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Ili1an Jekuun

BiusnHue nzMeHeHus: macuitTada U3MEPEHUS IIEPEMEHHbBIX Ha
OLICHKH KOA(P(MHUIIMEHTOB PErPECCUM U UX JTUCIICPCUI

* Perpeccus B IEHTPUPOBAHHBIX 1 HOPMHUPOBAHHBIX IIEPEMEHHBIX
*  OyHKIMOHAIBHBIE TPEOOPa30BaHUS NIEPEMEHHBIX B JJUHEHHOM
PErPECCUOHHOMN MOJIEIIN

 JluHelHas B 1orapudmax perpeccus, Kak Mojesib C ITOCTOSHHOMN
AIIACTUYHOCTHIO

*  Mogaeib ¢ TOCTOSHHBIMU TEMIIAMU POCTa
(moxynorapudmMudecKas MOJIEIb)

HuTtepnperanus oneHOK KO3(D(OUIMEHTOB Pa3IuYHbIX
(PYHKIIMOHAJIbHBIX (DOPM.

*  Bri0op mexay moaensimu. Tectel bokca-Kokca, bepa u
MakAinepa, MakKunHona, Yanra u J|pBuacoHna
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Biaussaue nzMeHeHus Macmraoa

Y =XB +¢,
B= 00X (xV), var(B)=82(xX)

Mpumep: ¥ = B1 X1+ B2 X,




Biausinue uzMeHeHust Mmacumraoa. Ilpumep

EARNINGS — noyacosas 3/1 B $,

WEIGHTO02 — Bec B ¢pynTax B 2002 (1 pynT = 0.454 k1),
HEIGHT — poct B groiimax (1 groiim = 2.54 cm),
ASVABC — o0muii pe3yabTaT TeCTOB,

MALE — 1 mist my>xunH 1 0 111 )KCHIIMH.

. sum EARNINGS WEIGHT(02 HEIGHT ASVABC MALE

Variable Obs Mean  Std. Dev. Min Max
EARNINGS 540 19.71924  14.60151 2,13 127.9
WEIGHT(02 540 180.0796  42.78456 87 400
HEIGHT 540 67.43333 4,04992 59 7]
ASVABC 540 51.73125  9.114551  29.00336  66.07963
MALE 540 SO 5004636 0 1




reg EARNINGS WEIGHTO2 HEIGHT ASVABC MALE

Source SS daf MS Number of obs = 540
F(4, 535) = 30.26

Model 21202.8353 4 5300.70882 Prob > F = 0.0000
Residual 93714.1261 535 175.166591 R-sguared = 0.1845
Adj R-sqgquared = 0.1784

Total 114916.961 539 213.20401 Root MSE = 13.235
EARNINGS Coef. Std. Err. t P>t [95% Conf. Interval]
WEIGHTOZ2 -.0387176 .0165291 -2.34 0.020 -.0711876 —-.00624706
HEIGHT .305907 .2240537 1.37 0.173 -.1342259 .7460399
ASVABC .5281508 .0637492 8.28 0.000 .4029213 .6533803
MALE 6.127074 1.69514 3.61 0.000 2.797127 9.457022
_cons —-24.32227 13.61505 -1.79 0.075 -51.06777 2.423235

reg EARNINGS WEIGHTkg HEIGHTm ASVABC MALE

Source SS df MS Number of obs 540
F((4, 535) = 30.26
Model 21202.8349 4 5300.70874 Prob > F = 0.0000
Residual 93714.1264 535 175.166591 R-squared = 0.1845
Adj] R-squared = 0.1784
Total 114916.961 539 213.20401 Root MSE = 13.235
EARNINGS Coef. Std. Err. t P>|t| [95% Conf. Interval]
WEIGHTkg -.0852811 .0364078 -2.34 0.020 -.1568009 -.0137613
HEIGHTm 12.04358 8.821012 1.37 0.173 -5.28449 29.37164
ASVARBC .5281508 .0637492 8.28 0.000 .4029213 .6533803
MALE 6.127075 1.69514 3.601 0.000 2.797127 9.457022
_cons -24.32226 13.061504 -1.79 0.075 -51.06777 2.423239




reg EARNINGS WEIGHTkg HEIGHTcm ASVABC MALE

Biausinue uzMeHeHust Mmacumraoa. Ilpumep

Source SS df MS Number of obs 540
F(4, 535) = 30.26
Model 21202.8352 4 5300.70879 Prob > F = 0.0000
Residual 93714.1262 535 175.166591 R-squared = 0.1845
Ad]j R-sqgquared = 0.1784
Total 114916.9061 539 213.20401 Root MSE 13.235
FEARNINGS Coef. Std. Err. t P>|t] [95% Conf. Interval]
WEIGHTkg -.0852811 .0364078 -2.34 0.020 -.1568009 -.01370613
HEIGHTcm .1204358 .0882101 1.37 0.173 -.0528449 .2937165
ASVABRC .5281508 .0637492 8.28 0.000 .4029213 .6533803
MALE 6.127074 1.69514 3.61 0.000 2.797127 9.457021
_cons —-24.32227 13.61504 -1.79 0.075 -51.06777 2.423233
reg EARNINGS WEIGHTkg HEIGHTm ASVABC MALE
Source SS daf MS Number of obs = 540
F((4, 535) = 30.26
Model 21202.8349 4 5300.70874 Prob > F = 0.0000
Residual 93714.1264 535 175.166591 R-sqguared = 0.1845
Adj R-squared = 0.1784
Total 114916.961 539 213.20401 Root MSE = 13.235
EARNINGS Coef. Std. Err. t P>t [95% Conf. Interval]
WEIGHTkg -.0852811 .0364078 -2.34 0.020 -.1568009 -.0137613
HEIGHTm 12.04358 8.821012 1.37 0.173 -5.28449 29.37164
ASVABC .5281508 .0637492 8.28 0.000 .4029213 .6533803
MALE 6.127075 1.69514 3.61 0.000 2.797127 9.457022
__cons -24.32226 13.61504 -1.79 0.075 -51.06777 2.423239




3 dpopMBbI cUCTEeMBbI HOPMAJIbLHBIX YPABHEHU I

1) Y =X06 +¢,
X'XB =XY -1 popma

2) YpaBHeHUd B OTKJIOHEHHUSIX:

y=Y —-YI,
X] =Xj—in,j:1,...,k
y =Xxa+ e,

x'xad = x'y, MoxkHO niepenucars (: (n— 1)):

Cov[X]a = Cov|[X,Y] — 2% dopma
BaxKHBIH pe3yabTaT & = [_,.

I 7



3 dpopMBbI cUCTEeMBbI HOPMAJIbLHBIX YPABHEHU I

Cov[X]a = Cov|[X,Y] — 2?" dopma
BaxXHBIH pe3y/bTaT & = f_,.

I[OKaBaTeJILCTBo Y = ,[?0 + ,[?1X1 + -+ ,[?kX K
Y ,30 + B Xy + -+ Bi Xy )
= Bix1 + -+ Prxg = @ = Py,



3) YpaBHeHUd C LIEHTPUPOBAHHBIMU U
HOPMUPOBAHHBIMU IIepeMEHHbIMU:

] 6\_)]_ ) )
J
n
/\2_ > 2 ~_y
O}_n_lz(le_ ]),y—,\_,

Ba)KHbIW pe3yJibTaT: KOd(DPUIMECHTHI 3—€i (POPMBI

MO>KHO Ci:aBHI/IBaTB I10 a6COHIOTHOMy SHAYCHMUIO.



JIMHeNHast MOIe/Ib U €¢ HHTEepIpeTaAlus

Y =P+ P X+ A BiX T e,

B; sHauNM=>

Ecmu X; yBenmuuurcst Ha | equawmIty, TO Y YBETHYUTCS Ha 3

eAMHULL (ITIPU IIPOYMX PpaBHBIX (PakTOpax).
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JImHenHnass moaeib. Ilpumep

storage  display value

variable name  type format label variable label

1dcode int $8.0g NLS 1d

age byte $8.0g age 1n current year
race byte $8.0g racelbl race

married byte $8.0g marlbl married

never married Dbyte $8.0g never married

grade byte $8.0g current grade completed
collgrad byte $16.0g gradlbl college graduate
south byte %8.0g lives in south

smsa byte %9.0g smsalbl lives in SMSA

c_city byte $8.0g lives 1in central city
industry byte $23.09 indlbl industry

occupation byte %22.09g occlbl occupation

union byte $8.0g unionlbl  union worker

wage float  %9.0g hourly wage

hours byte $8.0g usual hours worked
ttl exp float  %9.0g total work experience
tenure float  %9.0g job tenure (years)
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JImHenHnass moaeib. Ilpumep

. sum wage ttl exp tenure age married union

Variable Obs Mean Std. Dev. Min Max
wage 2,246 7.766949 5.755523  1.004952  40.74659
ttl exp 2,246 12.53498 4,610208 .1153846  28.88461
tenure 2,231 5.97785 5.510331 0  25.91667
age 2,246 39.15316 3.060002 34 46
married 2,246 .6420303 .4795099 0 1
union 1,878 .2454739 .4304825 0 1
. sum wage ttl exp tenure age married union 1f union !=,
Variable Obs Mean Std. Dev. Min Max
wage 1,878 7.565423 4,168369 1.151368 39.23074
ttl exp 1,878 12.81837 4,600392  .1153846  28.88461
tenure 1,868 6.571065 5.640675 0 25.91667
age 1,878 39.22471 3.034623 34 46
married 1,878 6500922 4768783 0 1
union 1,878 2454739 4304825 0 1
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JImHenHnass moaeib. Ilpumep

. reg wage ttl exp tenure married union

Source SS df MS Number of obs = 1,868
F(4, 1863) = 82.84

Model | 4898.98273 4 1224.74568 Prob > F = 0.0000
Residual | 27543.1739 1,803 14.7843124 R-squared = 0.1510
Ad] R-squared = 0.1492

Total | 32442.1567 1,867 17.3766238 Root MSE = 3.845
wage Coef. Std. Err. t P>t [95% Conf. Interval]

ttl exp 2871015 .0239244 12,00 0.000 24018 .3340229

tenure 0467397 0196260 2,38 0.017 .0082473 085232
married | -.1464481 187312  -0.78 0.434  -.5138116  .2209155
union 1.207615  .2087067 5.79  0.000 . 1982918 1.016939
_cons 3.389744 3073016 11.03  0.000 2.787053  3.992436
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JInHenHaa B Jjorapumax Moae/ab

InY =+ p1InX; +...+6;InX; + B InX; + ¢
InY = o+ By InX; +...+6; InX; + B In X,

Y ] A Y/Y
-=pj= B = — 3JIaCTUYHOCTb.
Y X Xj/Xj

B; 3HaunM=>
Ecmu X; yBenmuurcs Ha 1 %, 10 Y yBenuuutcs Ha 5 %o (1ipu

POYMX PABHBIX (PakTOpax).



JInHenHasa B jJorapudgmax moaeiab. [lpumep

. req Inwage lnexp tenure married union

Source SS df MS Number of obs = 1,868
F(4, 1863) = 128.50

Model | 107.165264 4 26.791316  Prob > F = 0.0000
Residual | 388.422102 1,803 .208492808 R-squared = 0.2162
Adj R-squared = 0.2146

Total | 495.587366 1,807 .205445831  Root MSE = 45661
Inwage Coef. Std. Err, Lt Pt [95% Conf. Interval]

Inexp 3603689 .0249634 14,44  0.000 3114097 .40932681
tenure 0123301 .002189 5.63  0.000 008037 0166231
married | -.0001238 .0222199  -0.01 0.99¢  -.0437023  .0434547
union 1789258 0247734 7.22 0.000 1303393 .2275123
_cons 8815045 .009245  14.88  0.000 1653111 997698
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IHoayaorapudpmudeckasa Moaejab

InY = :BO + ,81X1+. . +,B]X] + ,Bka + &£
InY = By + fr1Xs+... +B;X; + PrXx
Yy .. . Y)Y
A A
j
B; sHaUMM=>
Ecmu X; yBenuuurcs Ha 1 eMHUILY, TO Y YBEIUYUTCS Ha
B i * 100 % (mpu mpoumx paBHBIX (haKTOpax).
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IHHoaymorapudpmuueckas moaeab. [lpumep

. reg lnwage ttl exp tenure married union

Source SS df MS Number of obs = 1,868
F(4, 1863) = 125.36

Model | 105.101394 4 26.2753486  Prob > F = 0.0000
Residual | 390.485972 1,863 .209600629  R-squared = 0.2121
Adj R-squared = 0.2104

Total | 495.587366 1,867 .265445831  Root MSE = 45782
Inwage Coef. Std. Err. t P>|t] [95% Conf. Interval]

ttl exp 0400278 .0028486  14.05 0.000 0344409 0456146
tenure 0090427 .0023369 3.87 0.000 0044595 .0136259
married 0080798 .0223029 0.30 0.717  -.0356615  .0518211
union 1847408 .0248503 7.43  0.000 1360034 2334782
_cons 1.269176  .0365898  34.69 0.000 1.197415  1.340937
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Br100op Mexay MoaeasaMu

Y — ﬁo + 181X1+ +,8ka + &£ (1)
InY =0+ InX;+...4+6InX;, + ¢ (2)
lnY=,BO+,[>’1X1+...+,Bka+€ (3)

(2) u (3) MOXXHO CpPaBHHUTbH I10 Rczldj.
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lim = |lim = InY
00 06 00
r? -1 9 = 0
6) _ ) )
Y( ) — 5 CCJIN

InY, ecnru@ =0
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Tect boxca-Kokca

YO =gy + B X+ 48XV + ¢,

ﬁOML' ﬁlMLI ceay ﬁkML' AML' HML — OLEeHKH MAaKCUMAJIbHOTI'O
npaBaonogo0us (TemMa OyIaeT MO3KE)

Hy: A =60 =1 — nuHenHas MoJieJib

Hy: A =60 =0 — nuHenHad B Jiorapudmax MoJieJib
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Tect boxca-Kokca

W® =B, + B HD + ¢

Number of obs = 540
LR chi2(2) = 230.68
Log likelihood = -2659.5656 Prob > chi2 = 0.000
WEIGHTO02| Coef. Std.Err. z P>|z] [95% Conf. Interval]
/lambda | 1.055498 1.892654 0.56 0.577 -2.654035 4.76503
/theta | -.0263371 .1471576 -0.18 0.858 -.3147607 .2620865
Test Restricted
HO: log likelihood chi2 Prob > chi2
theta=lambda =-1 -2680.8693 42.61 0.000
theta=lambda= 0 -2659.7618 0.39 0.531
theta=lambda= 1 -2685.5201 51.91 0.000
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Bp100p Mex1y JUHEHNHOU U

[OJIYJOrapu(pMuUYeCcKOu MOAeJIAMHU

Y=ﬁ0+ﬁ1X+€ (1)
InY =By + BX +¢ (2)

H, : xauecTBO moaronku moneneu (1) u (2)
OJIMHAKOBOE
H, : Mozmenb ¢ MeHblier RSS mydiie

Br100p MeKay JIMHEHHON U MOIYJIOTapu(pMHUICCKON
MOJEJIbI0O MOXHO OCYILECTBUTH C IIOMOIIBIO TECTA
IToma 3apemMOKu (4acTHBIM ciay4dal Tecta bokca-
Kokca).
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Tecr I1.3apeMOKku

1) Beraucisercs cpeiHee TEOMETPUUECKOE 3HAYCHUE Y
n
WAZIED 2 Ay

2) BBoguTcs BcriomorareiibHasi IepeMeHHas
Y* =Y /geometric mean of Y,

3) OneHnBaroTCs mapaMeTPhbl BCIIOMOTaTeIbHBIX
PETPECCUMU:

Y* =B+ (X +¢ (3)
InY* =5+ B X+¢e (4)
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~x*(1),

RSS,

rae RSS;, RSS, — cyMMmbI KBaipaToB OCTAaTKOB B
OLICHEHHBIX perpeccusax (3) u (4).

5) Eciu npu BBIOpaHHOM YPOBHE 3HAYUMOCTH Ol
['unore3a H, orBepraercs, To Mmexay monensimu (1) u (2)
€CTh 3HAYMMOE pasznnuue. Jlydie ta Moaeinb, B KOTOPOH
MeHbIIe RSS.
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BM TecT aJ1s1 BbIOOpA MeKAY JUHEHHON U

MOJIYJIOrapu(PMHUIECKOU MOTCIAMU

Bera and McAleer test
HO: lnY — IBO + 181X1+.. . +,8ka + &,
Hl: Y — ﬁo + ,81X1+. .. +,8ka + E

llarl:InY = By + L1 X1 +... + Bk Xx,
Y — IBO ~+ ,81X1+. . +,8ka

[llar 2: OneHuBaKTCA BCIIOMOTaTeJIbHbIE perpecCuiu:
exp(InY) = By + L1 X1 +... +L. X + vy,

lnf’ o IBO + ,81X1+. . +,8ka + V.

CoxpaHAKTCA V4, V5.
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BM TecT aJ1s1 BbIOOpA MeKAY JUHEHHON U

MOJIYJIOrapu(PMHUIECKOU MOTCIAMU

[llar3: OneHnBawTCA BCIIOMOraTeJibHble perpeccuu:
InY = IBO + ,81X1+. . +18ka + 911’)1 + &1,
Y = IBO + 181X1+. . +,8ka + 921,)2 + En

OObIYHbIE t — tests 1 IPOBEPKH 3HAYUMOCTH 6 U
0,.

Ecau 6, = 0 He oTBepraercsd, a 8, = 0 oTBepraercs,
TO BbIOHWpaeTCcd moJyJjorapudmMuieckass MoJelb.
Ecau 6, = OHeoTBepraercd, a 6; = 0 oTBepraercs,

TO BIOMpAEeTCsd JIMHEWHasd MOJeJb.
Bo3HuKaeT npobJsieMa ecjqiyv 06€e TUII0TEe3bI

OTBEPrarTCAd MUJIM HE OTBEPIrarOTCA.
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PE TecT aJ1s1 BBIOOpA MeKAY JUHEMHOU U

MOJIYJIOrapu(PMHUIECKOU MOTCIAMU

MacKinnon-White-Davidson PE test

HO lnY IBO + ﬁ1X1+ +,8ka + &,
Hi:Y = [y + b1 X1+... +6 X + €

llarl:InY = By + L1 X1 +... + Bk Xx,

Y — 181 ~+ ﬁzXz‘l‘. . +18ka

[Ilar2: OneHuBawTCA BCIIOMOraTeJIbHbIE
perpeccuu:

InY = ﬁo + ,81X1+. . +18ka + 81 [? ~u eXp(erY)] + €1,

Y =By + B1X1+... +B X + 6,[InY — In¥] + &,
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PE TecT aJ1s1 BBIOOpA MeKAY JUHEMHOU U

MOJIYJIOrapu(PMHUIECKOU MOTCIAMU

InY = By + B X1+... +Bx Xy + 01[Y —exp(InYV)] + &4,
Y =By + B1Xi+... 4B X + 0,[InY —InY ] + &,
OObIYHbIE t — tests a4 IpOBEPKH 3HAYUMOCTH

6, ub,.

Ecau 6, = 0 He oTBepraercsd, a 6, = 0 oTBepraerc4,
TO BIOMPpAETCS IOoJIyJorapupmMmuyeckKass MoJeb.
Ecau 6, = 0 He oTBepraercs, a ; = 0 oTBepraercs,
TO BbIOMpAETCs JIMHEWHAasd MOJeJb.

Bo3sHukaeT mnpobJieMa, eciau 06e THUIOTEe3bl
OTBEPrarwTCs WJIH He OTBEpPrarTCcs.
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