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Y70 Takoe perpeccroHHbIli aHann3?

PerpeccnoHHbIli aHannM3 — 3TO WKMPOKMIA KAacC CTaTUCTUYECKNX
METOLOB, KOTOPbIE U3yHalOT KaK CBsi3aHa ofHa (3aBucumas)
NepeMeHHast N HECKOIbKO Apyrux (HE3aBMCMMBbIX) NEPEMEHHbBIX
Hanpumep, Hac MOXeT NHTepecoBaTh 3aBUCMMOCTb AOXOA4A OT TaKMX
NepeMeHHbIX, KaK MoJi, BO3pacT, obpa3oBaHmne n MeCTO XXUTENLCTBA
Opyroii npumep: 3aBUCUMOCTb BEPOSITHOCTb MOALEPXKaTb Ha
Npe3nAeHTCKNX BbIbOpax TOrO MM MHOMO KaHAMAATa OT 4acToThbl
nonb3oBaHus VIHTepHeTOM 1 Hanu4mMs onbiTa NyTELIECTBUIA 32
rpaHuUy

B 3aBUCMMOCTU OT TUNa JaHHbLIX U MEPEMEHHBIX U NCCNEA0BATENBCKUX
3aja4y MCMNosb3YHOTCSH pa3Hble BapuWaHTbl perpeccun: SnHeliHas
perpeccusi, noruT u npobut-mogenu, perpeccus lNyaccona,
HeraTmeHas buHoMmanbHas perpeccusi, perpeccusi Kokca u T.4.

Mbi (noka) byaem roeoputb 06 0BbI4HOI NMHElHON perpeccun,
OLEHNBAEMOI METOLOM HaWMEHbLUMX KBAAPATOB, OAHAKO Bonbluas
4acTb TOro, YTO DyAeT CKa3aHO, OTHOCUTCA N K OpYrUM METoAaM
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[MoyemMy HY>KHO 3HaTb PErpecCUOHHbIN aHann3?

@ B Tpex Bbinyckax xypHana American Sociological Review (oguH u3
ABYX Hanbosiee NPeCTXHbIX XKYPHAIOB B COLNOIOMAM) 33
aBryct-gekabpb 2011 r. 6b10 onybnukosaro 20 crateii. /13 Hux B 15
NCMOJIb30BANNCL CTATUCTUYHECKUE METOABI, U BCE 15 OCHOBaHbLI HA TOi
nAn nHoIi popme perpeccum (HAMHOTO CNOXKHEE TeX, KOTOPbIE Mbl
Bygem pasbupaTb B 3TOM Kypce)

@ PerpeccuonHblii aHannz ceiivac sBnseTCcs OCHOBHOI hopmoli
CTaTUCTMYECKOrO aHa/n3a JaHHbIX B COLMAsbHbLIX Haykax, n bes atoro
3HaHUS ObITb aKaAEMUNYECKUM COLUOIOrOM HEBO3MOXKHO

@ B MapKeTUHIOBbIX UCCIENOBAHUSAX PErPECCUOHHbIN aHanus
MPUMEHAETCS penKo, u Tam bosiee pacnpocTpaHeHbl Takue METOAbI,
Kak haKTOPHBIA N KNaCTepHbIA aHanns
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KpaTkas nctopusi perpecCroHHOro aHanmsa

@ ®psHeuc Manton (1870-e rr.): aHrnuiickunii buonor, aBorOpoAHbIA bpaT
[apevHa, nsyyeHne HacnenCTBEHHOCTH

o Kapn lMupcon (1880-90-€ rr.): nogsen MaTeMaTn4eCKoe OCHOBAHME
Mog4, KOPPENSILMIO U Perpeccuto

@ 1960-70-e rr.: MmaccoBoe npumeHeHne perpeccuu (U OCHOBAHHOM Ha
Hell METOAA CTPYKTYPHbIX YPAaBHEHWUI) B aMEPUKAHCKOW COLMOAOTAN
(Mutep Bnay n Otuc Oagnn [dankan)

@ DKOHOMETpUYECKas Tpaguuyus
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Korga ucnonb3syerca nuHeliHasa perpeccusi?

@ 3aBuCUMas nepemeHHasa JoNXKHa ObiTb MHTepBanbHOl uam 6anskoii K

Hell (Hanpumep, [OX0g, LWKaNa y[OBAETBOPEHHOCTI XN3HBIO OT 1 A0
10, poct n T.4.)

@ Heszasucumsie nepeMeHHbIE MOTYT 6bITh NOBBIMK

o Mbl Ha4YHEM C NpPOCTOro ciaydas, Korga He3aBuCcnmMmMmasa nepemMeHHas
ofHa
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IlaHHble [anTOHA: pOCT OTLIOB U POCT ChIHOBE
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Hawa 3agaya 3aknt04aeTca B TOM, H4TO ONUCATb 3TU JaHHble
C NOMOLLbIO NPSIMOV ANHUN. DTO HA3LIBAETCS JNHERHOI
perpeccuei
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PerpeccrnoHHoe ypaBHeHune

@ [pamas nuHus onucbiBaeTcs dopMynoil y = a + bx, B 3TOM caydae:
son’sheight = a + b x father’sheight

@ 3 — KOHCTaHTa, "ABUraeT’ PerpeccMoHHYO JINHUIO BBEPX N BHU3

@ b — perpeccnoHHbili KoadbULMEHT, MEHSIET YroN HaKNOHA NINHNN.
MaTemaTnuecku, b — 3To TaHreHc yrna, obpasyeMoro perpeccuoHHoI
JINHNEN N OCbIO X
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[eOMeTpUYECKUA CMbICH
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NHTepnpetauus perpeccroHHoro koadpduumnerta b

@b NOKa3bIBA€T, HA CKOJIbKO €QUHUL, USMEHUNTCA Yy, €CAN X MEHAETCA Ha
1

o B cnyyae ¢ Hawem npumMepom, b NoKa3bIBaET, Ha CKOJLKO
CaHTUMETPOB B CPEAHEM OT/IMYAETCS POCT CbIHOBEW, Y4by OTUbI
OT/INYANNCh B POCTE HA OAUH CAHTUMETP

@ b Henb3s NHTEPNPETNPOBATL KakK CPeHU dPPeKT n3MeHeHNUs X st
efuHNLbl aHann3a (4enoBeka, CTpaHbl). b He n3mepsieTcs
MPUHNHHO-CIEACTBEHHYIO CBSI3b, @ MPOCTO KOHCTAaTUPYET PasHULY B
CPeAHNX B rpynnax
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NuTtepnpetauns b (2)

Ecam b > 0, cBSi3b MeXAY X U Yy NOAOKUTENbHAS
Ecam b < 0, cBsizb MeXAy X U y oTpuLaTenbHas

Ecan b =0, cBS3b MeXAY X U Yy OTCYTCTBYET

b nsmepsiet cuny acpcpekta, HO Heobxogumo obpalyaTh BHUMAHME Ha
LWKaNy, MO KOTOPOIi n3MepeHa X
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[NpenckasaHHble 3HaYeHUs

o [lns panHbix MantoHa, a =86 u b = 0.51, perpeccuoHHoe ypasHeHue
npuHumaet sug y = 86 + 0.51x

@ Ecnu Mbl 3HaeM ypaBHEHUE, Mbl C JIEFKOCTHIO MOXEM paccyUTaTb
NpefCKa3aHHOe 3HAYeHUE Y HAa Pas3fINYHbIX YPOBHSX X

@ Hanpumep, npefckasaHHbIii pOCT My>XYMHbI, POCT OTLA KOTOPOro —
160 cm: }7()(:160) = 86 + 0.51 %160 = 167.6cm

o ObozHayeHMe § NCMONB3YETCS ANSA NPEACKa3aHHbIX 3HAYEHU
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PerpeccunonHbie octatkn (residuals, errors)

o [NpenckasaHHbie 3HAUYEHUS Yy OTINYAKOTCA OT peasnbHO HabnogaeMblx
3Ha4YeHNiA y

o [lns nabntogenuns i, e; = y; — y;. € — oCTaTOK nan owwnbka

o Torpa ansa kaxgoro HabatogeHus i, y; = a+ bx; + ¢;
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Kak nmpoBecTn perpeccroHHyro NuHNK0?

Ham Hy>xHO 3HaTb a u b

Hy>kHo HaiiTu Takue a u b, 4Tobbl OCTaTKM ObIAU MUHUMABHBIMY

@ Mbl HE MOXXEM MUHMUMU3UPOBATL » . € MOCKOJbKY OCTaTKN MOTyT
BbITb NONOXKMTENBHBIMI 1 OTPULATENBHBIMN

© Mbl MOXXEM MUHNMU3MPOBATL | |€j|, HO 3TO MaTeMaTUYeCKN MeHee
ynobHo, yem

. MUHUMU3MPOBaTL Y €2

Orctoga — metog Haumenblunx kBagpaTtos (MHK, OLS)
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PerpeccnorHble KoabprumeHTbl

@ Pewerne:
> p— 2R~y
_ Z({f—X)i
> a=y— bx
> rge y — CpefHee 3Ha4YeHmne y n X — CpefHee 3Ha4eHmne x

@ PerpeccuoHHas nnHus BCerga npoxoanT uepes Touky (X, y)
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Haiignte perpeccnoHHble KoadppuLmeHTsl. 3annwmnTe
perpeccuoHHOe ypaBHeHMe

DN =X
N O <
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Perpeccus u koppenauus

@ r — koabpuumeHT Koppensauuu Mupcoxa
°r— 2 (xi—x)(yi—¥)
VE (i3 VE (i9)
o CssA3b Mexay koabdnumeHTamMmyn perpeccunt n KoOppensaLui:
> b=r

> S5, — CTaHAApPTHOE OTKJIOHEHMNE Yy, Sy — CTaHAAPTHOE OTKJIOHEHNE X

e Ecnn sy=s,, T0 r = b n koabprLnenTel perpeccun n koppensunmn
paBHbl Apyr Apyry

o Mebl BCerga MoXxXem CTaHAApTU3MPOBATb NEPEMEHHYIO TakK, YTO
cpeaHss bymeT paBHa HYNIO, @ CTaHGAPTHOE OTKJIOHEHNE — EAUHULE

Xi—X

> xSt =
i Sx
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Perpeccust n koppensiuus (2)

@ |1 koppensauusi, n perpeccns N3MepsIOT JNHERHYIO CBsA3b. Ecan cBszb
MeXAy ABYMS NepeMeHHbIMU He SBASeTCS JIMHENHOM, 3Tn
KoachbbudpreHTsl ee He oTpaxatoT

re[0,1]
Koppensiunsi cummerpuyna: r(x,y) = r(y, x)

Perpeccus He cummeTpuydna: by_., # b,_,x, €CN TONBKO He S, = S,

3710 HE o3HauaeT, 4TO B perpeccumn HesaBMCUMAasi MEPEMEHHAS
BJIMAET na 3asucumyto
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r-kBagpaT

@ B cnyuae gsyx nepemenHbix KBagpaT KoadduLnEHTa KOPPENALUN
(r?) nasbiBaeTca koabduLMEHTOM AeTepMUHALLAN

e Obuwas cymma keagpaToe (TSS) nokasbiBaer, HACKONBLKO LaNEKO
3Ha4YeHUs 3aBUCMMOIA MEPEMEHHON Yy HAaXOASATCA OT CpefHen y:
TSS=3(vi—¥)

o Cymma kBagpatos ownbok (SSE) nokasbiBaer, HackonbKo faneko
3Ha4YeHNs 3aBUCMMOI MEPEMEHHOI HAXOAATCS OT PErpecCcMOHHON
nuuun: SSE = S (yi — )2

° r2 _ TSS—ESS _ Y (vi—y7)>*~>(yi—9)?> __ “explained” variation
- 755 - > (vi—y)? - totalvariation

® r? UHTepNpeTUpyeTCs Kak A0S AUCMEPCUN 3aBUCUMON NepeMeHHONM,

“0bBbACHEHHOW HE3aBUCUMOI NepeMeHHOIA
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r-kBagpart (2)

e r>c[0,1]. Ecan r? =0, To cBA3n mexay x n y vet. Ecnm r?> =1, 10
BCE HabMIOLEHNS HAXOASTCS Ha PErPeCCMOHHON IMHUN

(] r2 Ba>XE€H, €CJIN PpErpeCCUOHHaA MOoLENb NCNONb3YETCA C LENbLIO

MPOrHO3UPOBaHUS

@ OpHaKo BaXKHO MOHMMATh, YTO Ha CAMOM [EJle PErpecCUOHHbIE
Mogenn “obbACHAOT' nepeMeHHble UCKIOYNTENBHO B
CTaTUCTMYECKOM CMbIC/E CJIOBA
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Perpeccusi 8 BbIOOpKe 1 reHepasibHON COBOKYMHOCTM

@ [Noka Mbl roBopuIM 0 TOM, KaK OLEHUTL Perpeccuto B Bbibopke

@ O TOM, Kak pacnpoCTpaHUTL 3Ty OLUEHKY Ha FeHEepasibHYHO
COBOKYNHOCTb, Mbl byfieM roeopuTh B Crefylownii pas

A.P.Beccygros (HWY BLL3) JlnHeiiHan perpeccus u kKoppensiyus 17 cdespansa 2012 21 / 30



KaTeropunanbHble HesaBuCnMble nepemenHbie (dakTopsbi)

@ Mbl pazobpanu cnyuyaii, B KOTOpoM 0be nepemMeHHble SBAAOTCA
WHTEPBaJIbHbLIMU

@ YacTo HE3aBMCMMbIE NMEPEMEHHbIE SIBASIOTCS KaTeropuanbHbiMu (non,
obpa3oBaHmne, MECTO XKUTENLCTEA)

o Ecan nepemennas anxotommyeckas, Mbl MOXEM NpocTo ee aobaBuThb
B PErpecCUOHHOE ypaBeHune

@ Ecau nepemeHHasi He SBASIETCS ANXOTOMUYECKONR U nMeeT k 3HauYEeHNiA,
HeobxofMMo nepekoguposaTh ee B (k-1) guxoTomnyeckne nepemeHHblie
co 3HaueHunsmmn 0 n 1 (pukTusHble nepementble, dummy variables)
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Joxon <- non (CCCP, 1991)

NepeMeHHbIE Ko3dh. cT.owmbka p
MyxumHa (ref. xeHwmna) 87 5 < 0.001
KOHCTaHTa 169 4 < 0.001
n 2281

R-kBagpaT 0.11
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NHTepnpeTauuns koadpdpuumneHTo

Mon 3akoguposan kak 0 ons >keHwmH 1 1 4as My>XK4uH

PerpeccnorHoe ypaeHeHue: income = 169 + 87 * male

MNpepckazaHue ans myx4duH: income = 169 + 87 = 256, ans >xeHWwmH
- 169

Perpeccnonnblii koadbdunumneHT (87) nHTepnpeTMpyeTcsi Kak pasHnua B
CpPeaHUX AOXO4aX MEXAY MY>XYUHaMU W XKEHLWMHaMN

o CTaTUCTUYECKM 3Ta pPerpeccust SKBUBaJEHTHA TECTY Ha CPaBHEHUIO
cpegHux B ABYyX rpynnax (t-test)
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[Noxon <- mecto xutenscrea (CCCP, 1991)

NnepemMeHHble Koa(p. cT.owmbKa p
Mockea un Jlenunrpag (ref.)

ObnacTHble LEHTPbI -42 10 < 0.001
Hpyrue ropoga -64 10 < 0.001
Ceno -80 10 < 0.001
KoHcTaHTa 265 8 < 0.001
n 2281

R-kBagpaT 0.03
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NHTepnpeTauuns koadpdpuumneHTo

@ PerpeccnoHHoe ypaBHeHue:
income = 265 — 42 x reg.centre — 64 * oth.cities — 80 * country

o KoappnumeHTsl nokasbiBatoT pasHuLy CPeaHUX SOXOAaX MeXay
Mocksoii/Jlenurrpagom n obnacTHbIMU LeHTpamu,
Mockgoii/JleHnHrpagom n apyrumu ropogamm,
Mockeoii/JIeHMHrpasoM 1 CeNbCKON MECTHOCTbIO

o CraTuctnyeckn 3To bakTUHECKN SKBUBANEHTHO AUCMEPCUOHHOMY
ananusy (ANOVA)
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N3meneHne basosoii kaTeropuu

nepemMeHHble Koa(p. cT.owmbKa p
Opyrne ropoga (ref.)

Mocksa u JleHuHrpag, 64 9 < 0.001
ObnacTtHble ueHTpsI 22 7 < 0.01
Ceno -16 7 < 0.05
KoHcTaHTa 201 5 < 0.001
n 2281

R-kBagpaT 0.03
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MHoykecTBeHHast perpeccus

@ [lo cux nop Mbl FOBOPUAN O perpeccunt ¢ OgHON He3aBUCUMOI
nepemMeHHO

@ Perpeccusi no3gonsieT OLHOBPEMEHHO MOAENNPOBATL CBA3b 3aBUCUMOIA
nepemMeHHON C HECKOJIbKUMU HE3aBUCUMbBIMU NEPEMEHHbLIMU

e Ha cneaytowmx nekumsx mbl byaem rosopuTs 06 3Tom nogpobHee
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[loxoa <- BO3pacT, Noj, MECTO XUTENbCTBA, 0bpa3oBaHmMe

(CCCP, 1991)

nepemMeHHbIe kKoadp.  cT.owmbka p
BO3pacT 6.8 1.1 < 0.001
BO3pacCT B KBagpaTe -0.08 0.01 < 0.001
My>uuHbl (ref.keHwnHb) 79.4 4.9 < 0.001
mecto xutenscrea(ref. Mockea u Jlenurpag)

obnacTHble LEHTpPbI -34.6 8.8 < 0.01
Apyrue ropoga -50.2 8.5 < 0.001
ceno -5.7 8.9 < 0.05
obpasosatue (ref. obwee cpeaHee)

HavyanbHoe -9.3 12.1 0.44
HE3aKOHYEeHHOe CpefHee -7.5 7.4 0.31
cpefHee cneyunanbHoe 5.9 7.3 0.4
HE3aKOHYEHHOE BbICLLEE -33.1 12.1 < 0.05
BbICLUEE 78.3 7.4 < 0.001
KOHCTaHTa 82.3 22.8 < 0.001
n 2,274

R-kBagpat 0.24
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NHTepnpeTauuns kKoappuLMEHTOB B MHOXECTBEHHOI
perpeccum

o KoadhpuumeHT npu kaxpoli nepemMeHHOl MHTEPNPETUPYETCA TaK Xe
Kak B 0BObIYHON napHOli perpeccumn, HO Npu YCAOBAW, Y4TO BCE Apyrue
nepemMeHHble “yaepXXnBatoTcs” Ha OGHOM YPOBHE

o KoadbdpuumenT ansa eeicluero obpasosanust obosHavaeT CpeaHIo0
pa3HuLy B AOXOLaX MexXAy AAbMU C BbICLUMM U CPELHUM
obpasoBaHuMeM, Npu 3TOM Mbl CPaBHUBAEM atofeli OAHOro nona,
BO3pPacCTa N XUBYLNX B NOXOXKNX MECTAX

@ [NogpobHee Ha NpaKTUYECKNX 3aHSATUSIX U Ha CrieayoLeli nekuun
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