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[ [;man nexkumu

*@UKTUBHbIE (AaMMMN) NepemMeHHble
*TecTt Hoy
*MopaennpoBaHne CeE30HHOCTH



Aammu (PUKTUBHDbIE) NepeMeHHble

OnpepeneHve

Ana nccnepoBaHUa BANAHUA KAaYeCTBEHHbIX MPY3HaKOB
B MOAENb MOXHO BBOANTb BMHapHbIEe (4aMMK)
nepemMeHHble, KOTOpble, Kak NpPaBuao, NPUHUMAKOT
3HaueHune 1, ecnn gaHHbIM KayeCTBEHHbIN MPU3HaK

NpUCyTCTBYET B HabarogeHn, 1 3HadeHne 0 npu ero
OTCYTCTBUMW.



NMpumep ucnonb3oBaHUA gamMMM
nepemMeHHOU

COST
®

@) o @ lNpodeccuoHanbHbIE
O OObIYHbIE

N

COST —rogosble usgepxkn 74 cpeaHwnx wkon B LLlaHxae
B cepeanHe 1980-x roagos, N — kosnyectso
obyuaBLLUNXCA B HWUX YYEHMKOB.



NMpumep ncnonbzoBaHUA gaMMM
nepemMeHHOMU

3aTpaTbl B NpodecCMOHaNbHbIX LWKOax boblue, T.K. A0S
oby4eHMa TaM UCNOAb3yeTca creymanbHoe obopyaoBaHue.

Ecan oueHmBaTb perpeccum oTaenbHO AN
npodeccnoHaNbHbIX N OObIYHbIX LLKOA, TO Pa3Mepbl
BbIOOPOK YMEHbLUATCA, YTO CHU3UT TOYHOCTb
OLleHMBaHWA.



NMpumep ncnonbzoBaHUA gaMMM
nepemMeHHOMU

[peAnonoXnmM, 4TO KOIPPULMEHTbI HaKIOHa B perpeccmax
ANA NpodeccMoHaNbHbIX M OBbIYHbIX LLIKOJIaX O4MHAKOBDI, a
CBOOOAHbIE UNeHbl Pa3nyaroTCs.

COST

@ lNMpodeccuoHanbHble
O OOblYHbIe




NMpumep ncnonbzoBaHUA gaMMM
nepemMeHHOMU

Mbl npeanojiaraeM, 4To NMNOCTOAHHDbIE 3aTpPdTbl 414 ABYX

TUMOB WKOJ1 Pa3indaroTCA, a NnpeaesjbHble 3aTpartbl y
HNX OANHAKOBbI.

O6blYHble WKObI
COST =, + BN + ¢

[lpodeccroHanbHble WKOAbI
COST =, + BN + ¢



NMpumep ncnonbzoBaHUA gaMMM
nepemMeHHOMU

O603HauMM J pa3HOCTb CBOBOAHLIX YNEHOB: J = B,'— f,

® [lpodheccHOHANbHBIE
< ODBIYHEI €




NMpumep ncnonbzoBaHUA gaMMM
nepemMeHHOMU

Toraa B, =, + 0  Mbl MOXEM Nepenncatb Perpeccmto anf
npodecCnoHaIbHbIX LLIKOA.

Ob6blYHble WKObI
COST = B, + BN + ¢

[lpodeccroHanbHble WKOAbI
COST=p,+6+ BN + ¢



Mpumep gaMmmun nepemeHHOU NpwU
HaMummn AByX Kateropuvm (7)

® MpodheccoHanbHble
& ODblI4YHbIE
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NMpumep ncnonbzoBaHnA gaMMM
nepemMeHHOMU

Beegem gammun- nepemeHHyro OCC, kotopada pasHa 0 ans
0bbIUHbIX WKOA U 1 ana npodeccmoHanbHbIX. Dummy-
nepemMeHHasa Bcerga npuHUMaeT TOJIbKO ABa 3HaueHus,
0bblyHO O 1 1.

ObLee ypaBHeHME
COST = B, + 60CC + BN + ¢

O6bluHble wkoabl, OCC =0
COST = B, + BN + ¢

[MpopeccnoHanbHble wkonbl, OCC = 1
COST=p85,+6+ ;N + ¢
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NMpumep ncnonbzoBaHUA gaMMM
nepemMeHHOMU

B nocnegHen KonoHke copMmMpoBaHa AaMMU -
nepemeHHas. B npmuBeaeHHoOM Tabanue ykasaHbl gaHHble
Avwb Ansa 5 wkon. B nocnegHen KkonoHke chopMmpoBaHa
AaMMU - NepeMeHHas.

School Type COST N OCC

1 Occupational 345,000 623 1
Occupational 537,000 653 1
Reqular 170,000 400 0
Occupational 526.000 663 1
Reqgular 100,000 563 0

uT A W DN



NMpumep ncnonbzoBaHUA gaMMM
nepemMeHHOMU

B Tabanue npmneeaeHbl pesynbTtaTbl OLEHUBAHUA perpeccum
COST Ha N n OCC.

. reg COST N OCC

Source | SS df MS Number of obs = 74
————————— +---—-———— F( 2, 71) = 56.86
Model | 9.0582e+11 2 4.5291e+11 Prob > F = 0.0000
Residual | 5.6553e+11 71 7.9652e+09 R-squared = 0.6156
————————— +---—-———— Adj R-squared = 0.6048
Total | 1.4713e+12 73 2.0155e+10 Root MSE = 89248
COST | Coef Std. Err t P>|t| [95% Conf. Interval]
_________ +____________________________________________________________________
N | 331.44093 39.75844 8.337 0.000 252.1732 410.7254

OCC | 133259.1 20827.59 6.398 0.000 91730.06 174788.1

cons | -33612.55 23573.47 -1.426 0.158 -80616.71 13391.61



NMpumep ncnonbzoBaHUA gaMMM
nepemMeHHOMU

Pe3ynbTaThl OLEeHVBaHNA
KosdpuumeHt npm OCC 3HauuM, pacxosbl Ha
YUYEHUKOB B MNpPOPecCcMOHaNbHbIX LWKOAAX Ha
133259 roaHen bonbLue.

KoadpodunuymeHT npm N 3HaUMM, KaXKAbIN YYEHWNK
yBe/ndmBaeT pacxoabl Wwkosbl Ha 3371 roaHb.

CBOOOAHBIV YNeH ABASETCA HE3HAUYNMbIM.



NMpumep ncnonbzoBaHUA gaMMM
nepemMeHHOMU

Ha gmnarpamme nsobpaxkeHbl HabatogeHna ana 74 wkon v
npoBeAeHbl INHUN Perpeccmmn Ansa O4MHaKOBbIX

KO3QOPULMEHTOB HAaK/IOHAa ABYX TUMOB LLKOJ.
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AaMMu nepeMeHHble AN MOAe/IMPOBaHNA &
pa3sHuubl KO3pPULMEHTOB HAKJ/IOHA

Ocnabum TpeboBaHne 06 0O4MHAKOBLIX MPeAebHbIX
n3gep>kax (kospounumeHTax HaknoHa) AN OBbIYHbIX U
npodecCnoHaIbHbIX LLIKOA.

Beegem nepemeHHyro NOCC, nponssegeHue N u
OCC.

Ana obbluHbIX WKon nepemeHHaa OCC paBHa 0 u,
cneposartesnibHO, NOCC tak>xe paBHa 0.

Ana npodeccnoHanbHbIX WKon nepemeHHaa OCC

paBHa 1, cnegosaTtenbHo, NnepemeHHasa NOCC paBHa
N.
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AdamMmmMmn nepemeHHble ANA MOAE/IMPOBAHUAS
pa3sHMUbl KO3(PPULMEHTOB HaKJ/IOHA

COST = B,+ 60OCC + ;N + ANOCC + ¢

Obuwme WKobI COST = B,+ BN + ¢
(OCC = NOCC = 0)

[MpodeccrnoHanbHble wkonbl |COST = (B,+ ) + (B, + A)N + ¢
(OCC = 1; NOCC = N)
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AdamMMuU nepemMmeHHble A1 MoAe/IMPOBaHuU @z

pa3HuLubl KO3 PULMEHTOB HAKJIOHA

[MpeaenbHble N34E€P>XKKM Ha OAHOTNO CTYAEHTa
npodecCcMoHaNbHON LWKOJbl 60/bLUE HA A MO CPaBHEHUIO C
pacxojamMm Ha O4HOro CTyaeHTa OObIKHOBEHHOM LLKObI,
NOCTOSIHHbIE N3A4EePXXKN pa3andaroTcsa Ha b.

18



AamMMu nepeMeHHble AN MOAEANPOBAHUA
pa3Huubl KO3pPNLMNEHTOB HaK/IOHA

Anarpamma nanrcTpupyeT pasHuLy B KO3dduLmeHTax
HaK/0Ha rpapuyecku.
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AaMmmMun nepemMeHHble A1 MOAE/INPOBaHNA
pa3Huubl KO3 PULMEeHTOB HaK/IOHa

P63yf| bTaTbl oUueHNnBaHMNA MOAENN

. reg COST N OCC NOCC

Source | SS df MS Number of obs = 74
————————— - - F( 3, 70) = 49 .64
Model | 1.000%e+12 3 3.3363e+11 Prob > F = 0.0000
Residual | 4.7045e+11 70 6.7207e+09 R-squared = 0.6803
————————— +--—————————— = Adj R-squared = 0.6666
Total | 1.4713e+12 73 2.0155e+10 Root MSE = 81980
COST | Coef Std. Err t P>|t| [95% Conf. Interval]
_________ +____________________________________________________________________
N | 152.2982 60.01932 2.537 0.013 32.59349 272.003

ocC | -3501.177 41085.46 -0.085 0.932 -85443.55 78441.19
NOCC | 284.4786 75.63211 3.761 0.000 133.6351 435.3221
cons | 51475.25 31314.84 1.644 0.105 -10980.24 113930.7



Adammu nepemeHHble A9 MOAE/IMPOBAHUSA
pasHMUbl KO3PPULMEeHTOB HAaKJ/IOHA 2

COST = 57000 - 4000 OCC + 152N + 284NOCC

O6uime WKobI
(OCC = NOCC =0

COST = 57000+ 152N

[TpodeccroHanbHble WKObI
(OCC =1, NOCC =N)

COST = 51000 — 4000 +
152N + 284N = 47000 + 436N
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AdamMmmMmun nepemMeHHble Ans MOp,enMpOBaHVIﬂé@g
pasHnubl KO3PPMLNEHTOB HAKJIOHA '

Ana obwmx wkon OCC n NOCC paBHbl 0, COOTBETCTBEHHO,
NOCTOSIHHbIE U NpefesibHble U3LEPXKKU ANA CTYAEHTOB
06w mx wkon paeHbl 51000 roaHen n 152 toaHs.

Ana npodeccrmoHanbHbix wkoa OCC paBHa 1,
cnepoBartenbHo, NOCC paBHa N, COOTBETCTBEHHO
NOCTOAHHbIE U MpefesibHble N34epPXXKN ANA CTYAEHTOB

npodeccmoHanbHbIX WKoa paBHbl 47000 oaHen n 436
toaHew.
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[laMMK nepemMeHHble A1 MOAE/IMPOBaHMNA &

pa3HuLUbl KO3PPULMEHTOB HAK/IOHA

Ha pucyHke npuBeaeHbl rpadmkm OLLEHEHHbIX Perpeccmnu
ANA NPodeCcCMoHanbHbIX U OBbIUYHbIX LLKOJI.

~
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AaMMU nepemMeHHble A1 MOAE/IMPOBaAHNA S
pasHuLbl KO3(pPULIMEHTOB HaK/IOHA

t — ctatuctnka nepemeHHon NOCC paBHa 3.76, p-value
<0.05, 10T KO3PPULMEHT 3HAUYNM, CrefoBaTeslbHO,
npeAesibHble pacxoapbl ANA CTYAEHTOB OObIYHbIX U
NPOoQPeCcCcMOHaNbHbIX LLUKO Pa3inyaroTCA.

KoadpodunuymeHT npm nepemeHHon OCC He3HaunMm,
cnefoBaTesibHO, MOCTOSAHHbIE PacXoAbl HE pa3/iNnyaroTCA.
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[TpoBepka rnnores o 3HaYNMOCTU

K03 PMUMEHTOB NPU AaMMU NEePEeMEHHbIX .

HyneBasa rmnortesa COCTOUT B TOM, UTO KO3IPOOULNEHTHI

nepes nepemeHHbIMn OCC n NOCC ogHOBpEeMeHHO paBHbl
0.
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[TpoBepka rnnores o 3HaYNMOCTU %
KO3 PULMNEHTOB NpU aMMU NEePeMEeHHbIX ~

HaxoauM 3HadeHue F — CTaTUCTUKK U CpaBHMBaeEM €ero C

KPUTN4YeCKNM.
. reg COST N OCC NOCC

Source | SS df MS Number of obs = 74
————————— +-—-———————— F( 3, 70) = 49.64

Model | 1.0009e+12 3 3.3363e+ll Prob > F = 0.0000
Residual | 4.7045e+11 70 6.7207e+09 R-squared = 0.6803
————————— +---—— Adj R-squared = 0.6666

Total | 1.4713e+12 73 2.0155e+10 Root MSE = 81980
. reg COST N

Source | SS df MS Number of obs = 74
————————— +-—-——————— F( 1, 72) = 46.82

Model | 5.7974e+l11 1 5.7974e+11 Prob > F = 0.0000
Residual | 8.9160e+11 72 1.2383e+10 R-squared = 0.3940
————————— +---—— Adj R-squared = 0.3856

Total | 1.4713e+12 73 2.0155e+10 Root MSE = 1.1le+05

(8.92x10" - 4.70x10"")/2

F(2,70) =
( ) 4.70x10"/70

=314 F(2’70)crit,0.1% =7.6



NpoBepka runores o 3HaYNMOCTU

KO3 PNLMEHTOB NPV 4aMMN NEPEMEHHbIX

[Mockonbky 3HaueHme F- ctatncTnkmn 6onblue KpUTUYECKOro
(Npn Nto6boM pazyMHOM YPOBHE 3HA4YNMMOCTU), TO Hy/IeBas
rmrnoTtesa OTBepraeTcs.

Cne,u,osaTeano, €CTb Pa3inina MeXXay WKOJ1aMU B
npeaeabHbIX NN MOCTOAHHBLIX U34EP>XKKaX.

11 11
(8.92x10 " —-4.70x107)/12 _ 5, 4 F(2,70)ci,0.1% = 7-6

F(2,70) =
( ) 4.70x10"/70
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Tect Yoy (Chow)

[Tprmep HeOAHOPOAHOCTM BbIGOPKM

A B

F AoGEebopKa A nagewhopxa 5

Perpeccum

OfwenuHeHHas
noaesbopok

perpeccua

X X
Puc. 9.6. Perpeccun, oueHWBaeMbIE ANA TecTa Yoy

28



Tect Yoy

Tect Chow gaeTt oTBET Ha BOMNPOC, MOXHO JIN CYNTATb UTO
ABe BblOOpKWN NpuHaanexaT o4HON reHepanbHOW
COBOKYMHOCTU, T.e. Iy4ylle OLeHNBATb OAHY pPerpeccuio, nau

K pa3HbIM, TOrAa Nydllie OLEeHMBaTb ABE OTAe/bHble
perpeccum.

TecT MOXeET paccMaTpmBaTtbCa Ana 6osee yem gByx
BbIOOPOK.
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Tect Yoy

B Tecte Hoy Mbl HauMHaeM C OLUEHKW NMapamMeTpoB
perpeccnm no BceMm HabatogeHUAaM.

COST
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Tect Yoy (4)

JINHWKN OuEeHeHHbIX NO ABYM BbibopKaM GYyHKLNM

perpeccum.
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@ lNMpodeccuoHanbHbIe WKosbl O O6LWMe WKorbI
31



OcHOoBHasa n anbTepHaTUBHasA
rmnoTtesbl B Tecte Hoy

Mogenb ana nepBoro

/
Habopa HabrogeHWiA: Y:ﬂ(; ‘|‘,81’)(1 ... ,Bk Xk-l—g’

Mogaenb Ana BTOpPOro ) ) " .
Habopa Habmogernii: ¥ = B+ B X, +...+ B, X, +¢

. r 1" r " 2 2
H,:,=00,» B, =pP,,0. =0,

H, :di:p' = p/
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OcHOoBHasa n anbTepHaTUBHasA
rmnoTtesbl B Tecte Hoy

Mogenb ans nepsoro Habopa HabAKOAEHUM:

Y =By + PiX1+...+B Xi + €'

Mogenb gna BToporo Habopa HabaraAeHNN:
Y = (B4+80) + (B1+8)X1+... + (B +8,)X) +&"

pl o pn I pn 2 _ 2
HO'BO_ O""':Bk_ k> O-EI—O-EII

— HO: 60= 81=...= 6k=0

Hi: 85+ 685 +..+8.>0
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OcHOoBHasa n anbTepHaTUBHasA
rmnoTtesbl B Tecte Hoy

O6Lwan moaensb:
Y = (By+89D) + (B1+8,D)X1+... +(Bx +6 D)X, +€”

D = 0 ana HabntogeHun n3 nepBoro Habopa,

D=1 ona HabntogeHnn n3 BTOporo Habopa

HO: 60= 81=...= 8k =O

Hi: 85+ 8% +..+8:>0
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TecToBaa ctTaTUCTUKA B Tecte Hoy

. (RSSR—RSSyr)/(k+1) .
~ (RSS{+RSS,)/(n-2(k+1))

(RSSp — [RSS; + RSS,])/(k + 1)
(RSS; + RSS,)/(n— 2(k + 1))

~F(k+1,n—-2(k+1))

rae k+1 —3To KONM4ecTBO perpeccopoB C KOHCTAHTOW, T.e.
BCEX KO3OPULMEHTOB B MOAENN.

RSSp — 310 cymMMa KBaapaToB OCTAaTKOB AN BCeEW BbIOOPKM
RSS1 — 310 cymma kBagpaTtoB OCTaTKOB 414 Bblbopkun 1
RSS2 — 310 cymMma KBagpaTtoB OCTaTKOB A/14 Bbl6OpKK 2

Ecan F > Fkputnueckoe (npwn BbibpaHHOM ypOBHE
3HAUMMOCTW), TO OCHOBHAasA rMNoTe3a OTBEpPraeTcs u
HY>XHO OLLeHMBATb ABE OTAE/IbHblE PErpeccuu.
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Tect YHoy. Npumep

BepHemca k paccmatpuBaemomy npumepy. CpasHumM RSS no
BCEN BbIOOPKE N OTAENAbHO MO ABYM rpynnam LKOJI.

- _ (RSS, —[RSS, + RSS,]) ((k +1)
~ (RSS, + RSS.,)/(n—-2(k +1))

(8.91x10" -[3.49x10" +1.22x10""]) /2

F(2,70) =
(2.70) (3.49x10" +1.22x10")/70

=31.2

(RSS,+RSS,)
4.71

RSS,
8.91
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Tect Hoy. NMpumep (2)

[lonyyeHHOe 3HaueHne F- CTaTUCTUKM NpeBblaeT
KpUTUYECKoe nNpm AtoboM pazyMHOM YPOBHE 3HAUMMOCTH,
CnefoBaTeNbHO, Hy/feBadA rMnoTesa oTBepraeTcs, AN
NpodeCcCNOHaNbHbIX N OObIYHbBIX LLKOJ MMEET MECTO pa3Has
3aBMCMMOCTb. Hy>XHO OLEeHNBaATb OTAENbHbIE PErpeccum.

(8.91x10" —[3.49x10" +1.22x10""]) /2 _312| (RSS;+RSS))
(3.49x10" +1.22x10")/70 ' 4.71

F(2,70) =

RSS,

8.91
F(2!70)crit,0.1% =17.6
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9KBUBAJIGHTHOCTDb

Tect Yoy 3KBMBaANEHTEH TECTY O 3HAYMMOCTM rpynnbl dummy
nepeMeHHbIX.

Ecnn tect Hoy nokasbiBaeT, UTO eCTb pa3inymA B
Ko3dpodunumeHTax Mogenn no AByMm Habopam
BbIOOPOK, TO MOXHO OLEHUTb OAHY MOJENb, HO C
JaMMU MepemMeHHbIMMU.

OueHnB Mogenb C HABOPOM JaMMU MEPEMEHHbIX U
NPOBEPUB NX COBMECTHYH 3HAUMMOCTb, MOXHO
NPOBEPUT Ty XE TNMoTe3y, YTo 1 B Tecte Yoy.
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AdaMMun nepemMeHHble A9 MOAe/INPOBaHU
KaTeropuaJsibHbiX NepeMeHHbIX

Ecan kauecTBeHHaA nepeMeHHasa nMeeT m rpagaumn, 1o B
MOZeNb Haj0 BBECTU M — T QUKTUBHbIX NepeMeHHbIX, eCu
B YpaBHeHMe perpeccun BkrOYeHa KOHCTaHTa (MHaye Mbl
nonagem B fIOBYLLKY AaMMu (dummy trap), mexxay
ctonbuamm matpuubl X B Mmogenn Y = XB + € 6yzer
JIMHEeNHas 3aBUCUMOCTb U Mbl HE CMOXKEM OAHO3HAYHO

OLIEHUTb ITapaMeTphl 3TOU MOoJieJiu ¢ nomolnbio MHK.
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AaMMU nepemMeHHble 411 MOAE/INPOBaHN A

Ce€30HHOCTMA

Yacto B pacnopaxXeHnnm nccaeaoBaresia UMeroTCA
HEeAE/IbHblIE, MECAYUHDbIE NI KBapPTa/ibHblE AdHHbIE.

Ecnu AdHHbIE KBAPTa/ibHbIE, TO

D1 = 1, ecan HabarogeHne oTHOCUTCA K 1T — My
kBapTany un 0, ecnm He OTHOCKUTCS;

D2 = 1, ecan HabarogeHMEe OTHOCUTCA K 2 — My
kBapTany un 0, ecnm He OTHOCKUTCS;

D3 = 1, ecan HabarogeHMEe OTHOCUTCA K 3 — My
kBapTany u 0, ecam He OTHOCUTCA.
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AdamMMun nepemeHHble AnA
MOAEe/IMPOBaHNA Ce30HHOCTMU

PaccMoTpuM KBapTanbHble AaHHble. B kauecTBe 6a3bl
BblbepeM 4-bIV KBapTan, Toraa:

Mogenb: Y = B, + D1 + B,D2 + ;D3 + B X + ¢

OueHeHHoe ypaBHEHWE perpeccui:

V=B, + p;D1 + p,D2 + ;D3 + B, X

41



AdamMMun nepemeHHble AnA
MOAEe/IMPOBaHNA Ce30HHOCTMU

HOKBapTaIIbeIe 3dBNCUMOCTMW.

¥'=p,+ ;D1 + B,X- ana 1-ro kapTana,
¥ =p,+p,D2 + B,X- Ana 2-ro kapTana,
V=P, + BsD3 + B,X- Ana 3-ro kapTana,
V=B, + PB,X- ana4-ro ksaprana (6a3oBoro)
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