nOpﬂﬂ,KOBaSI N MyNbTUHOMWAIbHAA
JIOTUCTNHECKAA perpeccuA

A.P.BeccynHos
(bessudnov@gmail.com)

HWY BLU3, dakynbTeT coumnonornmn

20 anpensa 2012

A.P.Beccygros (HWY BLL3) ologit & mlogit 20 anpens 2012 1/27



[NopaakoBass U MynbTUHOMUANbHAA NOTUCTUYECKASN
perpeccus

o [NopsiakoBas NOrMCTMHECKas PErpeccusi NPUMEHSETCS TOraa, Koraa
3aBMCUMAs NEPEMEHHAS SIBJSIETCS MOPSIAKOBOI, T.€. KOr4a KaTeropum
yNopsifioueHbl, HO PaCCTOSIHNE MEXAY HUMUN HeM3BecTHO (npumep -
wkana Jlalikepta).

o MynbTUHOMMaNBbHAS NOTUCTUYECKAs PErPECCUst MPUMEHSIETCS TOrLa,
KOFAa 3aBMCHMas NePEMEHHas ABASETCS HOMWHAAbHON, T.e. Mbl
NMEEM HECKOJIBKO HEYMOPSIZOHEHHbIX KaTeropuii (npumep -
nogaepkka naptuii Ha Bbibopax).

o Oba meToga aenatoTca “HaacTpolikoi” Han oBbIYHON NOrMCTUYECKO
perpeccueil, 04HaKO NMEHT CBOM gonyweHuns u TpebytoT HaBbika
WHTEpNpeTaLumn pesyabTaTos.

o Kak un B ciydae ¢ perpeccueii ¢ AUXOTOMUYECKON 3aBUCUMOIA
NEPEMEHHOR, BMECTO NIOrNTa MOXET NCNOAb30BaThCA NpobuT, Co
CXOXKUMU pe3yabTaTaMu.
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Jlornctrnyeckast perpeccusi B TepMUHax CKpbITON
nepeMeHHON’

@ BepHemcsi k cnyvato npocToli mapHOiA nornctnyeckoii perpeccun. Ee

MOXHO MpefCcTaBuTh B creaytoweli dopme:

Yy = a+ [Bx; +€;, rae y* - ckpbiTas 3aBUCMMasn NepemMeHHas.
@ Mbl, onHako, Habntogaem Tonbko y = 0 nan y = 1:

*
yi— { 1 y,-* >0
0 y"<0

@ Mbl XOTVM OLEHUTb BEPOATHOCTL TOrO, 4TO ¥ = 1 Ha onpeaeneHHOM

YPOBHE X:
Pr(y = 1|x) = Pr(y* > 0|x)
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Jloructuueckas perpeccusi 8 TepMuHax CKpbITON
nepemenHoi (2)

Figwre 4.1: Relationship between latent variable * and Priy = 1) for the BEM.

(WNcTounnk: J.Scott Long and J.Freese, “Regression Models for Categorical Dependent Variables Using Stata")
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Jlornctnyeckas perpeccusi B TepMuUHax CKpbITON
nepemenHoi (3)

e Pr(y =1|x) = Pr(y* > 0|x) MmoxHO nepenucatb Kak:
Pr(y = 1|x) = Pr(e > — [a + Bx] |x)

e Takum obpasom, Pr(y = 1|x) 3aBucut oT pacnpegenenus owmnbkn €.
B nornctuueckoii mogenn ownbka pacnpepeneHa n0rmcTUHecKu ¢
aucnepcueil 72 /3, B npobuT-Mogeni - HOpMabHO C ancnepcueii 1.

o OTC}O,EI,a, B JIOFNCTUYECKOW perpeccnu:

exp (a + Bx)
1 + exp (o + Bx)

Pr(y = 1|x) =
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[lopsinkoBasi nOrncTNHeckas perpeccust B TepMumnHax
CKPbITOW MepemMeHHO

o Tenepb NpefncTaBUM, 4TO BMECTO ABYX 3HadeHuii 0 u 1
HeHabntogaemMoil nepeMeHHoi y™* Mbl Habntofaem HECKOIBKO
3HauveHuii, ckaxkem y = 1,2, 3,4, HO He 3HaeM pacCTOsiHUE MeXay
3TUMIN KaTeropusmm

xy EF) x3

Figure 5.1: Relationship between observed y and latent y* in ordinal regression model with a single
independent variable.

(WNcTounnk: J.Scott Long and J.Freese, “Regression Models for Categorical Dependent Variables Using Stata")
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MopsaakoBas NOMUCTUYECKAst PErpeccus B TEpMUHaX
CKPbITON nepemenHoi (2)

1 T0=—OO§yi*<7'1
o yi— 2 n<yi<m

3 nlyi<n3

4 <y’ <m=00

@ Mbl xoTrm oueHuTb BeposTHOCTb ¥y = 1,2 3,4 Ha onpeneneHHOM
yposHe x. Cymma 3Tux BeposiTHocTell byaet paeHa 1.
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MopsinkoBast NOrUCTUYECKast perpeccisi B TEpMIUHAX
CKpbITON nepemenHoii (3)

@ BeposTHocTb Toro, yto y = 3 Ha onpeaeneHHom ypoeHe x byaet
paBHa BEPOSATHOCTM TOrO, YTO 3HaYeHue HeHabatogaemMoll nepeMeHHoi
y* Ha 3TOM ypoBHe x DoJsibLue NAn paBHO 3HAYEHMS, B KOTOPOM ¥ = 2
1 MEHbLUE 3HaYeHUs, B KOTOpoM y = 4. B maTemaTuyeckoii 3anucu:
Pr(y = 3|x) = Pr(m < y* < 14|x)

Pr(y = 3x) = F(rs — fx) — F(rs — Bx).
roe F - dyHkuns pacnpegenenus (cdf) ocrtaTtkos e.

@ Ty 23 - 3TO Touku (Cut-points), KOTOpbIE HAM HY>XXHO
NAEeHTUPUUNPOBaTL. 3aMeTbTe, YTO ANS NOPSAAKOBOI NEPEMEHHON C
4-Ms51 3HAYEHUAMU TaKUxX TOYeK 3.
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NHbiMy cnoBamu:

@ B obbiuHoili ormctnyeckoii perpeccun ons Kaxkgoro HabnogeHus
(cnyyas, pecrnoHAeHTa) Mbl MOXKEM PacCHUTaTb BEPOSTHOCTbL TOrO,
YTO 3aBUCMMas nepemeHHas y pasHa 0 u 1, npu onpeaeneHHbIX
3HaYEHUAX NPefNKTOPOB.

@ B nopsiikoBO NOrMCTUHECKOW perpeccu BCE TO XKE CamMoe: Mbl
paccYnTbLIBAEM BEPOSITHOCTU TOrO, YTO 3aBNCUMAsi NEPEMEHHAS ¥
npuHUMaeT 3HaveHus 1,2, k npu onpefeneHHbix 3HaUYEHUAX
NpesnKTOpPOB.

o Cut-points orpaHn4nBarOT 3Ha4YEeHUA NUHERHON yHKLuUNM y* oT
NpesuKTOPOB, NpU KOTOPLIX Habigaemas nepemenHast y byget
MPUHUMATL Te Wan uHble 3HadeHus. NHbimu cnosamu, cut-points
334a10T AUCTAHLUIO MEXAY KaTeropusiMu.
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Jlonylienne 0 napannenbHbiX PerpecCUOHHbIX TUHUAX
(parallel regression assumption)

o [lopsigkoByto perpeccuto ¢ 4nciom kateropuii k MOXXHO NpeacTaBuTb
B Buge k-1 BuHapHbIX JIOMMCTUYECKNX PErpeccuii.

o Kakoga BepositHocTb ¥ < 1 no cpagHeHunwo cy > 1, y < 2 no
CpaBHEHWO C y > 2, N T.4.

@ B nopsaakoBsoii NOrncTUHECKOR perpeccum Mbl JOMNYCKAEM, YTO BCE 3TU
PErpeccrin pasnn4aroTcs JAUllb KOHCTAHTON, a KoadduuyneHt S5
OCTaeTCA OQUHAKOBLIM.

o [lpyroe Ha3seaHune 3TOro gonyuienusi - proportional odds assumption.
Ecnn n3menenne HesaBncumoli nepemenHoli Ha 1 ysennunsaeT waHchl
BbiTb B KaTeropun 1 B n pas, TO OHO TaKXKE YBEMYMBAET LIAHCHI BbITh
B KaTEropuu 2 uaun HuXe B N pas, u T.4.
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NHTepnpeTauuns koadpdpuumneHTo

@ 3HauYNMBbIA NONOXKNTENbHBIA KOSPDULNEHT: YBENUYEHNE HE3ABUCUMOII
NEPEMEHHON YBENNYMBAET WAHCHI ObITh B Boslee BLICOKON KaTeropuu.

@ 3Hauumeblil oTpuLaTenbHbIi KO3(MULNEHT: HA0DOPOT.

o Bonee yaobHo nHtepnpeTnpoeaTh KO3MULNEHTLI KaK BEPOATHOCTH,
HO, KaK U B Cly4Yae C obbIYHOM NOrucTUYECKOR perpeccuei, 3To
TpebyeT HekoTOpbIX NpeobpasosaHuii
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[Mprmep

@ 3asucumasn nepemenHas: “VIMmurpaHTbl yBennumnsatoT yposeHb
npectynnoctn” (1 “MonnocTeio cornacen”, 2 “Ckopee cornacen”, 3 “Hu
cornaceH, Hu He cornacer”, 4 “Ckopee He cornacen”, 5 “CosepLueHHo
He cornacen”), ISSP 2003 Poccus

@ Hesasucumble nepementbie: non, Bo3pacT, obpasosaHue
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PesynbTaThl

nepemMeHHble ko3d.  CT.oLW. p
MY>K4WHBbI -0.14 0.08 0.1
BO3pacT -0.01 0.002 <o0.01
Obpasosatne (bas. Huxe cpegHero)

3akoH4eHHOE CcpepHee 0.25 0.13 0.06
CpenHee cneymnansHoe 0.29 0.13 0.02
Beiclwee 0.46 0.13 <o0.01
Cut-points

T -0.82 0.18

T2 0.52 0.18

T 1.37 0.18

T4 2.64 0.20

n 2,080
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[MpenckasaHHble BEPOATHOCTM
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[MpeackasaHHble BEPOSITHOCTU 151 XEHLIWH C BbICLUUM
obpa3oBaHuem

R: Age

—+— SA —— A
—+— NAND —— D
—— 8D
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HakonneHHble BEPOATHOCTHN

20 30 40 50 60 70
R: Age

—+— SA —=—— SAorA

—=—— SA, Aor NAND
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Pe3synbTaThl nnHeHol perpeccum

nepemMeHHble Ko3dp.

cr.ow. p
MY>KHWHBbI -0.07 0.05 0.2
BO3pacT -0.01 0.002 <o0.01
Obpasosatne (bas. Huke cpegHero)
3akoH4eHHOE CcpepHee 0.14 0.08 0.09
CpenHee cneyunansHoe 0.15 0.08 0.06
Boicwee 0.24 0.08 <0.01
KoncranTa 2.34 0.11 < 0.01
n 2,080
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MynbTuHOMMaNbHAs NOFUCTUYECKAsH perpeccus

@ 3HauYeHNss HEKOTOPbIX KAaTErOpUasbHbIX 3aBUCUMbIX NEPEMEHHBIX
HeNb3s BbICTPONTL B MEPAPXMHYECKOM nopsigke (Hanpumep, napTuiiHas
noaaepxka)

@ [lonyctum, y Hac ecTb TpM napTuu: KOHCEpBaTOPbI, Anbepansl 1
coumanucTsl

o C nomouubto Tpex BUHAPHBIX IOFUCTUYECKUX PErPECCUIA Mbl MOXKEM
OLEHNTL BEPOSITHOCTU MOLAEPXKKU KOHCEPBATOPOB VS. Nnbepanos,
KOHCEPBaTOPOB VS. counanucTos, nbepanos vs. counanuctos. OgHa
N3 3TUX MOAENEN ABNSETCS U3NULLHE

o [lo cyTn, MynbTUHOMMANbLHAS NOTUCTNYECKAS PErPECCUS] OLLEHNBAET
3TN TPU PErPECCUN OAHOBPEMEHHO (BBOAS HEKOTOPbIE OrpPaHUYEHNS)

@ MynbTUHOMMANbHAS JIOTUCTNYECKAsS PEFPECCUST MOXKET
MCNOJIb30BATLCS € NOPAAKOBBLIMU 3aBUCUMBIMU MEPEMEHHBLIMU, KOTAa
HE BbINOJIHAETCS YC/AOBNE O NapasiesibHbIX PEFPECCMOHHBIX INHUSX

@ MynbTUHOMMANBHBIT NOMUT U NPOBNT [AKOT CXOXKME pe3yNbTaThl, B
coumMonorny obsIYHO UCMOMB3YETCS MYNLTUHOMUNASbHBIA NOrUT
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MapTuitHas noagepxka Kak yHKLusS obpa3oBaHus

° |%{Z$B}ZM+mw
|%{ng}:”+&w

Iog{g:((ét(())} = a3 + fzed

@ OpaHO 13 ypaBHEHNA SBASIETCS U3INLLIHUM U MOXET DbITb BbIBEAEHO 13
APYTX ABYyX

o OpHa n3 kaTeropuii 3aBUCMMON NepemMeHHOIi BbIbupaeTcst Kak baszosas
KaTeropus, BCe APYrne KaTeropuu CPaBHUBAKOTCA C Heil

A.P.Beccygros (HWY BLL3) ologit & mlogit 20 anpens 2012 19 / 27



B TepmunHax BeposaTHOCTER

exp (o1 + Breds|c)

Pr(y = Sled) =
b jed) 1+ exp (a1 + Bled5|c) + exp (a2 + Bzed[_‘c)
+ d
Pr(y = Lled) = exp (a2 + Baed)|c)
1+ exp (a1 + Breds|c) + exp (a2 + Bredyc)
Pr(y = Cled) = .

1+exp(ar+ B16d5|c) + exp (a2 + Bzeduc)

o KoHcepeaTopel sisnsitoTcst 6asosoii kateropueii. Cymma BepoATHOCTEI
MOAAEP)KKN TPeEX NapTuli paBHa efunHMLIE
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NHTepnpetauus momenu

@ Mbl oueHnBaem BEPOSITHOCTb MOMaZaHUs B KATEFOPUIO Y MO
cpaBHeHUto ¢ 6a30BOI KaTeropuu, B 3aBUCUMOCTU OT NPEAUKTOPOB B
MoAenu

@ He Tak BaxHO, Kakas uMeHHO KaTeropus BbibnpaeTcsa kak basosas.
Beibop 6azoBoii kaTeropuu 3asucnT oT ynobcTBa nHTEpnpeTayuu

@ ChoXHOCTb MHTEpPNpEeTaLn MOAENN 3aKIH04YAETCS B TOM, 4TO 0bbIYHO
YUCNO NAPaMETPOB BENUNKO U UX TPYAHO MHTEPNPETMPOBATH.
Hanpumep, ans 3aBMCUMOli NepemMeHHOl C NATbIO KaTeropuAMM 1
perpeccuu ¢ AByMs NPeguKTOpaMu, Mbl nosydaem 12 napameTpos
(6onblue, ecnn Mbl XOTUM CPaBHUTL BCE KAaTEropui 3aBUCUMOI
nepeMeHHON nonapHo)
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NuTtepnpetauns mogenu (2)

® [} uHTepnpeTupyeTcs Kak OTHOCMTENbHBIN puck (relative risk)
(oTHOLEHNE BEPOATHOCTEN, LWIAHCHI) OKa3aThCsl B KATEropuu y no
cpaBHeHuto ¢ 6a30BOI KaTeropuei

o Ecnn kosdbdbuuymenT 5 nonoxuTensHblli 1 CTaTUCTUYECKU 3HAYUMBIIA,
3TO 03HAYaeT, YTO Dosiee BbICOKME 3HAYEHUS MPEJMKTOPA
CTAaTUCTMYECKUM 3HAYMMO CBA3aHbI C Hosblueli BEPOSITHOCTHIO
nonacTb B KaTEroputo y No cpaBHeHNto ¢ ba3oBol KaTeropmei

o Ecan koadpbcpuumenT 5 oTpuuaTenbHblii U CTaTUCTUYECKN 3HAYUMBIN,
3TO 03HAYaET, YTO DOslee BLICOKME 3HAYEHUS MPEJUKTOPa
CTaTUCTUYECKUM 3HAYMMO CBSA3aHbl C MEHbLUENA BEPOATHOCTbIO
nonacTb B KaTEropuo y no cpaBHeHuto ¢ Ha30Boii KaTeropuei

@ [lns bonblieil HarNAAHOCTA ClefyeT UHTEPNPETNPOBATL MOLESb
rpaduMyeckn B TEPMUHAX NPEACKA3aHHbIX BEPOSITHOCTEI
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Honyuienne o I1A

o |IA o3HauaeT HE3aBUCUMOCTb HEPENEBAHTHBIX afbTEPHATUB
(independence of irrelevant alternatives)

o [lonyweHnem Mogenn SIBASIETCA 3TO, YTO OTHOLUEHWE BEPOSITHOCTEN
NoMy4nTb KaTeroputo S no cpasHenuto ¢ C HE 3aBUCKT OT HaNnM4uUs B
mMogenun kateropun L

o I/IHbIMI/I C/Z1I0BaMu, BEPOATHOCTb NOAAEP>KATb COUMNANNCTOB, a@ HE
KOHCEPBAaTOPOB, HE 3aBUCUT OT TOrO, €CTh i B BbIOOPKE CTOPOHHUKN
nubepanos

@ DTO AOnyLLEHNE MOXHO TECTUPOBATH

B MynbTuHOMUManbHO NpobuT-mMogeny 3To JONyLeHNE He AeNaeTcs
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[MpeobpasoBaHus 1 B3aWMOAERCTBUS

o [Npeobpasoeanus nepemenHbix 1 3dbdpekTsl B3aUMOAEHCTEUS
NPUMEHSIETCS B NOPSIGKOBOA 1 MYAbTUHOMUNAIBHON PErpeccni Tak xe,
KaK B JINHENHbIX N BUHAPHBIX IOFUCTUYECKMX MOZENAX
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Mpumep: nogaepxka napTuii kKak dyHKLMS BO3pacTa, nona
1 obpa3oBaHus

@ 3aBsucumas nepemenHas: noggepxka naptuii (1 “Egunas Poccus”, 2
“KNP®", 3 “Apyras”, 4 “Het npegnoutennii”), ISSP 2003 Poccus

@ Hesaeucumele nepemennbie: non, BospacT, obpasosaHue

o Bbasosoii kateropueii sisnserca “Egunas Poccus”

o B pesynbTaTe oueHKN MynbTUHOMUANBHON AOrMCTUYECKON perpeccuu
Mbl nosy4aem Habop napameTpos (KOHCTaHTa, KOI(PULMEHTLI ANS
nosia, BO3pacTa u Tpex PUKTMBHbLIX NEPEMEHHBIX /s 0bpa3oBaHms)

AN Kaxkaoii U3 Tpex kateropuii vs. “Eaunas Poccus”. Beero mbl
nony4aem 18 koappuuneHTos
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[MpenckasaHHble BEPOATHOCTM
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[MpenckasaHHble BEPOATHOCTY ANt MYXKYUH C BbICLLINM
0bpa3oBaHMeM: 3aBUCUMOCTb NapPTUAHOV NMOALEPXKKN OT
BO3pacTa

T T T T T T
20 30 40 50 60 70
R: Age

—— pr(ER)=Pr(1) ——— pr(CPRF)=Pr(2)
——— pr(Other)=Pr(3) —*—— pr(No_pref)=Pr(4)
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