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B& sung: Kiém dinh Lagrange Multiplier (LM) trong hoi
quy bdi

» Dung trong kiém dinh véi m3u 16n, ngay ca khi diéu kién phan
phéi chuin khéng dudc thda, do dé kiém dinh ndy con duoc
goi la kiém dinh tiém cén.

» Gia st ta mudn kiém dinh Ho : 81 = 82 = 0 trong md hinh:

y = Bo+ Bix1 + Boxo + ... + Bixk + u

» Kiém dinh don gian nhit I3 kiém dinh F, véi didu kién md
hinh théa CLRM.

» V6i cd miu Ién, dic tinh tiém can (asymptotic) cho phép néi
16ng diéu kién phan phdi chuan clia v = Kiém dinh LM.

)
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Céc buéc tién hanh kiém dinh LM

» Hbi quy y v6i md hinh rang budc (thiéu cac bién xi, x2). Udc
lugng phan du 4.

» Hbi quy phan du i dbi véi tt ca cac bién gidi thich (goi 3
hdi quy phu - auxiliary regression):

0=00+001x1+ ...+ 0kxx+ Vv

> Tri kiém dinh ducc tinh tir R? cha md hinh hdi quy phu:
LM = nR? ~ x2 véi q |a sb rang budc.

» Bac béd Hy = md hinh ban dau bj thiéu bién quan trong (x;
va X2).

3/25



Vi du: so sanh kiém dinh F va kiém dinh LM

Gi3 st ta mudn kiém dinh Ho: Bo = B3 =0

log(income) =py + B1yoeduc + Payoexper + [3yoexpersq + [amarried
+ Bsschool + Bepublic + Pz foreign + PBgofficial + u

» F = 310.83, p-value = 0.

> LM = 575.004, p-value = 0.



Céc giad dinh cia md hinh MLR

» E(u|X) =0 = Ubc luong OLS I3 khéng chéch

» Var(u|X) = 02 (homoskedasticity) = Udc lugng OLS I3
BLUE

> Sai sb u dbc I3p v8i cac bién gii thich, c6 phan phi chun
véi gia tri trung binh 13 0 vd phuong sai 02 (independent,
identically distributed - iid):

u~ N(0,0?%)

B~ N(B, Var(8))
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Phuong sai cla sai sb thay déi (heteroskedasticity)

» Vi pham diéu kién iid: Var(u|X) # o2
» Udc lugng OLS van 13 khong chéch, nhung khdng con 13 hiéu
qua nhit do sai sb clia 3 khéng con 13 nhd nhét.

» Céc kiém dinh dua trén phan phéi 3 sai do sai sb clia 3 bj sai
(t-test, F-test).
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Phuong sai thay d8i x3y ra khi n3o?

flwageleduc)

wage

-~
“ E(wageleduc) =
Bo + Byeduc

educ

» Phuong sai clia sai sb tuong quan véi bién khic, vi du sb nim
hoc nhiéu thi mic dé dao dong cla thu nhip cang I6n.
» Do tuong quan chudi hodc tuong quan khdng gian.



» Tuong quan chudi (auto-correlation): X3y ra véi cac chudi dif
liéu theo thai gian. Vi du véi chudi thai gian tuong quan bac
nhit (Autoregressive AR(1)):

Ye =Bo + Buxg + Baxt + .+ e
€r =p€r—1 + V¢
» Tuong quan khong gian (spatial correlation): Xdy ra véi dir

liu dia ly. Cac quan sat cé vi tri cén ké thudng cé tuong quan
1A3n nhau.

yi=py_ gld)yi+Bx+e
i=1

véi g(d) 1a ham khodng céch dia ly clia quan sat j vdi cic con
lai. g(d) gidm khi khodng cach d tang lén.
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Kiém dinh hién tuong phucng sai thay déi

» Kiém dinh Bresch-Pagan vé phu thudc tuyén tinh giita
phuong sai clia sai sO va cac bién gidi thich.
» Kiém dinh White trong trudng hgp téng quat.
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Kiém dinh Breusch-Pagan

Udc lugng md hinh véi gid dinh E(u|X) =0 va cov(u,X) =0
théa. Udc luong OLS vAn khong chéch va nhit quén. Ching ta
mudn kiém dinh néu phuong sai cta sai sb khong déi.
y = B0+ Bix1 + faxa + .. + Brxx +u (1)
Ho : Var(u|X) = E(u? = o
Do E(u|X) = 0 nén Var(u|X) = E(v?) — [E(v)]? = E(u?)
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Céc budc thyc hién kiém dinh Breusch-Pagan (BP)

1.

Uéc lugng md hinh (1) thong thudng, tinh gia tri cta phan du
1]

Tao bién phu thudc 13 binh phuong cta phan du, 42

Hoi quy 02 theo tit ca cac bién gidi thich trong mé hinh hdi
quy phu (auxiliary regression):

0% = 60 + 01x1 4 oo 4+ Opxk + v (2)

. Kiém dinh néu 6y,..., 6 ddng thai bing 0 trong mé hinh (2)

bﬁng F-test hodc LM-test. Tri kiém dinh dugc tinh tu R§ cla
mo hinh phu:

R2/k

F = ~ Frn—k—
(1-R2)/(n—k—1) "kt

LM = nR? ~ X2

. Néu bic bd Hy ching td md hinh c6 hién tuong phuong sai

thay d8i.
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Vi du kiém dinh BP

» Udc luong lai md hinh ty sult thu nhép tu bd dir liéu VHLSS

2010.
» Kiém dinh phuong sai thay déi thii cdng théng qua F va LM
statistic.

» Thuc hién ty déng bféng Stata.
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Kiém dinh White trong trudng hagp téng quat

3. Tuong tu nhu kiém dinh Breusch-Pagan & budc 1-2, nhung &
budc 3 gia dinh cAu triic ham clia phan du linh hoat hon bing
cach thém binh phuong va tuong tac giita cac bién gidi thich:

f=%+&n+ +&&

—|—Z5X —i—ZZdux,xJ—l—v

i=1 j=1

4. Kiém dinh bing F-test ho3c LM-test néu tit c3 cic tham sb §
(loai trir tung d6 gbc dg) trong héi quy phu bing 0.
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Kiém dinh White - thuc hién don gian

5. Cach [4] s& Iam gidm sb bac tu do trong mé hinh, vi du md
hinh c6 3 bién tu do sé cé tong cong a 9 rang budc. M&t hinh
thitc khac cé thé kiém dinh bing cach:

» Tinh & va y tir buéc 1.

» Hoi quy &2 1&n bién y va $2 trong md hinh phu:
A2 N ~2
0° =00+ 01y + 629"+ v

» Kiém dinh 6; = 6, =0 bing F-test hodc LM test véi 2 rang
budc.
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Vi du kiém dinh White

» Udc luong lai md hinh ty sult thu nhép tu bd dir liéu VHLSS

2010.
» Kiém dinh phuong sai thay déi thii cdng théng qua F va LM
statistic.

» Thuc hién ty déng bféng Stata.
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Udc luong md hinh véi phuong sai thay ddi

Sai sb chuin cla tham sb dugc diéu chinh:

A Zru i
Var(3) = = 55R2

Dugc goi la:

» Heteroskedasticity-robust standard errors.
> White-Huber standard errors.

» Robust standard errors.
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So sanh mé hinh ty sut thu nhap cé va khéng diéu chinh
phuong sai thay d8i

Regression Results

Homo . Robust
b/se b/se
yoeduc 0.0926%*+* 0.0926%**
(0.0027) (0.0031)
yoexper 9.0617*++* 0.0617***
(0.0025) (0.0032)
yoexpersq -0.,0012%+* -0.0012%%*
(@.0000) (@.0001)
married 9.0352 0.0352
(0.0221) (0.0217)
publicSchool -0.1146%* -0.1146*%
(0.0424) (@.0465)
public -0.1043%* -0.1043*
(0.0329) (0.0423)
foreign 0.4499%** 0.4499*++*
(0.0364) (0.0328)
official 0.2705%** 0.2705%**
(0.0359) (0.0430)
Constant 8,493+ 8.493p***
(0.0475) (0.0539)
Obs 75520000 7552.0000
R2 0.3026 0.3026
RZ-adj 9.3019 0.3019
df(r) 7543, 0000 7543,0000
SSR 4040,8653 4040,8653

* p<0.@5, ** p<@.@1, *** p<0.00l
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Kiém dinh gi3 thuyét bsi déi véi trudng hop phuong sai
thay déi

» Heteroskedasticity-robust F-test: Stata.

» Heteroskedasticity-robust LM test.
Gid st ta mudn kiém dinh Hp : 81 = B> = 0 trong md hinh
sau:

y = Bo+ Bix1 + Baxa + ... + Bexic +u

Do phuong sai thay d8i, kiém dinh LM-robust phiic tap hon
so véi kiém dinh LM théng thudng.
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Céc buéc thuc hién LM-robust test

1. HcA\>\i quy md hinh rang budc (loai trir bién x;, x2), uéc lugng
phan du 4.

2. Hbi quy tirng bién loai trir (x1, x2) lén tht c3 céic bién doc 1ap
stt dung tai buéc 1, va uédc lugng phan du A, A.

3. Tao bién tuong tac gitta A, A Véi 0.

4. Ubc uong md hinh hf‘)i,quy khong tung dé g?)c clia bién phu
thubéc z = 1 1én cac bién giai thich |3 cac bién tuong tac A,
nu.

5. Tinh tri kiém dinh tir SSR* cta hdi quy & budc 4,

LM = n— SSR* ~ x3

6. Néu bac bd Hy c6 nghia I3 81 # 0 hodc B> # 0 hodc dong
thoi cd hai.
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Vi du kiém dinh F- v LM-test khi cé phucng sai thay d&i

Kiém dinh néu sb nim kinh nghiém va s& n3m kinh nghiém binh
phuong dong thdi bing khdng.

log(income) =y + P1yoeduc + Bayoexper + [B3yoexpersq + [Samarried
+ Bsschool + Bgpublic + (B7foreign + Bgofficial + u

> D,o phuong sai thay déi, ky vong F- va LM-test sé khac so véi
két qua & slide 4.

» F = 185.97, p-value = 0.

» LM = 295.850, p-value = 0.
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Phuong sai biét cdu triic ham - Phuong phap WLS

WLS - Weighted Least Square: Hbi quy binh phuong téi thiéu c6
trong sb.

» Gia dinh phuong sai clia sai s6 13 mét ham sb cla x:
Var(u|x) = o2h(x)

» C6 thé thuc hién chuyén déi dif lidu trudc khi uéc luong:

= e e e

» Udc luong md hinh hdi quy dua trén cac bién d3 chuyén déi 13
BLUE.

+ B2
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Phuong sai khéng biét cAu trdc ham - FGLS

FGLS: Feasible Generalized Least Square - Binh phuong tbi thiu
tdng quat kha thi.

» Théng thudng gia dinh phuong sai clia sai sb 13 ham mii cia
x, nhung khdng biét cau tric ham:
Var(u\x) — J2e5o+51X1+...+5ka

» Phuong phap FGLS sé uéc lugng ham cta Var(u|x) dé lam
trong sb trong phuong phap WLS.



Céc buéc thuc hién FGLS

1. Hbi quy y theo cac bién gidi thich, va uéc luong phan du d.
2. Tao bién log(0?).
3. Udc luong hdi quy log(i?) 1&n céc bién gidi thich, va uéc
lugng gia tri du bdo (fitted value), IW).
4. Lay liy thira co sb e clia gi tri du bdo & budc 3,
,@ — olog(?).
5. Udc lugng lai mé hinh ban dau bing WLS, véi trong sb 13

1/h(x).
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Vi du héi quy WLS va FGLS

St dung lai mé hinh ty suit thu nhap véi bd dif lidu VHLSS 2010.

» Udc luong WLS néu biét phuong sai clia sai sb tuan theo:

Var(u|x) = o2inc

» Udc luong FGLS cho trudng hop phuong sai thay déi va
khéng biét cAu tric ham.

» So sdnh cic uéc lugng sir dung OLS,
Heteroskedasticity-robust standard errors, WLS, va FGLS.
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Regression Results

Homo Robust WLS FGLS
b/se b/se b/se b/se
yoeduc 0.0926%** @.0926%** 0.0909%** 0.0993%*+*
(0.0027) (0.0031) (0.0043) (0.0026)
yoexper 0.0617%%* 0.0617%%* 0.1088%** 0.0681%**
(0.0025) (0.0032) (0.0029) (0.0028)
yoexpersq -0.0012%** -0.0012%** -0.0019%** -0.0013%**
(0.0000) (0.0001) (0.0000) (0.0001)
married @0.0352 0.0352 0.0966%* 0.0073
(0.0221) (0.0217) (0.0339) (0.0206)
publicSchool -0.1146%* -0.1146* -0.0153 -@.1262%*
(0.0424) (0.0465) (0.9530) (0.0435)
public -0.1043%* -0.1043* -0,3122%%+ -0.0938*
(0.0329) (0.0423) (0.0489) (0.0472)
foreign 0.4499%%+ 0. 4499%%* 0.9413%%+ @.4529%%*
(0.0364) (0.0328) (0.0735) (0.0286)
official @.2705%%* @, 2705%%* 0.8263%** @,2296%**
(0.0359) (0.0430) (0.0614) (0.0475)
Constant 8.4936%** 8.4936%** 6.9670%** 8.4044%**
(0.0475) (0.98539) (0.0567) (0.0492)
Obs 7552,0000 7552,0000 7552,0000 7552,0000
RZ 0.3026 0.3026 0.3249 0.3460
RZ-adj @.3019 0.3019 @.3242 @.3453
df(r) 7543,0000 7543,0000 7543,0000 7543,0000
SSR 4040, 8653 4040, 8653 9608.9369 3408.4380

* p<@.05, ** p<0.@Ll, *** p<d,

o1
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