Hbi quy véi Bién Dinh tinh
(Regression with Qualitative Variables)
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Bién dinh tinh 13 gi

Con dugc goi 13 bién gid (dummy variable)

L3 bién mé ta trang thai (nam/nit, di lam/di hoc, lam
ndng/cdng chiic)

C6 thé 13 bién nhi phan (c6/khong) hodc bién nhém
(categorical variable - ¢6 nhiéu hon 2 trang thai gia tri, vi du
phuong tién di lai 13 6 t&6/xe méy/xe dap/di bod)

Da sb trudng hop cic bién dinh tinh khéng thé x&p dugc tha
bac (vi du lam viéc trong khu vuc nha nudc/tu nhan/nudc
ngoai).

Mét sb trudng hop bién dinh tinh c6 thé xép dugc tha bac, vi
du b3ng cAp cao nhit c6 duoc 13 gi, tir khéng cé bing chp,
b5ng tiéu hoc, THCS, THPT, cao dgng, dai hoc, thac sy, tién
sy.
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» Khong nham 13n véi bién sb dém rdi rac, vi du bién sb con céi
trong gia dinh khéng phai [a bién dinh tinh.
» Théng k& mé t3 bién dinh tinh khic véi bién dinh lugng.

>

vV vy vyy

Can xéc dinh nhém tham chiéu (baseline/reference group) va
nhém dugc tham chiéu. Vi du véi bién gidi tinh thi cé thé dat
nhém tham chiéu 13 nit v nhém dugc tham chiéu 13 nam.
Gia tri trung binh dién giai xac subt x3y ra mot su kién.

Gié tri 16n nhit va nhé nht khéng c6 y ngha kinh té.

Sai sb chuan lign quan dén x4c subt quan sat dugc su kién.
Hé sb tuong quan mA3u (correlation coefficient) khéng c6 y
nghia.

Thudng diing bién dinh tinh d& phan tach va so sanh giita cac
nhém, vi du nhém nam va nir.



St ly bién dinh tinh

St dung lai b6 dit liéu VHLSS 2010.
» CAn hiéu cich m3 héa bién trong bang dit liéu.
» C6 thé gbp bién nhém thanh bién nhi phan.
» C6 thé tach bién nhém thanh nhiéu bién nhi phan.
» Biy bjén gia (dlfmmy trap): I\/IC)It bién dir/lh tinh cé n gia :tri thi
c6 thé tach ra toi da la n—1 bién gid. Néu téch, lam n bién gid
dua vao md hinh s& c6 hién tugng da céng tuyen hoan hdo.



Hbi quy véi bién dinh tinh

Udc lugng md hinh ty subt thu nhip cla di hoc véi cac bién dinh
tinh 13 c6 gia dinh, hoc trudng céng, lam nha nudc, lam nuéc
ngoai, [a cdng chic:

log(income) =S + [1yoeduc + [Bayoexper + [3yoexpersq + [amarried
+ Bsschool + Bespublic + (7 foreign + Bgofficial + u



Gii thich y nghia cta bién dinh tinh

. reg lincome yoeduc yoexper yoexpersq married publicSchool public

foreign official

Source SS df MS Number of obs = 7,552
F(8, 7543) = 409.20

Model 1753,70541 8 219.213176 Prob > F = Q.0000
Residual 4040.86526 7,543 535710627 R-squared = @.3026
Adj R-squared = @.3019

Total 5794,57067 7,551 767391162 Root MSE = .73192
lincome Coef. Std. Err. t P>ltl [95% Conf. Interval]
yoeduc .0926075  .0027428 33.76 0,000 .0872309 .0979841
yoexper .061687  ,0025081 24,60 0.000 .0567705 .0666035
yoexpersq -.0012002 .0000488 -24.58 0.000 -.0012959 -.0011044
married .0352395  .@221221 1.59 0.111 -.0081259 .878605
publicSchool -.1145887  .0423549 -2.71 @.007 -.1976161 -.0315613
public -.1042541  ,0329488 -3.16 0,002 -.1688429  -.0396652
foreign .4499482  ,0363715 12,37 0.000 .37865 .5212464
official .2705426  .0359373 7.53 0.000 .2008956 .3409897
_cons 8.493551  ,0474837 178.87 0.000 8.40047 8.586633
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Dién giai y nghia cta tham sb uéc luong déi véi bién dinh
tinh

» Né&u bién phu thudc 13 thu nhap thi tham sb uéc luong 13 tac
déng tang thém chGa nhém dugc tham chiéu so véi nhém
tham chiéu.

» Né&u bién phu thudc 13 log ctia thu nhép thi dién giai tham
s6 u6c luong tly thudc vao bién gidi thich 13 bién lién tuc hay
bién rdi rac.

» Véi bién lién tuc, vi du sb n3m di hoc yoeduc, hé sb uéc
lugng 13 % tang thém cla thu nhdp. Vi du 1 n3m di hoc lam
tang thu nhip 9.26%.



» V4i bién roi rac, vi du cac bién dinh tinh, hodc néu cé bién sb
con trong gia dinh, thi:
» N&u 8 nhd, 3 c6 thé coi I3 phan trim ting thém cda bién phu
thubc.
» Cong thic tinh chinh xac d&i véi tic dong chia bién rdi rac 1&n
bién phu thudc log(Y) Ia:

Yo

» Trong vi du trén:

» Lam viéc trong khu vuc nudc ngoai thu nhdp cao hon khu vuc
tu 13: 2.718% — 1 = .5682 hay 56.82% (chi khong phai 13
45%).

» Lam viéc trong khu vuc nha nudc thu nhap thép hon khu vuc
tu 13: 2.718 71043 — 1 = —.099 hay 9.9%.

» Néu coi yoeduc 13 bién rdi rac thi véi mdi n3m hoc ting thém
thu nhap 13 2.718:09%6 — 1 = .097 hay 9.7%.



Tung d6 goc va hé s6 gbéc trong md hinh hdi quy
V6i bién gi6i tinh male trong md hinh:

log(income) = [y + Biyoeduc + Payoexper + ... + comale + u

» Tung do géc [3 By v6i nhém nir, va By + oo véi nhédm nam

» Hé sb gbc 13 1 gibng nhau véi ca hai nhém (dudng hdi quy
song song)

» Néu og = 0 thi hai dudng hdi quy triing nhau

FIGURE 7.1 Graph of wage = By + 8, female + B, educ for 5, < 0.
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Tung db gbc va hé sb géc trong md hinh hdi quy véi bién
tuong tac

log(income) =30 + B1yoeduc + Bayoexper + ...+
ogmale + oymale x yoeduc + u

» Tung dd gbc 13 By v6i nhém nit, va By + og v6i nhém nam
» Hé sb gbc 1a B1 v6i nhém nit, va 81 4+ o1 v6i nhédm nam.
» Hai dudng hdi quy chi triing nhau khi og va o dong thoi
bang 0.
wage wage

men women

women
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Kiém dinh khac biét theo nhém

» Tung dé gbc khic nhau = t-test néu g =0
» Tung d6 gbc va hé sb gbéc khac nhau = F-test néu
co=01=0

» T4t c3 cac tham sb cha hai nhém khic nhau = Chow test
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On tap céc loai kiém dinh

» Kiém dinh don: Hy : 0o =0
Lty ~ th—k—1
» Kiém dinh bdi: Hy: 09 =01 =0

- _ (SSRg = SSRu)/q

T SSRy/(n—k—1) "~ F

q,n—k—1

» Kiém dinh khéc biét nhém (tAt ca cic tham sb):

HQSO'():Ul:...:O'k:O

_ [SSRo — (SSRy + SSRo)I/(k +1) _
[SSR;[ + SSRg]/(n — 2(k + ]_)) k+1,n—2(k+1)




Hbi quy véi Phuong sai thay dbi
(Heteroskedasticity)

Lé Viét Pha
Trudng Chinh sach Céng va Quan ly Fulbright
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Céc giad dinh cia md hinh MLR

o b=

Tuyén tinh theo tham sb.

L4y m3u ngiu nhién.

Khéng c6 cong tuyén hoan ho.

E(u|X) =0 = Udc lugng OLS Ia khdng chéch.
Var(u|X) = 02 (homoskedasticity) = Uéc lugng OLS I3
BLUE.

Sai sb u doc 1ap véi cac bién gidi thich, c6 phan phéi chuin
véi gia tri trung binh 13 0 vd phuong sai o2 (independent,
identically distributed - Jid):

u~ N(0,0?%)
= M5 hinh hdi quy tuyén tinh c8 dién (CLRM):

B~ N(B, Var(B))

14 /32



Phuong sai cla sai sb thay déi (heteroskedasticity)

» Vi pham diéu kién iid: Var(u|X) # o2

» Véi gid dinh E(u|X) =0 va cov(u, X) = 0 thdéa, udc lugng
bing OLS vAn khéng chéch va nhit quén, tuy nhién khéng
con 13 hiéu qua nhit do sai sb clia 3 khéng con 13 nhd nhét.

» Cac klem dinh (t-test, F-test) khéng cé hiéu luc do uéc luong
sai sb clia 6 bi sai.
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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.
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Kiém dinh hién tuong phucng sai thay déi

» Kiém dinh Breusch-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
Gid st ching ta udc lugng md hinh:

y = Bo+ Pixi+ Poxo+ ... + Bixk + u (1)

Ching ta mudn kiém dinh néu phuong sai clia sai s& khong d8i.
Do E(u|X) =0 nén:

Var(ulX) = E(u?) — [E(u) = E(?)

Do dé gia thuyét Hy dugc viét nhu sau:

Ho : E(u?) = o
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Céc budc thyc hién kiém dinh Breusch-Pagan (BP)

1.

Uéc lugng md hinh (1) thong thudng, tinh gia tri cia phan du
u

Tao bién phu thudc I3 binh phuong clia phan du, 2

Hoi quy 42 theo tt c3 cic bién giai thich trong mé hinh hdi
quy phu (auxiliary regression):

ﬁ2:(50+51X1+...—|—(5ka—|-V (2)
Kiém dinh gia thuyét Ho : 61,..., S« dong thdi bing 0 trong
md hinh (2) bang F-test. Tri kiém dinh dugc tinh tir R? cda
mo hinh phu:

R2/k F
(1-R)/(n—k—1) "
Néu bac bé Hy ching té @2 phu thudc vao mdt trong cac

bién giai thich, hay phuong sai clia sai sb clia mé hinh khéng
phai 13 hing sb.

F =
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Vi du kiém dinh BP

» Ubc luong lai md hinh ty sut thu nhap tir bd dit lieu VHLSS
2010.

» Kiém dinh phuong sai thay d&i thi céng.

» Thuc hién ty dong b\éng Stata.



Kiém dinh White déi v6i hién tuong phuong sai thay doi
trong trudng hgp tong quat
3. Tuong tu nhu kiém dinh Breusch-Pagan & budc 1-2, nhung &
budc 3 gia dinh cAu trdc ham cda sai sb linh hoat hon bing

cach thém binh phuong va tuong tac giita cac bién gidi thich
trong hdi quy phu:

0% =6 + 51X1 + ...+ 5ka

+Z§X +ZZ§UX,XJ+V

i=1 j=1

4. Kiém dinh bing F-test néu tit c3 cic tham sb & (loai trir tung
do gbc do) trong hdi quy phu bang 0.

5. Béc bo gia thuyét Hy c6 nghia 13 md hinh c6 hién tuong
phuong sai thay doi.
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Kiém dinh White déi véi hién tuong phucng sai thay déi -

thuc hién don gian

Kiém dinh White trong trudng hop tdng quat sé 1am gidm sb bac
tu do trong md hinh, vi du mé hinh c6 3 bién tu do s& c6 tdng
cong 13 9 rang budc. Mét hinh thirc khac ¢ thé kiém dinh bing
cach tinh J va y tir budc 1 va 2 tuong tu nhu trong kiém dinh BP.

3. Hbi quy 42 1&n bién § va $2 trong mb hinh hdi quy phu:

ﬁ2:50+51)7+(52)72+v

4. Kiém dinh 6, = 6> = 0 b3ng F-test véi 2 rang budc.
5. Béc bo gia thuyét Hy c6 nghia 13 md hinh c6 hién tuong
phuong sai thay déi.

N
N

S



Vi du kiém dinh White

» Udc lugng lai md hinh ty suit thu nhap tir bé dif liéu VHLSS
2010.

» Kiém dinh phuong sai thay di thi céng théng qua F statistic.

» Thuc hién ty dong b\éng Stata.



Udc luong md hinh khi cé hién tuong phuong sai thay déi

1. St dung phucng phap White dé& didu chinh sai sb clia tham sb:

n ~
Z 2
N =1 i
Sai sb diéu chinh cich thic nay con duqc 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 bdi khi cé hién tugng phuong sai
thay déi

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

log(income) =/ + Piyoeduc + [oryoexper + [3yoexpersq + [amarried
+ Bsschool + Bepublic + [7foreign + Pgofficial + u

» S dung phuong sai ¢6 diéu chinh theo phuong phap White.

» Sir dung tri kiém dinh heteroskedasticity-robust F.
» K&t qua sé& khic so véi khi gid dinh phuong sai khéng déi.
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Cac phuong phap khac uéc lugng md hinh khi cé hién
tuong phuong sai thay doi

2. Khi biét ciu tric cta phuong sai (WLS).
3. Khéng biét chu tric cha phuong sai (FGLS).
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Phuong sai biét cdu triic ham - Phuong phap WLS

WLS - Weighted Least Square: Héi quy binh phuong t&i thiéu c6
quyén s6.

» Gia dinh phuong sai clia sai sb 13 mét ham sb cla x:
Var(u|x) = o?h(x)

» C6 thé thuc hién chuyén déi dit lidu trudc khi udc luong:

- = fo+ b1

h(x) F F F

» Udc luong mé hinh hdi quy dua trén cic bién sb d3 chuyén
ddi sé c6 dac tinh BLUE.

+ B2



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) _ U2e5o+51X1+ A O X

> Phu’dng phép FGLS s€ uéc lugng ham cda Var(u|x) dé lam
quyen 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. Uéc/\lu’(jng lai m& hinh ban dau bing WLS, véi quyén sb I3

1/h(x).
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Vi du héi quy WLS va FGLS

St dung lai mé hinh ty sult thu nhap véi bd dit liéu VHLSS 2010.
» Udc luong WLS véi gid dinh phuong sai cla sai sb ty 1€ thuén
véi tong thu nhép:

2

Var(u|x) = o“income

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

» So sanh cac uéc lugng véi gid dinh Homoskedasticity,
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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