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Tinh hubng nghién ctu dién hinh

Gia du ban dugc chinh phl giao nhiém vu danh gid tic déng cla
chinh sich gido duc 1&n thu nhip cla ngudi dan. Chinh sich gido
duc dugc thé hién thdng qua viéc cung clp cac chuong trinh gidng
day, tir phd cap tiéu hoc bt budc dén cic cAp trung hoc co 3,
trung hoc ph(“; thdéng, cao d%ng/dai hoc va sau dai hoc.

Nhiém vu cu thé cda ban I3 d4nh gid hiéu qua kinh t& (economic
return). Hiéu qua kinh t& thudng duoc do ludng bing tién luong
theo gid hodc t8ng thu nhap. Chinh sich gido duc dugc do ludng
x3p xi bing téng sb n3m di hoc tir tht c3 cic cAp hoc.
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Ban cAn chuin bi gi dé hoan thanh nhiém vu trén?

1. Tim Iy thuyét dé gidi thich mdi quan hé giita chinh sich can
thiép véi két qua dat dugc:
o Ting von con ngudi (dal dién béi sb nim di hoc) lam ting

ning sult cong V|ec/t|en luong tai diém can bing thi trudng
(Ly thuyét Mincer)

2. M5 hinh héa Iy thuyét: Xay dung md hinh kinh t& luong két
noi gilra bién s6 két qua véi bién s6 chinh sach

y = f(X17X2> "'7Xk)

trong dé: y 1a thu nhép, x; la sb n3m di hoc — dai dién cho
bién chinh sach, x> la s6 n3m kinh nghiém lam viéc, x3, x4,...
I3 cdc nhan t& dnh hudng dén tién luong nhu nhan khiu hoc,
yéu tb kinh t& x3 héi, méi trudng kinh doanh...
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3. Tim kiém dit liéu phi hop
o Nghién ctiu dinh lugng y&u cdu lam cha nhiéu khia canh khac
nhau lién quan dén dir lidu: thu thap & dau, cda ai, chi tiét dic
tinh cla dir liéu, cép dd chi tiét cha thdng tin, tin suét thu
thap, pham vi thu thap, hinh thic thu thép...
o Dir liéu c6 vai tro quyét dinh dbi véi Iya chon mé hinh, va miic
dé tin cay cia két qua.

4. Ubc lugng mé hinh, thuc hién cic budc kiém dinh va kiém
ching d& dam bio mé hinh viing

o Giai bai toan tbi uu héa bing cbng cu théng ké xac sult véi su
h& trg cha cic phan mém chuyén dung dé tim ra dudc cic
tham sb tbi uu

o Cho phép béc tich dugc tic dong mong mudn ra khoi cic
nhan té gay nhidu

o Két qua khéng phu thudc/nhay cdm véi cic gid dinh st dung
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Muc dich cGla mén hoc

> Hiéu ban cht cia cic md hinh kinh t& luong c3n ban.

» Sir dung Stata d& tién hanh cic phan tich dinh lugng.

» Dién gidi, phan tich, va phé phan cic két qua nghién citu thuc
nghiém.

Input Output

L

Blackbaox

- Assumptions
- Theoretical socio-economic models
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Thé nao 13 médt thiét k& nghién cdu hop Iy

Céc nghién ctu chinh sich vitng chic can phai dua trén cic thiét
ké nghién clu (research design) hop ly dé béc tach dugc tic dong
cha chinh sich can thiép dén két qua.
> Thiét k& nghién ctiu phai c6 md hinh ly thuyét viing chc —
thay vi chi st dung cdc thudt toan tinh toidn dé tim ra mé
hinh cé kha ning du bdo cao nhat.
» Phai nhan dinh dugc cic han ché clia mé hinh va dif liéu, va
dé xuit phuong 4n xt Iy nhiam dam bao dd viing clia md hinh
khi cac gid dinh cdn ban bi vi pham.
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Mot s6 cau hdi lién quan dén chinh sdch cé thé tra 1oi

bing cong cu kinh té luong

>

>

>

Chuong trinh x6a déi gidm nghéo c6 gilp ting thu nhip cla
ngudi dan khong?

Tham nhiing cé thuc su can tré doanh nghiép phat trién hay
khéng?

Bién d8i khi hau c6 anh hudng nhu thé& ndo dén ning sult
mla mang?

Nhan t nao anh hudng dén hanh vi st dung phuong tién di
lai (xe buyt, xe mdy, xe dap, di bd) clia ngudi dan & cac thanh
phd 16n?

Tang thué x3ng dau tir 3000 dong 1&n 8000 dbng/lit anh
hudng nhu thé nao dén nhu cau di lai cda ngudi dan?
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CAu tric cta cadc mdn hoc dinh luong trong chuong trinh

MPP-PA

Fall Semester
- Statistics and Applied Data Analysis
Ordinary Least Squares with Classical Linear Regression Model (CLRM)
- Hypothesis and Testing
- Qualitative and Quantitative Variables
- Modeling Diagnostics

I

Spring Semester
- Violations of CLRM Assumptions: Omitted Variables, Endogeneity, and
Sample Selection
- Regression with Panel Data
- Regression with Time Series Data
- Two-stage/Three-stage Models
- Applied Data Science

I

The Ultimate Goal: Policy Evaluation
(Causal Inference with Observational Data)
- Experimental Designs (Randomized Control Trials)
Non-experimental Designs (Difference-in-Difference Estimator, Propensity
Score Matching, Instrumental Variables, Regression Discontinuity Design)
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» Hoc phan kinh t& luong 1 chi tap trung vao viéc xdy dung md
hinh vitng chic véi cac gia dinh cin ban dugc dadm bao.

» Hoc phan 2 giéi thiéu cdc md hinh ning cao khi cac gia dinh
can ban bi vi pham.

» Phan dng dung sé gitp hoc vién [am quen va thiét k& cic md
hinh cho nghién clu danh gia tadc dong chinh sach (impact
evaluation/program evaluation).
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N&i dung cta hoc phan nhap mén kinh té lugng

vvyyypy

vy

Bai 1: Nhap mén kinh té& lugng + Hdi quy don bién (JW Ch2).
Bai 2-3: Hoi quy don bién + da bién (JW Ch2-3)

Bai 4: Gia thuyét va kiém dinh gia thuyét (JW Ch4).

Bai 5—?3: Hudng dan s dung Stata va khai thac cac bé dit liéu
kinh té x3a héi.

Bai 9: CAu triic ham va lya chon md hinh (JW Ché).

Bai 10: H4i quy véi bién dinh tinh (JW Ch7).

Bai 11: VAn dé phuong sai thay déi va tu tucng quan (JW
Ch8).

Bai 12/: Chu&n doén va xtt ly cac vn dé lién quan dén dang
ham sb va dif liéu (JW Ch9).
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Hbi quy Tuyén tinh Don bién
(Simple Linear Regression - SLR)
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Gidi thiéu md hinh SLR
Ching ta ¢6 2 bién sb x v y va mubn tim hiéu x anh hudng nhu

thé& nao dén y. M5 hinh don gidn nhit duoc viét dusi dang mét
ham s6 tuyén tinh cla y theo x:

yi = Bo + Bixi + u;

» j dai dién cho quan sat thi i trong téng thé gbm c6 n quan
sat.

> y goi Ié} bién phu thubc/bién dugc gidi thich/bién phan
ing/bién dudc du bao

> x |3 bién dbc Iap/bién giai thich/bién kiém soat/bién du bdo

> u la sai s6 (sb hang nhiéu), khéng quan sat dugc, bao gdm
tat ca nhiing yéu t6 khac anh hudng dén y nhung khdng n3m
trong x.

» Bo va (1 13 cic tham sb trong mé hinh — can phai udc luong.
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Dién gidai md hinh
> (o 13 tung d6 gbc
> (3 13 d6 dbc clia dudng hdi quy

» Néu cac yéu tb khac (u) giit nguyén khong déi, x tac déng
tuyén tinh téi y thdng qua phuong trinh:

Ay = p1Ax

Chitiéu (y)

¥ =PBo+ Pix

Bo

Thu nh3p (x)
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Ham hbi quy t(“;ng thé vd Ham hdi quy mau

> Vi gia dinh sai sb binh quan E(u) trong téng thé bing
khong, E(u) = 0, ham hdi quy tdng thé (Population
Regression Function - PFR) dugc viét dudi dang:

y = PBo+ Pix
» Ching ta khdng bao gid biét chinh xac gié tri clia B va By tir
tong thé.
» C4c phucng phép hdi quy s& uéc luong (o va Ay tir dif lieu, tur

d6 ching ta c6 md hinh hdi quy mau (Sample Regression
Function - SRF):

y:/éOJFBAlX
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Phuong phap binh phuong tdi thiéu thong thudng
(Ordinary Least Square - OLS)

» Ky hiéu i dai dién cho quan sat thd i cGa di liéu gc“\Jm n quan
sat. Tu phuong trinh hdi quy ta ¢ thé viét lai la:

ui =yi — Bo — P1x;i

> Co ché clia phuong phap OLS I3 tim (g va (1 d& ti thiéu héa
tong binh phuong cla u;.

U=miny i = (vi — o~ %)’
i—1

i=1
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PRF
E(yix) = B, + ByX

X, X X

» Dua vao hinh v& Ban chit cta OLS I3 tim phuong trinh
dudng th3ng di qua phan phéi diém cla dif liéu sao cho téng
binh phuong khodng cach tir cic diém dif liéu dén dudng
thing 13 tbi thidu. Tai sao phai dung binh phuong clia khoang
cach?

» Cic phuong phap khic cé thé st dung gia tri tuyét déi cla
khodng céch (least absolute deviations-LAD).
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Co ché cla phuong phép OLS

D& tim gia tri fo va (1 d& téi thiéu héa téng binh phuong cda uj,
ta st dung diéu kién bac nhit 13 dao ham cGia ham muc tiéu bang
khéng tai cac gia tri cuc tri:

8760—_22 Bo— 1X,)—0 (]‘)
va
gﬂ‘fl = 23" xilyi — o — Auxi) = 0 (2)
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Diéu kién cla udc lugng OLS

Hai diéu kién bac nhit (1) va (2) tuong tng véi:

Véi E(u) = 0 thi E(xu) = Cov(x, u).
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Gidi cac diéu kién bac nhit dé tim gid tri téi uu [y va b

Chdng minh rang:

s 2 (xi—X)(vi—y) _ Cov(x,y)

fr= S — %2 Var(x)

Bo=7y— %
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Sau khi uéc lugng dugc Bo va (i, ta c6 thé tinh duoc cic gia tri
du bdo chia y va u tai cic gia tri cho trudc cla x nhu sau:

Vi = Bo + Bixi

Ui=yi—JYi

» y; dugc goi la gia tri thich hop (fitted value) hodc gid tri du
bdo (predicted value) ctia bién phu thudc tai mdi gia tri clia x;
cho trudc.

> {; goi 1a phan du (residual).
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Dién giai diéu kién bac nhit cta phuong phap uéc luong
bang OLS

Trung binh cla sai sb u bing khéng va sai sb u khéng tuong quan
véi bién gidi thich x.

» Diéu kién sai sb trung binh bing khéng thuc ra dugc tu dong
thda khi ham hdi quy c6 chita tung d6 gbc (tham sb Sp).
> Diéu kién sai sb khéng dugc tuong quan véi bién gidi thich 1a
diéu kién rit khé gidi thich va khé dam bao trén thuc té.
o u chira nhiing ghén t6 khéng quan st dugc. Vay u la gi?
o Lam sao cé thé ddm bao \nhén to khéng quan sat dugc u
khdng tucong quan véi phan quan sat dugc x?
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Di3c tinh cha uéc lugng bang OLS

» Udc lugng OLS 1a khéng chéch (unbiased),

E(3) =8

» Ubc luong OLS I3 nhit quan (consistent),
plim(3) — §

khi ¢ mau tién dén v cung, n — oo

Hoc vién tu tim hiéu va chitng minh!
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Dién giai

> Mot udc lugng dugce goi 1a khdng chéch néu ky vong clia udc
luong cla tham sb 3 bing véi gia tri thuc sau nhiéu lan lay
m3u 13p. Diéu ndy c6 nghia |13 khi ching ta I3p lai u6c luong
nhiéu 13n v6i cdc nhém miu khac nhau, va I3y gis tri trung
binh clia cac udc luong, thi gid tri trung binh dé s& bing vdéi
gid tri thuc (m3c du khéng bao gid biét dugc gis tri thuc).

» Uéc lugng dugc coi la nhit quan néu gia tri cta uéc lugng hoi
tu vé m3t xac suat (convergence in probability) vé gia tri thuc
néu ting ¢& miu tién dén vd cling.

Néu diéu kién (4) bi vi pham thi uéc lugng bing OLS s& mit cac
thudc tinh nay.
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Extra: Khai
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Vi du 1: Uéc lugng tac déng cua ty sut sinh loi clia doanh
nghiép Ién miuc luong ctia CEO

» Xem b dit lieu CEOSALL.dta.

> Gia st tién luong CEO duoc quyét dinh do két qua hoat déng
cta doanh nghiép (dai dién bdi ty sut sinh Igi trén vén, roe)
mang lai:

salary = By + Piroe + u
> Ky vong gi vé gid tri cha fp va 317
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Uéc luong tic déng cla ty sudt thu nhap Ién tién luong

cua CEO

Source ss ar us Number of cbs = 209
F(1, z20M) 2.77
Model | 5166419.04 1 5166419.04 Prob > F 0.0978
Residual 386566563 207 1867471.32 R-sguared 0.0132
AdY R-squarsd = 0.0084
Toral 351732982 208 1883331.64 Root MSE 1366.6
salary o Std. Ers. £ Bl [95% Conf. Interval]
ros 18.50119 J11.12325 1.66 0.098  -3.426196  40.43057
_cons 963.1913 J 213.2403 4.52  0.000 542.7902  1383.592
e
szlary roe salaryhat uhat

1 14.1  1224.088 -123.0881

z 1001 10.9 11€4.854 .8543

3 11zz 23.5 13397.969 9892

4 578 5.3 1072.348 .3483

5 13€8 13.8 1218.508 143 4323

[ 1145 20 1333.215 -188.2151

7 1078 1l6.4 1Zeg.611 -188.8108



Hinh dang dudng hdi quy

10000 15000
1 |
.
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1
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return on equity, 88-80 avg

+ 1990 salary, thousands $ Fitted values
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So sanh dudng hdi quy mAu véi téng thé
Gid st ching ta chi cé dit liéu cha nhitng CEO ¢6 mic luong tur
trung binh tré xubng (salary < 1.281 triéu dé la/n3m). Udc lugng
tuong tng véi db thi mau cam.

(=]
(=)
27 [
=) -
(=]
8 4
o
L]
o
(=20
(=]
w . . -
. @ .
'] -
. s o ghe . Y * -
ol @ . (L
0 20 . 40 80
return on equity, 88-90 avg
. Data points . Data points, censored
SREF, full SRF, censored

= Muc tiéu I3 wéc luong dusc By va 1 clia SRF cang gin véi o
va (1 cla PRF cang tét.
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Thuc hanh uéc lugng OLS theo cac buéc tha cong

Uéc lugng cac tham sb thii cdng theo cong thiic sau:

4 S0s= R —7) _ Covlx.y)
S (% — X)2 Var(x)
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Vai tro cta cac gia dinh trong md hinh OLS

yi = Bo + Bixi + uj

. Tuyén tinh theo tham sb

. Qué trinh 13y mAu dif liéu 13 ngiu nhién

w N =

. Cé su thay d8i trong cac gia tri clia bién gi3i thich x

o

. Sai sb u khong tuong quan véi bién gii thich x, E(u|x) =0
Bang toan hoc, gia dinh (4) tuong duong véi:

E(u)
E(xu)

0 (4.1)
0

31/62



Vai tro cta cac gia dinh trong md hinh OLS

> Gia dinh (4.2) 1a gia dinh quan trong nhit trong mé hinh
OLS. R4t khé ching minh trong thuc t&. Can thiét phai hiéu
sau vé Iy thuyét kinh t& va qua trinh thu thap dit lidu dé giai
thich.

» Néu gia dinh (4.2) bi vi pham, uéc lugng OLS sé bi chéch va
khong nhit quén.

» Toan bd ndi dung ca mén KTL 2 chi tap trung dé gidi quyét
van dé nay.
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Vi du vé tinh hop Iy cla gia dinh sai s6 khéng tuong quan
véi bién giai thich

Gid dinh ching ta udc lugng md hinh ty sult thu nhap cla viéc di
hoc v8i mét bién gidi thich 13 s6 ndm di hoc:

log(income) = By + P1 * educ + u

Sai sb u ¢4 thé gdm nhitng nhan td gi khéng quan sit dugc va ¢
tuong quan vdi bién s6 ndm di hoc?
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Lua chon bién va ciu trdc ham trong mé hinh hdi quy

» Cach st dung bién sb anh hudng dén y nghia cia mé hinh.

» Si dung don vi (level), logarithm, hay ty I€ thay dsi dugc
quyét dinh bdi mé hinh kinh té.

> C6 thé lay logarithm cla bién sb khi dif liéu c6 phan phéi léch.

Dependent Independent Interpretation
Model Variable Variable of B,
Level-level y X Ay = BAx
Level-log 1% log(x) Ay = (B4/100)%Ax
Log-level log(y) X %Ay = (1008;)Ax
Log-log log(y) log(x) %Ay = B;%Ax
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Danh gid do6 thich hgp cia cdc md hinh hoi quy
Dua trén t8ng binh phuong (SST, con dugc goi la téng bién
thién), tdng binh phuong dugc giai thich (SSE), va téng binh
phuong phan du (SSR):

SST = (vi—¥)
SSE=) (yi—y)
SSR=> i
va

SST = SSE + SSR
Hé sb thich hop R-binh phuong dudc tinh bing ty sb giita bién
thién dugc gidi thich va tdng bién thién:

2 SSE _, SR
T SST T SsT e



Hiéu thé nao v& hé sb thich hop R??

> Mb hinh gdm c6 phan quan sat dugc x va phan khéng quan
sat ducc u.

» Phan quan sit duoc gidi thich dugc cang nhiéu cic nhan tb
anh hudng dén y cang tét. Vi du R? = 0.5 c6 nghia 13 md
hinh gidi thich dugc 50% dé bién thién clia mau.

> Vi va {; s& c6 quan hé nghich bién vi t8ng bién thién 13 cb
dinh dbi v6i m&i mau.

0<R?><1

> Trén thuc t&, hé sb xac dinh ludn 0 < R? < 1.
» Cau hdi: Néu R? = 0 hodc R? =1 thi hinh dang dudng hdi
quy miu sé nhu thé nio?
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Vi du 2: So sanh cidc md hinh tién luong ctia CEO

So sanh hai md hinh véi bién phu thudc 1an luot I3 tién luong va
logarithm cla tién luong. Md hinh nao phu hgp hon? Giai thich.
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\ V4

Luu y vé hé so thich hop R?

» Nhin chung nhiing ngudi mdi nghién cliu hay c¢6 xu hudng
chon mé hinh hay bién sb dé ting R2. Diéu nay khéng sai
nhung khéng duoc khuyén khich dé xay dung mé hinh.

» Sir dung R? dé chon bién cé thé din dén nhitng sai sét rAt
nghiém trong, d3c biét khi bién gidi thich 13 khdng ngiu nhién.

> Khéng c6 tiéu chi dé& xic dinh R2 khi ndo cao hay thp.

> Vi hdi quy da bién, ting sb bién sb trong md hinh lam ting
R?, do d6 cin phai can dbi giita sb bién véi dé thich hop cla
m& hinh.
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Vi du 3: M6 hinh gid nha

St dung b6 dit liéu hpricel.dta.

Hay lua chon mdt md hinh hdi quy don bién gidi thich cic nhan tb
anh hudng dén gid nha. Bién s6 nao gidi thich t6t nhat? Cau tric
ham nao phu hgp nhat?
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Gia dinh 5: Phuong sai clia sai s6 trong md hinh héi quy
Néu phuong sai cla sai s6 13 Var(u) = o2 1a mét hing sb, khéng
phu th/ucf)c vao cac bién gidi thfch/x, khi néyﬂ ta ¢c6 m6 hinh héi quy
don bién véi phuong sai cla sai s6 khéng déi (homoskedasticity).

> Phuong sai khong déi 13 gi?

flwageleduc)

wage

- ~ =

P
z - " Elwageicduc) =

12 4 B + Beduc
16
educ

» Uéc luong bﬁng OLS ¢6 tinh chAt dic biét goi la uéc lugng
tuyén tinh khéng chéch hiéu qua nhit (Best Linear Unbiased
Estimator - BLUE).
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Hbi quy Da bién
(Multivariate Regression)
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M& hinh hdi quy da bién

Tuong tu nhu mé hinh hdi quy don bién, tuy nhién véi nhiéu bién
gidi thich. Vi du mé hinh hdi quy véi hai bién gidi thich:

yi = Bo + Pix1i + Poxoi + uj

> /13 quan st tht i trong m3u bao gdbm n quan sat

> y goi |3 bién phu thudc/bién dugc giai thich

> xi, xp 13 bién doc 1ap/bién giai thich

> u 13 sai sb, bao gc\%m tht c3 nhitng yéu t6 khac dnh hudng dén
y nhung khéng nam trong xi, x.

> Bo, B1, B2 13 cac tham sb trong md hinh — can phai uéc luong.
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Phuong phap binh phuong tdi thiéu thong thuong OLS vdi
hdi quy da bién

> Tim Bo, 51, P> dé tbi thidu héa tdng binh phuong cia sai sb
uj:

n

U= minz u? = Z(}/i — Bo — Bix1i — Baxai)?
i—1

i=1

vGi ky hiéu i dai dién cho quan sat thi J.

> (7 va (B2 la tdc dong riéng phan cla cac bién gidi thich x; va
x> 1én bién phu thubc.

> Y nghia cla cic tri théng ké R?, SST, SSE, SSR tuong tu
nhu md hinh SLR.
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Diéu kién cla udc lugng OLS

Tuong tu nhu cic diéu kién cia mé hinh SLR:
> Hai diéu kién bac nhit tuong tng véi E(u) = 0 va E(xu) =0
s& ddm bao uéc lugng OLS Ia khdng chéch (unbiased) va nhAt
quén (consistent).

» Dién giai: trung binh cla sai sb u bing khéng va sai sb u
khong tuong quan véi tat cd cac bién gidi thich xq, xo.

44 /62



Dién giai ¥ nghia cta hdi quy da bién

V6i ham hdi quy miu:

9 = Bo + Prx1 + foxa
> 51 va B 1A tac déng\ riéng phan (l:ﬁa E)ién X1 vVa Xp Iér] bién
phu thudc, trong diéu kién cdc yéu t6 khdc khéng dbi.
> yla gié tri thich hop (hodc gia tri du bdo) cia bién phu thudc
véi diéu kién x; va xo cho trudc.
» Phin (/iu 13 chénh l&ch giita gi4 tri thuc t& va gi4 tri du bdo
cla bién phuy thudc, 1=y — .
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Vi du 1: Udc luong cac nhan t anh hudng dén diém GPA
St dung bd dit lieu GPAl.dta. Ubc lugng md hinh diém GPA hoc
dai hoc colGPA v&i mét va hai bién giai thich I3 diém GPA cho giai
doan hoc trung hoc hsGPA va diém thanh tich ACT.

. reg colGPA hsGPA

Source ss daf Ms Number of obs 141
F(1, 139) 28.85
Model 3.33506006 1 3.33506006 ©Prob > F 0.0000
Residual 16.0710394 139 .115618988 R-sqguared 0.1719
Adj R-squared =  0.1659
Total 19.4060994 140 .138614996 Root MSE = 34003
ColEPR Coef.  Std. Err. T B>lt] [95% Conf. Intervall
nsGER 4824346  .0898258 5.37 0.000 304833 . 6600362
_cons 1.415434  .3069376 4.61  0.000 8085635 2.022304

. Teg colGPA hsGEA ACT
Source 55 ar Ms Number of obs = 141
F(2, 138) = 14.78
Model 3.42365506 2 1.71182753 Prob > F = 0.o000
Residual 15.9824444 138 .115614814 R-squared 0.1764
Adj R-squared =  0.1645
Total 19.4060994 140 .138614996 Root MSE = 34032
ColGPR Coef.  Std. Err. t P>|t] [95% Conf. Interval]
hsGPA 4534559 .0958129 4.73  0.000 2640047 6429071
acr 009426  .0D107772 0.87 0.383 -.0118838 0307358
_cons 1.286326  .3408221 3.77  0.000 612419 1.960237
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Vi du 2: Udc lugng md hinh tién luong

St dung bé dif lieu WAGE1L.dta. Uéc lugng tac dong clia sb n3m
di hoc educ, so nam thdm nién exper, s6 nam kinh nghiém lam

viéc hién tai tenure 1&n tién luong /wage.

. reg lwage educ exper tenure

Source 55 df M5 Number of obs = 526
F(3, 5222 - 88.39

Model 46.8741776 3 15.6247259 Prob = F = @.0000
Residual 181.455574 522 ,194359337 R-squared = @.3160
Adj R-squared = 89,3121

Total 148.329751 525 .2B253286 Root MSE - 44086
lwage Coef. Std. Err. t P=lt [95% Conf. Interval]
educ .892029 .0@873299 12.56 a.008 8776292 . 1864288
exper .8841211 .8817233 2,39 8.017 .8887357 . 875865
tenure 8220672 .8838936 7.13 2.000 .8159897 0281448
_cons . 2843595 1841984 2.73 @.087 8796756 4898435
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Vi du 3: Udc luong mé hinh tién luong véi tac dong phi

tuyén cta gido duc
Ciing véi md hinh trén, nhung gid st s6 ndm di hoc cé tac dong
phi tuyén (binh phuong) 1&n thu nhép.
. gen educsq = educh2

. reg lwage educ educsq exper tenure

Source 55 df M5 Number of obs = 526
F(4, 521) = 65.87

Model 49.8213265 4 12.4553316 Prob » F = @.o000
Residual 98.5084249 521 .189@75672 R-squared = 8.3359
Adj R-squared = 9.3308

Total 148.329751 525 .28253286 Root MSE = -43483
lwage Coef. Std. Err. t P>t [95% Conf. Interval]
educ -.8316271 .8321443 -8.98 8.326 -. 0947755 .8315213
educsg .@852535 .@a133e6 3.95 @.002 . 0926394 .8078676
exper .8@37126 .ee17e28 2.18 @.03e . 0003673 .8e70579
tenure .8216263 . 9030534 7.08 8.000 .8156279 .B276247
_cons 9776996 .2034733 4,81 @.0@e 5779788 1.377428

Tac déng bién cla hoc thém mdt nam [&n thu nhap la (%):

Ay

— = 2
Aeduc Pr + 252 x educ
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Nhiing vin dé can luu y véi hdi quy da bién

» Chon bién s6 dua vao mé hinh theo tiéu chi gi?

» HAiu qua gi néu dua bién khdng lién quan vao md hinh?

» Hau qua gi néu bd sét bién quan trong trong md hinh?

» Hau qud gi néu dua cac bién tuong quan véi nhau vao ciing
mot md hinh?
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Chon bién dua vdo mé hinh

> R? |udn ludn tang khi dua thém bi&n vio mbd hinh, ké c
nhitng bién khong lién quan.

» Do dé, d& tranh lam dung dua qué nhiéu bién vio md hinh,
st dung R?-diéu chinh:

(1-R?)(n—1)
R‘g’dj:l_ n—k—1

vGi n va k 1a s6 quan sat va so bién gidi thich trong mé hinh.

> dej c6 thé ting hojc gidm khi dua bién mdi vao mé hinh.
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Vi du 4: Ubc lugng mé hinh tién luong véi nhiéu bién giai

thich

Str dung b dit lieu WAGE1.dta. Uéc lugng mé hinh 1An luct véi
c4c bién gii thich 13 (1) s& nam di hoc, s6 nim di hoc binh
phuong, kinh nghiém; (2) thém bién mau da, gidi tinh, va hén
nhan; (3) thém bién sb ngudi phu thudc. Kiém tra R2 v3 Rgdj thay
d8i nhu thé& nao khi thém bién.

Regression Results

Model 1 Model 2 Model 3
©/se bise b/se
educ -0.0340 -0.0136 -0.0134
(0.0336) (0.0314) (0.0315)

educsq 0.0056%%% 0.0043%% 0.0043%%
(0.0014) (0.0013) (0.0013)

exper 0.0098%%% 0.0072%%% 0.00728%%
(0.0015) (0.0015) (0.0016)
nonwhite -0.0089 -0.009a
(0.0609) (0.0612)

female -0.3097%#% -0.3098%++
(0.0377) (0.0378)

narried 0.1404%%% 0.1394%%
(0.0409) (0.0422)
numdep 0.0016
(0.0156)

Constant 0.9571%%% 1.0261%%% 1.02104%%
(0.2128) (0.1987) (0.2031)
Obs 526.0000 526.0000 526.0000
R2 0.2719 0.3792 0.3793
R2-adj 0.2678 0.3721 0.3709
df (r) 522.0000 515.0000 518.0000
SSR 107.9936 92.0757 92.0739

* p€0.0S, % p€0.01, *** p€0.001
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St dung hé sb phéng dai phuong sai (Variance Inflation
Factor) dé lya chon bién

Hé sb VIF dung dé kiém tra miic dé tuong quan chia mét bién giai
thich véi cac bién con lai. Bién so cang it tuong quan vdi cac bién
khac cang tot.
» Hdi quy 1An luct bién x/ 1&n cic bién con lai. Tinh hé sb thich
hop R?.
> Tinh hé& s6 VIF:

1

2
1R

VIF; =

> Néu F\’j2 16n chiing t6 bién x/ tuong quan nhiéu véi cac bién
giai thich khac.
» Quy tic chung: Loai bién cé VIF > 10
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Vi du 5: Chon bién st dung hé sb VIF

Udc lugng lai vi du (4), tinh VIF va giai thich.
» N&u c6 mét bién cong tuyén hoan hao trong mé hinh thi VIF
ctia bién dé 1a bao nhiéu?
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Tinh huong 1: Dua bién khong lién quan vao md hinh
Gia st md hinh chun 13 Y = fg + B1x1, nhung chiing ta uéc
lugng mé hinh Y = (g + f1x1 + [axa.

> Mbi quan hé giita 51 va Sy I

B1 = B1+ [201
Vé6i g1 1a hé s6 gbéc clia ham hoi quy cta bién xp [&n bién xi.

» Do chéch ctia mét uéc luong (dudc tinh bang gia tri udc
lugng dudc trir di gia tri thuc),

Bias(B1) = f1 — 1 = — o
> N&u bién x» k~h6ng quan trong, ,BAg =0, do d6 f1 vAn khong
chéch, 81 = B1.

» Tuy nhién phuong sai cla cic udc luong sé thay déi = Anh
hudng dén viéc xay dung khoang tin ciy hay dé chinh xac cla
uéc lugng!
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Tinh hubng 2: Thiéu bién quan trong trong md hinh

Gia sit md hinh chuidn 13 Y = 50 + B1x1 + Paxa, nhung chiing ta
uéc luong mé hinh Y = fy + Six1.
» Vi céng thiic:
B = B1 + fady
» Miic d& chéch clia uéc luong khi x3y ra vin dé thiéu bién
quan trong la:

Bias(B1) = 1 — B = Bad1

55 /62



Dénh gi4 hudng chéch trong md hinh thiéu bién quan trong

» Néu 3, = 0 (nghia I3 bién xo khéng phai I3 bién quan trong)

thi udc lugng clia 51 khéng chéch.

» Néu 67 = 0 (nghia 1a x; va xo khéng tuong quan) thi 3 ciing

khong chéch.

> Néu khong phai 2 trudng hgp trén, B1 bi chéch, véi hudng va

mic dé chéch tuy thudc vao gid tri cha 3 va d1.

Corrixg, x) = 0 Corrixg, x;) <0
B.=0 Positive bias Negative bias
B,<0 Negative bias Positive bias

N&u nghi ngd mé hinh thiéu bién thi khi giai thich k&t qua phai
nhan dinh hudng chéch cla tac dong!

56 /62



Vi du 6: Udc luong phuong trinh tién luong theo sé nim di

hoc

St dung bé dit liéu WAGE1.dta
> Gia st md hinh chuan c6 hai bién 13 gido duc (educ) va tb
ch3t ca nhan (ability):

log(wage) = Po + Sreduc + Brability + u

» Ching ta khdng quan sat dugc té cht ca nhan, do d6 chiing
ta chi uéc lugng duge md hinh:

log(wage) = Bo + preduc + u

» Ubc lugng clia 31 cé bi chéch khéng? va chéch theo huéng
nao?
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. reg lwage educ

Source 55 df M5 Number of obs = 526
F(1, 524) = 115.58

Model 27.5606288 1 27.5606288 Prob > F = D.0000
Residual 120.769123 524 .230475425 R-squared = 0.1858
Adj R-squared = 0.1843

Total 148.329751 525 .28253286 Root MSE = 48008
1lwage Coef. Std. Err. t Bx|t| [95% Conf. Interval]
educ .0827444 .0075667 10.94 0.000 0678796 .0976091
_cons . 5837727 .0873358 6.00 0.000 .3825563 .TT749881

Ty subt thu nhap cia mét n3m di hoc uéc luong duoc 13 8.3%.
Ué6c lugng nay cé bi chéch khéng?

» Tham kh3o nghién ctu vé ty subt thu thap cha viéc di hoc tir
cac cac quoc gia trén thé gidi.

» Tim cich diéu chinh ham hdi quy d& xi Iy vin d& thiéu bién,
va nhan dinh két qua thay d6i nhu thé nao.
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Mb& hinh thiéu bién quan trong trong trudng hop téng quat

> M5 hinh t8ng quat véi nhiéu bién gidi thich:

Y = Bo+ Bixt + Box® + .+ Bex* +u
> Néu thidu mot bién quan trong nao dé, tAt c3 cic uéc lugng
[ déu bi chéch.

» Xic dinh hudng chéch khé hon nhiéu do tuong quan giifa cac
bién gidi thich véi bién bj thiéu, va giita cic bién gidi thich vdéi
nhau.
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Tém tit céc gia dinh dbi véi hdi quy da bién

Tuong tu nhu cic diéu kién clia hdi quy don bién:
1. Tuyén tinh theo tham sb.
2. Chon miu ngiu nhién.
3. Khéng c6 cong tuyén hoan hao.
4. Trung binh c6 diéu kién cha sai sb bing 0:
E(ulxt,...x*)=0

= Uéc lugng OLS cuia cic tham sb 3 13 khéng chéch.

E(B) =28
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Giad dinh phucng sai cla sai s6 khong doi
(homoskedasticity)
5. V&i céc gia tri clia cac bién gidi thich cho trudc, phuong sai
clia sai sb 13 mét hang sb:
Var(ulxy, ..., xx) = 0>

flwageleduc)

wage

- >
3 > =
’/’p - //
- P Zz
- - -
5 - " Elwageieduc) =
12 4 Bo + Byeduc

educ
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Dac tinh cta uéc lugng OLS

V6i cac gid dinh 1-5, uéc luong clia OLS 13 uéc luong tuyén tinh,
khong chéch, va hiéu quad nhat (Best Linear Unbiased Estimator -
BLUE):
o Trong tt ca cac uéc luong tuyén tinh, OLS c6 phuong sai
clia udc luong 13 nhé nhit.
o Khong chéch.
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