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KOPOTKAA UM OAJNTMHHAA PETPECCUA
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KOPOTKAA UM OAJNTMHHAA PETPECCUA
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F TESTS OF GOODNESS OF FIT

reg S ASVABC SM SF

Number of obs
gl L 566)
Prob > F
R-squared

Adj R-squared
Root MSE

570
110.83
0.0000
0.3700
0.3667
= 1.9607

Source | SS df MS
_________ +______________________________
Model | 1278.24153 3 426.080508
Residual | 2176.00584 566 3.84453329
_________ +______________________________
Total | 3454.24737 569 6.07073351
S Coef Std. Err t
ASVABC .1295006 .0099544 13.009
SM .069403 .0422974 1.641
SF .1102684 .0311948 Seth35
cons 4.914654 .5063527 9.706

.1099486
-.013676
.0489967
3.920094

.1490527

.152482
.1715401
5.909214

Perpeccop SM uckntovatb He crniegyer



BRIOOp ITepeMeHHEIX MHOXK eCTBeHHOH perpeccHH

OIeHKa 3HaMMMOCTH BKIIFOYaeMON IIepeMeHHON

SHAYHMOCTE BKITHOUAEMOH ITe peMEeHHOH H3MepaAeTCcd I-
CTAaTHCTHKOH COOTBETCTBVIOIIET O KO3 pHIlHeHTA

DKBHPAIIEHTHEIH METO/ - HCIIONE20RAHHE £ -KpPHTCPH A

VIp aiene  RAEecmea  PEGSHIHUR

F=
HeofvacHorman CPMME FEQOPAROE ORFNOHSHUL [ OCMASIIgeci WIeno crengrell ceofodil

~ (RSS,—RSS_)/1  (RSS,—RSS, )/
 RSS_ /(n—(k+1)-1) RSS, /(n—k-2)

OKBHBAIEHTHOCTH IIPEIIONAraeT ABYXCTOPOHHIO
AL TEPHATHRY A FKPHTEPHA




BRIOOp ITepeMeHHEIX MHOXK eCTBeHHOH perpeccHH

HeTeipe KpUTEepU4 I BKIFOUESHUA [TEPEMEHHOU

1. Ponb mepeMeHHOU B ypaBHEHUM OIIHUPAaSTCd Ha
[IPOYHbIE TEOPETUYECKNE OCHOBAHNY

2. Brpicokiie sHaueHHUd {-CTATHCTHKH

3. HcmpapneHHBIN KOADOUITHEHT AeTe PMUHAITIH
PacTeT IIPU BKIHOUEHNUN ITePeMeHHON

4. Ipyrue xo3phUIeH T UCITBLITBIBAIOT
SHAYUTEILHOE CMEIIeHUE ITPU BKIIFOYEHWH HOBOH
TepPEeMEHHOU




BRIOOp ITepeMeHHEIX MHOXK eCTBeHHOH perpeccHH

IlociaeacTeHA HEBKIIOUSHUS B
VPAaBHEHHE CVINECTBSCHHOM ITEPEMEHHOH

Jmg xpaTkocTu OyeM Ha3bIBaTh ITEPEMEHHYIO
CYIIIECTBEHHOM, €CIM OHa JOKHa OBITH BKIFOUEHA
B YpaBHEHME (COTJIACHO ITPaBIILHON TEOPHH )

Bymem ropopuTh Takke 00 UCKITIOUSHIHI
MIepeMeHHON U3 IMPaBIIbHO CITeITAMUITHPOBaHHOT O
VPaBHEHUS PErPECCUI




BRIOOp ITepeMeHHEIX MHOXK eCTBeHHOH perpeccHH

I locneacTeug HEBKIIIOYEHHS B VPABHEHHE
CYILIECTBEHHOH ITEPEMEHHOH

1. YMeHbIIaeTCad BO3MOKHOCTD IIPAaBUIBHON
OII€HKHU 1 MHTEPIIPETALINN YPaBHEHNUY

2. KoacbpUITeHTRI IPH OCTABIIHX CA TIEPEMEHHBIX
MOTYT OKa3aThCd CMEITEHHBIMU

3. Ix cTaHmapTHBIE OIMMOKH, /-CTaTUCTUKU 1
OpyTHe ToKa3aTeld KaueCTBa CTAHOBATCH
HEeKOPPEeKTHBIMU 1 HE MOT'YT OBIThH HCITONE30BaHbI
TS CYSKIEHNS O KaUeCTBE YPapHEHNS




OTCYTCTBHE CYIIECTBEHHOH ITEPEMEHHOH
MexaHH3M pas3pyILNEeHHS OLIEHOK

)"':_- = + ﬁlﬁru T /8 E‘XTEE T U,

Ecnu pTOpas oOLACHIIOINAA NepeMeHHasd OTCYTCTIEYET, TO

Y. =a+ X, +u

H+ — f (ﬁryz T E)

Ecnon 00bACHSIONIHE MepeMeHHbIE KOPPEIHPOR AHbI, TO
HapYIIaeTCs ¥ CJI0BHe HeKOPPeIHPORaHHOCTH CIIyHaiHOT O
yeHa H 00bACHAION]HX IepeMeHHbIX




NMPOMYCK CYLLUECTBEHHbIX NEPEMEHHbIX

GeneratedDataProcess y = Xp+Zy+¢& X=(X,....X,); Z=(Z,,,.....Z,,,)

o[ o] o [ T 5

y=Xp+& f=(XX) Xy
3B+ (XX) " XZy + (XX) X,

i X N A IR T

Onenka MHK cmemennas (kpome ciydas ¥ = 0 win X'Z = 0)

X’Zz():{ﬁz} {er '0} {X:}y: (X'X)" X'y :m
¥ 0 77 Z (Z'Z)_l 7'y ¥



NMPOMYCK CYLLECTBEHHbIX NEPEMEHHbIX

GeneratedDataProcess y =Xp+Zy+g X=(X,....X,); Z=(Z,,,....Z,,,)

y=Xp+e B=(XX)'Xy; M=I-X(XX)' X

RSS =e'e =(My) (My)=y'My = (Xp+Zy+£) M(XP+Zy +¢) =
=¢g'Meg+2y'Z'Me +y'Z'MZy

E(:fi) (?) ” ,

T.K. Z'MZ cuMMeTprudIHa = TOJIOKHUTEIIBHO ONpe/eicHa

(41

—_——

naxkeBcemyuae X'Z=0=>MZ=Z =E|c’ |=0" +
( y4

YZ'Zy > o)
e

O . CMCIICHA —> MHOT'MC TCCThl HCKOPPCKTHEI



NMPOMYCK CYLLECTBEHHbIX NEPEMEHHbIX

GeneratedDataProcess y =Xp+Zy+s; X=(X,,....X,); Z=(Z,,.....Z,,,)

S* 5 ﬁ* E X,X X’Z b X .
T e 77X 7'7 7 y.
v
Ax ' = XX X7 %
Varo :UZ|:(XZ) (XZ):| :(72|: ’ ; il =O'2|:QH le}
ZX 717 Q21 Q22

-1

Var =0°Q,, =0’ (X'X-X'Z(2'2)" ZX]

y=Xp+g B=(XX) Xy; Varp=o?(XX)"

Var'B-Var'f = %X'Z(Z’Z)_l Z'X>0,
o)

B CMBICJIE TIOJIOKUTEILHON onpeesieHHOCTH = Varfy > Varf



NMPOMYCK CYLLECTBEHHbIX NEPEMEHHbIX

GeneratedDataProcess y=a +x0+zy +&;
3* _ Cov(XY)Var(Z2)-Cov(Z,Y)Cov(X,Z)
Var(X)Var(Z) -[Cov(X,2)]

o’ 1

aVar(X) 1-r7,

BIS,= Nar e =

y=a+xf8; f= C\(;Zfé?

2
COV(X,Z); e T o
Var(X) nVar(X)

E(p)=f+y



NMPOMYCK CYWWECTBEHHbIX MEPEMEHHbIX
Y=p0+0,X,+05:,X;+tu
Y=b+bX,

Cov(X,,X;)
Var(X))

E(bz)=ﬂz +ﬂ3

oY

effect of X;

.
.
.,
.

.
.
.
.
\J
.
.
.
.

direct effect of
X,, holding X, /-
constant \

apparent effect of X,
acting as a mimic for X,

The ability of X, to mimic X; is determined by the slope coefficient obtained when X; is
regressed on X,, which of course is Cov(X,, X;)/Var(X,).



NMPOMYCK CYWWECTBEHHbIX MEPEMEHHbIX
Y=p0+0,X,+05:,X;+tu

Y=b+bX,

Pl Cov(X,,Y) Cov(X,,|B, +5,X, + X, +u])
e Var(X,) % Var(X),)

We will now derive the expression for the bias mathematically. Since we are mistakenly
fitting a simple regression model, the slope coefficient is calculated as Cov(X,, Y)/Var(X,).
The first step is to substitute for Y from the true model..



MPOMYCK CYLUECTBEHHbIX NEPEMEHHbIX

Y=p0+0,X,+05:,X;+tu

aN

Y=b+bX,
Pl Cov(X,,Y) s Cov(X,,[6,+ 5,X, + 5, X; +u])
d Var(X,) Var(X),)
_ Cov(X,,B)+Cov(X,,,X,)+Cov(X,, B,X;)+Cov(X,,u)
Var(X),)

We use Covariance Rule 1 to decompose the numerator.



MPOMYCK CYLUECTBEHHbIX NEPEMEHHbIX

Y=p0+0,X,+05:,X;+tu

Y=b+bX,
b, = Cov(X,,Y) s Cov(X,,[6, + £, X, + 5, X; +u))
Var(X,) Var(X,)
_ Cov(X,,B)+Cov(X,,,X,)+Cov(X,, B,X;)+Cov(X,,u)
Var(X),)
_ 0+ B,Cov(X,,X,)+ B,Cov(X,,X;)+Cov(X,,u)
Var(X,)

The first term is 0 because [, is a constant. 3, and £, can be taken out of the second and
third terms.



MPOMYCK CYLUECTBEHHbIX NEPEMEHHbIX

Y=p0+0,X,+05:,X;+tu

Y=b+bX,
Pl Cov(X,,Y) s Cov(X,,[6,+ 5,X, + 5, X; +u])
d Var(X,) Var(X,)
_ Cov(X,,B)+Cov(X,,,X,)+Cov(X,, B,X;)+Cov(X,,u)
Var(X),)
_ 0+ B,Cov(X,,X,)+ B,Cov(X,,X;)+Cov(X,,u)
Var(X,)
Cov(X,, X Cov(X,,u
=ﬂ2+ﬂ3 ( y: 3)+ ( 2 )

Var(X),) Var(X),)

Hence we have demonstrated that b, has three components.



OTCYTCTBHE CYIIECTBEHHOH ITepeMeHHOH

OLgHKa cMeleHHUI KoaddHIeHTa

Cm”(xl: xz)
Var(x,)

h=p+p,

F OQuinbxagvibopku

HanpapneHHe cMellleHH 3ABHCHT OT 3HAKA HCTHHHOTO
sHa4YeHHs KoapdHIHeHTa IPH OTCYTCIRYIOMEH MepeMeHHOH
H BbID OPOYHOH KOBApHAI[HH MepeMeHHBIX




MPOMYCK CYLUECTBEHHbIX NEPEMEHHbIX

Y=06,+06,X,+0,X,+u

Y =b +b,X,
b =COV(X2’Y)=,B o Cov(X,,X;) , Cov(X,,u)
7 Var(X,) > : Var(X,) Var(X),)

E®b,)= E{ﬁz + B, COV(XZ,X3)+ Cov(Xz,u)}

Var(X),) Var(X),)



MPOMYCK CYLUECTBEHHbIX NEPEMEHHbIX

Y=06,+06,X,+0,X,+u

Y =b +b,X,
b =COV(X2’Y)=,B o Cov(X,,X;) , Cov(X,,u)
7 Var(X,) > : Var(X,) Var(X),)

E®b,)= E{,Bz + B, COV(XZ,X3)+ Cov(Xz,u)}

Var(X),) Var(X),)

COV(XZ,X3)}+ 7 {COV(XZ,u)}

— E(ﬂ2)+E{ﬂ3 Var(Xz) Val‘(XZ)



MPOMYCK CYLUECTBEHHbIX NEPEMEHHbIX

Y=06,+06,X,+0,X,+u

E=b, +b,X,
b =COV(X2’Y)=,B o Cov(X,,X;) , Cov(X,,u)
7 Var(X,) > : Var(X,) Var(X),)

E®b,)= E{,Bz + B, COV(XZ,X3)+ Cov(Xz,u)}

Var(X),) Var(X),)

- Cov(X,,X;) Cov(X,,u)
=20k E{'B3 Var(X),) }+ E{ Var(X),) }
Cov(X,,X;)

Al Var(X),)



NMPOMYCK CYWWECTBEHHbIX MEPEMEHHbIX
Y=p0+0,X,+05:,X;+tu

Y=b+bX,

Cov(X,,X;)
Var(X))

E(bz)=ﬂz +ﬂ3

oY

effect of X;

.
.
.,
.

.
.
.
.
\J
.
.
.
.

direct effect of
X,, holding X, /-
constant \

apparent effect of X,
acting as a mimic for X,

The ability of X, to mimic X; is determined by the slope coefficient obtained when X; is
regressed on X,, which of course is Cov(X,, X;)/Var(X,).



BRIOOp ITepeMeHHEIX MHOXK eCTBeHHOH perpeccHH

I locneacTeug HEBKIIIOYEHHS B VPABHEHHE
CYILIECTBEHHOH ITEPEMEHHOH

1. YMeHbIIaeTCad BO3MOKHOCTD IIPAaBUIBHON
OII€HKHU 1 MHTEPIIPETALINN YPaBHEHNUY

2. KoacbpUITeHTRI IPH OCTABIIHX CA TIEPEMEHHBIX
MOTYT OKa3aThCd CMEITEHHBIMU

3. Ix cTaHmapTHBIE OIMMOKH, /-CTaTUCTUKU 1
OpyTHe ToKa3aTeld KaueCTBa CTAHOBATCH
HEeKOPPEeKTHBIMU 1 HE MOT'YT OBIThH HCITONE30BaHbI
TS CYSKIEHNS O KaUeCTBE YPapHEHNS




MPOMYCK CYLUECTBEHHbIX NEPEMEHHbIX

reg S ASVABC SM

Source | SS df MS Number of obs = 570
————————— Fmm e D 567) = 156.81
Model | 1230.2039 2 615.101949 Prob > F = 0.0000
Residual | 2224.04347 567 3.92247526 R-squared = 0.3561
————————— e L e e i Adj R-squared = 0.3539
Total | 3454.24737 569 6.07073351 Root MSE = 1.9805
S Coef Std. Err t P>|t] [95% Conf. Interval]
_________ +____________________________________________________________________
ASVARBRC | .1381062 .0097494 14.166 0.000 .1189567 .1572556
SM | .154783 .0350728 4.413 0.000 .0858946 .2236715

cons | 4.791277 .5102431 9.390 0.000 3.78908 5.793475



MPOMYCK CYLUECTBEHHbIX NEPEMEHHbIX

reg S ASVABC SM

Source | SS df MS Number of obs = 570
————————— Fmm e g 567) = 156.81
Model | 1230.2039 2 615.101949 Prob > F = 0.0000
Residual | 2224.04347 567 3.92247526 R-squared = 0.3561
————————— e L e e i Adj R-squared = 0.3539
Total | 3454.24737 569 6.07073351 Root MSE = 1.9805
S Coef Std. Err t P>|t] [95% Conf. Interval]
_________ +____________________________________________________________________
ASVARBRC | .1381062 .0097494 14.166 0.000 .1189567 .1572556
SM | .154783 .0350728 4.413 0.000 .0858946 .2236715

cons | 4.791277 .5102431 9.390 0.000 3.78908 5.793475

S=p0,+B,ASVABC + B,.SM +u

Cov(ASVABC,SM)
Var(ASVABC)

E(b2)=ﬂ2 +ﬂ3



OTCYTCTBHE CYIIECTBEHHOH ITepeMeHHOH

HarmpapiaeHue cMenieHud Koo

- Korapualus olfeHHRaeTCs M0 BLID OpKe
- 3Hak ko3¢ dHITHEHTa OTCYTCTEYIOMIEH MepeMeHHOH
IpeAnoaaraeTcs H3 TeOPHH




MPOMYCK CYLUECTBEHHbIX NEPEMEHHbIX

reg S ASVABC SM

Source | SS df MS Number of obs = 570
————————— Fmm e g 567) = 156.81
Model | 1230.2039 2 615.101949 Prob > F = 0.0000
Residual | 2224.04347 567 3.92247526 R-squared = 0.3561
————————— e L e e i Adj R-squared = 0.3539
Total | 3454.24737 569 6.07073351 Root MSE = 1.9805
S Coef Std. Err t P>|t] [95% Conf. Interval]
_________ +____________________________________________________________________
ASVARBRC | .1381062 .0097494 14.166 0.000 .1189567 .1572556
SM | .154783 .0350728 4.413 0.000 .0858946 .2236715

cons | 4.791277 .5102431 9.390 0.000 3.78908 5.793475

S=p0,+B,ASVABC + B,.SM +u

Cov(ASVABC,SM)
Var(ASVABC)

E(b2)=ﬂ2 +ﬂ3



MPOMYCK CYLUECTBEHHbIX NEPEMEHHbIX

reg S ASVABC SM
cor SM ASVABC

Source | SS df MS (obs=570)
_________ +______________________________

Model | 1230.2039 2 615.101949 | SM ASVABC
Residual | 2224.04347 567 3.92247526 9= ——————-- e e
————————— e SM| 1.0000

Total | 3454.24737 569 6.07073351 ASVARC | 0.3819 1.0000

S Coef. Std. Err. t P>|t] [95% Conf. Interval]
_________ +____________________________________________________________________
ASVARBRC | .1381062 .0097494 14.166 0.000 .1189567 .1572556
SM | .154783 .0350728 4.413 0.000 .0858946 .2236715

cons | 4.791277 .5102431 9.390 0.000 3.78908 5.793475

S=p0,+B,ASVABC + B,.SM +u

Cov(ASVABC,SM)
Var(ASVABC)

E(b2)=ﬂ2 +ﬂ3



MPOMYCK CYLUECTBEHHbIX NEPEMEHHbIX

reg S ASVABC

Source | SS df MS Number of obs = 570
————————— Fmm e D 568) = 284.89
Model | 1153.80864 1 1153.80864 Prob > F = 0.0000
Residual | 2300.43873 568 4.05006818 R-squared = 0.3340
————————— e S - el R L e i Adj R-squared = 0.3329
Total | 3454.24737 569 6.07073351 Root MSE = 2.0125
S Coef. Std. Err. t P>|t] [95% Conf. Interval]
_________ +____________________________________________________________________
ASVARBRC | .1545378 .0091559 16.879 0.000 .1365543 .1725213
cons | 5.770845 .4668473 12.361 0.000 4.853888 6.687803



MPOMYCK CYLUECTBEHHbIX NEPEMEHHbIX

reg S ASVABC SM

S| Coef. StdieEra, t P>|t] [95% Conf. Interval]
_________ +____________________________________________________________________
ASVARC | .1381062 .0097494 14.166 0.000 .1189567 .1572556
SM | .154783 .0350728 4.413 0.000 .0858946 .2236715
_cons | 4.791277 .5102431 9.390 0.000 3.78908 5.793475
reg S ASVABC
S 4 Coef. S€d=-. Exx: t P>|t| [95% Conf. Interval]
_________ +____________________________________________________________________
ASVARBRC | .1545378 .0091559 16.879 0.000 .1365543 .1725213
cons | 5.770845 .4668473 12.361 0.000 4.853888 6.687803



MPOMYCK CYLUECTBEHHbIX NEPEMEHHbIX

reg S SM
Source | SS df MS Number of obs = 570
————————— B e e g L 568) = 83.59
Model | 443.110436 1 443.110436 Prob > F = 0.0000
Residual | 3011.13693 568 5.30129742 R-squared = 0.1283
————————— e i e e e e = Ad]j R-squared = 0.1267
Total | 3454.24737 569 6.07073351 Root MSE = 2.3025
S Coef. Std. Err. t P>|t] [95% Conf. Interval]
_________ +____________________________________________________________________
SM | .3445198 .0376833 9.142 0.000 .2705041 .4185354
cons | 9.506491 .4495754 21.145 0.000 8.623458 10.38952

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

Cov(ASVABC,SM)
Var(SM)

E(b3)=ﬂ3 +ﬂ2



MPOMYCK CYLUECTBEHHbIX NEPEMEHHbIX

reg S ASVABC SM

.0097494
.0350728
.5102431

[95% Conf. Interval]

.1189567 .1572556
.0858946 .2236715
3.78908 5.793475

S Coef
ASVABC .1381062
SM .154783
_cons 4.791277
reg S SM
S Coef
SM .3445198
_cons 9.506491

.0376833
.4495754

[95% Conf. Interval]

.2705041
8.623458

.4185354
10.38952

. corr ASVABC SM,cov
(obs=570)

| ASVABC SM

e

ASVABC | 78.654

SM| 7.48179 6.52508



MPOMYCK CYLUECTBEHHbIX NEPEMEHHbIX

reg S ASVABC SM
Source | SS

+
Model | 1230.2039
Residual | 2224.04347
+
|

Source | SS

Model

Total 3454 .24737

reg S SM

Source | SS
————————— +

Model | 443.110436
Residual | 3011.13693
————————— +

Total | 3454.24737

615.101949
3.92247526

1153.80864
4.05006818

443.110436
5.30129742

6.07073351

Number of obs =

& 567)
Prob > F
R-squared

Adj R-squared
Root MSE

Number of obs
B (LS, 568)
Prob > F
R-squared
Adj R-squared
Root MSE

Number of obs
Pl Pl 568)
Prob > F
R-squared

Adj R-squared
Root MSE

570
156.81
0.0000
0.3561
0.3539
1.9805

570
284.89
0.0000
0.3340
0.3329
2.0125

570
83.59
0.0000
0.1283
0.1267
2.3025

Does this imply that ASVABC explains 33% of the variance in S and SM 13%? No, because

the multiple regression reveals that their joint explanatory power is 0.36, not 0.46.



MPOMYCK CYLUECTBEHHbIX NEPEMEHHbIX

reg S ASVABC SM
Source | SS

+
Model | 1230.2039
Residual | 2224.04347
+
|

Source | SS

Model

Total 3454 .24737
reg S SM
Source SS

3011.13693

I
+
Model | 443.110436
I
+
I

3454.24737

615.101949
3.92247526

1153.80864
4.05006818

443.110436
5.30129742

6.07073351

Number of obs =

& 567)
Prob > F
R-squared

Adj R-squared
Root MSE

Number of obs
B (LS, 568)
Prob > F
R-squared
Adj R-squared
Root MSE

Number of obs
Pl Pl 568)
Prob > F
R-squared

Adj R-squared
Root MSE

570
156.81
0.0000
0.3561
0.3539
1.9805

570
284.89
0.0000
0.3340
0.3329
2.0125

570
83.59
0.0000
0.1283
0.1267
2.3025

In the second regression, ASVABC is partly acting as a proxy for SM, and this inflates its
apparent explanatory power. Similarly, in the third regression, SM is partly acting as a
proxy for ASVABC, again inflating its apparent explanatory power.



OTCYTCTBHE CYIIECTBEHHOH ITepeMeHHOH

HampapneHue cMmereHud ko3 puipcHra

JPPeKT seNUHKHE X,

HenocpeacTEeHHbIH
ahperT X, npu . Kaxywuiaca addexr
NOCTOAHHCH X, L BENUMMUHBE X,
BEICTYTMEKWWA B

KA4YEeCTBE IaMeHTENnd Ao

KosdpdprnimeHT geTepMHUHAITHN MOKET
OCTATLCI OOIBIITHM 3a CIET KaKYIIerocd
spipexTa 3aMerraroinel mepeMeHHON




MPOMYCK CYLUECTBEHHbIX NEPEMEHHbIX

. reg LGEARN S MALE
. cor S MALE

Source | SS df MS (obs=570)
_________ +______________________________

Model | 28.951332 2 14.475666 | S MALE
Residual | 124.850561 567 .220194992 @ Z0m———e--- e e
————————— B e e S| 1.0000

Total | 153.801893 569 .270302096 MALE| -0.0581 1.0000

LGEARN | Coef. Std. Err. t P>|t]| [95% Conf. Interval]
_________ +____________________________________________________________________
S | .0818944 .0079976 10.240 0.000 .0661858 .097603

MALE | .2285156 .0397695 5.746 0.000 .1504021 .3066291
cons | 1.19254 .1134845 10.508 0.000 .9696386 1.415441

LGEARN = B, + B,S + B,MALE +u

Cov(S, MALE)
Var(S)

If we omit MALE from the regression, the coefficient of S should be subject to a downward

bias. /[, is likely to be positive, and we know that Var(S) is positive, but Cov(S, MALE) is
negative because S and MALE are negatively correlated.

E(b2)=ﬂ2 +ﬂ3



MPOMYCK CYLUECTBEHHbIX NEPEMEHHbIX

reg LGEARN S MALE
cor S MALE

Source | SS df MS (obs=570)
_________ +______________________________

Model | 28.951332 2 14.475666 | S MALE
Residual | 124.850561 567 .220194992 @ Z0m———e--- e e
————————— B e e S| 1.0000

Total | 153.801893 569 .270302096 MALE| -0.0581 1.0000

LGEARN | Coef. Std. Err. t P>|t]| [95% Conf. Interval]
_________ +____________________________________________________________________
S | .0818944 .0079976 10.240 0.000 .0661858 .097603

MALE | .2285156 .0397695 5.746 0.000 .1504021 .3066291
cons | 1.19254 .1134845 10.508 0.000 .9696386 1.415441

LGEARN = B, + B3,S + B,MALE +u

Cov(S,MALE)
Var(MALE)

E(by)=p,+ P,



MPOMYCK CYLUECTBEHHbIX NEPEMEHHbIX

reg LGEARN S MALE

LGEARN | Coef Std. Err t P>|t| [95% Conf. Interval]
_________ +____________________________________________________________________
S | .0818944 .0079976 10.240 0.000 .0661858 .097603

MALE | .2285156 .0397695 5.746 0.000 .1504021 .3066291
_cons | 1.19254 .1134845 10.508 0.000 .9696386 1.415441

LGEARN | Coef Std. Err t P>|t]| [95% Conf. Interval]
_________ +____________________________________________________________________
S | .0792256 .0082061 9.655 0.000 .0631077 .0953435

_cons | 1.358919 .1127785 12.049 0.000 1.137406 1.580433

LGEARN | Coef Std. Err t P>|t]| [95% Conf. Interval]
_________ +____________________________________________________________________
MALE | .2048652 .0431797 4.744 0.000 .1200538 .2896767
cons | 2.313324 .032605 70.950 0.000 2.249282 2.377365



MPOMYCK CYLUECTBEHHbIX NEPEMEHHbIX

reg LGEARN S MALE
Source | SS

+
Model | 28.951332
Residual | 124.850561
+
I

Source SS

Model 21.681253
Residual 132.12064

Total 153.801893

Source | SS
————————— +

Model | 5.86288165
Residual | 147.939011
————————— +

Total | 153.801893

A comparison of R? for the three regressions shows that the sum of R? in the simple

14.475666
.220194992

21.681253
.23260676

5.86288165
.260456005

.270302096

Number of obs
Tl 567)
Prob > F
R-squared

Adj R-squared
Root MSE

Number of obs
B (LS, 568)
Prob > F
R-squared
Adj R-squared
Root MSE

Number of obs
Pl Pl 568)
Prob > F
R-squared

Adj R-squared
Root MSE

570
65.74
0.0000
0.1882
0.1854
.46925

570
93.21
0.0000
0.1410
0.1395
.48229

570
2251
0.0000
0.0381
0.0364
.51035

regressions is actually less than R? in the multiple regression. However, in this case the
difference is small because the negative correlation between S and MALE is small (-0.05)



BRIOOp ITepeMeHHEIX MHOXK eCTBeHHOH perpeccHH

IlocneacTBHUS BKIIOYCHHS B YPaBHCHHE
HECVIIECTBEHHOH IIEPEMEHHOH

Jmg xpaTkocTu OyeM Ha3bIBaTh ITEPEMEHHYIO
HECYITEeCTBEHHON, €CIIM OHAa He JOMKHa ObITh
BKJIIOUEHa B YpaBHEeHNe (COTIacHO MpaBUIbHON

bymem roBopuTh Tak:ke O BKIIOUEHUH JIAIITHEN
TIEPEMEHHON B IIPABUJIbHOE Y PAaBHEHUE PErPECCUM




Br1Gop nmepeMeHHBIX MHOKeCTBEHHOH PerpecCHH
IlocneacTeug BKIIOUYESHHS B VPABHEHUE
HECVIIECTBEHHOH IIEPEMEHHOH

1. He Tepgercd BOSMOXKHOCTE IIPABHIBHOH OLICHKH H
HHTESPITPETAlHHA YPaBHEHH I

2. Koa(hhHIIHEHTEI TIPH ITPOYHX MEPEMEHHBIX OCTaIOTCA

HeCMCINTCHHBIMI

J. CraHmapTHEIC OIMHOKH PacTyT, -CTaTHCTHKH
VMEHBINAIOTCI, (PP EKTHBHOCTE OLICHOK ITaacT

4. HecyimecTBeHHAA MepeMEHHAI MOKET OBITH
SHAYHUMOH, YPaBHEHHE ¢ HEH - TaBaTh JIYUIIYIO OLICHKY

S. YBeIHMUHBacTCA PHCK MYIIBPTHRKOILIIHHCAPHOCTH




BKITIOMEHUE HECYLLUECTBEHHbIX NMEPMEHHbIX

GeneratedDataProcess y=Xp+g;, X-= (X1 X );

*

B =(XX) XYy; Varf’

.

o’ (X'X)
y=XB+Zy+s; Z=(Z,,,....Z,,,);

i3 / 4 / y 73 / y :
17X 717 Z Q, Q,l||Z

= ﬁ o (QIIX, + Q12Z’)y

i

;



BKITIOMEHUE HECYLLUECTBEHHbIX NMEPMEHHbIX

y=XB+Zy+e Z=(Z.,..0,); M, =1-Z(Z'Z) Z
M,y =M, Xp+M,e; B=(XM,X) XM,y =Ry

~N

Ef = E[(X’MZX)_l X'M, X + ez] - B

Varf = Var(Ry) = R(Vary)R' = R(Varg)R' = R(O'ZI)R’ =

o’ (XM, X)" XM, M X(XM,X)" =0 (XM,X)" = 0’| XX-XZ(ZZ)" Z’XT
Varf’ = o (X'X) "

Var' B’ - Var' § = %X’Z(Z'Z)_1 7’X >0,

-1
T.K. X'"Z(Z'Z)  Z'X cuMMeTpudHa => IIOI0KHTEIBHO OTpeeeHa =

— Varp > Varf’



BKITIOMEHUE HECYLLUECTBEHHbIX NMEPMEHHbIX

y=Xp+Zy+g X=(X,,...X,); Z=(Z,,,,....Z,,,)
1

M=1- XZ((XZ)' X’Z)_ (XZ) ;

M[XZ]=[(MX)(MZ)|=0=>MX=0

RSS =e"e¢ =e " Me = (y —XB -7y + s)' M(y —XB -7y + g) &

= y'My = (Xp +&) M(Xp+¢)=¢Me

RSS > (Az) >
E =El(s" )=E|lo” | =0~ HecMmemnieHa
(n—k—lj ( )



Br1Gop nmepeMeHHBIX MHOKeCTBEHHOH PerpecCHH
IlocneacTeug BKIIOUYESHHS B VPABHEHUE
HECVIIECTBEHHOH IIEPEMEHHOH

1. He Tepgercd BOSMOXKHOCTE IIPABHIBHOH OLICHKH H
HHTESPITPETAlHHA YPaBHEHH I

2. Koa(hhHIIHEHTEI TIPH ITPOYHX MEPEMEHHBIX OCTaIOTCA

HeCMCINTCHHBIMI

J. CraHmapTHEIC OIMHOKH PacTyT, -CTaTHCTHKH
VMEHBINAIOTCI, (PP EKTHBHOCTE OLICHOK ITaacT

4. HecyimecTBeHHAA MepeMEHHAI MOKET OBITH
SHAYHUMOH, YPaBHEHHE ¢ HEH - TaBaTh JIYUIIYIO OLICHKY

S. YBeIHMUHBacTCA PHCK MYIIBPTHRKOILIIHHCAPHOCTH




BKINNIOYEHUE HECYLWWECTBEHHbIX MEPMEHHbIX

reg LGEARN S ASVABC

Source | SS df MS Number of obs = 570
————————— o - W2 567) = 57.45
Model | 25.9166749 2 12.9583374 Prob > F = 0.0000
Residual | 127.885218 567 .225547121 R-squared = 0.1685
————————— e L e e i Adj R-squared = 0.1656
Total | 153.801893 569 .270302096 Root MSE = .47492
LGEARN | Coef. Std. Err t P>|t]| [95% Conf. Interval]
_________ +____________________________________________________________________
S | .0544266 .0099018 5.497 0.000 .034978 .0738753
ASVARBRC | .0114733 .0026476 4.333 0.000 .0062729 .0166736
cons | 1.118832 .124107 9.015 0.000 .8750665 1.362598



BKINNIOYEHUE HECYLWWECTBEHHbIX MEPMEHHbIX

reg LGEARN S ASVABC SM SF

Source | SS df MS Number of obs = 570
————————— Fmm e F( 4, 565) = 29.22
Model | 26.3617806 4 6.59044515 Prob > F = 0.0000
Residual | 127.440112 565 .22555772 R-squared =-071714
————————— e o e e e e e Adj R-squared = 0.1655
Total | 153.801893 569 .270302096 Root MSE .47493
LGEARN | Coef. Std. Err t P>|t]| [95% Conf. Interval]
_________ +____________________________________________________________________
S | .0511811 .0101812 5.027 0.000 .0311835 .0711788
ASVARBRC | .010444 .0027481 3.800 0.000 .0050463 .0158417
SM | .0071835 .0102695 0.699 0.485 -.0129876 .0273547

SF | .004794 .0076389 0.628 0.531 -.0102101 .0197981

cons | 1.073972 .1324621 8.108 0.000 .8137933 1.33415



reg LGEARN S ASVABC

BKINFOMEHUE HECYLWWECTBEHHbIX NEPMEHHbIX

.0544266
.0114733
1.118832

.0099018
.0026476
.124107

[95% Conf.

.034978

.0062729

.8750665

Interval]

.0738753
.0166736
1.362598

.0511811
.010444
.0071835
.004794
1.073972

.0101812
.0027481
.0102695
.0076389
.1324621

[95% Conf.

.0311835
.0050463

-.0129876
-.0102101

.8137933

Interval]

.0711788
.0158417
.0273547
.0197981

1.33415



BKINNIOYEHUE HECYLWWECTBEHHbIX MEPMEHHbIX

reg LGEARN S ASVABC

LGEARN | Coef Std. Err t P>|t| [95% Conf. Interval]
_________ +____________________________________________________________________
252 .0544266 .0099018 5.497 0.000 .034978 .0738753
ASVARBRC | .0114733 .0026476 4.333 0.000 .0062729 .0166736
cons | 1.118832 .124107 9.015 0.000 .8750665 1.362598

LGEARN | Coef Std. Err t P>|t| [95% Conf. Interval]
_________ +____________________________________________________________________
Sigl .0511811 .0101812 5.027 0.000 .0311835 .0711788
ASVARBRC | .010444 .0027481 3.800 0.000 .0050463 .0158417
SM | .0071835 .0102695 0.699 0.485 -.0129876 .0273547

SF | .004794 .0076389 0.628 0.531 -.0102101 .0197981

cons | 1.073972 .1324621 8.108 0.000 .8137933 1.33415

The standard errors are larger in the misspecified model, reflecting the loss of efficiency.
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BKINNIOYEHUE HECYLWWECTBEHHbIX MEPMEHHbIX

. reg LGEARN S ASVABC

. cor S ASVABC SM SF

.0099018
.0026476

.124107

(obs=570)
| S
S| 1.0000
ASVABC| 0.5779
SM| 0.3582
SF | 0.4066

LGEARN | Coef
_________ +________________________
2l .0544266
ASVARBRC | .0114733
_cons | 1.118832

SEd-- Exr:

________________________ Partial correlation of SM with
.0101812
.0027481
.0102695
.0076389
.1324621

LGEARN | Coef.
————————— +

Sigl .0511811

ASVARBRC | .010444

SM | .0071835

SF | .004794

cons | 1.073972

. pcorr SM S ASVABC SF

(obs=570)

Variable

S

Corr.

0.1277

ASVABC 0.0805

0.4926

Sig.

0.002
0.055
0.000

ASVABC SM SF
1.0000

0.3819 1.0000

0.4179 0.6391 1.0000

. pcorr SF S ASVABC SM
(obs=570)

Partial correlation of SFwith

Variable  Corr. Sig.

S 0.1454  0.001
ASVABC 0.1423 0.001
SM 0.4926 0.000

However, the loss of efficiency is not very great. The parental education variables are
correlated with both S and ASVABC but, with a sample as large as the present one, the
correlation has to be greater for the loss of efficiency to become a serious problem.
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OWINBOYHAA CNELUNPUKALIUA MOOEIIN

Consequences of Variable Misspecification

True Model

Y=0+5X,+u |Y=0+0,X,+5,X,+u

Fitted Model

N

Correct specification, Coefficients are biased (in

Y =b +b,X, L S general). Standard
P errors are invalid.
Coefficients are
Y =b +b,X, unbiased (in general), Correct specification
g but inefficient. G e :
ithd 28 Standard errors are P

valid (in general)




TC

OrPAHUYEHUNA B OBOBLWEHHOWN MOOENN

420 —
400 —
380 —
360 —
340 —
320 —
300 —
280 —
260
240 —
220 —
200 —

180 —

10



OrPAHUYEHUA B OBOBLWEHHOU MOOENN

.reg TCQ
Source | SS df MS Number of obs = 10
+ F( 1, 8)= 42.28
Model | 32780.3667 1 32780.3667 Prob>F = 0.0002
Residual | 6202.53333 8 775.316667 R-squared = 0.8409
+ Adj R-squared = 0.8210
Total | 38982.90 9 4331.43333 Root MSE = 27.845
TC| Coef. Std. Err. t P>|t]  [95% Conf. Interval]

+

Q| 19.93333 3.06558 6.50 0.000 12.86409 27.00257
_cons| 166.4667 19.02142 8.75 0.000 122.6032 210.3301

. ovtest
Ramsey RESET test using powers of the fitted values of TC
Ho: model has no omitted variables
F(d..5)=:1"165.83
Prob>F = 0.0000



TC

OrPAHUYEHUS B OBOBLUEHHOW MOOENU
TC(Q)=b,+b0+b,0° +b,0°

420 -
400 -
380 —
360 —
340 —
320 -
300 —
280 —
260 —
240 -
220 —
200
180 -

0<TC(0)=by; 5O ~ TC(Q)x+w0=b>0

QJ—+0



OrPAHUYEHUA B OBOBLLEHHOU MOOENNA
MC(Q)=b +2b,0+3b,0° AC(Q)= b_Q0+ b +b,0+b,0°

AC MC

200 -
180 -
160 -
140 -
120 -
100 -

)
A
<
o)
o
I

b; MC(Q)=0=b;-3bhb, <0



OrPAHUYEHUA B OBOBLWEHHON MOLOENU
TC(Q)=b,+b0+b,0° +b,0° +¢

.reg TC Q3Q2AQ

Source | SS df MS Numberofobs= 10
+ F( 3, 6)=1202.22
Model | 38918.1562 3 12972.7187 Prob>F = 0.0000
Residual | 64.7438228 6 10.7906371 R-squared = 0.9983
T Adj R-squared = 0.9975
Total | 38982.90 9 4331.43333 Root MSE = 3.2849

TC| = Coef. Std. Err. t P>|t]  [95% Conf. Interval]
+
Q3| .9395882 .0591056 15.90 0.000 .794962 1.084214
Q2| -12.96154 .9856646 -13.15 0.000 -15.37337 -10.5497
Q| 63.47766 4.778607 13.28 0.000 51.78483 75.17049
_cons| 141.7667 6.375322 22.24 0.000 126.1668 157.3665

. di _b[ Q2]*2-3*_b[Q]*_b[Q3]

-10.927103 . ovtest
Ramsey RESET test using powers of the
. testnl _b[ Q2]*2=3*_b[Q]*_b[Q3] fitted values of TC
Ho: model has no omitted variables
(1) _b[ Q2]"2 = 3*_b[Q]*_b[Q3] F3,3)= 176

F(1, 6) = 35.31 Prob > F = 0.3270
Prob > F = 0.0010



KoHeu nekuuu
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