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Ownoku cneuncdbukauum |: HeBKNOYEHUe
CywWwecTBeHHON NnepemMeHHOU

Hemunnasa mooenn

Y=B +BX, te| Y=R+BX+BX, +e

Ouenennas mooenn

Y_IB -I—ﬁX OueHkun koacpcpuumeHTOB
! 1

oyayT cMelWeHHbIMU

Y:,Bo +181X1
+ 5 X,




OwunbKku cneundpukaumm |I: HeBKIOYEHUE CyLLeCTBEHHOMU
nepemMeHHOM

Y:ﬂO-Fﬂle-FﬂzXz‘l'g Y:/Bo+lng1

)(11' _)(1)()(21' —X 2)

DX, X )

B =+, 2

CDopmyna AnAa cMmeweHus BbigerieHa XenTtbiM LBeTOM.



OwunbKku cneundpukaumm |I: HeBKIOYEHUE CyLLeCTBEHHOMU
nepemMeHHOM

YI,BO—I—,Bl)(l—I—IBzXZ—I—g Y:BO+BIX1
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BbiBoa hopmynbl Ansa cMmelwleHus

(XZi _XZ)(X&’ _Xs)_l_E(Z(Xzi - X, (”i _”)}

) 2
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Mpumep 1

S =p,+[,ASVABC + ,SM +u

reg S ASVABC SM

2 567.837363
537 3.85346109

Number of obs =

F( 2, 537)
Prob > F
R-squared

Adj R-squared
Root MSE

Source | SS
_____________ +
Model | 1135.67473
Residual | 2069.30861
_____________ +
Total | 3204.98333
S Coef.
ASVABC .1328069
SM .1235071
cons 5.420733

.0097389
.0330837
.4930224

13.64
3.73
10.99

0.000
0.000
0.000

.1136758
.0585178
4.452244

540

= 147.36
= 0.0000
= 0.3543
= 0.3519
1.963
Interval]
.151938
.1884963
6.389222



NMpumep 1
S =p,+ BASVABC + B,SM + ¢

> (ASVABC , - ASVABC Y\SM ,—SM )
> (ASVABC ,— ASVABC )

E(IB1) — 181 +182

. reg S ASVABC SM

Source | SS df MS Number of obs = 540
————————————— e F( 2, 537) = 147.36
Model | 1135.67473 2 567.837363 Prob > F = 0.0000
Residual | 2069.30861 537 3.85346109 R-squared = 0.3543
————————————— +--—————————— = Adj R-squared = 0.3519
Total | 3204.98333 539 5.94616574 Root MSE = 1.963

S | Coef Std. Err t P>|t| [95% Conf. Interval]
_____________ +________________________________________________________________
ASVABC | .1328069 .0097389 13.64 0.000 .1136758 .151938

SM | .1235071 .0330837 3.73 0.000 .0585178 .1884963

cons | 5.420733 .4930224 10.99 0.000 4.452244 6.389222

3HaK npoundsegeHus 3aBUCUT OT ABYX MHOXUTEereun.
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NMpumep 1

reg S ASVABC SM

Source | SS df MS Number of obs =
————————————— e F( 2, 537)
Model | 1135.67473 2 567.837363 Prob > F
Residual | 2069.30861 537 3.85346109 R-squared
————————————— +----—-— Adj R-squared
Total | 3204.98333 539 5.94616574 Root MSE
S | Coef Std. Err t P>|t| [95% Conf.
_____________ +_______________________________________________________
ASVABC | .1328069 .0097389 13.64 0.000 .1136758
SM | .1235071 .0330837 3.73 0.000 .0585178
cons | 5.420733 .4930224 10.99 0.000 4.452244

540
147 .36
0.0000
0.3543
0.3519

1.963

.151938
.1884963
6.389222

>'(ASVABG — ASVABCYSM, - SM)

EB)=F+F, S (4SVABC — ASVABCY

OueHka koadpuumeHTa 3, NonoXxnTenbHa.
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. reg S ASVABC SM
. cor SM ASVABC

Source | SS df MS (obs=540)
_____________ +______________________________
Model | 1135.67473 2 567.837363 | SM ASVABC
Residual | 2069.30861 537 3.85346109 - -—————-—- o
————————————— o SM| 1.0000
Total | 3204.98333 539 5.94616574 ASVARBC| 0.4202 1.0000
S | Coef. Std. Err. t P>|t| [95% Conf. Interval]
_____________ +________________________________________________________________
ASVABC | .1328069 .0097389 13.64 0.000 .1136758 .151938
SM | .1235071 .0330837 3.73 0.000 .0585178 .1884963
cons | 5.420733 .4930224 10.99 0.000 4.452244 6.389222

>'(ASVABG — ASVABCYSM, - SM)
> (4SVABG — ASVABCY

E(Bl) :IB1 +132

3HaK BTOpOro MHoXxuTterns B doopmyne Anfa cMeweHMss coBnagaeTt co
3HaKoM Ko3adpcpumumeHTa Koppenaumm BKNHOYEHHOIo N NPonyLeHHoro
dakTopa. 12



NMpumep 1

reg S ASVABC SM S — ,81 +,82ASVABC+,B3SM+II

.0097389 13.64
.0330837 3.73
.4930224 10.99

[95% Conf. Interval]

.1136758 .151938
.0585178 .1884963
4.452244 6.389222

S Coef

ASVABC .1328069

SM .1235071

cons 5.420733

reg S ASVABC

S Coef

ASVABC .148084
cons 6.066225

.0089431 16.56
.4672261 12.98

[95% Conf. Interval]

.1305165
5.148413

.1656516
6.984036

Takum obpa3om, 3HaK CMeLLEeHUSA — NMOJIOXKUTESIbHbIU, YTO U
HabnogaeTcAa B peanbHOCTMU.



. reg S SM

Source

Model
Residual

NMpumep 1

419.086251 1 419.086251
2785.89708 538 5.17824736

Number of obs
F( 1, 538)
Prob > F
R-squared

Adj R-squared
Root MSE

540
80.93
0.0000
0.1308
0.1291
2.2756

.3130793 .0348012 9.00
10.04688 .4147121 24.23

.2447165
9.232226

.3814422
10.86153

Mpeanonoxum, 4To B ypaBHEeHUE perpeccumn He byaeT BKNOYeHa
nepemeHHaa ASVABC. Torga koacpcpumumeHT npu nepemeHHon SW
oyaeTt cmeweH. Kak u B npegblayuiemM criydae, MOXHO NnokKa3aTb, YTO

3TO cMeLleHne GyaeT NoNoXnUTenbHbIM, YTO U HabNOOaeTcs.
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NMpumep 2

LGEARN = B, + S+ B,EXP+¢

.reg LGEARN S EXP

I

+
Model | 50.9842581
Residual | 135.723385
+
I

2 25.492129
537 .252743734

Number of obs =

F( 2, 537)
Prob > F
R-squared

Adj R-squared
Root MSE

540
100.86
0.0000
0.2731
0.2704
= .50274

Total 186.707643
LGEARN Coef
S .1235911

EXP .0350826
cons .5093196

.0090989
.0050046
.1663823

13.58
7.01
3.06

0.000
0.000
0.002

.1057173
.0252515
.1824796

.141465
.0449137
.8361596
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. reg LGEARN S EXP

. cor S EXP
Source | SS df MS (obs=540)
_____________ +______________________________
Model | 50.9842581 2 25.492129 | S EXP
Residual | 135.723385 537 .252743734 @ ———————- e
————————————— +-—-—-————— - S| 1.0000
Total | 186.707643 539 .34639637 EXP| -0.2179 1.0000
LGEARN | Coef Std. Err t P>|t]| [95% Conf. Interval]
_____________ +________________________________________________________________
S | .1235911 .0090989 13.58 0.000 .1057173 .141465
EXP | .0350826 .0050046 7.01 0.000 .0252515 .0449137
cons | .5093196 .1663823 3.06 0.002 .1824796 .8361596

s p 2 (S SNEXP, - EXP )
E(B) =B+ 5, S (5 _5)

Ecnu onyweHa nepemeHHasa EXP, To cmelwieHune KkoacpcpumumeHTa
nepea nepeMeHHou S byaeT oTpuuaTernbHbIM, T.K. OLeHKa
koadpcpuumueHTa 3, NnonoxurenbHas, a KoacpuumeHT Koppenauum S

n EXP oTpuuaTtenbHbIN. B



NMpumep 2
LGEARN = B, + B,S + B,EXP+ ¢

cor S EXP
reg LGEARN S EXP (obs=540)
Source | SS df MS | S EXP
_____________ +______________________________ ________+__________________
Model | 50.9842581 2 25.492129 S| 1.0000
Residual | 135.723385 537 .252743734 EXP| -0.2179 1.0000
————————————— +--——————————_ Adj R-squared = 0.2704
Total | 186.707643 539 .34639637 Root MSE = .50274
LGEARN | Coef Std. Err t P>| t]| [95% Conf. Interval]
_____________ +________________________________________________________________
S | .1235911 .0090989 13.58 0.000 .1057173 .141465
EXP | .0350826 .0050046 7.01 0.000 .0252515 .0449137
cons | .5093196 .1663823 3.06 0.002 .1824796 .8361596

AHanorn4yHo, ecnu onyuieHa nepemMeHHas S, To oLeHKa
koadhhpmumeHTa nepen nepemeHHon EXP byneT cMmeLleHa BHUS.
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reg LGEARN S EXP

LGEARN | Coef Std. Err t P>|t]| [95% Conf. Interval]
_____________ +________________________________________________________________
S | .1235911 .0090989 13.58 0.000 .1057173 .141465
EXP | .0350826 .0050046 7.01 0.000 .0252515 .0449137
_cons | .5093196 .1663823 3.06 0.002 .1824796 .8361596
reg LGEARN S

LGEARN | Coef Std. Err t P>|t]| [95% Conf. Interval]
_____________ +________________________________________________________________
S | .1096934 .0092691 11.83 0.000 .0914853 .1279014
_cons | 1.292241 .1287252 10.04 0.000 1.039376 1.545107

reg LGEARN EXP
LGEARN | Coef Std. Err t P>|t]| [95% Conf. Interval]
_____________ +________________________________________________________________
EXP | .0202708 .0056564 3.58 0.000 .0091595 .031382
_cons | 2.44941 .0988233 24.79 0.000 2.255284 2.643537

CmMeuleHune B criyyae HeBKMHOYEHUS O4HOU U3 NepPeMeHHbIX S unum
EXP pencreutenbHoO fiBNseTcAa oTpyuaTenibHbIM.
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Ownoku cneuncbmkauum ll: BKnroYeHue

U3NULLHEN NepeMeHHOU

Hemunnuas mooeinw

Y=0,+pX té

Y=/[y+p X +5,X,+¢

Ouenennasn mooenw

Y=8+BX, MpaBunbHas

cneuundumkaums

OueHkun koacpcpuumeHTOB
ABNSAKTCA CMELLeHHbIMU

OueHkKun
Y=p,+BX, | xkoachpmumentos
AABNAIOTCA
+182X2 HecMelLleHHbIMW,
HO He
adphpeKTUBHBLIMU

NpaBunbHas
cneundmnkauus
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Owunokun cneundcdukaumm Il: BKNOYEHUE N3NULLHEN
nepemMeHHoOu

Y = ,Bo +/81X1 T&
Y:,Bo "':Ble "‘,BzXz

Y=0,+0,X,+0X,+¢



Owunokun cneundcdukaumm Il: BKNOYEHUE U3NULLHEN
nepemMeHHOW

Y:ﬂo+ﬁ1X1+5

Y:IBO+B1X1+B2X2
Y=0,+0X,+0X,+¢
5 o’ |

BTSN (x,-x, ) -,

[Mpun BKNOYEHUM U3NULLHEN NepeMeHHOU X, yBerMunBaeTCcs OLeHKa
ancnepcun koacpduumeHta nepen nepemeHHon X,. [lobaBnsetcs
MHoxuTenb 1/ (1 — r?), rae r — koachdmumeHT Koppenauun mexay X,
n X..

31



NMpumep

. reg LGFDHO LGEXP LGSIZE

Source | SS df MS Number of obs = 868
————————— +-—————————— - F( 2, 865) = 460.92
Model | 138.776549 2 69.3882747 Prob > F = 0.0000
Residual | 130.219231 865 .150542464 R-squared = 0.5159
————————— +--—————————— - Adj R-squared = 0.5148
Total | 268.995781 867 .310260416 Root MSE = .388
LGFDHO | Coef Std. Err t P>|t| [95% Conf. Interval]
_________ +____________________________________________________________________
LGEXP | .2866813 .0226824 12.639 0.000 .2421622 .3312003
LGSIZE | .4854698 .0255476 19.003 0.000 .4353272 .5356124
cons | 4.720269 .2209996 21.359 0.000 4.286511 5.154027

LGFDHO - norapudpm exxerogHbIX pacxoaoB AOMOXO3SIMCTB Ha
NpPoAYyKTbl AoMaluHero notpebnenunsa, LGEXP — norapudpm oowmx
roaoBbIX pacxoaoB aomoxo3ancte, LGSIZE — norapudcgpm uncna
noTpeouTenen B 4OMOXO3ANCTBeE.
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NMpumep

reg LGFDHO LGEXP LGSIZE

Source | SS df MS Number of obs = 868
————————— +-—————————— - F( 2, 865) = 460.92
Model | 138.776549 2 69.3882747 Prob > F = 0.0000
Residual | 130.219231 865 .150542464 R-squared = 0.5159
————————— +--—————————— - Adj R-squared = 0.5148
Total | 268.995781 867 .310260416 Root MSE = .388
LGFDHO | Coef Std. Err t P>|t| [95% Conf. Interval]
_________ +____________________________________________________________________
LGEXP | .2866813 .0226824 12.639 0.000 .2421622 .3312003
LGSIZE | .4854698 .0255476 19.003 0.000 .4353272 .5356124
cons | 4.720269 .2209996 21.359 0.000 4.286511 5.154027

HOaHHble 1995 r. US Consumer Expenditure Survey ans 868
AOMOXO3AINCTB.
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NMpumep

reg LGFDHO LGEXP LGSIZE LGHOUS

Source | SS df MS Number of obs = 868
————————— e F( 3, 864) = 307.22
Model | 138.841976 3 46.2806586 Prob > F = 0.0000
Residual | 130.153805 864 .150640978 R-squared = 0.5161
————————— +--—————————— - Adj R-squared = 0.5145
Total | 268.995781 867 .310260416 Root MSE = .38812
LGFDHO Coef Std. Err t P>|t| [95% Conf. Interval]
LGEXP .2673552 .0370782 7.211 0.000 .1945813 .340129
LGSIZE .4868228 .0256383 18.988 0.000 .4365021 .5371434
LGHOUS .0229611 .0348408 0.659 0.510 -.0454214 .0913436
_cons 4.708772 .2217592 21.234 0.000 4.273522 5.144022

LGHOUS - norapuc¢gpm roaoBbix pacxonoB Ha XUnbe.



NMpumep

reg LGFDHO LGEXP LGSIZE LGHOUS
cor LGHOUS LGEXP LGSIZE

Source | SS df MS (obs=869)
_________ +______________________________

Model | 138.841976 3 46.2806586 | LGHOUS LGEXP LGSIZE
Residual | 130.153805 864 .150640978 ———-———-- L
————————— +---———————————— 1GHOUS | 1.0000

Total | 268.995781 867 .310260416 LGEXP | 0.8137 1.0000

LGSIZE | 0.3256 0.4491 1.0000

LGFDHO | Coef Std. Err t P>|t| [95% Conf. Interval]
_________ +____________________________________________________________________
LGEXP | .2673552 .0370782 7.211 0.000 .1945813 .340129
LGSIZE | .4868228 .0256383 18.988 0.000 .4365021 .5371434
LGHOUS | .0229611 .0348408 0.659 0.510 -.0454214 .0913436
cons | 4.708772 .2217592 21.234 0.000 4.273522 5.144022
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reg LGFDHO LGEXP LGSIZE

LGFDHO | Coef. Std. Err. t P>|t| [95% Conf. Interval]
_________ +____________________________________________________________________
LGEXP | .2866813 .0226824 12.639 0.000 .2421622 .3312003
LGSIZE | .4854698 .0255476 19.003 0.000 .4353272 .5356124
cons | 4.720269 .2209996 21.359 0.000 4.286511 5.154027

LGFDHO | Coef. Std. Err. t P>|t| [95% Conf. Interval]
_________ +____________________________________________________________________
LGEXP | .2673552 .0370782 7.211 0.000 .1945813 .340129
LGSIZE | .4868228 .0256383 18.988 0.000 .4365021 .5371434
LGHOUS | .0229611 .0348408 0.659 0.510 -.0454214 .0913436

| 4.708772 .2217592 21.234 0.000 4.273522 5.144022



reg LGFDHO LGEXP LGSIZE

LGFDHO | Coef. Std. Err. t P>|t| [95% Conf. Interval]
_________ +____________________________________________________________________
LGEXP | .2866813 .0226824 12.639 0.000 .2421622 .3312003
LGSIZE | .4854698 .0255476 19.003 0.000 .4353272 .5356124
cons | 4.720269 .2209996 21.359 0.000 4.286511 5.154027

LGFDHO | Coef. Std. Err. t P>|t| [95% Conf. Interval]
_________ +____________________________________________________________________
LGEXP | .2673552 .0370782 7.211 0.000 .1945813 .340129
LGSIZE | .4868228 .0256383 18.988 0.000 .4365021 .5371434
LGHOUS | .0229611 .0348408 0.659 0.510 -.0454214 .0913436

| 4.708772 .2217592 21.234 0.000 4.273522 5.144022



[MowaroBbin MeToa NnpeaycMaTpuBaeT NOCTPOEHUe Moaenu
nocnenoBartesibHO Mo waram. [ina nowaroBoro metoaa
BKrntoveHus (Forwardstepwisemethod) Ha Kaxxgom ware
oueHMBaeTCA BKNag B perpecCUoHHY0 PyHKLUUIO He
BKJTIOUYEHHbIX B MoAesib nepeMeHHbIX. [epeMeHHas,
obecneuynBaroLlas HAaMbONbLLLUN BKNaa, BKIO4YaeTcs B
MopAersib, Nocne Yero Npon3BoANTCA Nnepexoa K cneayrowemy
wary. [lna nowaroBoro metoaa UCKNKYeHUs
(Backwardstepwisemethod) xapakTepHO BKNO4YeHne B Mogerb
Ha NepBOM 3Tane BCeX NepeMeHHbIX, Nocrne 4Yyero

npon3BoaANTCA UX nocnenoBaTtesibHoe UCKITI04YeHuUe.
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NMpumep

®Pann CLOTHING cogepXuT gaHHble O roaoBbIX Npogaxax u gpyrue
xapaktepuctukm 400 ronnaHACKUX MmarasmHOB MOOHOU oAeXAbl B
1990 r.

29



NMpumep

Cnncok nepemMeHHbIX:

tsales : Annual sales in Dutch guilders

sales : sales per square meter

margin : Gross-profit-margin

nown : Number of owners (managers)

nfull : Number of full-timers

npart : Number of part-timers

naux : Number of helpers (temporary workers)
hoursw : Total number of hours worked
hourspw : Number of hours worked per worker
inv1 : Investment in shop-premises

inv2 : Investment in automation.

ssize : Sales floorspace of the store (in m2).

start : year start of business



MeTon nocnenoBaTesribHOrO UCKIMOYEeHUNA nepemMeHHbLIX

stepwise, pr(0.1): reg sales margin nown nfull npart naux hoursw hourspw inv1
inv2 ssize start

begin with full model

p=0.9731 >=0.1000 removing inv1

p =0.7996 >= 0.1000 removing hoursw

p =0.6921 >= 0.1000 removing inv2

p = 0.5229 >= 0.1000 removing start

Source SS df MS Number of obs = 400
F( 7, 392)= 41.65

Model 2.3795e+09 7 339924634 Prob>F = 0.0000

Residual 3.1996e+09 392 8162299.11 R-squared = 0.4265
Adj R-squared = 0.4163

Total 5.5791e+09 399 13982691 RootMSE = 2857

sales Coef. Std. Err. P>t [95% Conf. Interval]

margin 59.90574 29.54534 2.03 0.043 1.818588 117.9929
nown 672.7859 226.1869 2.97 0.003 228.0947 1117.477
nfull 1309.047 153.066 8.55 0.000 1008.114 1609.98

npart 1061.772 230.9229 4.60 0.000 607.7695 1515.774
naux 935.7677 376.4691 2.49 0.013 195.6167 1675.919
ssize -24.31604 1.641706 -14.81 0.000 -27.54369 -21.08839
hourspw 223.7379 23.18619 9.65 0.000 178.1531 269.3228
_cons -3091.438 1294.97 -2.39 0.017 -5637.394 -545.4823



MeTon nocnenoBaTesribHOrO UCKIMOYEeHUNA nepemMeHHbLIX

reg sales margin nown nfull npart naux hoursw hourspw inv1 inv2 ssize start

Source | SS df MS Number of obs = 400
------------- g e e F(11, 388)= 26.33
Model | 2.3846e+09 11 216785544 Prob>F = 0.0000
Residual | 3.1945e+09 388 8233125.52 R-squared = 0.4274
------------- Fommmmmmeemm e Adj R-squared = 0.4112
Total | 5.5791e+09 399 13982691 Root MSE = 2869.3

sales| Coef. Std. Err.  t P>|t| [95% Conf. Interval]
............. S ———
margin | 69.08252 32.96368 2.10 0.037 4.272738 133.8923
nown| 740.8716 371.5816 1.99 0.047 10.30624 1471.437
nfull | 1378.757 293.2506 4.70 0.000 802.1977 1955.316
npart | 1111.709 267.8409 4.15 0.000 585.1077 1638.31
naux | 996.577 449.8185 2.22 0.027 112.1902 1880.964
hoursw | -2.737927 10.73368 -0.26 0.799 -23.84139 18.36553
hourspw | 243.4413 70.43075 3.46 0.001 104.9676 381.915

invl | -.0000524 .0015552 -0.03 0973 -.0031101 .0030053
inv2 | -.0014312 .0039795 -0.36 0.719 -.0092553 .0063928
ssize | -24.17391 1.69074 -14.30 0.000 -27.49807 -20.84975
start | -8.224629 12.7344 -0.65 0.519 -33.2617 16.81244

_cons | -3509.928 1988.711 -1.76 0.078 -7419.928 400.0707

32



MeTon nocnenoBaTesribHOrO UCKIMOYEeHUNA nepemMeHHbLIX

reg sales margin nown nfull npart naux hoursw hourspw inv2 ssize start

Source | SS df MS Number of obs = 400
------------- R e B F(10, 389)= 29.04
Model | 2.3846e+09 10 238463163 Prob>F = 0.0000
Residual | 3.1945e+09 389 8211984.72 R-squared = 0.4274
------------- Fommmmmmmemmmmme e —————— Adj R-squared = 0.4127
Total | 5.5791e+09 399 13982691 Root MSE = 2865.7

sales | Coef. Std. Err.  t P>|t] [95% Conf. Interval]
............. e o
margin | 69.07279 32.92006 2.10 0.037 4.349271 133.7963
nown| 740.4297 370.8731 2.00 0.047 11.26306 1469.596
nfull | 1378.033 292.088 4.72 0.000 803.7644 1952.302
npart| 1110.099 263.2089 4.22 0.000 592.609 1627.589
naux | 997.3463 448.6619 2.22 0.027 115.2406 1879.452
hoursw | -2.720658 10.70767 -0.25_0.800 : -23.77281 18.3315
hourspw| 243.301 70.21732 3.46 0.001 105.2481 381.354
inv2 | -.0014861 .0036262 -0.41 0.682 -.0086155 .0056433
ssize | -24.17753 1.685145 -14.35 0.000 -27.49066 -20.8644
start | -8.178698 12.64501 -0.65 0.518 -33.03982 16.68242

_cons | -3508.412 1985.648 -1.77 0.078 -7412.357 395.5331
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MeTon nocnenoBaTesribHOrO UCKIMOYEeHUNA nepemMeHHbLIX

reg

n T.A.

sales margin nown nfull npart naux hourspw inv2 ssize start
Source SS df MS Number of obs = 400
F( 9, 390) = 32.34
Model 2.3841e+09 9 264900164 Prob>F = 0.0000
Residual 3.1950e+09 390 8192287.73 R-squared = 0.4273
Adj R-squared = 0.4141
Total 5.5791e+09 399 13982691 Root MSE = 2862.2
sales Coef. Std. Err. t P>t [95% Conf.Interval]
margin 68.03328 32.62566 2.09 0.038 3.889102 132.1775
nown 666.3008 228.7003 2.91 0.004 216.6611 1115.94
nfull 1315.042 154.2658 8.52 0.000 1011.746 1618.339
npart 1079.118 232.9839 4.63 0.000 621.0568 1537.18
naux 936.1306 378.0323 2.48 0.014 192.8944 1679.367
hourspw 226.493 23.51939 9.63 0.000 180.2523 272.7337
inv2 -.0014329 .0036158 -0.40 0.692 -.0085418 .005676
ssize -24.24519 1.661976 -14.59 0.000 -27.51275 -20.97764
start -7.799186 12.54142 -0.62 0.534 -32.45643 16.85806
_cons -3127.498 1300.478 -2.40 0.017 -5684.322 -570.6728
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MeTon nocrnenoBaTesibHOro BKNOYeHUs nepemMeHHbIX

stepwise, pe(0.1): reg sales margin nown nfull npart naux hoursw hourspw inv1
inv2 ssize start

begin with empty model

p =0.0000 < 0.1000 adding ssize

p =0.0000 < 0.1000 adding hoursw

p =0.0002 < 0.1000 adding nfull

p =0.0025 < 0.1000 adding npart

p =0.0063 < 0.1000 adding hourspw

p =0.0898 < 0.1000 adding margin

Source SS df MS Number of obs = 400
F( 6, 393)= 46.98

Model 2.3303e+09 6 388376865 Prob>F = 0.0000

Residual 3.2488e+09 393 8266749.37 R-squared = 0.4177

Adj R-squared = 0.4088
Total 5.5791e+09 399 13982691 Root MSE = 2875.2

sales Coef. Std. Err.  t P>t [95% Conf. Interval]
ssize -24.24045 1.6359 -14.82 0.000 -27.45666 -21.02424
hoursw 18.15945 6.112656 2.97 0.003 6.141849 30.17704
nfull 897.7947 211.7212 4.24 0.000 481.5469 1314.042
npart 855.3101 242.858 3.52 0.000 377.8467 1332.773
hourspw 113.2123 45.44868 2.49 0.013 23.8594 202.5653

margin 50.11734 29.46866 1.70 0.090 -7.818595 108.0533
_cons 510.3715 1198.688 0.43 0.671 -1846.271 2867.014



MeTon nocrnenoBaTesibHOro BKNOYeHUs nepemMeHHbIX

stepwise, pe(0.1): reg start ssize inv2 inv1 hourspw hoursw naux npart nfull nown
margin
begin with empty model
p =0.0000 < 0.1000 adding margin
p =0.0111 < 0.1000 adding hourspw
p =0.0211 < 0.1000 adding npart
p =0.0437 < 0.1000 adding nown

Source | SS df MS Number of obs = 400
------------- Fmmmmmm e e F( 4, 395)= 34.54
Model | 18277.8738 4 4569.46846 Prob>F = 0.0000
Residual | 52259.5368 395 132.302625 R-squared = 0.2591
------------- F oo eeee Adj R-squared = 0.2516
Total | 70537.4106 399 176.78549 Root MSE = 11.502

start| Coef. Std. Err. P>|t|] [95% Conf. Interval]
............. T —
margin | 1.076729 .1178685 9.13 0.000 .8450005 1.308457
hourspw | .2493196 .0830748 3.00 0.003 .0859955 .4126437
npart | 2.035627 .8341378 2.44 0.015 .395722 3.675532
nown | -1.842024 .9102377 -2.02 0.044 -3.63154 -.0525076
_cons | -4.488794 4.443053 -1.01 0.313 -13.22378 4.246195
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Teopema 0 “KOpHe U3 r”

NycTb oueHeHbl KO3 punumeHTbI perpeccumn

Y=, + B, X+...+0,X, +¢

Te. Y=A+PX +. 48X,

Ecnu anga r oueHoK KoadhpuumneHTOB NPU HENOCTOSIHHbLIX (hakTopax
BbIMONHSAETCS ycrnoBue |z | < ~/r ,TO NpuypaneHuu

COOTBEeTCTBYHOLMX (pakTOpoB X Ka4eCTBO NOArOHKU perpeccuu

MOXeT YBeJIM4YUTLCA, T.€. NPU yAaarneHnmn 3Ton rpynnbl pakTopoB R?,

MOXeT YBeJINYUNTbLCHAL.

3ameyaHue 1. YcnoBue ssBnsieTcsd HeooxoaAuMbIM, HO He
AOCTAaTOYHbIM, T.€. NPU yAaneHnn COOTBETCTBYHOLEN rpynnbl

cbakTOopoB RZ,;; MOXET He yBenmMuuThLCHI.

J
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Teopema 0 “KOpHe U3 r”

3ameyaHue 2. Ecnur =1, To ycnoBue ABNSIeTCA He TOSNbKO
HeoO6XoAUMbIM, HO U AOCTaTO4YHbIM, T.€. MPU yaarneHun ogHoro
cpakTopa c t — cTaTUCTMKON, MeHbLe 1 (No moaynio) R?,

YBEJINYUNTCH.
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Y=06+BX,+...+ X, +¢&,

H,:B,=...=8 =0,

~ (RSS,—RSS,;)/r
RSS,,/(n—k) ~

R RSS R R
O-IZJR = - 012 — SSR

F

n—k’ % n—(k-r)’
n2 . . A . n2
F:(O-R(n (k r)/)\z O-UR(n k))/l/‘ — iR (a+1)—a,
Our Our

n2
n-k o, a+F
a= R =
A2
r oy, a+l
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w2 RSSI(n-k)_ on

“ 7SS/ (n—1) 7SS/ (n—-1)’
TSS

Ea

AD 2 . . . .
o and R, move in the opposite direction.

6" = (I_Rjdj)

A2 A2 2
F>lo o, >0, =R, U,

n2 A2 2
F<loo, <oy, =R, U .



r=1, F=t,
= if t—ratio for any explanatory variable is less than 1,

dropping this variable will increase chz/‘;

The relation between t and F ratio :

Rule:If F(r)<c= ‘t‘ <Jre (Maddala, p.164—-166).
c=1=f F(r)<1=<r.

Necessary condition for F' <1 (Rjdj ) ‘t‘ <Ar.

This condition is not sufficient :

M< r not = F(r)<1.
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Example.Y = B + B, X, +...+ X, +&,
1=12,1.5,1.6,2.3,2.7,

r=1,-,

r=2,N2~141,-,
r=3,43~1.71,t=12,1.51.6<1.71,
r=4,\4=2,-,

r=5,/5~2236, -,
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NMpumep 2

B cdanne data 6.6 cogepxartca gaHHble 06 apeHae Xunbsa U3 6assl HOBYC o
MEeCAYHOW apeHAHOM nnaTe 3a XUnbe.

NMepemMeHHble:

a003pt — TN HaceneHHoro nyHkKTa (1 — ropog ¢ YMCNeHHoCTLIO 6onee 1 MmnH.ven, ..., 8
— ceno),

r203 — mecsiuHaa apeHAHas nnara 3a Xunbe, ecyiu CHUMaTh,

r204 — ron NOCTPONKM XKUSbA,

r205 — matepunan, u3 KOToporo noCTpoeHbl BHELWWHME CTeHbl Xunba (1- KNpnuy, 2 —
OeTOHHble naHenu, 3- KaMeHb, 4 — oepeBo, 5 — Apyron martepuan),

r206 — aTaXXHOCTb 34aHuA,

r207 — Hann4yne nuddta B AOome,

r208mo01 — o6wasa nnowaab Xunuiwia B M2,

r208mo02 — xunas nnowaab Xunuiwa B M2,

r209 — Hann4yune anekTpnyecTsa B A/X,

r210 — Tun otonneHus B aome (1 — KONNEeKTUBHOE LUeHTpanbHOe oTonfneHue, 2 -
UWHAMBUAYyarbHOe OTONsieHue rasom, 3 - uUHOMBMAyarbHoOe OoTonsfieHne apoBamu, 4 —
Apyroe),

r211- otkyaa 6epetcs Boga (1 — BogonpoBoa B KBapTupe, 2 — Kkonoagew Bo asope, 3 —
obLecTBeHHasA KONMOHKa, 4 — obwecTBeHHbIU Konoaeud, 5 — ns sogoema, 6 — Boaa
npuBo3Has, 7 — gpyroe),
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NMpumep 2

r212m1- Hann4yue kaHanusauum (1 — paa, 2 — HeT),

r212mz2 - Hann4ue ropsiuero BogocHabxeHus (1 — ga, 2 — HeT),
r212ma3 - Hanu4yue caHysna BHyTpu nomellueHusn (1 — ga, 2 — HeT),
r212m4 - Hann4yue BaHHbI, ayweBon (1 — aa, 2 — HeT),

r212m5 - Hann4me rasa (1 — ga, 2 — Her),

r212m6 - Hanun4yme anektponnutbl (1 — aa, 2 — HeT),

r212m7 - Hann4yue tenecoHa (1 — aa, 2 — Her).
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reg r203 r204 r205 r206 r207 r208m01 r208m02 r209 r210 r211 r212m1 r212m2 r212m3

r212m4 r212ms5 r212me6 r212m7

Adj R-squared = 0.2860

[95% Conf. Interval]
............. L T ———

r203 |

r204 |
r205 |
r206 |
r207 |
r208mo1 |
r208mo2 |
r209 |
r210 |
r211 |
r212m1 |
r212ma2 |
r212ma3 |
r212m4 |
r212ms |
r212me |
r212m7 |
_cons |

Coef.

4397018
-30.98764
202.0962
3.509889
1.490023
7.332909
5.080075
21.17051
-30.15348
-123.8872
-242.4452
254.495
-371.7929
104.5059
-380.7715
-2.487258
827.4628

Std. Err.  t P>|t|
1328318 3.31 0.001
11.19581 -2.77 0.006
6.181453 32.69 0.000
2.505189 1.40 >0.161
6665292 2.24 0.025
1.073681 _6.83 0.000
13.77277__ 0.37 0.712

~

—
—_—— =

13.04943 1 .62:)0.1 05

12.42321 ~~-2.43

31.91985
36.87398
49.92503
56.52312
32.15591
39.61693

0.015
0.000
0.000
0.000
0.000
0.001
0.000

-3.88
-6.57
5.10
-6.58
3.25

e ————

1.450154_-1.72°>0.086

252.4822

—_—_——

3.28 0.001

1793253
-52.93364
189.9794
-1.400775
1834942
5.228282
-21.91728
-4.408944
-54.50542
-186.4564
-314.7255
156.6321
-482.5894
41.47394
-458.4284
-5.329846
332.548

.7000784
-9.041638
214.2131
8.420554
2.796551
9.437536
32.07743
46.74996
-5.801542
-61.31798
-170.165
352.3579
-260.9965
167.5378
-303.1145
355329
1322.378
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r=4

reg r203 r204 r205 r206 r208m01 r208mo02 r211 r212m1 r212m2 r212m3 r212m4
r212ms r212m6

Adj R-squared = 0.2833

r203| Coef. Std. Err. t P>|t] [95% Conf. Interval]
............. S ——
r204| .466184 .1128818 4.13 0.000 .2449134 .6874545
r205| -25.08236 10.94542 -2.29 0.022 -46.53754 -3.62718
r206 | 196.7912 5.54161 35.51 0.000 185.9286 207.6539
r208mo01 | 1.667629 .6405464 2.60 0.009 .4120321 2.923226
r208mo02 | 7.087622 1.054299 6.72 0.000 5.020988 9.154256
r211 | -8.784775 4.749058 -1.85 0.064 -18.09386 .5243118
r212m1 | -96.20204 28.61918 -3.36 0.001 -152.3013 -40.10282
r212m2 | -267.7058 30.72414 -8.71 0.000 -327.9311 -207.4804
r212m3 | 277.6937 48.62443 5.71 0.000 182.3802 373.0071
r212m4 | -408.502 53.80688 -7.59 0.000 -513.9741 -303.03
r212m5| 105.3527 31.96179 3.30 0.001 42.70127 168.0041
r212mé | -376.0485 39.35726 -9.55 0.000 -453.1964 -298.9005
_cons | 799.5115 215.8768 3.70 0.000 376.3505 1222.672
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r=1

reg r203 r204 r205 r206 r207 r208m01 r208m02 r210 r211 r212m1 r212m2

r212m3 r212m4 r212m5 r212m6 r212m7

= 0.2861

[95% Conf. Interval]
............. S S S S S

r203 |

r204 |
r205 |
r206 |
r207 |
r208mo1 |
r208mo2 |
r210 |
r211 |
r212m1 |
r212maz2 |
r212ma3 |
r212m4 |
r212ms |
r212me |
r212m7 |
_cons |

Coef.

4392003
-30.34527
202.8326
3.676723
1.472691
7.358593
22.04013
-30.87586
-126.31
-237.8919
258.233
-375.8064
104.3208
-379.0669
-2.522396
823.0116

Std. Err.

1316196
11.10232
5.845733
2.440634
.6652407
1.072067
12.8414
12.26581
31.2354
33.00972
49.00863
55.07122
32.14783
39.40656
1.437339
250.8121

3.28 0.001

1811999
-52.10801
191.3738
-1.107401
1686886
5.25713
-3.131529
-54.91926
-187.5375
-302.5975
162.1664
-483.7569
41.30472
-456.3115
-5.339864
331.3705

Adj R-squared

.6972007
-8.582533
214.2914
8.460847
2.776694
9.460056
47.2118
-6.832462
-65.08247
-173.1864
354.2995
-267.856
167.3369
-301.8223
.2950725
1314.653
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stepwise, pr(0.05): reg r203 r204 r205 r206 r207 r208m01 r208m02 r209 r210 r211
r212m1 r212m2 r212m3 r212m4 r212mS5 r212mé6 r212m7

begin with full model
p=0.7122 >= 0.0500 removing r209
p =0.1288 >= 0.0500 removing r207
p = 0.2593 >= 0.0500 removing r212m7 Adj R-squared =
0.2859

r203| Coef. Std. Err. t P>t [95% Conf. Interval]
............. S ——
r204| .410805 .1286401 3.19 0.001 .1586451 .6629649
r205| -28.0391 10.99239 -2.55 0.011 -49.58634 -6.491858
r206 | 204.1189 5.790608 35.25 0.000 192.7682 215.4696
r212mé | -382.0085 39.37463 -9.70 0.000 -459.1905 -304.8265
r208mo01 | 1.529256 .6433419 2.38 0.017 .2681792 2.790333
r208mo02 | 7.338344 1.05609 6.95 0.000 5.268199 9.408489
r212ms5| 99.87517 31.98271 3.12 0.002 37.18276 162.5676
r210 | 24.66382 12.52983 1.97 0.049 .1028884 49.22476
r211 | -31.32608 12.2433 -2.56 0.011 -55.32534 -7.326805
r212m1| -124.602 31.17879 -4.00 0.000 -185.7185 -63.48541
r212m2 | -232.177 33.21961 -6.99 0.000 -297.294 -167.06
r212m3| 259.1024 49.00936 5.29 0.000 163.0344 355.1704
r212m4 | -381.0481 54.99462 -6.93 0.000 -488.8484 -273.2478
_cons | 872.6439 245.0481 3.56 0.000 392.3015 1352.986
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stepwise, pe(0.05): reg r203 r206 r212m2 r208m02 r212m6 r212m4 r205 r212m5 r212m3

r212m1 r204 r208mo01

begin with empty model

p =0.0000 < 0.0500 adding

r206

[95% Conf. Interval]

p =0.0000 < 0.0500 adding r212m2
p =0.0000 < 0.0500 adding r208m02
p =0.0000 < 0.0500 adding r212mé6
p = 0.0000 < 0.0500 adding r204
p = 0.0000 < 0.0500 adding r205
p =0.0000 < 0.0500 adding r212m4
p =0.0000 < 0.0500 adding r212m3
p =0.0020 < 0.0500 adding r212m1
p =0.0010 < 0.0500 adding r212m5
p =0.0185< 0.0500 adding r208m01
0.2831
r203| Coef. Std. Err. t P>|t|
r206 | 197.3864 5.532918 35.67 0.000 186.5408
r212m2 | -268.8213 30.72187 -8.75 0.000 -329.0422
r208m02 | 7.303287 1.047957 6.97 0.000 5.249085
r212mé6 | -376.2769 39.36173 -9.56 0.000 -453.4336
r204 | .542568 .1050704 5.16 0.000 .3366094
r205| -25.92254 10.93729 -2.37 0.018 -47.36178
r212m4 | -408.7439 53.81311 -7.60 0.000 -514.2282
r212m3| 267.5707 48.32123 5.54 0.000 172.8516
r212m1| -90.83817 28.47528 -3.19 0.001 -146.6553
r212m5| 104.7584 31.96397 3.28 0.001 42.10273
r208mo01 | 1.492547 .6335902 2.36 0.019 .2505861
_cons | 646.5848 199.4431 3.24 0.001 255.6373

208.232
-208.6004
9.35749
-299.1202

.7485266

-4.483294
-303.2596
362.2898
-35.02102
167.4141
2.734509
1037.532

Adj R-squared =
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RESET - regression specification error test.

RESET - tect Pamces oTBe4yaeT Ha BONpocC, Haao nu
BKMIOYaTb B Perpeccuto cteneHn HesaBUCUMBbIX

nepeMeHHbIX.
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RESET - TecTt Pamces

Y=0,+0X +.+6X +u (¥

H, : cneundpukaumna mogenu (*) asnsaertca npaBuUbHOU

H,: cneundmkauna mogenu (*) aABnseTcsa HenpaBUNbHOM,
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NMpumep

NMpoBepneHne RESET - tecta Pamces

1) OueHuBaemM kKoadppnumeHTbl PyHKUUUN perpeccum (¥)
Yf=/%-+/233-F~~+Zl)ﬂw

2) CoxpaHsiem cTonbel oUueHeHHbIX 3Ha4YeHUn Y

3) OueHuBaem KoacpdpUUMeHTbI BCNOMOraTtenbLHOn perpeccumu

Y=B+BX +.+B8X +a,V’ +. . .+a ¥Y"+¢&
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MeTon nocnenoBaTesribHOrO UCKIMOYEeHUNA nepemMeHHbLIX

4) Torga npoBepkKa rmnoTe3sbl 0 NpaBUiibHON cneundukauum
paBHOCUIIbHA NPOBeEpPKe rmnoTesbl

H: oa,=..=a,=0
H: 1 «a #0,i=2,..,m

5) Bbluucnsem 3HayeHUe TeCTOBOU CTaTUCTUKU
o (RSS, —RSSy,)/(m~1)
RSS,, /(n—(k+14+m—1))

6)Ecrm > F (m—1n—(k+m))

To runorte3a H, oTBepraeTcs.
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NMpumep

reg earnings age educ sex

Source | SS df MS Number of obs = 4893
------------- g et F( 3, 4889) = 168.49
Model | 1.8575e+10 3 6.1918e+09 Prob>F = 0.0000
Residual | 1.7966e+11 4889 36747469.4 R-squared = 0.0937
------------- Fommmmmmmemm e Adj R-squared = 0.0931
Total | 1.9823e+11 4892 40522005.4 Root MSE = 6062

earnings| Coef. Std. Err. t P>|t| [95% Conf. Interval]
............. -
age | -14.84304 7.18472 -2.07 0.039 -28.92832 -.7577593
educ | 388.4089 25.7661 15.07 0.000 337.8958 438.9221
sex | -3307.229 176.4169 -18.75 0.000 -3653.085 -2961.372
_cons | 5645.355 551.2111 10.24 0.000 4564.733 6725.976
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NMpumep

ovtest

Ramsey RESET test using powers of the fitted
values of earnings
Ho: model has no omitted variables
F(3,4886)= 4.90
Prob>F=  0.0021
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NMpumep

reg earnings age agesq educ sex
Source SS df MS Number of obs = 4893
F( 4, 4888) = 138.61
Model 2.0195e+10 4 5.0487e+09 Prob >F = 0.0000
Residual 1.7804e+11 4888 36423634.2 R-squared = 0.1019
Adj R-squared = 0.1011
Total 1.9823e+11 4892 40522005.4 Root MSE = 6035.2
earnings Coef. Std. Err. P>t [95% Contf. Interval]
age 272.1451 43.62763 6.24 0.000 186.6153 357.6748
agesq -3.501215 .5250484 -6.67 0.000 -4.530546 -2.471884
educ 376.8115 25.7112 14.66 0.000 326.406 427.217
sex -3343.731 175.7231 -19.0 0.000 -3688.228 -2999.235

_cons 542.6265 941.6523 0.58 0.564 -1303.435 2388.688



