO/31lb /]Ja MIHIMyMYy cyMa aOCaIFOTHBIX aJIXUICHHSTY aJi sro.

ApbI(pMETBIYHBIM i CSPIAHIM reaMeTPbIYHbIM

ApsipMmeThIuHasA: BbikaxkaM 31arajky, y Bac A3B€ KPOIKi X 1y, Ha pIajbHAe KOJIbKACHb JIiHil BOCI:

S -2 -1 0 +1 +2 A

Csipapinsie apbihMeTbIuHae () Takasi KpornKa, IITO HACTYHbISI BEKTAPHbISI A[JHOCIHBI CUBSIPIPKOHHSY: ObIK - 02 = rabapbITHbIS - ali.

I'eameTpbIuHae CAPIAHIO: Bhikaxkam 31arajky, y Bac €clib /1Ba Ma31ThIYHBIX JaJI3EHBIX KPOIAK X 1Y, HA BBIII3N p3ajibHas KOJIbKAaCUb JIiHil BOCI,
TO reaMeTphIYHAE CAP3JIHION (T) MIThIX JiKay 3'aynsenia Kponka r takas, To | obIk I/l or | =1 or I/l aii |, 13e | ObIk | a3Havae mayKbIHIO agpI3Ka ObIK,
HaIpPbIKJIa/I.

AnxijieHHe, KoBapuanus | Ka3(ibIeHT Kap3siubli

Pa3zrsien3im Habop naj3eHbIX, K1 3msindae m = 2 Hazipanss (5, 1). [Tacasg usHTpanizanel 1ag3eHbIX, MOXHA aTpbiMalb BekTap V1 = (5/3 =2, 1-3 =-2), 5K
MaKas3aHa ¥ HACTYMHbIM I = 2 MEpHai CiCTIMe Kaap/ibIHAT:

of vectors V1
cand V2 is ntimes
3 N the covanance.

cangle kehwesn two
vectors V1 and V2 is
the conelation
coefficient.

xz A
The n-coordincte of The squared kength of vector OV
point V1 is datc set is n times of vanance.
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standard deviation.
v
2 ____1,
1
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| ! ) >
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|
|
I

Analytic-Geometry Representation of Major Statistics

3BspHILE yBary, IWITO Aay>XbIHs BeKTapy V1 3'aynsenua:
IVII=[12)2+(-2)2] 2=8 %
Hbicnepcis V1 3'ayasenua:
Var (V1) =S Xsa2/m=1V112/n=4
CraHpapTHae ajiXijJieHHe:
|OS11=1V1Imn=8%/2%=2.
3apa3 pazriensim 2. Hazipanns (2, 4). Akpams Taro, €H MoKa ObIlb MpajicTayyienbl Bektap V2 = (-1, 1).
Koapuaiuu,
Coy (V1, V2) = ckangpnsl TBOp/TL = [(2) (-1)+ (2) (1)]/2=-4/2 =-2
Tamy:
H Coy (V1, V2) = ckanspHbl TBOp IBYX BekTapay V11 V2
3BsipHille ¥Bary, MITO IHTIPHIT-MPAAYKT MHOXKAHHS JIBYX JJay>KbIHb Pa3bl KOCIHYC ByIJla MaMiK ByMa BeKTapaMi. TakiM YblHaM,
Coy (V1,V2)=10S11'10S21"'Cos (V1,V2)=(2) (1) Cos (180 °) =-2
KaadiubleHT Kapassipli cKiajae:

p=Cos (V1,V2)

MarubiMa, raTa HaimpocTae JJ0Ka3 Taro, ITo KadiubIEHT KapaJsipbli 3aycénbl abMeskaBaHbl IHTIpBa [-1, 1]. KaadiupbleHT Kapaasupbli 1711 HAIIbIX KOJbKACHbI


http://science.webhostinggeeks.com/topics-be#rspecialmean

npbikyaag Cos (V1, V2) = Cos (180 °) = -1, sik 1 yakayiacsi aji MaJtOHKY BbILIIS.

ApJiernacup naMixx IByMa Habopami JajizeHbIX NyHKTY V1 1 V2 TakcaMa iHT3pHIT-NIpayKTa:

IV1-V21=(VI-V2).(VI-V2) = I VI 1 2+1V212-21VII'I V2]
=11 [Var (V1)+ VarV2 - 2Cov (V1, V2)]

3apa3, nabyjaBalb MaTpbILly, CIyNKaMi SIKOH 3'1yJsirona KaapabHaThl BYX BekTapay V1 i1 V2 agnasenna. [TamHaxkaroubl TpancnaHaBaHHE T'aTail MaTPbILbI
camo mna ca0e Jlae HOBbI CIMETPbIYHAN MaTpPbILbI, SIKas 3Msiryae 1 pas japicrepcii V1 1 V2 gpicniepcii ¥ sikaciii CBaéil aCHOYHaM JIbIAIraHAJIbHBIX 9JIEMEHTAY
(HanpbIkaag, 8, 2),1 g pa3z Coy (V1, V2), a gro apisgraHans ajj ajeMeHTay (HanpbIkiaj, 4).

MarubsiMa, Bbl 3aX04alle BLIKAPLICTOYBAlb MUIIMETPOBYIO NANEPy. 1 KAJbKYJIATAp, Kad MpaBepbillb BbIHIKI MITHIX JIIKABBIX MPLIKJIAaX, a TAKCaMa BbIKAHAIlb
HEKATOPbIS IIATKOBbIS JIIKABbIX 3KCIEPbIMEHTAY J1j1s1 O0JIbIII IJIbI0OKAra pa3yMeHHsT KaHI[IMLIbII.

JHamaTkoBas JiTapaTrypa:
Bukenc T., ezeamempuoia wumammepraza cmamoicmviuHaza anaaidy, Erlbaum Pub, 1995..

IlITo Takoe csApIaHsie reamMeTpbIYHAE

CspaniHsie reaMeTpbIYHAE T HeaIMOYHAE JIIKABbISI 3HAUSHHS 3'ayJisieja KopaHb 3 TBOPbI 3HaU3HHY 1. HazoyHiK KasdiupleHTa Kapassiupll [Tipcana 3'synsgenna
CAP3HIM FreaMeTPbIYHBIM JIBYX JIbICTIEpCiii. ['aTa KapbIiCHA /1151 acepajHEHH] "MPalyKT MOMAHT" KAIIITOYHACLSY .

Beikaxkam 3parajiky, y Bac €clp /1Ba Ma3iThbIyHbIX AaJ3€HBIX KPOMAaK X 1y, TO CAPIHSIC reaMeTPbIYHAE I'AThIX JIKay 3'ayJsenua Jik () Takas, ro X/t = y/0, 1
cApafHse apbl(pMETBIYHAE (a) TaKOE, IITO X - 4 = - .

['eameTpbIuHbIS CPOJIKI HIbIPpOKA BhIKapbicTOoYBatouua y 3IIA Bropo npanoyHaii ctathicThIKi ["Geomeans", sSIK iX Ha3bIBAOUb| NPbI Pa3iiKy 1HAIKCA
cnaxkbiBelkix 1aH y 3IIA. Geomeans TakcaMa BbIKAphICTOYBAKOLIA ¥ a3HAYHIKaX KOWTay. BbIKapbICTaHHE CTATHICTBIYHBIX CSIP3JIHSIE FeaMeTPbIYHAE JJIs
1H/I9KCay, TaKiX sIK 1/12aJIbHbI 1HRKC Pilspa.

Kauni HekaTopbIst 3HaU3HHS 3'syJISH0LA BEJbMI BSUTIKIMI 112 BEJIIUbIHI 1 IHILbIS MaJlbIsi, TO CSP3JIHsIE reaMeTpbIuHae 3'ayisenia Jemni cIapaHsra. Y
reamMeTpbIuHal Mparpacii, HaOObIII 3HAUHBIX CSAP3IHSE reaMeTpbIuHae csapajiuse. CsapagHse apbiPMeThbIUHAE BEJIbMI 3pYLIaHbIs ¥ 60K OoJiblliail KOJIbKACI ¥
CEPBIIO.

Y skacui npbIKJIaly , BbIKAXKam 3[arajiky , ITo Mpojiaxkbl HeKaTopara napeniyaHas nyHKT jia 110% y nepubl rop 1 ga 150%, wrro Ha pyri rop. st mpacTaThl
BbIKaXKaM 37arajky, o Bl npagan 100 ag3iHak Ha ma4aTKOBBIM 3Tane. Tajbl JiK npagaj3eHbIx y nepiibl rof ckiiagae 110, a konpkacupb Mpajiafi3eHbIxX ¥
npyrim ckiagae 150% x 110 = 165. Cspapnsie apbipmeTbrudae 110% 1 150% 130%, Taxk mto Mbl HSMpaBUIbHA JIIYbIM, IITO KOJBKACHH MPAIAA3EHbIX Y MEPLIbI
rof, cknanae 130, a mik y apyri rog 169. Capangnsie reamerpbranae 110% 1 150% r = (1.65) 1/2Tak, mro Mbl npaBijibHA allaHilb, IITO MbI ipajgaeM 100 (t) 2 =
165 nyHKTay Ha MpauAry gpyrora roja.

Y skacui Sys ajgHaro najgoOHara npbIKaaay , Kami massbl ¢ouj pacue Ha S0% y rop 1 Ha 50% y HaCTyNHBIM IOfi3€, 1 Bbl TPhIMaeUe NpbUIajia npausry aboaByx
rajioy, Bbl CTpaLiJi FPoliibl ¥ KaHUbI. 3a KOXKHbI JAJISIP, BbI MMaYasi 3 Taro, 3apa3 Bbl aTpbiMalil 75¢. TakiM YblHaM, IpayKibIHHACU aJpO3HIBacLUa aJi
aTpbiMaHHs (50% -50%)/2 (0%). I'aTa Tak Ka, siK 3msiHsiena 3 MHOXKHIKaM (1.5 x 0.5) %2 = 0,866 y roji. Y MyJIbThITIKATBIYHbI ITPAL3C, AJTHO 3HAUYHHE, SIKOE
MO3Ka ObIllb 3aMEHEHBI [IJIs1 KOXKHAra Habopy 3HauUsHHSY , Kab falb TOM ka "aryyibHbl a¢pekT" 3'aynsenua cspaiHiM reaMeTPbIUHbIM, a HE CSIPIJIHSIE
apbipMeTbIuHaE. SIK npasisa, rpollbl MyJIbThILIIKATBIYHBI ("€H Osp3 rpollibl, Kad 3apadJsitp rpoibl”), hiHaHCABbIS Jai3€HbIs, 4YacTa JIENI CIaJTyYaroLia
TaKIM YbIHaM.

SIK mpbIKnaj aHaMI3y anbITaHHS, Iallb NPBLIKIAJ JIOf3el, CIic, cKaxkam, 10, 3maublHCTBaY Y IbIIMAa30He Cyp'€3HACIIIO:
Kpanzex... Hanap... [Tagnan.. 3reantaBanne... 3a00iicTBa

[TanbITaeue KoXKHara paclaHi?HTa laBalb sKis-HeOy/13b JIIKABbISI 3HAUSHHS STHbI aT4yBarolLb, LLITO JIKOOOE 3/1a4bIHCTBA, Y Ccrice (HAapbIKIa/l, XTOChII MOKa
NPbIHSLB palllsHHe a0 BbIKAIKY nagnany 100). 3aTeiM nanbiTacle X alaHilb KOXKHae 3J1aublHCTBA ¥ CIice Ha IKasie afHociH. Kaji 3reanTaBaHHe afka3ublK
NIyMKa OblIa ¥ TSIk pa30y Tak Ap3HHA, SIK najnai, Toe 3HausHHe S00 Oyji3e npbI3HavYaHbl, KpaA3s>Kbl KBapTalie Ap3HHa, 25. BbikaxkaM 3/1arajiky, lTO MbI
xauedi, Kao "csapagHi" padThIHT CAPOJ PACHaHRHTAY Aaji3eHai KOJKHAra 3J1aublHCTBA. 3 PICMaH/IHTAY BLIKAPLICTOYBAIOLL CBA€ YJIACHBISI 0a3aBYIO 3HAUIHHE,
cspafiHsie apbipMeThbIuHAE ObUIO O OecKapbICHA: JTEO/I31, SIKISl BLIKAPBICTOYBAJI BsUTIKasi KOJIbKACIb 1X 0a3aBara 3Ha43HHS Oyjize "Oanora" Thist, XTO adpay
HEBSUJTIKIX KOJIbKaclgX. ThIM HE MEHII, CAp3/JHsIe reaMeTpblUHae - KOpaHb 3 TBOPbI PAUTBIHT 32 KOXKHAE 3/1aUbIHCTBA PICHAHJIZHTAY I'a - a€ POYHbIS Bari s
yCix ajika3ay. f BbIKapbICTay raTa y Kjlace NpakTbIKaBaHHI 1 r3Ta npailye BbljlaTHA.

BeabMmi yacTa qoOphbl 118 yBaxXoy-nepayTBapaHHS M3ThIX AaJI3EHBIX [1a parpacii, [bIcnepciiiHbl aHai3, 1 I'.J1. ['3ThIsl CTaTBICTBIYHbISI META/IbI JAI0Lb
3aKJIIOUsHHE a0 cpa/iHsil apbipMeTbIUHAl (SIKasl IECHA 3BsI3aHa 3 MeTajjaM HaliMEeHIIbIX KBajipaTay MaMbUIKi BEIMSIPIHHS), aJIHAK CSPI/IHsIE apblhMeThbIuHAE
JIOT-TIepayTBOPAHbBIX JIaI3€HBIX I'ITA YACOIIC CAPI/IHsIe reaMeTpbluHae Aaa3eHbIX. Tak, HaNpbIKJa/l, Mpbl BbIpaOaBaHHI Ha YBaxoj3e-nepayTBOPaHbIX Ja/I3eHbIX
Ha camaii cripaBe 3'styJisielilia T3CT 1Sl Pa3MSIIIY3HHS CSAP3JIHsie FreaMeTphIYHae.

amaTkoBas Jitapartypa:
JIaurmi P. Ilpaxkmuiunve Cmamuicmuika npocma namaymausty, 1970, Dover Press.

IlITo Takoe IlHTpanbHas JimiTaBas Taapama?

J11s1 NpaKThIYHBIX M3T, TaJOYHas 11351 URHTpabHai JiMiTaBail TaapaMbl (LIITT) y TeiM, LITO CApafHi Y30p Ha3ipaHHS Y35IThIS 3 HEKATOPBIX HACENbHILTBA
0001 (hopMBbI pa3MepKaBaHHsI MPbIOTI3HA pa3MSIPKOYBarolLilla HapMabHAE Pa3MepKaBaHHE, KaJll BLIKOHBAOLLA MIYHBIST YMOBBI. Y T3ap3TbIYHAN CTAThICTHILbI
ICHye HeKaJIbKi BapbISIHTAY UPHTPAJIbHAI JIIMITABA TaP3MbI ¥ 3aJIE3KHACIIL aJ] Taro, HAKOJIbKI I'3IThisi YMOBbI a3HAYAHbIS. SIHbI 3BsI3aHbIS 3 ThIaMi
NAMYLIY3HHAY a0 pa3MepKaBaHH1 OalbKOyCKara HacenbHIITBA (KOJIbKACIb HACEJIBHIINTBA, 3 SIKIX BbIOApKa) 1 yIacHa mpauaaypy anoopy.

AJI31H 3 caMbIX NMPOCTBIX BEPCIi TaapaMa CUBSp/KAae, IITO KaJjll BbIMAaKOBast BbiOapKa a0'éMy 1 (ckaxkaM, 1m > 30) ajj 6sickoHI[ara KaH4aTKOBal CyKYMHACI1
CTaHJIApTHAE aJIX1JIEHHE, TO CTaH/IapThI3aBAHbISl Y30pbl a3HAUYa€ ChIXO/3IIILA /1a CTaHJJapTHAra HapMalbHaMy pa3MepKaBaHHI 11, 9KBIBaJ€HTHA, Y30py a3Havae,
HaOJTIKaela 1a HapMaJibHara pa3MepKaBaHH1 3 CSIPIIHIM 3HAYIHHEM POYHbBIM CSPIJHSIMY HACEJBHILTBA 1 CTAHJIAPTHAE A[X1JICHHE POYHA CTaHJapTHae
aJIX1JIEHHEe HACEJIbLHINTBA Maji3eJIeHa Ha KBAJIpaTHbI KOpaHb 3 y30py N namepy. [Ipbl y>KbIBaHHI U3HTpAIbHAN JIMITaBail T9AP3MbI 1JI1 MPAKTHIYHBIX 3a/1a4
CTATBhICTbIYHAra BbIBAJY , 4/IHAK, CTATBICTBIKI OOJIbII 3al[iKayJIeHbl ¥ ThIM, SIK LIECHA MPbIKJIA/IHbIS pa3MEepPKaBaHHE BblOapavyHara CSpa/JHIra HaCTYIMHbIM
HapMaJibHara pa3MepKaBaHHs JJIsl KAHYATKOBBIX aMepay BbIOApKi, UbIM FpaHiyHae pa3MepKaBaHHe cade. [lacraTkoBa 100pa y3rajHsienya 3 HapMaJbHbIM
pa3MepKaBaHHEM CTATbICTBIKI [Ja3Bajisie BbIKAPbICTOYBALb 3BbIUANHBISI T0PbIst pOOilb BICHOBBI a0 HACEJLHITBE MapaMeTpay (TaKixX, K CSPIJIHss),
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BBIKaprCTOS’/BaIO‘{bI Bbl6apaqHae CAPIAHAC, HC3AJIC2KHA A/l KAHKPITHAra BiIIy GaHBKO}U/CKaI;’I HaHy.HSIHin.

J1oOpa Bsitoma, 1ITO Yce OalbKi HACEbHINTBA, CTaHJAPThI3aBaHask epaMeHHast Oyji3e Melb pa3MepKaBaHHe 3 cspaHiM O 1 CTaHJAPTHBIM afixiJieHHeM | ma
BbINA/IKOBail BbIOApIBI. Bosbl 3a Toe, Kalli Oalbka HaceNIbHILTBA HApMAJIbHA, TO pacnayCroKBaelllia raTak Xa, SiK CTaHAapTHasl HapMaJsibHasl IepaMeHHast J1Jisl
mo0ora HaTypanbHara 1 Jik. [{sHTpanbHas niMiTaBas TapaMa CUBSIPIXKAE, BbIATHbI BbIHIK, IIITO, HABAT KaJli OallbKa HACEJbHINTBA HE 3'ysena
HAapMaJIbHbIM, CTAH/IaPThI3aBAHbIX 3MEHHbIX MPbIOJIi3HA HAPMAJIBLHBIM, KaJli BbIOApKa JJOCKILb BsUliKas (ckaxkaM, > 30). Sk npasinia, He Ia3BaNISIOLb CUBSPKALb
YMOBBI, MPHI SIKIX HAOTIKHHE Jlae IRHTPAJIbHAS JTIMITaBasl TIapaMa Mpailye, a IITo Namep BbloapKi HeaObXoJiHa Jla HAOJI3KIHHS CTAHOBILIA JIOCHIb I0OpbIM. Y
SKacll aryJibHail paKaMeH/lalpbll, CTAThICThIKAY BbIKAPLICTOYBAII PIURNT, LITO Kali OalbKi pa3MepKaBaHHs CIMETPBIYHA 1 a[ITHOCHA KAPOTKIM XBACTOM, TO
BbIOapayHae Csp3jiHsie Jacsrae npbidJi3Ha HapMasEBaclil JIsl HEBSITIKIX y30pay, UbIM Kajii 6 OalbKi HaCeJbHINTBA CKaxKoHae abo JJOYT1 XBOCT.

[Ipa asekTpoHHal MaBiHHA BbIBYyYallb MaBOJ31HbI CSPIHIX y30pay pO3HbIX MaMepay, aTpbIMaHbIsl 3 PO3HbIX MAaTYbIHbIX HACEILHINTBA. BhIByusaHHE BbIOApKi
pa3MepKaBaHHE BbIOAPAYHbIX CSAP3JIHIX BbUIIYACHA 3 Y30pay PO3HBIX MaMepay, aTpbIMaHbIs 3 PO3HBIX Pa3MEepKaBaHHSY , Ja3BaNISIOLb aTphbIMallb HEKATOPbI
ysiyneHHe ad MaBoji3iHax y30py a3Hayae, y ThIX KAHKPITHBIX YMOBAX, a TAKCaMa BbIBYYbILb 3€SIHHI KIPYIOUbIX NPbIHUbINAY , 3TraJJaHbIX BBILLISH, 1JI5
BbIKapbICTaHHs L[3HTpanbHas JiMiTaBast ToapaMa ¥ MPakThIKY.

[Ipbl N3yHBIX yMOBAX y BSJIIKIX BblOapKax, BbI0apayHae pa3MepKaBaHHE BbIOApavHara CAp3/HIAra MOXKHa anmpoOKCUMUPOBATh HAPMAJIbHbIM

pa3mepkaBaHHeM. [Tlamep BbIOapKi, HeaOXOIHBIX sl HAOMIXK3HHS J1a JACTATKOBBIM MOLHA 3AJIEXbIb a1 (POpMbI OalbKoycKara pasmepkaBaHHs. CimeTpsli (a0
sie aJICyTHACUp) Mae acabJiBae 3Ha4YHHE. [I7151 ciMeTpbIuHara pa3MepkaBaHHs OallbKOY, HAaBaT KaJll MOLHA a/IpO3HiBaena aj (hopmMbl HApMaJIbHAra
pa3MepKaBaHHs, a/[9KBATHAra HaOJII>K3HHS MOTYLb ObIllb aTPbIMAaHbI MPbI MaJbIX BbIOApakK (HanpbIkiaja, 10 ado 12 gnst payHamepHara pasmepkaBanHs). s
CIMETPBIYHBIX KAPOTKIX XBacTaMl 0alpKOY, BbIOApadyHae CApIHsE lacsrae MpbIOsi3Ha HApMaJIEBACL 1711 HEBSUTIKIX y30pay, YbIM Kauli O OaupKi HACEJIbHILTBA
CKa>KOHae 1 IOYT1 XBOCT. Y HEKATOPbIX KPalHiX BbIMAAKaX (HAMPbIKJIAJ], OMHOMUANBHBIE C) Y30Pbl NaMEpaMi HAILIMAT MEPABbLILIAE THINOBbIS KIPYHOUbIs
NPbIHUBIGI (HanpbIkiaf, 30), HeaOXOHBIX 1 a/IsKBAaTHAra HaOJi>K3HH. [1J1s1 HEKaTOPbIX JILICTPLIOYThIBAY O€3 mepiuara i [pyrora MOMaHTay (HampbIKiaj,
Koum), ygHTpanbHas jJiMiTaBas T3apaMa He Mae Meclia.

IlITo Takoe BhIOapavyHae pa3MepkaBaHHe?

ACHOVHas /1951 CTaThICThIYHATA BLIBAMTY, Y341b BbINAIKOBYIO BBIOAPKY 3 FreHepasibHal CYKYITHACII, a 3aThIM BbIKAPbICTOYBAllb M3TYIO 1H(apMalIbIIO aJ1 y30pYy,
Ka0 3pabiupb BLICHOBBI 40 KAHKPAITHBIX XapaKTAPbICThIKAX HACEJBHINTBA, TAKIS K CAP3IHSAE (MEpa URHTPAJIbHAN TIHIHIIBI1), CTAHAAPTHAE aX1JEeHHE (Mepa
pockify) abo 1011 ¥ reHepalibHal CYKYIHACI, SIKil MAFOLb NI3YHbIS XapaKTapbICThIK]. BbiOapka a3KkaHOMILb IPOLIbI, YaC 1 HAMAaranHi. AKpams Taro, NpbIKJIaj, y
HEKATOPbIX BbIMAKAX MPaIacTayJIslb CTOJBKI X 11 OOJIbIIA JaKIaIHACIIIO, YbIM a/ITaBeIHbIS AAce/laBaHHl, KIS Oyaylb cripadaBalp acieaBanb yceé
HaCeJbHIUTBA, MJIbHbI 300p AAJI3EHBIX /T Y30py Oy/ylb YacTa fAatolb O0JIbII 1H(hapMallbli, YbIM MEHII JJOAHAra BBIBYYIHHS, SIK1 CIpa0ye BBITJIS/IAlb Ba YCIM.

MpgI Oyfi3eM BbIByYallb MaBOJI31HbI CSIP3/IHIX BbIOApaUHbIX 3HAUHHSY 3 1HILAK Ha3BaHal IPyIibl HAceNbHINTBA. TaMy 1ITO NMPBIKJAJL pa3risjae ToJIbKI YacTKa
HaceNbHIUTBA, BblI0apayHae CsipajiHse He Oy/13€ Y JakJaHaCLi POYHas ajillaBe/iHail CSPaIIHsIM YacTKI HacEeJbHILTBA. TakiM YbIHaM, BaXKHbIM (pakTapam JjIsl ThIX,
XTO IJIAHYy€ 1 IHT3PNpP3Talibli BbIHIKAY BbIOAPKI, 3'ayJsielja CTYNeHb, Y SIKO y30p alHaK, TaKis K BblOapauHae CSpajiHsie, naroA3siia 3 agnaBeHbIMi
XapaKTapbICTbIKA HACEIbHILTBA.

Ha npakThbIbl TOJBKI a31H NPLIKJIaJ, SK NpaBija, npbiMaronia (y HEeKaTOpbIX BbINMaKax HEBSUIIKAS — MIJOT' Y30p BbIKAPLICTOYBAaELA [IJIsI MPABEPKI IaI3€HbIX
MeXaHi3May 300py 1 aTpbIMaHHS NansipaAHAN iHdapMaupbli 1JIs IUIAHABAHHSI ACHOYHAM cxeMaid BbIoapki). ThiM HE MEHII, y M3TaX pa3yMeHHs, Y SIKOU CTYyIEeHI
NPLIKJIAJ] CPOJIKI OyIy b 3rOfHbIS 3 a/iIaBeTHbIM HACEJILHITBaM Maro Ha yBase, IITO raTa KapbIiCHA pasrieselp, ITo agoyazenua, kam 10 i 50, ui 100
acOOHBIX JlaciefJaBaHHsY , a00py Mpoday, Taro K Thiny, ObLT NMpaBen3eHbisd. Hakoabki nacnsagoyHa 0yayip BbIHIKI OYAYyIib Mpa3 raThisl PO3HbIS

nacnenaBanHi? Kami 6 Mbl Mari 6aublib, ITO BbIHIKI KOXKHara 3 y3opay Obly Obl aMalib TOe K caMae (1 amalib npasijibHa!), To MbI Xatesni 6 Obllb YII9YHEHbIS Y
aJTHbIM Y30Phbl, IITO HA CAaMO¥ cripaBe 0y/3€ BbIKAPbICTOYBalA. 3 1HIIAra 00Ky, 6ayaybl, IITO a/IKa3bl aJ] MayTapajlbHbIX y30pay ObLIl 3aHaqTa NEpaMEHHAas
HeaOXxojiHasl JaKJaHACLb MSIPKYE, IITO IHIIAra rjaHa BbIoapki (MarybiMa, 3 BSUIIKIM aMepaM BbIOapKi) MaBIHHbI ObIb BbIKAPBICTAHBI.

Bbi0apauHae pa3mepKkaBaHHE BbIKapbICTOYBaela JIJIsl alliCaHHsI pa3MepKaBaHHs BbIHIKAY , sIKisi MOXKHA ObLIO O Ha3ipallb 3 P3AIUIiKallbli KAHKPAITHAra rjiaHa
BbIOAPKI.

Bepaiite, 1o st aupHKi cpojikay ropHacii (Kabd gaub 3HaU3HHE).
Bepnaiite, mTo anzHKi BbUTIYAIOLIA 3 a/IHAr0 y30py Oyj13e aipo3HiBallA aJ] alPHKI, Kas Oy/3€ BblIlYaHa 3 IHIIara y3opy.

3paszymerile, ITO alzHKI, SK Yakaelua, aipo3HiBarOLA aj] ManmyJISIIbIMHBIX XapaKTapbICTHIK (MMapaMeTpay), ITO MbI CipadyeM aljaHilp, ajie, IITO YJIaciiiBacIi
BbIOAPAYHBIX Pa3MEPKABaHHSY /Ia3BANISIONbL HAM allaHillb, IMABEPHACHBIM, K SIHbI OYyLb a[pO3HIBaLILA.

3pa3ymeiilie, IITO PO3HBISI MAKOLb PO3HBISI pa3MepKaBaHHS BbIOAPKi 3 pa3MepKaBaHHeM hopmy ¥ 3ajieskHacHi af (a) KAHKP3THA CTaThICTBIKI, (0) mamep
BbIOApKI, 1 (y) OalpbKa pa3MepKaBaHHS.

PazyMeHHe y3aemacyBs3i maMixk maMepaM BbIOApKi 1 pa3MepKaBaHHsI BbIOApAYHbIX AlPHAK.
3pazymere, ITO apO3HEHH] ¥ pa3MEPKaBaHHI BbIOAPKI MOKa ObIlb MAMEHIIIAHbI 32 KOIUT MaBEJIIY3HHS TaMepy BbIOApKI.

AJI3HAYbIM, LITO ¥ BSUTIKIX BbIOAPKAX, MHOT1S ABICTPLIOYThIBbI BLIOAPKI MOKHA HAOJI1311b 3 HAPMAJIbHBIM Pa3MEPKABAHHEM.

BpIKin BbInaieHHe

BhIKiibl HEKAJIbKI 3ayBar, siKis He BeJibMi JIoOpa abcTansiBaHbl ¥ "nenbix" qacTynHbIsS Majiaii. Ha npakThiipl 1r000€ 3ayBara ca CTaHIapTHbIMI P3LITKABbIM
OoJibI 32 2,5 na adcanroTHA BeJliubIHI 3'saysenia KaHabliaTaM Ha BbIKil. Y TakiM BbINAKy Tp30a cnayaTKy facjefiaBalb KpbIHILA Ta3eHbIX, Kl ECUb
CYMHEBBI ¥ IaKjaHacCL] 1 M3YHAC] Ha31paHHsY, TO sHA MaBiHHA ObIlLb BbIIAJICHAs 1 MajI3J11 IaBiHHbI ObILb MepaadCTasIBaHbI.

HapnzeliHbIsl cTaThICTBIYHBIS META/Ibl HEaOXOJIHbIS, Ka0 crpasiyua 3 000 He3ayBaKaHbIMI BbIKIJIAY, Y aJBAPOTHBLIM BbINAJKY BbIHIK Oy/13€ YBOA3ILb Y
3MmaH. Hanpbikiaji, 3BbI9aiiHbl MAKPOKABAN PArpacil YacTa BbIKAPLICTOYBACILA Il BLIOAPY ajillaBeiHara MmajjMHOCTBA HE3AJIEKHbIX 3MEHHBIX 1711
BbIKAPBICTAHHS § MaJIaJI, aIHAK,, EH MOXKa ObIlb NPbI3HAHBI HECATIPAYIHbIM, HABAT HASTYHACIH HEKAIbKIX BBIKIJIAY .

Y cyBsi31 3 MaT3HUBIMHA BsJIKal pO3HiLpbI, BbIKIbI MOTYIb ObILb BbIHIKAM afoopy. I'aTa 3yciM npasinbHa, Ka0 Takisl Ha31paHHs, IITO 3aKOHHA HAJIEXKbILb
nacyeqyan rpynsl na a3HayaHHI.JIOrHOpMalibHO pa3MepKaBaHbIX JIA3EHbIX (HANPBIKIA/, KYPC MIXKHAPOJIHAN ), HANPBIKJIA, Oy/13€ YacTa npastysitolb TaKis
3HAYSHHS.

TakiM ybIlHaM, BbI MABIHHBI ObIUb BEJIbMI YBAsKIIIBbIS 1 aCHSIPOKHbIS: TIEPII YbIM a0'siBillb 3ayBary "BbIKil", BLICBETLb, YaMy 1 SIK TaKOe Ha3ipaHHe Obu1o. ['aTa
MO3Ka ObIllb HABaT MaMbUIKI HA 3Tane YBOAY N 3€HbIX.



[Ta-nepmae, nadynasaup BoxPlot napzensix. @opma Q1, Q2 1 Q3 kpomnak, siKisg A3€slb Y30pay Ha YaTbIpbl aIHOJIbKABBIX Ma mamMepbl rpymnsbl. (Q2 = csapajHi)
Haxait MKP = Q3 - Q1. Bbikifibl BbI3HaUaroLa K ThIsI KPONKi, Ma-3a mexkaMi 3HausHHg Q3+ ga * IQR 1 Q1-ga * MKP. Y Gosibliacui BbINAgKy
ycTaHaymiBaenua gqa = 1,5.

IHIIBI anbTapHATHIBAM 3'sTysiea HACTYTHbI AJITAPbITM

a) BbutiubIlp 3 1pnan y3opy.

0) BbI3HaubIb HAOOP MeXKax aji CAPIMHSIN: CAPIAHSSI+ 1a 3, CAPIAHSS - J1a 3.. cirma (J1a3BoJiilb KapbICTauy YBaKCHII 1a THIMTOBbIM 3HAU3HHEM J1J14 Jla-2)
B) Bhianine yce y30pbl 3HaU3HHS 32 MEXKbI.

Lsnep iTapanpi N pa3 na ajrapbITMy, KOXKHBI pa3 3aMsiHSII0UYbI BbIOapayHai CYKyIHACLI 3 TaMSHILISHHEM y30pay naciisi HaHSICEHHSI KPOK (C).

3BblyaiiHa HaMm TP30a JIJ1s1 BBIKAHAHHS 1T3pallbll raTara arapbitMy y 4 pasbl.

Sk 3rajBaniacsl paHei, aryjbHbl "cTaHgapTHBI" JTr000e Ha3ipaHHe 3a naj3eHHeM 1.5 (BeparojHae ajxineHHe), T. €. (1,5 IQRs) Baraenua Bbisii 3. KBaTap i
Hik31 1. KBaTap. Y HacTynHai nparpame SPSS, nanamoxka BaMm y BbI3HAU3HHI BBIKIJIAY .

$ SPSS/OUTPUT = LIER.OUT Ha3Bam "BbI3HAYU3HHE, Kanl BbIKLAbl 1CHye" DATA LIST Free File = 'A'/X1 VAR J131M0610M "YBaxoaHbis |

BbIKij| BbISTYJIEHHS ¥ a[JHBIM MECLIbI HACEJIbHILITBA ObLIa Majipaldsi3Ha pasriiekana y gitapatypbl. Hapajika, agHak, MOSKHA CUBSIPAZKALlb, IIITO BbISYJICHbIS
BBIKI/IbI HA CaMaii CripaBe He BbIKi/bI, a yTBapatolpb 2. HacenabHinTBa. Kami rata Tak, TO KjJacTapHbI NaJbIXOf] MaBiHHbI ObIUbL NPbIHATHISA. ['9Ta Oy13€ aKThIYHbI
BOOJIacH] JlacyiefJaBaHHSY 17151 BBIBYU3HHS I'3Tail npadJieMbl, SIK BbIKIIbl MOTYIIb MMAYCTalb 1 BbI3HAYbILb, KaJIl KJIACTAPHbI Na/IbIXO]] MABIHHBI ObIb NPbIHSTHIS.

lapaTkoBas jitaparypa:
XokiHc [1. sbtayaenni evixioay., Yanmen i Xoi, 1980
Poramcten B. B. Bapuera, T. JTroic, Boikiost y cmambicmuviunbix 0ad3denvix, M., 1994,

HanmeHmbIX KBagparay MaadJii

MHoris npabJieMbl 3BsI3aHbl 3 aHATI3aM JIaHbIX , SIK1S alliCBAOLb 3MEHHbISI 3BSI3aHbIs MaMiK caboii. CaMbl MPOCTHI 3 YCIX MAJIRJISY , SIKisl alliCBAOUb Y3aeMacyBsI3b
naMix JIBymMa 3MEHHbIMI 3's1yJisienia JiHerHam, i mpaMon JiiHii, MajaJii. HaitnpocTsl ciocad ycTaHOYKI JHEMHA MajiaJIl 3'ayJisenua  Bausid' Ms4 JIiHIO npa3
MIA3€HbIS Na CIOKALE, ajie OOJIbII XyNaBbl 1 TPAJbIUBIAHLI METAJ] 3'yJIsella TOe, INTO HAMMEHIIbIX KBapaTay, skl 3HaXO/311b JIHII0 MiHIMI3allbll CyMbl
ajiyIerJacusdy namixk Ha3ipaeyua Kporki i aOCTasiBaHbI JIiHi.

3pa3ymeiilie, IITO YCTAHOYKI — JIEMIbI'" JTIHIKO HA BOKA ISKKa, acadiiiBa, Kajl €CUb IIMAT P3LUTKABbIM 3MEHJIIBACII Ja/I3€HbIX .

Bepaiitie, ITo icHye mpocCThbl CYB$I31 aMIXK JIIKaBbIsl Ka3(piUbIEHThI ¥ YpayHEeHHI parpacii 1 HaXUTy 1 ajp33ak JiHil parpacii.

Bepnaiite, ITo ajjHa cTaThICThIKA P33IOM3, SIK Ka3(DIUBIEHT KApaJislpbll Il HE paclaBecli YCio ricTopblto. Kpornkapas abisrpama 3'syisenia iCTOTHbIM JJalaTKaM
712 BBIBYUSHHSI CYB$I31 aMIXK M3ThIMI JI3BIOMA 3MEHHBIMI.

Bepaiiue, o Majgaibs npaBepki 3'syisenia Heajy eMHai YacTKail MpayaCcy CTaThbICThIYHATa MAAJISIBAHHS. Y P3IILE PILIT, BHICHOBbI, 3aCHABAHBISI HA MAJIRJISX,
sSIK151 HE HAJIEXKHBIM UbIHAM aricallb Ha3ipaHbisi HA00P Jaji3eHbIX Oy/13e HecanpayHbIM.

Bepaup ymibly napymsHHi 3arajiki ParpaciiiHas Magasi (HanpbIKiajl, yMOBbI) 1 MardbIMbisl palllaHHI HA ACHOBE aHaJsIi3y p3IITKay.

Hanmenmn Menpisina KBagpaTay MaaaJii

CraHiapTHBIS METa/Ibl HAMMEHILbIX KBajpaTay sl alHKI JIIHEHHAN MaJIaJll He 3'ayJIstolia HajI3EMHbIMI Y ThIM C3HCE, IITO BbIKiJIbl 200 3a0py/IKaHbIS
NIA3eHbIsI MOT'YIIb MOI[HA YIUIbIBAlb Ha alHKi. HajizeliHas ToaxHika, skast abapaHsie aj] 3a0py/pKBaHHS SIK MiHIMYM csipaHsie kBajpaTtay (LMS)
aupHKi. [Tambipsnne LMS anpHKy abaryibHeHay JiiHeHai MajiaJil, IITO MPbIBOA3ILE /la HaMEeHII capaHIiM aaxijenHe (LMD) ausHKi.

IlITo Takoe JacraTkoBa?

JlacTaTKoOBal alaHKiI HA AaCHOBE CTAThICTBIKI 3MsIIIYae YCIo iHpapMaliblto, sikasi IPbICYTHIYAE § 3bIXOHBIX JIa3eHbIX. HanpbIkiiaj, cyMa 1aq3eHbIX JacTaTKOBa
auaHIlb CSIPIMIHIOI0 YaCTKY HacelbHIUTBA. Bbl HE MaBiHHBI Befjalb Aa3€HbIs Iepaj] caboil. ['aTa sKaHOMILb IIIMAT rpolai, KaJjl 1a3eHbls MaBIHHbI ObIb
nepajia3eHbl a CeTbl ayieKTpacyBs3i. [Ipacueit KaxKyubl, anpailb aryJjbHara i namMmep BbIOApKi.

JlacTaTKoBau cTtaThICTBIKAM T 715 napametpy Q 3'aynsenua pyHKubisi X1 BbIOAPKI AAA3€HBIX,..., XIT, SIK1 3MsIIYae YCro iHhapMalpblio § y30pbl aJHOCHA
napameTpy 1. bosbin hapMalibHa, JacTaTKOBACH] BbI3HAYACIA ¥ TIpMiHAX PYHKIbII MpayaanaqooHackii ajis 1. [Ins qactaTkoBara T CTaThICTBIKA,
BeparofHacup taro, L (x1,..., X | 1) Moxka ObIlb 3amicaHa y BbITJISI3€

r(Tlpm) * pa (x1,..., xm)
[Takonbki 2. CKIafHiK He 3a/IeXXbIlb af /I, T 3aBelia JacTaTKOBall CTaTbICThIKAN IS 1I.

[HIIBI ciocab macTaHOYKI raTara Jijisl 3BbIYAfHbBIX MpadJeM 3'ayJisgenia Toe, TO MOXHa Ob110 6 madyaaBalb BbINAIKOBbI MPALSC, MAYbIHAKOYBI 3 JACTATKOBA
CTaTBICTBIKAMN, siKas Oy/3e Melb TAKJIaJHA TAKOE X Pa3MEPKABaHHE, SIK TIOYHbI Y30 ISl YCIX A3dp>Kay XapakTap.

Kao npaintocTpaBalib rata, jaBaile 3ayBari He3aJleXKHbIX BbllpaOaBaHHsy BsipHyi 3 aiHOJIbKaBal BeparoiHacLio nocnexy. BoikaxkaM 31arajky, To ICHye 1
BbIITpaOaBaHHsY , 1 YaJaBeK 3ayBaskae, IKOe Ha31paHHs mocrnexay, 1 yajiaBeK B ToJbKi na3Hae, ITo KoJbKaclpb nocnexay. Taapl, kKam B 3msiiryae raTeist nocnexi
Y BBIMAJKOBBIX KpOMKax 0e3 paIulikalpli, BeparogHacip Taro, iro B ysnep aTpeiMalp Jt00bl HAO0OP MOCHEX1 canmpay/ibl raTak xka, K BeparojiHaclpb Taro, ITo
yOaubllle, IITO HAOOp, HE3aJIeKHA aJi Taro, siKasl mpay/3isasi BEparofHacib Mocrnexy ObIBae.

Bbl naBinHbI riasigzenb Ha Bam Scattergrams!

JaBepaiiuecs, IITO JIa3eHbl HA00P JIa3eHbIX JIIHI1 PArpacii 3'sayasenya yHiKadbHbIM. ThIM HE MEHII, 3BapOTHBI I'3TA CLBSIP/IXKIHHE HE ajjnaBsijjae
pavaicHacui. HacTynHbl nikaBbl npbikiaj 3, [1. Myp (1997), kuira, ctap 349:



Habop pan3eHbix: X 10 8 13 9 11 14 r 8,04 6,95 7,58 8,81 8,33 9,96 X6 412 75 r 7,24 4,26 10,84 4,82 5,68 Habop pap3eHbiX B:

Yce Tpbl HafbIXOAY MAOIb ThIS K KapaJsipli i parpacii. BaxkHeiM 3'synseniia MmapanbHbIM n02.250 HA 8aulbl scattergrams.

Sk cTBapbIlp JiubaBail NPbIKJIAJ, 13€ A3BE IbISTPAMbI pacCeiiBaHHs SICHA MaKa3BaloUb PO3HbIS aIHOCIHbI (MOLIHBIS 0aKi), aje
NaroUb K KoBapuauys? BbelkaHaiille HaCTYHBIS I3€SHHI:

1. ITpapykupisa nByx Haoopay (X, Y) 3HaAU3HHI, KISl MAFOUb 1HIIIAE CYya/IHOCIHBI ¥,

2. Pazniubiup AByX KoBapuauuu, ckaxam, C1 1 C2,

3. BeikaxkaM 3p1arajiky, Bbl Xxouaile, kad 3padiup C2 poynasa C1. 3aTbimM HeaOXxoiHa MTaMHOXbIIL C2
(C1/C2),

4.Tak gk C =R Xx. S ¥, Tpa6a 1Ba HymaphlI (a/i31H 3 1X MoKa ObIlb 1), 1 6 Takid, MITO

AB = (C1/C2),

5. [TaMHOXbIIB Yce 3HAaUsHHA X y KaMIUIeKIEe 2, 1 yce 3Hau3HHS Y na O: 171l HOBbIX 3MEHHBIX,
C=rabSxS.y=C2 (C1/C2)=Cl..

LlikaBbI KOJIbKACHBI TIPBIKJIAJ, 5IK1 MMaKa3Bae, IbIIrpaMbl pacCceiBaHHS ABYX aJHOJIbKABBIX, ajie 3 PO3HBLIMI KOBapHaliK 3aKJr0uaeiiia y HaCTYMHBIM: pa3riea3imM
HaOop fan3eHbix (X, Y) 3HausHHI, 3 KoBapuanponHon C1. Xaii ugnep V = 2X,1 W = 3r. KoBapuanust V1 W oynaze 2 (3) = 6 pazoy C1, ane cyaJHOCIHbI TaMixK
V1 W ratak xa, sk cyBsizb namixk X 1 Y.

Power of a Test

Significance tests are based on certain assumptions: The data have to be random samples out of a well defined basic population and one has to assume that
some variables follow a certain distribution - in most cases the normal distribution is assumed.

Power of a test is the probability of correctly rejecting a false null hypothesis. This probability is one minus the probability of making a Type II error (b).
Recall also that we choose the probability of making a Type I error when we set a and that if we decrease the probability of making a Type I error we increase
the probability of making a Type II error.

Power and Alpha:

Therefore, the probability of correctly retaining a true null has the same relationship to Type I errors as the probability of correctly rejecting an untrue null
does to Type II error. Yet, as I mentioned if we decrease the odds of making one type of error we increase the odds of making the other type of error. What is
the relationship between Type I and Type II errors?

Power and the True Difference between Population Means: Anytime we test whether a sample differs from a population or whether two sample come from
2 separate populations, there is the assumption that each of the populations we are comparing has it's own mean and standard deviation (even if we do not
know it). The distance between the two population means will affect the power of our test.

Power as a Function of Sample Size and Variance: You should notice that what really made the difference in the size of b is how much overlap there is in
the two distributions. When the means are close together the two distributions overlap a great deal compared to when the means are farther apart. Thus,
anything that effects the extent the two distributions share common values will increase b(the likelihood of making a Type II error).

Sample size has an indirect effect on power because it affects the measure of variance we use to calculate the t-test statistic. Since we are calculating the
power of a test that involves the comparison of sample means, we will be more interested in the standard error (the average difference in sample values) than
standard deviation or variance by itself. Thus, sample size is of interest because it modifies our estimate of the standard deviation. When n is large we will
have a lower standard error than when n is small. In turn, when N is large well have a smaller b region than when n is small.

Pilot Studies: When the needed estimates for sample size calculation is not available from existing database, a pilot study is needed for adequate estimation
with a given precision.

Further Readings:

Cohen J., Statistical Power Analysis for the Behavioral Sciences, L. Erlbaum Associates, 1988.

Kraemer H., and S. Thiemann, How Many Subjects? Provides basic sample size tables, explanations, and power analysis.

Murphy K., and B. Myors, Statistical Power Analysis, L. Erlbaum Associates, 1998. Provides a simple and general sample size determination for hypothesis
tests.

ANOVA: Analysis of Variance

The tests we have learned up to this point allow us to test hypotheses that examine the difference between only two means. Analysis of Variance or ANOVA
will allow us to test the difference between 2 or more means. ANOVA does this by examining the ratio of variability between two conditions and variability
within each condition. For example, say we give a drug that we believe will improve memory to a group of people and give a placebo to another group of
people. We might measure memory performance by the number of words recalled from a list we ask everyone to memorize. A t-test would compare the
likelihood of observing the difference in the mean number of words recalled for each group. An ANOVA test, on the other hand, would compare the
variability that we observe between the two conditions to the variability observed within each condition. Recall that we measure variability as the sum of the
difference of each score from the mean. When we actually calculate an ANOVA we will use a short-cut formula.

Thus, when the variability that we predict (between the two groups) is much greater than the variability we don't predict (within each group) then we will
conclude that our treatments produce different results.

Levene's Test: Suppose that the sample data does not support the homogeneity of variance assumption, however, there is a good reason that the variations in
the population are almost the same, then in such a situation you may like to use the Levene's modified test: In each group first compute the absolute deviation
of the individual values from the median in that group. Apply the usual one way ANOVA on the set of deviation values and then interpret the results.
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Orthogonal Contrasts of Means in ANOVA

In repeated measurement of the analysis of variance when the null hypothesis is rejected, we might be interested in multiple comparisons of means by the
combinations of means, this is known as the orthogonal contrasting the means. A contrast of the means is said to be orthogonal if the weighting means sum to
zero. For example, the contrast of

(meanl+ mean2)/2 - mean3 is orthogonal. Therefore, to determine if two different contrasts of means from the same experiment are orthogonal, add the
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product of the weights to see if they sum to zero. If they do not sum to zero, then the two contrasts are not orthogonal and only one of them could be tested.
The orthogonal contrasting allows us to compare each mean against all of the other means. There are several effective methods of orthogonal contrasting for
applications in testing, constructing confidence intervals, and the partial F-test as the post-analysis statistical activities of the usual ANOVA.

Further Readings:
Kachigan S., Statistical Analysis: An Interdisciplinary Introduction to Univariate & Multivariate Methods, Radius Press, 1986.
Kachigan S., Multivariate Statistical Analysis: A Conceptual Introduction, Radius Press, 1991.

The Six-Sigma Quality

The total approach to quality is essential for competing in world markets. The ability of a firm to give customers what they want at the lowest total cost gives
a company an advantage over its competitors.

Sigma is a Greek symbol, which is used in statistics to represent standard deviation of a population. When a large enough random sample data are close to
their mean (i.e., the average), then the population has a small deviation. If the data varies significantly from the mean, the data has a large deviation. In quality
control measurement terms, you want to see that the sample is as close as possible to the mean and that the mean meets or exceed specifications. A large
sigma means that there is a large amount of variation within the data. A lower sigma value corresponds to a small variation, and therefore a controlled process
with a good quality.

The Six-Sigma means a measure of quality that strives for near perfection. Six-Sigma is a data-driven approach and methodology for eliminating defects to
achieve six sigmas between lower and upper specification limits. Accordingly, to achieve Six-Sigma, e.g., in a manufacturing process it must not produce
more than 3.4 defects per million opportunities. Therefore, a Six-Sigma defect is defined for not meeting the customer's specifications. A Six-Sigma
opportunity is then the total quantity of chances for a defect.

Six-Sigma is a statistical measure expressing how close a product comes to its quality goal. One sigma means only 68% of products are acceptable; three
sigma means 99.7% are acceptable. Six-Sigma is 99.9997% perfect or 3.4 defects per million parts or opportunities. The natural spread is 6 times the sample
standard deviation. The natural spread is centered on the sample mean, and all weights in the sample fall within the natural spread, meaning the process will
produce relatively few out-of-specification products. Six-Sigma does not necessarily imply 3 defective units per million made; it also signifies 3 defects per
million opportunities when used to describe a process. Some products may have tens of thousands of opportunities for defects per finished item, so the
proportion of defective opportunities may actually be quite large.

Six-Sigma Quality is a fundamental approach to delivering very high levels of customer satisfaction through disciplined use of data and statistical analysis for
maximizing and sustaining business success. What that means is that all business decisions are made based on statistical analysis, not instinct or past history.
Using the Six-Sigma approach will result in a significant, quantifiable improvement.

Is it truly necessary to go for zero defects? Why isn’t 99.9% (about 4.6 sigma) defect-free good enough? Here are some examples of what life would be like if
99.9% were good enough:

1 hour of unsafe drinking water every month

2 long or short landings at every American cities airport each day

400 letters per hour which never arrive at their destination

3,000 newborns accidentally falling from the hands of nurses or doctors each year
4,000 incorrect drug prescriptions per year

22,000 checks deducted from the wrong bank account each hour

As you can see, sometimes 99.9% good just isn’t good enough.
Here are some examples of what life would be still like at Six-Sigma, 99.9997% defect-free:

e 13 wrong drug prescriptions per year
e 10 newborns accidentally falling from the hands of nurses or doctors each year
e 1 lost article of mail per hour

Now we see why the quest for Six-Sigma quality is necessary.

Six-Sigma is the application of statistical methods to business processes to improve operating efficiencies. It provides companies with a series of interventions
and statistical tools that can lead to breakthrough profitability and quantum gains in quality. Six-Sigma allows us to take a real world problem with many
potential answers, and translate it to a math problem, which will have only one answer. We then convert that one mathematical solution back to a real world
solution.

Six-Sigma goes beyond defect reduction to emphasize business process improvement in general, which includes total cost reduction, cycle-time improvement,
increased customer satisfaction, and any other metric important to the customer and the company. An objective of Six-Sigma is to eliminate any waste in the
organization’s processes by creating a road map for changing data into knowledge, reducing the amount of stress companies experience when they are
overwhelmed with day-to-day activities and proactively uncovering opportunities that impact the customer and the company itself.

The key to the Six-Sigma process is in eliminating defects. Organizations often waste time creating metrics that are not appropriate for the outputs being
measured. Executives can get deceptive results if they force all projects to determine a one size fits all metric in order to compare the quality of products and
services from various departments. From a managerial standpoint, having one universal tool seems beneficial; however, it is not always feasible. Below is an
example of the deceptiveness of metrics.

In the airline industry, the US Air Traffic Control System Command Center measures companies on their rate of on time departure. This would obviously be a
critical measurement to customers —the flying public. Whenever an airplane departs 15 minutes or more later than scheduled, that event is considered as a
defect. Unfortunately, the government measures the airlines on whether the plane pulls away from the airport gate within 15 minutes of scheduled departure,
not when it actually takes off. Airlines know this, so they pull away from the gate on time but let the plane sit on the runway as long as necessary before take
off. The result to the customer is still a late departure. This defect metric is therefore not an accurate representation of the desires of the customers who are
impacted by the process. If this were a good descriptive metric, airlines would be measured by the actual delay experienced by passengers.

This example shows the importance of having the right metrics for each process. The method above creates no incentive to reduce actual delays, so the
customer (and ultimately the industry) still suffers. With a Six-Sigma business strategy, we want to see a picture that describes the true output of a process
over time, along with additional metrics, to give an insight as to where the management has to focus its improvement efforts for the customer.

The Six Steps of Six-Sigma Loop Process: The process is identified by the following five major activities for each project:



. Identify the product or service you provide— What do you do?

Identify your customer base, and determine what they care about— Who uses your products and services? What is really important to them?

Identify your needs— What do you need to do your work?

Define the process for doing your work—How do you do your work?

Eliminate wasted efforts—How can you do your work better?

Ensure continuous improvement by measuring, analyzing, and controlling the improved process—How perfectly are you doing your customer-focused
work?
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Often each step can create dozens of individual improvement projects and can last for several months. It is important to go back to each step from time to time
in order to determine actual data maybe with improved measurement systems.

Once we know the answers to the above questions, we can begin to improve the process. The following case study will further explain the steps applied in
Six-Sigma to Measure, Analyze, Improve, and Control a process to ensure customer satisfaction.

The Six Sigma General Process and Its Implementation: The Six-Sigma means a measure of quality that strives for near perfection. Six-Sigma is a data-
driven approach and methodology for eliminating defects to achieve six-sigma’s between lower and upper specification limits. Accordingly, to achieve Six-
Sigma, e.g., in a manufacturing process it must not produce more than 3.4 defects per million opportunities. Therefore, a Six-Sigma defect is defined for not
meeting the customer's specifications. A Six-Sigma opportunity is then the total quantity of chances for a defect. The implementation of the Six Sigma system
starts normally with a few days workshop of the top level management of the organization.

Only if the advantages of Six Sigma can be clearly stated and supported of the entire Management, then it makes sense to determine together the first project
surrounding field and the pilot project team.

The pilot project team members participate is a few days Six Sigma workshop to learn the system principals, the process, the tools and the methodology.

The project team meets to compiles main decisions and identifying key stakeholders in the pilot surrounding field. Within the next days the requirements of
the stakeholders are collected for the main decision processes by face-to-face interviews.

By now, the workshop of the top management must be ready for the next step. The next step for the project team is to decide which and how the achievements
should be measured and then begin with the data collection and analysis. Whenever the results are understood well then suggestions for improvement will be
collected, analyzed, and prioritized based on the urgency and inter-dependencies.

As the main outcome, the project team members will determine which improvements should be realized first. In this phase it is important that rapid successes
are obtained, in order to even the soil for other Six Sigma projects in the organization.

The activities must be carried out in parallel whenever possible by a network activity chart. The activity chart will become more and more realistic by a loop-
process while spread the improvement throughout the organization. More and more processes will be included and employees are trained including Black
Belts who are the six sigma masters, and the dependency of external advisors will be reduced.

The main objective of the Six-Sigma approach is the implementation of a measurement-based strategy that focuses on process improvement. The aim is
variation reduction, which can be accomplished by Six-Sigma methodology.

The Six-Sigma is a business strategy aimed at the near-elimination of defects from every manufacturing, service and transactional process. The concept of
Six-Sigma was introduced and popularized for reducing defect rate of manufactured electronic boards. Although the original goal of Six-Sigma was to focus
on manufacturing process, today the marketing, purchasing, customer order, financial and health care processing functions also embarked on Six Sigma
programs.

Motorola Inc.Case: Motorola is a role model for modern manufacturers. The maker of wireless communications products, semiconductors, and electronic
equipment enjoys a stellar reputation for high-tech, high-quality products. There is a reason for this reputation. A participative-management process
emphasizing employee involvement is a key factor in Motorola’s quality push. In 1987, Motorola invested $44 million in employee training and education in
a new quality program called Six-Sigma. Motorola measures its internal quality based on the number of defects in its products and processes. Motorola
conceptualized Six-Sigma as a quality goal in the mid-1980. Their target was Six-Sigma quality, or 99.9997% defect free products —which is equivalent to 3.4
defects or less per 1 million parts. Quality is a competitive advantage because Motorola’s reputation opens markets. When Motorola Inc. won the Malcolm
Baldridge National Quality Award in 1988; it was in the early stages of a plan that, by 1992, would achieve Six-Sigma Quality. It is estimated that of $9.2
billion in 1989 sales, $480 million was saved as a result of Motorola’s Six-Sigma program. Shortly thereafter, many US firms were following Motorola’s lead.

Control Charts, and the CUSUM

Control charts for variables are called X- and R-charts. The X-charts is used to monitor the average variability and the R-chart is used to monitor the range of
the variation.

Developing quality control charts for variables (X-Chart): The following steps are required for developing quality control charts for variables:

Decide what should be measured.

Determine the sample size.

Collect random sample and record the measurements/counts.

Calculate the average for each sample.

Calculate the overall average. This is the average of all the sample averages (X-double bar).
Determine the range for each sample.

Calculate the average range (R-bar).

Determine the upper control limit (UCL) and lower control limit (LCL) for the average and for the range.
Plot the chart.

Determine if the average and range values are in statistical control.

. Take necessary action based on your interpretation of the charts.

OO =

e

Developing control charts for attributes (P-Chart): Control charts for attributes are called P-charts. The following steps are required to set up P-charts:

Determine what should be measured.

Determine the required sample size.

Collect sample data and record the data.

Calculate the average percent defective for the process (p).

Determine the control limits by determining the upper control limit (UCL) and the lower control limit (LCL) values for the chart.
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6. Plot the data.
7. Determine if the percent defectives are within control.

Control charts are also used in industry to monitor processes that are far from Zero-Defect. However, among the powerful techniques is the counting of the
cumulative conforming items between two nonconforming and its combined techniques based on cumulative sum and exponentially weighted moving average
smoothing methods.

The general CUSUM is a statistical process control when measurements are multivariate. It is an effective tool in detecting a shift in the mean vector of the
measurements, which is based on the cross-sectional antiranks of the measurements: At each time point, the measurements, after being appropriately
transformed, are ordered and their antiranks are recorded. When the process is in-control under some mild regularity conditions the antirank vector at each
time point has a given distribution, which changes to some other distribution when the process is out-of-control and the components of the mean vector of the
process are not all the same. Therefore it detects shifts in all directions except the one that the components of the mean vector are all the same but not zero.
This latter shift, however, can be easily detected by a univariate CUSUM.

Further Readings:

Breyfogle F., Implementing Six Sigma: Smarter Solutions Using Statistical Methods, Wiley, 1999.

del Castillo E., Statistical Process and Adjustment Methods for Quality Control, Wiley, 2002.

Juran J, and A. Godfreym, Juran's Quality Handbook, McGraw-Hill, 1999.

Xie M., T. Goh, and V. Kuralmani, Statistical Models and Control Charts for High Quality Processes, Kluwer, 2002.

Repeatability and Reproducibility

The term Repeatability refers to the equipment or instrument while Reproducibility refers to the equipment operator. Both Repeatability and Reproducibility
involve statistical studies such as evaluation of statistical summaries, and comparison of the variances in repeat measurements, mostly for the industrial
decision making problems. In these applications, for example the values indicated by the measuring devices vary from measurement to measurement. The
main question is how much that built-in variation affects others activities, such as in-process measurements, quality checks, process improvement projects,
etc.

Further Readings:
Barrentine L., Concepts for R&R Studies, ASQ Quality Press, 1991.
Wheeler D., and R. Lyday, Evaluating the Measurement Process, Statistical Process Control Press, 1990.

Statistical Instrument, Grab Sampling, and Passive Sampling Techniques

What is a statistical instrument? A statistical instrument is any process that aim at describing a phenomena by using any instrument or device, however the
results may be used as a control tool. Examples of statistical instruments are questionnaire and surveys sampling.

What is grab sampling technique? The grab sampling technique is to take a relatively small sample over a very short period of time, the result obtained are
usually instantaneous. However, the Passive Sampling is a technique where a sampling device is used for an extended time under similar conditions.
Depending on the desirable statistical investigation, the Passive Sampling may be a useful alternative or even more appropriate than grab sampling. However,
a passive sampling technique needs to be developed and tested in the field.

Distance Sampling

The term 'distance sampling' covers a range of methods for assessing wildlife abundance:

line transect sampling, in which the distances sampled are distances of detected objects (usually animals) from the line along which the observer travels
point transect sampling, in which the distances sampled are distances of detected objects (usually birds) from the point at which the observer stands

cue counting, in which the distances sampled are distances from a moving observer to each detected cue given by the objects of interest (usually whales)
trapping webs, in which the distances sampled are from the web center to trapped objects (usually invertebrates or small terrestrial vertebrates)
migration counts, in which the 'distances' sampled are actually times of detection during the migration of objects (usually whales) past a watch point

Many mark-recapture models have been developed over the past 40 years. Monitoring of biological populations is receiving increasing emphasis in many
countries. Data from marked populations can be used for the estimation of survival probabilities, how these vary by age, sex and time, and how they correlate
with external variables. Estimation of immigration and emigration rates, population size and the proportion of age classes that enter the breeding population
are often important and difficult to estimate with precision for free-ranging populations. Estimation of the finite rate of population change and fitness are still
more difficult to address in a rigorous manner.

Further Readings:

Buckland S., D. Anderson, K. Burnham, and J. Laake, Distance Sampling: Estimating Abundance of Biological Populations, Chapman and Hall, London,
1993.

Buckland S., D. Anderson, K. Burnham, J. Laake, D. Borchers, and L. Thomas, Introduction to Distance Sampling, Oxford University Press, 2001.

Data Mining and Knowledge Discovery

How to discover value in mountain of data? Data mining uses sophisticated statistical analysis and modelling techniques to uncover patterns and relationships
hidden in organizational databases. Data mining and knowledge discovery aim at tools and techniques to process structured information from databases to
data warehouses to data mining, and to knowledge discovery. Data warehouse applications have become business-critical. Data mining can compress even
more value out of these huge repositories of information.

The continuing rapid growth of on-line data and the widespread use of databases necessitate the development of techniques for extracting useful knowledge
and for facilitating database access. The challenge of extracting knowledge from data is of common interest to several fields, including statistics, databases,
pattern recognition, machine learning, data visualization, optimization, and high-performance computing.



The data mining process involves identifying an appropriate data set to "mine" or sift through to discover data content relationships. Data mining tools include
techniques like case-based reasoning, cluster analysis, data visualization, fuzzy query and analysis, and neural networks. Data mining sometimes resembles
the traditional scientific method of identifying a hypothesis and then testing it using an appropriate data set. Sometimes however data mining is reminiscent of
what happens when data has been collected and no significant results were found and hence an ad hoc, exploratory analysis is conducted to find a significant
relationship.

Data mining is the process of extracting knowledge from data. The combination of fast computers, cheap storage, and better communication makes it easier
by the day to tease useful information out of everything from supermarket buying patterns to credit histories. For clever marketers, that knowledge can be
worth as much as the stuff real miners dig from the ground.

Data mining as an analytic process designed to explore large amounts of (typically business or market related) data in search for consistent patterns and/or
systematic relationships between variables, and then to validate the findings by applying the detected patterns to new subsets of data. The process thus
consists of three basic stages: exploration, model building or pattern definition, and validation/verification.

What distinguishes data mining from conventional statistical data analysis is that data mining is usually done for the purpose of "secondary analysis" aimed at
finding unsuspected relationships unrelated to the purposes for which the data were originally collected.

Data warehousing as a process of organizing the storage of large, multivariate data sets in a way that facilitates the retrieval of information for analytic
purposes.

Data mining is now a rather vague term, but the element that is common to most definitions is "predictive modeling with large data sets as used by big
companies". Therefore, data mining is the extraction of hidden predictive information from large databases. It is a powerful new technology with great
potential, for example, to help marketing managers "preemptively define the information market of tomorrow." Data mining tools predict future trends and
behaviors, allowing businesses to make proactive, knowledge-driven decisions. The automated, prospective analyses offered by data mining move beyond the
analyses of past events provided by retrospective tools. Data mining answers business questions that traditionally were too time-consuming to resolve. Data
mining tools scour databases for hidden patterns, finding predictive information that experts may miss because it lies outside their expectations.

Data mining techniques can be implemented rapidly on existing software and hardware platforms across the large companies to enhance the value of existing
resources, and can be integrated with new products and systems as they are brought on-line. When implemented on high performance client-server or parallel
processing computers, data mining tools can analyze massive databases while a customer or analyst takes a coffee break, then deliver answers to questions
such as, "Which clients are most likely to respond to my next promotional mailing, and why?"

Knowledge discovery in databases aims at tearing down the last barrier in enterprises' information flow, the data analysis step. It is a label for an activity
performed in a wide variety of application domains within the science and business communities, as well as for pleasure. The activity uses a large and
heterogeneous data-set as a basis for synthesizing new and relevant knowledge. The knowledge is new because hidden relationships within the data are
explicated, and/or data is combined with prior knowledge to elucidate a given problem. The term relevant is used to emphasize that knowledge discovery is a
goal-driven process in which knowledge is constructed to facilitate the solution to a problem.

Knowledge discovery maybe viewed as a process containing many tasks. Some of these tasks are well understood, while others depend on human judgment in
an implicit matter. Further, the process is characterized by heavy iterations between the tasks. This is very similar to many creative engineering process, €.g.,
the development of dynamic models. In this reference mechanistic, or first principles based, models are emphasized, and the tasks involved in model
development are defined by:

1. Initialize data collection and problem formulation. The initial data are collected, and some more or less precise formulation of the modeling problem is
developed.

2. Tools selection. The software tools to support modeling and allow simulation are selected.

. Conceptual modeling. The system to be modeled, e.g., a chemical reactor, a power generator, or a marine vessel, is abstracted at first. The essential

compartments and the dominant phenomena occurring are identified and documented for later reuse.

4. Model representation. A representation of the system model is generated. Often, equations are used; however, a graphical block diagram (or any other
formalism) may alternatively be used, depending on the modeling tools selected above.

5. Computer implementation. The model representation is implemented using the means provided by the modeling system of the software employed.
These may range from general programming languages to equation-based modeling languages or graphical block-oriented interfaces.

6. Verification. The model implementation is verified to really capture the intent of the modeler. No simulations for the actual problem to be solved are

carried out for this purpose.

Initialization. Reasonable initial values are provided or computed, the numerical solution process is debugged.

Validation. The results of the simulation are validated against some reference, ideally against experimental data.

Documentation. The modeling process, the model, and the simulation results during validation and application of the model are documented.

Model application. The model is used in some model-based process engineering problem solving task.
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For other model types, like neural network models where data-driven knowledge is utilized, the modeling process will be somewhat different. Some of the
tasks like the conceptual modeling phase, will vanish.

Typical application areas for dynamic models are control, prediction, planning, and fault detection and diagnosis. A major deficiency of today's methods is the
lack of ability to utilize a wide variety of knowledge. As an example, a black-box model structure has very limited abilities to utilize first principles
knowledge on a problem. this has provided a basis for developing different hybrid schemes. Two hybrid schemes will highlight the discussion. First, it will be
shown how a mechanistic model can be combined with a black-box model to represent a pH neutralization system efficiently. Second, the combination of
continuous and discrete control inputs is considered, utilizing a two-tank example as case. Different approaches to handle this heterogeneous case are
considered.

The hybrid approach may be viewed as a means to integrate different types of knowledge, i.e., being able to utilize a heterogeneous knowledge base to derive
a model. Standard practice today is that almost any methods and software can treat large homogeneous data-sets. A typical example of a homogeneous data-
set is time-series data from some system, e.g., temperature, pressure, and compositions measurements over some time frame provided by the instrumentation
and control system of a chemical reactor. If textual information of a qualitative nature is provided by plant personnel, the data becomes heterogeneous.

The above discussion will form the basis for analyzing the interaction between knowledge discovery, and modeling and identification of dynamic models. In
particular, we will be interested in identifying how concepts from knowledge discovery can enrich state-of-the- art within control, prediction, planning, and
fault detection and diagnosis of dynamic systems.

Further Readings:

Marco D., Building and Managing the Meta Data Repository: A Full Lifecycle Guide, John Wiley, 2000.

Thuraisingham B., Data Mining: Technologies, Techniques, Tools, and Trends, CRC Press, 1998.

Westphal Ch., T. Blaxton, Data Mining Solutions: Methods and Tools for Solving Real-World Problems, John Wiley, 1998.



Neural Networks Applications

Artificial neural networks provide a well-established, powerful tool to infer patterns from large databases. They have proven to be very useful to solve
problems of interpolation, classification and prediction, and have been used in a vast number of business and financial applications.

The classical approaches are the feedforward neural networks, trained using back-propagation, which remain the most widespread and efficient technique to
implement supervised learning. The main steps are: preprocess the data, the appropriate selection of variables, postprocessing of the results, and a final
validation of the global strategy. Applications include data mining, and stock market predictions.

Further Readings:
Schurmann J., Pattern Classification: A Unified View of Statistical and Neural Approaches, John Wiley & Sons, 1996.

Bayes and Empirical Bayes Methods

Bayes and empirical Bayes (EB) methods structure combining information from similar components of information and produce efficient inferences for both
individual components and shared model characteristics. Many complex applied investigations are ideal settings for this type of synthesis. For example,
county-specific disease incidence rates can be unstable due to small populations or low rates. 'Borrowing information' from adjacent counties by partial
pooling produces better estimates for each county, and Bayes/empirical Bayes methods structure the approach. Importantly, recent advances in computing and
the consequent ability to evaluate complex models, have increase the popularity and applicability of Bayesian methods.

Bayes and EB methods can be implemented using modern Markov chain Monte CarloMCMC) computational methods. Properly structured Bayes and EB
procedures typically have good frequentist and Bayesian performance, both in theory and in practice. This in turn motivates their use in advanced high-
dimensional model settings (e.g., longitudinal data or spatio-temporal mapping models), where a Bayesian model implemented via MCMC often provides the
only feasible approach that incorporates all relevant model features.

Further Readings:

Bernardo J., and A. Smith, Bayesian Theory, Wiley, 2000.

Carlin B., and T. Louis, Bayes and Empirical Bayes Methods for Data Analysis, Chapman and Hall, 1996.

Congdon P., Bayesian Statistical Modelling, Wiley, 2001.

Press S., and J. Tanur, The Subjectivity of Scientists and the Bayesian Approach, Wiley, 2001. Comparing and contrasting the reality of subjectivity in the
work of history's great scientists and the modern Bayesian approach to statistical analysis.

Markovian & Memory Theory

According to the Memory (M) Theory, in modeling the memory events, events that depend on two or more past times, not just 1 as in Markov
chains/processes, or none as in time-independent events, it is best to change ratios to differences (plus a constant - 1 is very nice, but other constants including
0 are often used). Ratios and products work best in Bayesian Markov chains and processes. Differences (subtraction) and sums work best in M Theory and M
Events. These latter events range from viscoelastic materials through human memory to economic/financial/biological memory processes. Addition and
subtraction has its own simplifications (e.g., geometric series sum exceptionally easily), and at an advanced level a special type of multiplication generalizes
subtraction, namely the convolution product which is already widely recognized as being involved in memory (via Volterra integral and integral-differential
equations, etc.). Volterra equations, by the way, are relatively easy to solve, and even numerical analysis/approximation software is just as available as main
software if you know where to look (usually in the physical science/engineering software). The simplification due to convolution products is at least as great
as the simplification involved in multiplicative ordinary multiplication, and allows advanced Fourier transform and Laplace transform methods to be used.

Memory Theory and time series share the additive property and inside a single term there can be multiplication, but like general regression methods this does
not always mean that they are all using M Theory. One may use standard time series methods in the initial phase of modeling things, but instead proceed as
follows using M Theory's Cross-Term Dimensional Analysis (CTDA). Suppose that you postulate a model y = af(x) - bg(z)+ ch(u) where f, g, h are some
functions and X, z, u are what are usually referred to as independent variables. Notice the minus sign (-) to the left of b and the+ sign to the left of ¢ and
(implicitly) to the left of a, where a, b, ¢ are positive constants. The variable y is usually referred to as a dependent variable. According to M Theory, not only
do f, g, and h influence/cause y, but g influences/causes f and h at least to some extent. In fact, M Theory can formulate this in terms of probable influence as
well as deterministic influence. All this generalizes to the case where the functions f, g, h depend on two or more variables, e.g., f(x, w), g(z, t, 1), etc.

One can reverse this process. If one thinks that f influences g and h and y but that h and g only influence y and not f, then express the equation of y in the
above form. If it works, one has found something that mainstream regression and time series may fail to detect. Of course, path analysis and Lisrel and partial
least squares also claim to have ‘causal' abilities, but only in the standard regression sense of ‘freezing' so-called independent variables as ‘givens' and not in
the M Theory sense which allows them to vary with y. In fact, Bayesian probability/statistics methods and M Theory methods use respectively ratios like y/x
and differences like y - x+ 1 in their equations, and in the Bayesian model x is fixed but in the M Theory model x can vary. If one looks carefully, one will
notice that the Bayesian model blows up at x = 0 (because division by 0 is impossible, visit the The Zero Saga page), but also near x = 0 since an artificially
enormous increase is introduced - precisely near rare events. That is one of the reasons why M Theory is more successful for rare and/or highly
influenced/influencing events, while Bayesian and mainstream methods work fairly well for frequent/common and/or low influence (even independent) and/or
low dependence events.

Further Readings:
Kursunuglu B., S. Mintz, and A. Perlmutter, Quantum Gravity, Generalized Theory of Gravitation, and Superstring Theory-Based Unification, Kluwer
Academic/Plenum, New York 2000.

Likelihood Methods

Direct Inverse Neyman-Pearson

In the Direct schools, one uses Pr(data | hypothesis), usually from some model-based sampling distribution, but one does not attempt to give the inverse
probability, Pr(hypothesis | data), nor any other quantitative evaluation of hypotheses. The Inverse schools do associate numerical values with hypotheses,
either probabilities (Bayesian schools) or something else (Fisher, Edwards, Shafer).

The decision-oriented methods treat statistics as a matter of action, rather than inference, and attempt to take utilities as well as probabilities into account in
selecting actions; the inference-oriented methods treat inference as a goal apart from any action to be taken.

The "hybrid" row could be more properly labeled as "hypocritical"-- these methods talk some Decision talk but walk the Inference walk.
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Fisher's fiducial method is included because it is so famous, but the modern consensus is that it lacks justification.

Now it is true, under certain assumptions, some distinct schools advocate highly similar calculations, and just talk about them or justify them differently.
Some seem to think this is tiresome or impractical. One may disagree, for three reasons:

First, how one justifies calculations goes to the heart of what the calculations actually MEAN; second, it is easier to teach things that actually make sense
(which is one reason that standard practice is hard to teach); and third, methods that do coincide or nearly so for some problems may diverge sharply for
others.

The difficulty with the subjective Bayesian approach is that prior knowledge is represented by a probability distribution, and this is more of a commitment
than warranted under conditions of partial ignorance. (Uniform or improper priors are just as bad in some respects as anything other sort of prior.) The
methods in the (Inference, Inverse) cell all attempt to escape this difficulty by presenting alternative representations of partial ignorance.

Edwards, in particular, uses logarithm of normalized likelihood as a measure of support for a hypothesis. Prior information can be included in the form of a
prior support (log likelihood) function; a flat support represents complete prior ignorance.

One place where likelihood methods would deviate sharply from "standard" practice is in a comparison between a sharp and a diffuse hypothesis. Consider
HO: X ~ N(0, 100) [diffuse] and H1: X ~ N(1, 1) [standard deviation 10 times smaller]. In standard methods, observing X = 2 would be undiagnostic, since it
is not in a sensible tail rejection interval (or region) for either hypothesis. But while X = 2 is not inconsistent with HO, it is much better explained by H1--the
likelihood ratio is about 6.2 in favor of H1. In Edwards' methods, H1 would have higher support than HO, by the amount log(6.2) = 1.8. (If these were the only
two hypotheses, the Neyman-Pearson lemma would also lead one to a test based on likelihood ratio, but Edwards' methods are more broadly applicable.)

I do not want to appear to advocate likelihood methods. I could give a long discussion of their limitations and of alternatives that share some of their
advantages but avoid their limitations. But it is definitely a mistake to dismiss such methods lightly. They are practical (currently widely used in genetics) and
are based on a careful and profound analysis of inference.

What is a Meta-Analysis?

Meta-Analysis deals with the art of combining information from the data from different independent sources which are targeted at a common goal. There are
plenty of applications of Meta-Analysis in various disciplines such as Astronomy, Agriculture, Biological and Social Sciences, and Environmental Science.
This particular topic of statistics has evolved considerably over the last twenty years with applied as well as theoretical developments.

A Meta-analysis deals with a set of RESULTS to give an overall RESULT that is (presumably) comprehensive and valid.

a) Especially when Effect-sizes are rather small, the hope is that one can gain good power by essentially pretending to have the larger N as a valid, combined
sample.

b) When effect sizes are rather large, then the extra POWER is not needed for main effects of design: Instead, it theoretically could be possible to look at
contrasts between the slight variations in the studies themselves.

If you really trust that "all things being equal" will hold up. The typical "meta" study does not do the tests for homogeneity that should be required
In other words:

1. there is a body of research/data literature that you would like to summarize

2. one gathers together all the admissible examples of this literature (note: some might be discarded for various reasons)

3. certain details of each investigation are deciphered... most important would be the effect that has or has not been found, i.e., how much larger in sd units is
the treatment group's performance compared to one or more controls.

4. call the values in each of the investigations in #3.. mini effect sizes.

5. across all admissible data sets, you attempt to summarize the overall effect size by forming a set of individual effects... and using an overall sd as the
divisor.. thus yielding essentially an average effect size.

6. in the meta analysis literature... sometimes these effect sizes are further labeled as small, medium, or large....
You can look at effect sizes in many different ways.. across different factors and variables. but, in a nutshell, this is what is done.

I recall a case in physics, in which, after a phenomenon had been observed in air, emulsion data was examined. The theory would have about a 9% effect in
emulsion, and behold, the published data gave 15%. As it happens, there was no significant (practical, not statistical) in the theory, and also no error in the
data. It was just that the results of experiments in which nothing statistically significant was found were not reported.

This non-reporting of such experiments, and often of the specific results which were not statistically significant, which introduces major biases. This is also
combined with the totally erroneous attitude of researchers that statistically significant results are the important ones, and than if there is no significance, the
effect was not important. We really need to between the term "statistically significant", and the usual word significant.

It is very important to distinction between statistically significant and generally significant, see Discover Magazine (July, 1987), The Case of Falling
Nightwatchmen, by Sapolsky. In this article, Sapolsky uses the example to point out the very important distinction between statistically significant and
generally significant: A diminution of velocity at impact may be statistically significant, but not of importance to the falling nightwatchman.

Be careful about the word "significant". It has a technical meaning, not a commonsense one. It is NOT automatically synonymous with "important". A person
or group can be statistically significantly taller than the average for the population, but still not be a candidate for your basketball team. Whether the difference
1s substantively (not merely statistically) significant is dependent on the problem which is being studied.

Meta-analysis is a controversial type of literature review in which the results of individual randomized controlled studies are pooled together to try to get an
estimate of the effect of the intervention being studied. It increases statistical power and is used to resolve the problem of reports which disagree with each
other. It's not easy to do well and there are many inherent problems.

There is also graphical technique to assess robustness of meta-analysis results. We should carry out the meta-analysis dropping consecutively one study, that is
if we have N studies we should do N meta-analysis using N-1 studies in each one. After that we plot these N estimates on the y axis and compare them with a



straight line that represent the overall estimate using all the studies.

Topics in Meta-analysis includes: Odds ratios; Relative risk; Risk difference; Effect size; Incidence rate difference and ratio; Plots and exact confidence
intervals.

Further Readings:
Glass, et al., Meta-Analysis in Social Research, McGraw Hill, 1987
Cooper H., and L. Hedges, (Eds.), Handbook of Research Synthesis, Russell Sage Foundation, New York, 1994

Industrial Data Modeling

Industrial Data Modeling is the application of statistical, mathematical and computing techniques to industrial problems. Its applications aimed at science and
engineering practitioners and managers in industry, considers the modeling, analysis and interpretation of data in industries associated with science,
engineering and biomedicine. The techniques are closely related to those of chemometrics, technometrics and biometrics.

Further Readings:
Montgomery D., and G. Runger, Applied Statistics and Probability for Engineers, Wiley, 1998.
Ross Sh., Introduction to Probability and Statistics for Engineers and Scientists, Academic Press, 1999.

Prediction Interval

The idea is that if X is the mean of a random sample of size n from a normal population, and Y is a single additional observation, then the test statistic - Y is
normal with mean O and variance (1+ 1/n)s2.

Since we don't actually know s2, we need to use t in evaluating the test statistic. The appropriate Prediction Interval for Y is

X +ta/2.S5.(1+1/n)1/2.

This is similar to construction of interval for individual prediction in regression analysis.

Fitting Data to a Broken Line

Fitting data to a broken, how to determine the parameters, a, b, ¢, and d such that

y = a+ b x, for x less than or equal ¢
y =a-d c+ (d+ b) x, for x greater than or equal to ¢

A simple solution is a brute force search across the values of ¢. Once ¢ is known, estimating a, b, and d is trivial through the use of indicator variables. One
may use (x-c) as your independent variable, rather than x, for computational convenience.

Now, just fix ¢ at a fine grid of x values in the range of your data, estimate a, b, and d, and then note what the mean squared error is. Select the value of c that
minimizes the mean squared error.

Unfortunately, you won't be able to get confidence intervals involving c, and the confidence intervals for the remaining parameters will be conditional on the
value of c.

Further Readings:
For more details, see Applied Regression Analysis, by Draper and Smith, Wiley 1981, Chapter 5, section 5.4 on use of dummy variables. example 6.

How to Determine if Two Regression Lines Are Parallel?

Would like to determine if two regression lines are parallel? Construct the following multiple linear regression model:
E(y) = b0+ blX1l+ b2X2+ b3X3

where X1 = interval predictor variable, X2 = 1 if group 1, 0 if group 0, and X3 = X1.X2 Then, E(y|group=0) = b0+

That is, E(ylgroup=1) is a simple regression with a potentially different slope and intercept compared to group=0.
Ho: slope(group 1) = slope(group 0) is equivalent to Ho: b3=0

Use t-test from variables-in-the equation table to test this hypothesis.

Constrained Regression Model

If you fit a regression forcing the intercept to be zero, the standard error of the slope is less. That seems counter-intuitive. The intercept should be included in
the model because it is significant, so why is the standard error for the slope in the worse-fitting model actually smaller?

I agree that it's initially counter-intuitive (see below), but here are two reasons why it's true. The variance of the slope estimate for the constrained model
1s s2 / SXi 2), where Xi are actual X values ands?2 is estimated from the residuals. The variance of the slope estimate for the unconstrained model (with
intercept) is s2 / Sxi 2), where xi are deviations from the mean, and s2 is still estimated from the residuals). So, the constrained model can have a

larger s2 (mean square error/"residual" and standard error of estimate) but a smaller standard error of the slope because the denominator is larger.

r2 also behaves very strangely in the constrained model; by the conventional formula, it can be negative; by the formula used by most computer packages, it is
generally larger than the unconstrained r2because it is dealing with deviations from 0, not deviations from the mean. This is because, in effect, constraining



the intercept to O forces us to act as if the mean of X and the mean of Y both were O.

Once you recognize that the s.e. of the slope isn't really a measure of overall fit, the result starts to make a lot of sense. Assume that all your X and Y are
positive. If you're forced to fit the regression line through the origin (or any other point) there will be less "wiggle" in how you can fit the line to the data than
there would be if both "ends" could move.

Consider a bunch of points that are ALL way out, far from zero, then if you Force the regression through zero, that line will be very close to all the points, and
pass through origin, with LITTLE ERROR. And little precision, and little validity. Therefore, no-intercept model is hardly ever appropriate.

Semiparametric and Non-parametric modeling

Many parametric regression models in applied science have a form like response = function(X1,..., Xp, unknown influences). The "response" may be a
decision (to buy a certain product), which depends on p measurable variables and an unknown reminder term. In statistics, the model is usually written as

Y =m(X1,..., Xp)+ e

and the unknown e is interpreted as error term.

The most simple model for this problem is the linear regression model, an often used generalization is the Generalized Linear Model (GLM)
Y=G(X1bl+...+ Xpbp)+ ¢

where G is called the link function. All these models lead to the problem of estimating a multivariate regression. Parametric regression estimation has the
disadvantage, that by the parametric "form" certain properties of the resulting estimate are already implied.

Nonparametric techniques allow diagnostics of the data without this restriction. However, this requires large sample sizes and causes problems in graphical
visualization. Semiparametric methods are a compromise between both: they support a nonparametric modeling of certain features and profit from the
simplicity of parametric methods.

Further Readings:
Hirdle W., S. Klinke, and B. Turlach, XploRe: An Interactive Statistical Computing Environment, Springer, New York, 1995.

Moderation and Mediation

"Moderation" is an interactional concept. That is, a moderator variable "modifies" the relationships between two other variables. While "Mediation" is a
"causal modeling" concept. The "effect" of one variable on another is "mediated" through another variable. That is, there is no "direct effect", but rather an
"Indirect effect."

Discriminant and Classification

Classification or discrimination involves learning a rule whereby a new observation can be classified into a pre-defined class. Current approaches can be
grouped into three historical strands: statistical, machine learning and neural network. The classical statistical methods make distributional assumptions. There
are many others which are distribution free, and which require some regularization so that the rule performs well on unseen data. Recent interest has focused
on the ability of classification methods to be generalized.

We often need to classify individuals into two or more populations based on a set of observed "discriminating" variables. Methods of classification are used
when discriminating variables are:

1. quantitative and approximately normally distributed;
2. quantitative but possibly nonnormal;

3. categorical; or

4. a combination of quantitative and categorical.

It is important to know when and how to apply linear and quadratic discriminant analysis, nearest neighbor discriminant analysis, logistic regression,
categorical modeling, classification and regression trees, and cluster analysis to solve the classification problem. SAS has all the routines you need to for
proper use of these classifications. Relevant topics are: Matrix operations, Fisher's Discriminant Analysis, Nearest Neighbor Discriminant Analysis, Logistic
Regression and Categorical Modeling for classification, and Cluster Analysis.

For example, two related methods which are distribution free are the k-nearest neighbor classifier and the kernel density estimation approach. In both
methods, there are several problems of importance: the choice of smoothing parameter(s) or k, and choice of appropriate metrics or selection of variables.
These problems can be addressed by cross-validation methods, but this is computationally slow. An analysis of the relationship with a neural net approach
(LVQ) should yield faster methods.

Further Readings:
Cherkassky V, and F. Mulier, Learning from Data: Concepts, Theory, and Methods, John Wiley & Sons, 1998.
Denison, D., C. Holmes, B. Mallick, and A.Smith, Bayesian Methods for Nonlinear Classification and Regression, Wiley, 2002.

Index of Similarity in Classification

In many natural sciences, such as ecologists one is interested in a notion of similarity. The index of similarity is devised for comparing, e.g., the species
diversity between two different samples or communities. Let a be the total number of species in samplel, b is the number of species in sample2, and j is the
number of species common to both samples, then the widely used similarity index is the Mountford Index defined as:

[ =2J/[2ab - j(a+ b)]

A rather computationally involved for determining a similarity index (I) is due to Fisher, where I is the solution to the following equation:

eal+ ebl = 1+ e(a+b-j)I



The index of similarity could be used as a "distance" so that the minimum distance corresponds to the maximum similarity.

Further Readings:
Hayek L., and M. Buzas, Surveying Natural Populations, Columbia University Press, NY, 1996.

Generalized Linear and Logistic Models

The generalized linear model (GLM) is possibly the most important development in practical statistical methodology in the last twenty years. Generalized
linear models provide a versatile modeling framework in which a function of the mean response is "linked" to the covariates through a linear predictor and in
which variability is described by a distribution in the exponential dispersion family. These models include logistic regression and log-linear models for
binomial and Poisson counts together with normal, gamma and inverse Gaussian models for continuous responses. Standard techniques for analyzing
censored survival data, such as the Cox regression, can also be handled within the GLM framework. Relevant topics are: Normal theory linear models,
Inference and diagnostics for GLMs, Binomial regression, Poisson regression, Methods for handling overdispersion, Generalized estimating equations
(GEEs).

Hre is how to obtain degree of freedom number for the 2 log-likelihood, in a logistic regression. Degrees of freedom pertain to the dimension of the vector of
parameters for a given model. Suppose we know that a model In(p/(1-p))=Bo+ B1x+ B2y+ B3w fits a set of data. In this case the vector B=(Bo,B1, B2, B3) is
an element of 4 dimensional Euclidean space, or R4.

Suppose we want to test the hypothesis: Ho: B3=0. We are imposing a restriction on our parameter space. The vector of parameters must be of the form:
B'=B=(Bo,B1, B2, 0). This vector is an element of a subspace of R4. Namely, B4=0 or the X-axis. The likelihood ration statistic has the form:

2 log-likelihood = 2 log(maximum unrestricted likelthood/maximum restricted likelihood) =
2 log(maximum unrestricted likelihood)-2 log (maximum restricted likelithood)

Which is unrestricted B vector 4-dimensions or degrees of freedom - restricted B vector 3 dimensions or degrees of freedom = 1 degree of freedom which is
the difference vector: B"=B-B'=(0,0,0,B4) [one dimensional subspace of R4.

The standard textbook is Generalized Linear Models by McCullagh and Nelder (Chapman & Hall, 1989).

LOGISTIC REGRESSION VAR=x /METHOD=ENTER y x1 x2 flros flach flgrade bylocus byses /CONTRAST (y)=Indicator /contrast (xl)=indicato:

Other SPSS Commands:

Loglinear LOGLINEAR,HILOGLINEAR Logistic Regression LOGLINEAR, PROBIT
SAS Commands:

Loglinear CATMOD Logistic Regression LOGISTIC, CATMOD,PROBIT

Further Readings:

Harrell F, Regression Modeling Strategies: With Applications to Linear Models, Logistic Regression, and Survival Analysis, Springer Verlag, 2001.
Hosmer D. Jr., and S. Lemeshow, Applied Logistic Regression, Wiley, 2000.

Katz M., Multivariable Analysis: A Practical Guide for Clinicians, Cambridge University Press, 1999.

Kleinbaum D., Logistic Regression: A Self-Learning Text, Springer Verlag, 1994.

Pampel F., Logistic Regression: A Primer, Sage, 2000.

Survival Analysis

Survival analysis is suited to the examination of data where the outcome of interest is 'time until a specific event occurs', and where not all individuals have
been followed up until the event occurs. Survival data arise in a literal form from trials concerning life-threatening conditions, but the methodology can also
be applied to other waiting times such as the duration of pain relief.

The methods of survival analysis are applicable not only in studies of patient survival, but also studies examining adverse events in clinical trials, time to
discontinuation of treatment, duration in community care before re-hospitalisation, contraceptive and fertility studies etc.

If you've ever used regression analysis on longitudinal event data, you've probably come up against two intractable problems:

Censoring: Nearly every sample contains some cases that do not experience an event. If the dependent variable is the time of the event, what do you do with
these "censored" cases?

Time-dependent covariate: Many explanatory variables (like income or blood pressure)change in value over time. How do you put such variables in a
regression analysis?

Makeshift solutions to these questions can lead to severe biases. Survival methods are explicitly designed to deal with censoring and time-dependent
covariates in a statistically correct way. Originally developed by biostatisticians, these methods have become popular in sociology, demography, psychology,
economics, political science, and marketing.

In Short, survival Analysis is a group of statistical methods for analysis and interpretation of survival data. Even though survival analysis can be used in a
wide variety of applications (e.g. insurance, engineering, and sociology), the main application is for analyzing clinical trials data. Survival and hazard
functions, the methods of estimating parameters and testing hypotheses that are the main part of analyses of survival data. Main topics relevant to survival
data analysis are: Survival and hazard functions, Types of censoring, Estimation of survival and hazard functions: the Kaplan-Meier and life table estimators,
Simple life tables, Peto's Logrank with trend test and hazard ratios and Wilcoxon test, (can be stratified), Wei-Lachin, Comparison of survival functions: The
logrank and Mantel-Haenszel tests, The proportional hazards model: time independent and time dependent covariates, The logistic regression model, and
Methods for determining sample sizes.

In the last few years the survival analysis software available in several of the standard statistical packages has experienced a major increment in functionality,
and is no longer limited to the triad of Kaplan-Meier curves, logrank tests, and simple Cox models.

Further Readings:
Hosmer D., and S. Lemeshow, Applied Survival Analysis: Regression Modeling of Time to Event Data, Wiley, 1999.
Janssen P., J. Swanepoel, and N. Veraverbeke, The modified bootstrap error process for Kaplan-Meier quantiles, Statistics & Probability Letters, 58, 31-39,
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Kleinbaum D., et al., Survival Analysis: A Self-Learning Text, Springer-Verlag, New York, 1996.

Lee E., Statistical Methods for Survival Data Analysis, Wiley, 1992.

Therneau T., and P. Grambsch, Modeling Survival Data: Extending the Cox Model, Springer 2000. This book provides thorough discussion on Cox PH model.
Since the first author is also the author of the survival package in S-PLUS/R, the book can be used closely with the packages in addition to SAS.

Association Among Nominal Variables

There are many measures of association between two dichotomous variables, such as the odds ratio (AD/BC), Yule's Q = (AD-BC/AD+BC) which is a simple
mapping of the odds ratio onto [-1,1], the proportional difference (requires treating one of the variables as "independent" and the other "dependent"), Cramer's
V, the contingency coefficient C, the uncertainly coefficient, and the relative risk. Some of those measures may be more appropriate than others for a given
situation, however, those based on the odds ratio are easier to interpret. Odds ratios can be thought of as the effect of one outcome on another. If condition 1 is
true, what effect has it on the odds of condition 2 being true? Almost all of these statistics are described in the Numerical Recipes, by Press et al.

Spearman's Correlation, and Kendall's tau Application

How would you compare the values of two variables to determine whether they are ordered the same? For example:

Varl Var2 Obs 1 X X Obs 2 y z Obs 3 P y

Is Varl ordered the same as Var2? Two measures are Spearman's rank order correlation, and Kendall's tau.

Further Readings:
For more details see, e.g., Fundamental Statistics for the Behavioral Sciences, by David C. Howell, Duxbury Pr., 1995.

Repeated Measures and Longitudinal Data

Repeated measures and longitudinal data require special attention because they involve correlated data that commonly arise when the primary sampling units
are measured repeatedly over time or under different conditions. Normal theory models for split-plot experiments and repeated measures ANOVA can be used
to introduce the concept of correlated data. PROC GLM and PROC MIXED in the SAS system may be used. Mixed linear models provide a general
framework for modeling covariance structures, a critical first step that influences parameter estimation and tests of hypotheses. The primary objectives are to
investigate trends over time and how they relate to treatment groups or other covariates. Techniques applicable to non-normal data, such as McNemar's test
for binary data, weighted least squares for categorical data, and generalized estimating equations (GEE) are the main topics. The GEE method can be used to
accommodate correlation when the means at each time point are modelled using a generalized linear model. Relevant topics are: Balanced split-plot and
repeated measures designs, Modeling covariance structures of repeated measures, Repeated measures with unequally spaced times and missing data, Weighted
least squares approach to repeated categorical data, Generalized estimating equation (Gee) method for marginal models, Subject-specific versus population
averaged interpretation of regression coefficients, and Computer implementation using S-plus and the SAS system. The following describes the McNemar's
test for binary data.

McNemar Change Test: For the yes/no questions under the two conditions, set up a 2x2 contingency table:

fl1 f10 f01 £00

McNemar's test of correlated proportions is z = (fO1 - f10)/(fO1+ £10)%2.

For those items yielding a score on a scale, the conventional t-test for correlated samples would be appropriate, or the Wilcoxon signed-ranks test.

What Is a Systematic Review?

Health care decision makers need to access research evidence to make informed decisions on diagnosis, treatment and health care management for both
individual patients and populations. Systematic reviews are recognized as one of the most useful and reliable tools to assist this practice of evidence-based
health care. These courses aim to train health care professionals and researchers in the science and methods of systematic reviews.

There are few important questions in health care which can be informed by consulting the result of a single empirical study. Systematic reviews attempt to
provide answers to such problems by identifying and appraising all available studies within the relevant focus and synthesizing their results, all according to
explicit methodologies. The review process places special emphasis on assessing and maximizing the value of data, both in issues of reducing bias and
minimizing random error. The systematic review method is most suitably applied to questions of patient treatment and management, although it has also been
applied to answer questions regarding the value of diagnostic test results, likely prognoses and the cost-effectiveness of health care.

Information Theory

Information theory is a branch probability and mathematical statistics that deal with communication systems, data transmission, cryptography, signal to noise
ratios, data compression, etc. Claude Shannon is the father of information theory. His theory considered the transmission of information as a statistical
phenomenon and gave communications engineers a way to determine the capacity of a communication channel about the common currency of bits

Shannon defined a measure of entropy as:
H=-Spilogpi,

that, when applied to an information source, could determine the capacity of the channel required to transmit the source as encoded binary digits. Shannon's
measure of entropy is taken as a measure of the information contained in a message. This is unlike to the portion of the message that is strictly determined
(hence predictable) by inherent structures.



Entropy as defined by Shannon is closely related to entropy as defined by physicists in statistical thermodynamics. This work was the inspiration for adopting
the term entropy in information theory. Other useful measures of information include mutual information which is a measure of the correlation between two
event sets. Mutual information is defined for two events X and Y as:

M X,Y)=H(X,Y) - HX) - H(Y)
where H(X, Y) is the join entropy defined as:
H(X,Y)=-S p (xi, yi) log p (xi, yi),
Mutual information is closely related to the log-likelihood ratio test for multinomial distribution, and to Pearson's Chi-square test.

The field of Information Science has since expanded to cover the full range of techniques and abstract descriptions for the storage, retrieval and transmittal of
information.

Incidence and Prevalence Rates

Incidence rate (IR) is the rate at which new events occur in a population. It is defined as: Number of new events in a specified period divided by Number of
persons exposed to risk during this period

Prevalence rate (PR) measures the number of cases that are present at a specified period of time. It is defined as: Number of cases present at a specified period
of time divides by Number of persons at risk at that specified time.

These two measures are related when considering the average duration (D). That is, PR =IR. D

Note that, for example, county-specific disease incidence rates can be unstable due to small populations or low rates. In epidemiology one can say that IR
reflects probability to Become thick at given age, while the PR reflects probability to Be thick at given age.

Other topics in clinical epidemiology include the use of receiver operator curves, and the sensitivity, specificity, predictive value of a test.

Further Readings:

Kleinbaum D., L. Kupper, and K. Muller, Applied Regression Analysis and Other Multivariable Methods, Wadsworth Publishing Company, 1988.
Kleinbaum D., et al., Survival Analysis: A Self-Learning Text, Springer-Verlag, New York, 1996.

Miettinen O., Theoretical Epidemiology, Delmar Publishers, 1986.

Software Selection

The availability of personal computer, computational software, and visual representations of data enables the managers to concentrate on the revealing useful
facts from figures. Since the burden of computation has been eliminated, the managers are now able to focus on probing issues and search for creative
decision-making under uncertainty. However, you have to be careful when selecting a statistical software. A short list of item for comparison is:

1) Ease of learning,

2) Amount of help incorporated for the user,

3) Level of the user,

4) Number of tests and routines involved,

5) Ease of data entry,

6) Data validation (and if necessary, data locking and security),

7) Accuracy of the tests and routines,

8) Integrated data analysis (graphs and progressive reporting on analysis in one screen),
9) Cost

No one software meets everyone's needs. Determine the needs first and then ask the questions relevant to the above seven criteria.

Spatial Data Analysis

Data that is geographically or spatially referenced is encountered in a very wide variety of practical contexts. In the same way that data collected at different
points in time may require specialised analytical techniques, there are a range of statistical methods devoted to the modelling and analysis of data collected at
different points in space. Increased public sector and commercial recording and use of data which is geographically referenced, recent advances in computer
hardware and software capable of manipulating and displaying spatial relationships in the form of digital maps, and an awareness of the potential importance
of spatial relationships in many areas of research, have all combined to produced an increased interest in spatial analysis. Spatial Data Analysis is concerned
with the study of such techniques---the kind of problems they are designed to address, their theoretical justification, when and how to use them in practice.

Many natural phenomena involve a random distribution of points in space. Biologists who observe the locations of cells of a certain type in an organ,
astronomers who plot the positions of the stars, botanists who record the positions of plants of a certain species and geologists detecting the distribution of a
rare mineral in rock are all observing spatial point patterns in two or three dimensions. Such phenomena can be modelled by spatial point processes.

The spatial linear model is fundamental to a number of techniques used in image processing, for example, for locating gold/ore deposits, or creating maps.
There are many unresolved problems in this area such as the behavior of maximum likelihood estimators and predictors, and diagnostic tools. There are strong
connections between kriging predictors for the spatial linear model and spline methods of interpolation and smoothing. The two-dimensional version of
splines/kriging can be used to construct deformations of the plane, which are of key importance in shape analysis.

For analysis of spatially auto-correlated data in of logistic regression for example, one may use of the Moran Coefficient which is available is some statistical
packages such as Spacestat. This statistic tends to be between -1 and+1, though are not restricted to this range. Values near+1 indicate similar values tend to
cluster; values near -1 indicate dissimilar values tend to cluster; values near -1/(n-1) indicate values tend to be randomly scattered.

Boundary Line Analysis

The boundary line analysis is dealing with developing the analytical syntheses of real property law, land surveying procedures, & scenario development which
helps with decisions for the development of most probable scenarios of boundary location.



The main application of this analysis is in the soil electrical conductivity (EC) which stems from the fact that sands have a low conductivity, silts have a
medium conductivity and clays have a high conductivity. Consequently, conductivity (measured at low frequencies) correlates strongly to soil grain size and
texture.

The boundary line analysis, therefore, is a method of analyzing yield with soil electrical conductivity data. This method isolates the top yielding points for
each soil EC range and fits a non-linear line or equation to represent the top-performing yields within each soil EC range. This method knifes through the
cloud of EC/Yield data and describes their relationship when other factors are removed or reduced. The upper boundary represents the maximum possible
response to that limiting factor, (e.g. EC), and points below the boundary line represents conditions where other factors have limited the response variable.
Therefore, one may also use boundary line analysis to compare responses among species.

Further Readings:
Kitchen N., K Sudduth, and S. Drummond, Soil Electrical Conductivity as a Crop Productivity Measure for Claypan Soils, Journal of Production Agriculture,
12(4),607-617, 1999.

Geostatistics Modeling

The Geostatistics modeling combines the classical statistics-based techniques with space/time imaging. The modeling process includes a group of
spatiotemporal concepts and methods that are based on stochastic data analysis. The aim of such modeling approach is to provide a deeper understanding of a
theory of knowledge prior to development of mathematical models of scientific mapping and imaging across space and time. One effective approach is the to
provides a fundamental insight into the mapping problem in which the knowledge of a natural variable, not the variable itself, is the direct object of study.
Several well-known models in this category include the spatiotemporal random fields such as space/time fractals and wavelets which are special cases of the
generalized random field modeling.

Further Readings:
Christakos G., Modern Spatiotemporal Geostatistics, Oxford University Press, 2000.

Box-Cox Power Transformation

In certain cases data distribution is not normal (Gaussian), and we wish to find the best transformation of variable in order to obtain a Gaussian data
distribution for further statistical processing.

Among others the Box-Cox power transformation is often used for this purpose.
y = (xp - 1)/p, for p not zero vy = log x, for p =0

trying different values of p between -3 and+3 is usually sufficient but there are MLE methods for estimating the best p. A good source on this and other
transformation methods is
Madansky A., Prescriptions for working Statisticians, Springer-Verlag, 1988.

For percentages or proportions (such as for binomial proportions), Arcsine transformations would work better. The original idea of Arcsin(p')is to establish
variances as equal for all groups. The arcsin transform is derived analytically to be the variance-stabilizing and normalizing transformation. The same limit
theorem also leads to the square root transform for Poisson variables (such as counts) and to the arc hyperbolic tangent (i.e., Fisher's Z) transform for
correlation. The Arcsin Test yields a z and the 2x2 contingency test yields a chi-sq. But z2 = chi-sq, for large sample size. A good source is

Rao C., Linear Statistical Inference and Its Applications, Wiley, 1973.

How to normalize a set of data consisting of negative and positive values, and make them positive between the range 0.0 to 1.0? Define XNew = (X-
min)/(max-min).

Box & Cox power transformation is also very effective for a wide variety of nonnormality:
y(transformed) =yl

where | ranges (in practice) from -3.0 to+3.0. As such it includes, inverse, square root, logarithm, etc. Note that as | approaches 0, one gets a log
transformation.

Multiple Comparison Tests

Duncan's multiple-range test: This is one of the many multiple comparison procedures. It is based on the standardized range statistic by comparing all pairs of
means while controlling the overall Type I error at a desirable level. While it does not provide interval estimates of the difference between each pair of means,
however, it does indicate which means are significantly different from the others. For determining the significant differences between a single control

group mean and the other means, one may use the Dunnett's multiple-comparison test.

Multiple comparison procedures include topics such as Control of the family-Wise Error rate, The closure Principle, Hierarchical Families of Hypotheses,
Single-Step and Stepwise Procedures, and P-value Adjustments. Areas of applications include multiple comparisons among treatment means, multiple
endpoints in clinical trials, multiple sub-group comparisons, etc.

Nemenyi's multiple comparison test is analogous to Tukey's test, using rank sums in place of means and using [n2k(nk+1)/12]% as the estimate of standard
error (SE), where n is the size of each sample and k is the number of samples (means). Similarly to the Tukey test, you compare (rank sum A - rank sum
B)/SE to the studentized range for k. It is also equivalent to the Dunn/Miller test which uses mean ranks and standard error [k(nk+1)/12]%.

Multilevel Statistical Modeling: The two widely used software packages are MLwiN and winBUGS. They perform multilevel modeling analysis and
analysis of hierarchical datasets, Markov chain Monte Carlo (MCMC) methodology and Bayesian approaches.

Further Readings:
Liao T., Statistical Group Comparison, Wiley, 2002.

Antedependent Modeling for Repeated Measurements



Repeated measures data arise when observations are taken on each experimental unit on a number of occasions, and time is a factor of interest.

Many techniques can be used to analyze such data. Antedependence modeling is a recently developed method which models the correlation between
observations at different times.

Split-half Analysis

What is split-half analysis? Split your sample in half. Factor analyses each half. Do they come out the same (or similar) as each other? Alternatively (or also),
take more than two 2 random subsample of your sample and do the same.

Notice that this is (like factor analysis itself) an "exploratory", not inferential technique, i.e. hypothesis testing, confidence intervals etc. simply do not apply.

Alternatively, randomly split the sample in half and then do an exploratory factor analysis on Sample 1. Use those results to do a confirmatory factor analysis
with Sample 2.

Sequential Acceptance Sampling

Acceptance sampling is a quality control procedure used when a decision on the acceptability of the batch has to be made from tests done on a sample of
items from the batch.

Sequential acceptance sampling minimizes the number of items tested when the early results show that the batch clearly meets, or fails to meet, the required
standards.

The procedure has the advantage of requiring fewer observations, on average, than fixed sample size tests for a similar degree of accuracy.

Local Influence

Cook's distance measures the effect of removing a single observation on regression estimates. This can be viewed as giving an observation a weight of either
zero or one: local influence allows this weight to be small but non-zero.

Cook defined local influence in 1986, and made some suggestions on how to use or interpret it; various slight variations have been defined since then. But
problems associated with its use have been pointed out by a number of workers since the very beginning.

Variogram Analysis

Variables are often measured at different locations. The patterns in these spatial variables may be extrapolated by variogram analysis.

A variogram summarizes the relationship between the variance of the difference in pairs of measurements and the distance of the corresponding points from
each other.

Credit Scoring: Consumer Credit Assessment

Credit Scoring is now in widespread use across the retail credit industry. At its simplest, a credit scorecard is a model usually statistical, but in use it is
embedded in a computer and or human process.

Accurate assessment of financial exposure is vital for continued business success. Accurate, and usable information are essential for good credit assessment in
commercial decision making. The consumer credit environment is in a state of great change, driven by developments in computer technology, more
demanding customers, availability of new products and increased competition. Banks and other financial institutions are coming to rely more and more on
increasingly sophisticated mathematical and statistical tools. These tools are used in a wide range of situations, including predicting default risk, estimating
likely profitability, fraud detection, market segmentation, and portfolio analysis. The credit card market as an example, has changed the retail banking
industry, and consumer loans.

Both the tools, the behavioral scoring, and the characteristics of consumer credit data are usually the bases for a good decision. The statistical tools include
linear and logistic regression, mathematical programming, trees, nearest neighbor methods, stochastic process models, statistical market segmentation, and
neural networks. These techniques are used to assess and predict consumers credit scoring.

Further Readings:
Lewis E., Introduction to Credit Scoring, Fair, Isaac & Co., 1994. Provides a general introduction to the issues of building a credit scoring model.

Components of the Interest Rates

The interest rates as quoted in the newspapers and by banks consist of several components. The most important three are:
The pure rate: This is the time value of money. A promise of 100 units next year is not worth 100 units this year.

The price-premium factor: If prices go up 5% each year, interest rates go up at least 5%. For example, under the Carter Administration, prices rose about
15% per year for a couple of years, interest was around 25%. Same thing during the Civil War. In a deflationary period, prices may drop so this term can be
negative.

The risk factor: A junk bond may pay a larger rate than a treasury note because of the chance of losing the principal. Banks in a poor financial condition must
pay higher rates to attract depositors for the same reason. Threat of confiscation by the government leads to high rates in some countries.

Other factors are generally minor. Of course, the customer sees only the sum of these terms. These components fluctuate at different rates themselves. This
makes it hard to compare interest rates across disparate time periods or economic condition. The main questions are: how are these components combined to
form the index? A simple sum? A weighted sum? In most cases the index is form both empirically and assigned on basis of some criterion of importance. The



same applies to other index numbers.

Partial Least Squares

Partial Least Squares (PLS) regression is a multivariate data analysis technique which can be used to relate several response (Y) variables to several
explanatory (X) variables.

The method aims to identify the underlying factors, or linear combination of the X variables, which best model the Y dependent variables.

Growth Curve Modeling

Growth is a fundamental property of biological systems, occurring at the level of populations, individual animals and plants, and within organisms. Much
research has been devoted to modeling growth processes, and there are many ways of doing this: mechanistic models, time series, stochastic differential
equations etc.

Sometimes we simply wish to summarize growth observations in terms of a few parameters, perhaps in order to compare individuals or groups. Many growth
phenomena in nature show an "S" shaped pattern, with initially slow growth speeding up before slowing down to approach a limit.

These patterns can be modelled using several mathematical functions such as generalized logistic and Gompertz curves.

Saturated Model & Saturated Log Likelihood

A saturated model is usually one that has no residual df. What is a "saturated" log likelihood? So the "saturated LL" is the LL for a saturated model. It is often
used when comparisons made between the log likelihood with an intercept only and the log likelihood for a particular model specification.

Pattern recognition and Classification

Pattern recognition and classification are fundamental concepts for understanding living systems and essential for realizing artificial intelligent systems.
Applications include 3D modelling, motion analysis, feature extraction, device positioning and calibration, feature recognition, solutions to classification
problems to industrial and medical applications.

What is Biostatistics?

Biostatistics is a subdiscipline of Statistics which focuses on statistical support for the areas of medicine, environmental science, public health, and related
fields. Practitioners span the range from the very applied to the very theoretical. The information which is useful to the biostatistician spans the range from
that needed by a general statistician, to more subject-specific scientific details, to ordinary information that will improve communication between the
biostatistician and other scientists and researchers.

Recent advancement in human genome marks a major step in the advancement of understanding how the human body works at a molecular level. The
biomedical statistics identifies the need for computational statistical tools to meet important challenges in biomedical studies. The active areas are:

Clustering of very large dimensional data such as the micro-array.

Clustering algorithms that support biological meaning.

Network models and simulations of biological pathways.

Pathway estimation from data.

Integration of multi-format and multi-type data from heterogeneous databases.
Information and knowledge visualization techniques for biological systems.

Further Reading:
Cleophas T., A. Zwinderman, and T. Cleophas, Statistics Applied to Clinical Trials, Kluwer Academic Publishers, 2002.
Zhang W., and 1. Shmulevich, Computational and Statistical Approaches to Genomics, Kluwer Academic Publishers, 2002.

Evidential Statistics

Statistical methods aim to answer a variety of questions about observations. A simple example occurs when a fairly reliable test for a condition C, has given a
positive result. Three important types of questions are:

1. Should this observation lead me to believe that condition C is present?
2. Does this observation justify my acting as if condition C were present?
3. Is this observation evidence that condition C is present?

We must distinguish among these three questions in terms of the variables and principles that determine their answers. Questions of the third type, concerning
the "evidential interpretation” of statistical data, are central to many applications of statistics in many fields.

It is already recognized that for answering the evidential question current statistical methods are seriously flawed which could be corrected by a applying the
the Law of Likelihood. This law suggests how the dominant statistical paradigm can be altered so as to generate appropriate methods for objective,
quantitative representation of the evidence embodied in a specific set of observations, as well as measurement and control of the probabilities that a study will
produce weak or misleading evidence.

Further Reading:
Royall R., Statistical Evidence: A Likelihood Paradigm,Chapman & Hall, 1997.

Statistical Forensic Applications



Cases abound about the role if evidence and inference in constructing and testing arguments and this can be best seen in police and lawyer training where
there has been little if any formal instruction on the structural and temporal elements of evidential reasoning. However, little sign exists of methodological
approaches to organising evidence and thought as well as a lack of awareness of the benefits such an approach can bring. In addition, there is little regard for
the way in which evidence has to be discovered, analyzed and presented as part of a reasoned chain or argument.

One consequence of the failure to recognize the benefits that an organized approach can bring is our failure to move evidence as a discipline into volume case
analytics. Any cursory view of the literature reveals that work has centered on thinking about single cases using narrowly defined views of what evidential
reasoning involves. There has been an over emphasis on the formal rules of admissibility rather than the rules and principles of a methodological scientific
approach.

As the popularity of using DNA evidence increases, both the public and professionals increasingly regard it as the last word on a suspect's guilt or innocence.
As citizens go about their daily lives, pieces of their identities are scattered in their wake. It could as some critics warn, one day place an innocent person at
the scene of a crime.

The traditional methods of statistical forensic, for example, for facial reconstruction date back to the Victorian Era. Tissue depth data was collected from
cadavers at a small number of landmark sites on the face. Samples were tiny, commonly numbering less than ten. Although these data sets have been
superceded recently by tissue depths collected from the living using ultrasound, the same twenty-or-so landmarks are used and samples are still small and
under-representative of the general population. A number of aspects of identity--such as age, height, geographic ancestry and even sex--can only be estimated
from the skull. Current research is directed at the recovery of volume tissue depth data from magnetic resonance imaging scans of the head of living
individuals; and the development of simple interpolation simulation models of obesity, ageing and geographic ancestry in facial reconstruction.

Further Reading:
Gastwirth J., (Ed.), Statistical Science in the Courtroom, Springer Verlag, 2000.

Spatial Statistics

Many natural phenomena involve a random distribution of points in space. Biologists who observe the locations of cells of a certain type in an organ,
astronomers who plot the positions of the stars, botanists who record the positions of plants of a certain species and geologists detecting the distribution of a
rare mineral in rock are all observing spatial point patterns in two or three dimensions. Such phenomena can be modelled by spatial point processes.

Further Readings:
Diggle P., The Statistical Analysis of Spatial Point Patterns, Academic Press, 1983.
Ripley B., Spatial Statistics, Wiley, 1981.

What Is the Black-Sholes Model?

The benchmark theory of statistical model for option pricing derivative and evaluation is the Black-Sholes-Merton theory (the Black-Sholes model is a special
case which is the limiting distribution of the binomial model), based on Brownian motion as the driving noise process for stock prices. In this model the
distributions of financial returns of the stocks in a portfolio are multivariate normal. There are certain limitations in this model, which are, e.g., symmetry and
thin tails, which are not the characteristics of the real data. The One may use the Barndorff-Nielsen generalized hyperbolic family, which includes the normal
variance-mean mixtures instead of pure multivariate normal.

Further Readings:
Clewlow L., and C. Strickland, Implementing Derivatives Models, John Wiley & Sons, 1998.

What Is a Classification Tree

Basically for each variable, all values are checked and a measure of purity calculated, i.e., loosely the number of classification errors is quantified. The value
and variable with lowest split is chosen as the node. This process can then be repeated until all distinct combination of values of independent values have been
found. Unfortunately the resulting tree over-fits the data, and would not be vary good for new data sets.

There are several methods of deciding when to stop. The simplest method is to split the data into two samples. A tree is developed with one sample and tested
with another. The mis-classification rate is calculated by fitting the tree to the test data set and increasing the number of branches one at a time. As the number
of nodes used changes the mis-classification rate changes. The number of nodes which minimize the mis-classification rate is chosen.

Graphical Tools for High-Dimensional Classification: Statistical algorithmic classification methods include techniques such as trees, forests, and neural nets.
Such methods tend to share two common traits. They can often have far greater predictive power than the classical model-based methods. And they are
frequently so complex as to make interpretation very difficult, often resulting in a "black box" appearance. An alternative approach is using graphical tool to
facilitate investigation of the inner workings of such classifiers. The A generalization of the ideas such as the data image, and the color histogram allows
simultaneous examination of dozens to hundreds of variables across similar numbers of observations. Additional information can be visually incorporated as
to true class, predicted class, and casewise variable importance. Careful choice of orderings across cases and variables can clearly indicate clusters, irrelevant
or redundant variables, and other features of the classifier, leading to substantial improvements in classifier interpretability.

The various programs vary in how they operate. For making splits, most programs use definition of purity. More sophisticated methods of finding the stopping
rule have been developed and depend on the software package.

What Is a Regression Tree

A regression tree is like a classification tree, only with a continuous target (dependent) variable. Prediction of target value for a particular case is made by
assigning that case to a node (based on values for the predictor variables) and then predicting the value of the case as the mean of its node (sometimes
adjusted for priors, costs, etc.).

The Tree-based models known also as recursive partitioning have been used in both statistics and machine learning. Most of their applications to date have,
however, been in the fields of regression, classification, and density estimation.

S-PLUS statistical package includes some nice features such as non-parametric regression and tree-based models.



Further Readings:
Breiman L., J. Friedman, R. Olshen and C. Stone, Classification and Regression Trees, CRC Press, Inc., Boca Raton, Florida, 1984.

Cluster Analysis for Correlated Variables

The purpose of Cluster sampling is typically to:

e characterize a specific group of interest,
e compare two or more specific groups,
e discover a pattern among several variables.

Cluster analysis is used to classify observations with respect to a set of variables. The widely used Ward's method is predisposed to find spherical clusters and
may perform badly with very ellipsoidal clusters generated by highly correlated variables (within clusters).

To deal with high correlations, some model-based methods are implemented in the S-Plus package. However, a limitation of their approach is the need to
assume the clusters have a multivariate normal distribution, as well as the need to decide in advance what the likely covariance structure of the clusters is.

Another option is to combine the principal component analysis with cluster analysis.

Further Readings:
Baxter M., Exploratory Multivariate Analysis in Archaeology, pp. 167-170, Edinburgh University Press, Edinburgh, 1994.
Manly F., Multivariate Statistical Methods: A Primer, Chapman and Hall, London, 1986.

Capture-Recapture Methods

Capture-recapture methods were originally developed in the wildlife biology to estimate the population size of some species of wild animals.

Tchebysheff Inequality and Its Improvements

The Tchebysheff's inequality is often used to put bounds on the probability that proportion of random variable X will be within k > 1 standard deviation of the
mean mu for any probability distribution. In other words:
P[IX-ml3ks]£1/k2, forany k> 1

The symmetric property of Tchebysheff's inequality is useful, e.g., in constructing control limits is the quality control process. However the limits are very
conservative because of lack of knowledge about the underlying distribution. This bounds can be improved (i.e., becomes tighter) if we have some knowledge
about the population distribution. For example, if the population is homogeneous, that is its distribution is unimodal, then,

P[IX-ml3ks]£1/(2.25k2), for any k > 1
The above inequality is known as the Camp-Meidell inequality.
Further Readings:

Efron B., and R. Tibshirani, An Introduction to the Bootstrap, Chapman & Hall (now the CRC Press), 1994. Contains a test for multimodality that is based on
the Gaussian kernel density estimates and then test for multimodality by using the window size approach.

Grant E., and R. Leavenworth, Statistical Quality Control, McGraw-Hill, 1996.

Ryan T., Statistical Methods for Quality Improvement, John Wiley & Sons, 2000. A very good book for a starter.

Frechet Bounds for Dependent Random Variables

The simplest form of the Frechet bounds for two dependent random variables A and B with known marginal probability P(A), and P(B), respectively is:
max[0, P(A)+ P(B) - 1] £ P(A and B) £ min[P(A), P(B)]

Frechet Bounds is often used in stochastic processes with the effect of dependencies, such as estimating an upper and/or a lower bound on the queue length in
a queuing system with two different but known marginal inter-arrivals times distributions of two types of customers.

Statistical Data Analysis in Criminal Justice

This topic usually refers to the wide range of statistics used in the criminal justice system. For example, statistical analysis of the issue of how much crime is
drug-related by using the available criminal justice databases, and other source of data. The main issue for the statisticians is to access the specific unit record
files for secondary analysis and the long-term implications for evidence based policy making. These analyses must be carried out usually within the specific
criminal justice system considering the existence of limitations such as the ethical norms on data release and legislation on privacy and confidentiality.

Further Readings:
McKean J., and Bryan Byers, Data Analysis for Criminal Justice and Criminology, Allyn & Bacon, 2000.
Walker J., Statistics in Criminal Justice: Analysis and Interpretation, Aspen Publishers, Inc., 1999.

What is Intelligent Numerical Computation?

There exist a few computer algebra program software in the market that solve several numerical problem types, which can not be solved by using the ordinary
numerical methods. The technique mostly used is to transform the problems, which are difficult to be solved through the ordinary methods, to equivalent
problems but are easy to be solved, by defining measure functions that assess the suitable method for every type of problems. The aim of such software is to
make the students able to use this package, rather than writing their own programs in any other programming languages.



Software Engineering by Project Management

Software Engineering by Project management Techniques aims at the capital risks on projects to be evaluated, and calculates the financial contingency
required to cover those risks in a rational and defensible manner to make bug-free software in a systematic approach. Too often the project contingency is
guesstimated as a "gut feel" amount, without much consideration for the real risks involved. The technique enables disciplined estimating, and calculates the
required contingency using the proven statistical method known such as Monte Carlo experimentation.

The software project scheduling and tracking is to create a network of software engineering tasks that will enable you to get the job done on time. Once the
network is created, you have to assign responsibility for each task, make sure it gets done, and adapt the network as risks become reality.

Further Readings:
Ricketts 1., Managing Your Software Project: A Student's Guide, London, Springer, 1998.

Chi-Square Analysis for Categorical Grouped Data

Suppose you have the summary data for each categories rather than raw data, and you wish to perform the Chi-Square test, that is when one only has the cell
data, not the data from each individual. As a numerical example, consider the following data set:

Group Yes Uncertain No
1 10 21 23
2 12 15 18

One may first construct an equivalent alternative categorical table as follows:

Group Reply Count
1 10
21
23
12
15
18
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Now, weight the data by counts and then perform the Chi-Square analysis.

Further Reading:
Agresti A., Categorical Data Analysis, Wiley, 2002.
Kish R., G. Kalton, S. Heeringa, C. O'Muircheartaigh, and J. Lepkowski, Collected Papers of Leslie Kish, Wiley, 2002.

Cohen's Kappa: A Measures of Data Consistency

Cohen's kappa measures the agreement internal consistency based on a contingency table. In this context a measure of agreement assesses the extent to which
two raters give the same ratings to the same objects. The set of possible values for one rater forms the columns and the same set of possible values for some
second rater forms the rows.

Kappa k = [observed concordance - concordance by chance]/[1- concordance by chance]

Where "by chance" is calculated as in chi-square: multiply row marginal times column marginal and divide by n.

One may use this measure as a decision-making tool:

Kappa k [|Interpretation
k <0.00 Poor
0.00 £ k < 0.20[Slight
0.20 £ k < 0.40|Fair
0.40 £ k < 0.60|Moderate
0.60 £ k < 0.80|Substantial
|O.80 £k Almost Perfect

This interpretation is widely accepted, and many scientific journals routinely publish papers using this interpretation for the result of test of hypothesis.

Further Reading:
Looney S., Biostatistical Methods, (ed.), Humana Press, 2002.
Rust R., and B. Cooil, Reliability measures for qualitative data: Theory and implications, Journal of Marketing Research,31(1), 1-14, 1994.

Modeling Dependent Categorical Data

One may apply regression models to the categorical dependent variables. However, due to the non-linearities of these models the statistical analysis and
interpretation of these models is not an easy task. still difficult The most premising approach is via the method of maximum likelihood estimation in
developing the logit and probit models for binary and ordinal data. The multinomial logit model is often used for nominal data. An extensions of modeling for
count data, includes modeling process for Poisson regression, negative binomial regression, and the zero modified models.

Further Readings:
Agresti A., An Introduction to Categorical Data Analysis, Wiley, 1996.



The Deming Paradigm

While the common practice of Quality Assurance aims to prevent bad units from being shipped beyond some allowable proportion, Statistical Process Control
(SPC) ensures that bad units are not created in the first place. Its philosophy of continuous quality improvement, to a great extent responsible for the success
of Japanese manufacturing, is rooted in a paradigm as process-oriented as physics, yet produces a friendly and fulfilling work environment.

Further Reading:
Thompson J., and J. Koronacki, Statistical Process Control: The Deming Paradigm and Beyond, CRC Press, 2001.

Reliability & Repairable System

Reliability modeling uses subjective judgements to construct models at many different levels. One area is in the construction of joint probability distributions
for the lifetime of several pieces of equipment, or for the failure times due to different failure modes of a single piece of equipment. When there is good
reason to believe given marginal distributions for the failure times, the problem of selecting a marginal distribution is equivalent to that of selecting a copula.
In other situations identification of the copula alone is important, for example in competing risk where the copula together with competing risk data enable
identification of the full joint distribution.

The primary intent of reliability engineering is to improve reliability, and almost all systems of interest to reliability engineers are designed to be repairable,
this is the most important reliability concept. It is also the simplest, in sharp contrast, spacing between order statistics of the times to failure of non-repairable
items (i.e., parts) eventually become stochastically larger. Even under any physically plausible model of wearout. Moreover, if parts are put on test
simultaneously and operated continuously, the spacing between order statistics, which are times between failures, occur exactly in calendar time. Because of
non-zero repair times, this is never exactly true for a repairable system. As long as a system is non-repairable, the focus usually should be on the underlying
distribution's hazard function. Correspondingly, if it is repairable, the focus usually should be on the underlying process's intensity function. However, even
though hazard and intensity functions can be - and sometimes have to be - represented by the same mathematical function, the differences in interpretation are
significantly different.

Further Reading:
Ascher H., and H. Feingold, Repairable Systems Reliability: Modeling, Inference, Misconceptions and Their Causes, Marcel Dekker, 1984.

Computation of Standard Scores

In many areas such as education and psychology, it is often desired to convert test scores (called raw scores) to standard scores (scores in standard units) with
a predetermined mean and standard deviation. This may be accomplished as follows:

where m = raw score mean

s = raw score standard deviation
X =raw score

m ¢ = new mean

s ¢ = new standard deviation

Suppose a population of psychological test scores has a mean of 70 and a standard deviation of 8 and it is desired to convert these scores to standard scores
with a mean of 100 and a standard deviation of 20. If 40 is one of the raw scores in the population, we may apply the foregoing equation to convert this to a
standard score by substituting

m=70,s=8,X=40,m ¢ =100, s ¢ =20 to obtain

- 20 _ -
Z= 2o X(40-70)+100=25

Quality Function Deployment (QFD)

A number of activities must be conducted when carrying out QFD. Some of the typical activities are listed as follows:

Analyzing customer requirements.

Identifying design features.

Establishing interactions between customer requirements and design features.
Carrying out competitive benchmarking in technical and/or market terms.
Analyzing the results and deriving implications.

N A~ W =

A roadmap with the format and procedure is often used to guide the analyst through these steps and record the results obtained. This roadmap is called the
QFD worksheet.

Further Readings:
Franceschini F., Advanced Quality Function Deployment, St. Lucie Press, 2002.

Event History Analysis

Sometimes data on the exact time of a particular event (or events) are available, for example on a group of patients. Examples of events could include asthma
attach; epilepsy attack; myocardial infections; hospital admissions. Often, occurrence (and non-occurrence) of an event is available on a regular basis (e.g.,
daily) and the data can then be thought of as having a repeated measurements structure. An objective may be to determine whether any concurrent events or
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measurements have influenced the occurrence of the event of interest. For example, daily pollen counts may influence the risk of asthma attacks; high blood
pressure may proceed a myocardial infarction. One may use PROC GENMOD available in SAS for the event history analysis.

Further Readings:
Brown H., and R. Prescott, Applied Mixed Models in Medicine, Wiley, 1999.

Factor Analysis

Factor Analysis is a technique for data reduction that is, explaining the variation in a collection of continuous variables by a smaller number of underlying
dimensions (called factors). Common factor analysis can also be used to form index numbers or factor scores by using correlation or covariance matrix. The
main problem with factor analysis concept is that it is very subjective in its interpretation of the results.

Further Reading:

Reyment R., and K. Joreskog, Applied Factor Analysis in the Natural Science, Cambridge University Press, 1996. It covers multivariate analysis and
applications to environmental fields such as chemistry, paleoecology, sedimentology, geology and marine ecology.

Tabachick B., and L. Fidell, Using Multivariate Statistics, Harper Collins, New York, 1996.

Kinds of Lies: Lies, Damned Lies and Statistics

"There are three kinds of lies -- lies, damned lies, and statistics." quoted in Mark Twain's autobiography.

It is already an accepted fact that "Statistical thinking will one day be as necessary for efficient citizenship as the ability to read and write." However it often
happens that people manipulating statistics in their own advantage or in advantage of their boss or friend.

The following are some examples as how statistics could be misused in advertising, which can be described as the science of arresting human unintelligence
long enough to get money from it. The founder of Revlon says "In factory we make cosmetics; in the store we sell hope."

In most cases, the deception of advertising is achieved by omission:

. The Incredible Expansion Toyota: "How can it be that an automobile that's a mere nine inches longer on the outside give you over two feet more room on the inside? May

be it's the new math!" Toyota Camry Ad.

Where is the fallacy in this statement? Taking volume as length! For example: 3x6x4=72 feet (cubic), 3x6x4.75=85.5 feet (cubic). It could be even more than 2 feet!

. Pepsi Cola Ad.: " In recent side-by-side blind taste tests, nationwide, more people preferred Pepsi over Coca-Cola".

The questions are, Was it just some of taste tests, what was the sample size? It does not say "In all recent..."

. Correlation? Consortium of Electric Companies Ad. "96% of streets in the US are under-lit and, moreover, 88% of crimes take place on under-lit streets".
. Dependent or Independent Events? "If the probability of someone carrying a bomb on a plane is.001, then the chance of two people carrying a bomb is.000001. Therefore,

I should start carrying a bomb on every flight."

. Paperboard Packaging Council's concerns: "University studies show paper milk cartons give you more vitamins to the gallon."

How was the design of experiment? The council sponsored the research! Paperboard sales is declining!

. All the vitamins or just one? "You'd have to eat four bowls of Raisin Bran to get the vitamin nutrition in one bowl of Total".
. Six Times as Safe: "Last year 35 people drowned in boating accidents. Only 5 were wearing life jackets. The rest were not. Always wear life jacket when boating".

What percentage of boaters wears life jackets? Is it a conditional probability.

. A Tax Accountant Firm Ad.: "One of our officers would accompany you in the case of Audit".

This sounds like a unique selling proposition, but it conceals the fact that the statement is a US Law.

. Dunkin Donuts Ad.: "Free 3 muffins when you buy three at the regular 1/2 dozen price."

There have been many other usual misuses of statistics: dishonest and/or ignorant survey methods, loaded survey questions, graphs and picto-grams that suppress
that which is not in the "proof program," and survey respondents who are the autos select because they have an axe to grind about the issue; very interesting stuff,
and, of course, those amplifying that which the data really minimizes.

Further Readings:

Adams W., Slippery Math in Public Affairs: Price Tag and Defense, Dekker. 2002. Examines flawed usage of math in public affairs through actual cases of how
mathematical data and conclusions can be distorted and misrepresented to influence public opinion. Highlights how slippery numbers and questionable
mathematical conlusions emerge and what can be done to safeguard against them.

Dewdney A., 200% of Nothing, John Wiley, 1993. Based on his articles about math abuse in Scientific American, Dewdney lists the many ways we are manipulated
with fancy mathematical footwork and faulty thinking in print ads, the news, company reports and product labels. He shows how to detect the full range of math
abuses and defend against them.

Good Ph., and J. Hardin, Common Errors in Statistics, Wiley, 2003.

Schindley W., The Informed Citizen: Argument and Analysis for Today, Harcourt Brace, 1996. This rhetoric/reader explores the study and practice of writing
argumentative prose. The focus is on exploring current issues in communities, from the classroom to cyberspace. The "interacting in communities" theme and the
high-interest readings engage students, while helping them develop informed opinions, effective arguments, and polished writing.

Spirer H., L. Spirer, and A. Jaffe, Misused Statistics, Dekker, 1998. Illustrating misused statistics with well-documented, real-world examples drawn from a wide
range of areas, public policy, and business and economics.

Entropy Measure

Inequality coefficients used in business, economy, and information processing are analyzed in order to shed light on economic disparity world-wide. Variability of a
categorical data is measured by the Shannon-entropy function:



E=- S pi In(p1)

where, sum is over all the categories and pi is the relative frequency of the ith category. It represents a quantitative measure of uncertainty associated with p. It is
interesting to note that this quantity is maximized when all pi's, are equal.

For a rXc contingency table it is E= S S pij In(pij) - S(S pij) In(S(pij) - S(S pij) In(S(p1j)
The sums are over all 1 and j, and j and i's.

Another measure is the Kullback-Liebler distance (related to information theory):

S((Pi - Qi)*log(Pi/Qi)) =
S(Pi*log(Pi/Qi))+ S(Qi*log(Qi/Pi))

or the variation distance
S(IPi-Qil)/2
where Pi and Qi are the probabilities for the i-th category for the two populations.

Further Reading:
Kesavan H., and J. Kapur, Entropy Optimization Principles with Applications, Academic Press, New York, 1992.

Warranties: Statistical Planning and Analysis

In today global market place, warranty has become an increasingly important component of a product package and most consumer and industrial products are sold
with a warranty. The warranty serves many purposes. It provides protection for both buyer and manufacturer. For a manufacturer, a warranty also serves to
communicate information about product quality, and, as such, may be used as a very effective marketing tool.

Warranty decisions involve both technical and commercial considerations. Because of the possible financial consequences of these decisions, effective warranty
management is critical for the financial success of a manufacturing firm. This requires that management at all levels be aware of the concept, role, uses and cost and
design implications of warranty. The aim is to understand the concept of warranty and its uses; warranty policy alternatives; the consumer/manufacturer perspectives
with regards warranties; the commercial/technical aspects of warranty and their interaction; strategic warranty management; methods for warranty cost prediction;
warranty administration.

Further Reading:
Brennan J., Warranties: Planning, Analysis, and Implementation, McGraw Hill, 1994.

Tests for Normality

The standard test for normality is the Kolmogrov-Smirinov-Lilliefors statistic. A histogram and normal probability plot will also help you distinguish between a
systematic departure from normality when it shows up as a curve.

Kolmogrov-Smirinov-Lilliefors Test: This test is a special case of the Kolmogorov-Smirnov goodness-of-fit test for normality of population's distribution. In
applying the Lilliefors test a comparison is made between the standard normal cumulative distribution function, and a sample cumulative distribution function with
standardized random variable. If there is a close agreement between the two cumulative distributions, the hypothesis that the sample was drawn from population
with a normal distribution function is supported. If, however, there is a discrepancy between the two cumulative distribution functions too great to be attributed to
chance alone, then the hypothesis is rejected.

The difference between the two cumulative distribution functions is measured by the statistic D, which is the greatest vertical distance between the two functions.

Another widely used test for normality is the Jarque-Bera statistic, which is based on the values of skewness and kurtosis of sample data. For large n, (say, over 30)
under the normality condition the Jarque-Bera statistic:

n {Skewness2 /6+((Kurtosis - 3)2)/24)}
n{ S32 /(6S23)+ [S4 /(S22 -3)]2 /24 }

follows a chi-square distribution with d.f. = 2, where:
S2=S (xi-%2/(n-1),
S3=Sxi-%)3/(n-1),and
S4=S (xi-%4/(n-1).
The above test is based on both skewness and kurtosis statistics, the following alternative test is using the kurtosis statistic only:
Let
C3 = {Kurtosis - 3(n-1)/(n+1)}/{24n(n-2)(n-3)/[(n+1)2(n+3)(n+5)]}1/2
C2 = {6(n2 - 5n+ 2)/[(n+7)(n+9)]} {6(n+3)(n+5)/[n(n-2)(n-3)]}1/2
C1 = 6+(8/C2){2/C2+ (1+ 4/C2)1/2}
Then the statistic:
Z =[1-2/9C1 - { (1-2/C1)/(1+ C3{2/(C1 -4)}1/2}1/3]/[2/9C1]1/2,
follows the standard normal distribution.

As yet another method, one may use statistic:


http://home.ubalt.edu/ntsbarsh/Business-stat/otherapplets/Normality.htm

ZF = (n+2)1/2 (F -3)/3.54
that has a standard normal density under the null hypothesis. Where
F = 13.29 Ln(s/t)
where s is the standard deviation and/t is mean absolute deviation from X.

You may like using the well known Lilliefors Test for Normality to assess the goodness-of-fit.

Further Readings

Bonett D., and E. Seierb, A test of normality with high uniform power, Computational Statistics & Data Analysis, 40, 435-445, 2002.

Chen G., et al, Statistical inference on comparing two distribution functions with a possible crossing point, Statistics & Probability Letters, 60, 329-341, 2002.
Gujarati D., Basic Econometrics, McGraw Hill, 2002.

Thode T., Testing for Normality, Marcel Dekker, Inc., 2001. Contains the major tests for univariate and multivariate normality.

Directional (i.e., circular) Data Analysis

Directional data analysis also called circular data, are data that are measured on a repeating scale, e.g. the compass or clock. They are used in a wide variety of fields
— environmental and geo-science, biology and medicine, military analysis, to mention a few. Standard statistical tools are not useful for such data - for example, the
"distance" between 340 and 20 angular degrees is more commonly thought of as 40 degrees, as opposed to the 320 degrees a standard calculation would yield. It
covers the exploratory and inferential tools to analyze such data using statistical software experience. Its main applications are in Environmental science for
analyzing directional data, propagation and homing patterns, vanishing angles, wind direction, industrial researchers and quality engineers, wheel imbalance,
designing and assessing curves in roads and rails, military analysts, tracking aircraft direction, direction of homing signals, targeting performance, biologists and
medical researchers, circadian rhythm data.

Further Readings
Arsham H., Kuiper's p-value as a measuring tool and decision procedure for the goodness-of-fit test, Journal of Applied Statistics, 15(3), 131-135, 1988.
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