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Hbi quy da bién - MLR

Vi du mé hinh hdi quy véi hai bién giai thich:

y =P80+ Bixt + Box?+ ...+ u

v

y goi 13 bién phu thudc/bién dugc giai thich.
» x%, x2, ... |3 bién ddc lap/bién giai thich.
» u 13 sai sb, bao gdm tht ca nhiing yéu tb khic anh hudng dén

y nhung khéng n3m trong x!, x2.

v

Bo, B1, Bo. ... 13 cic tham sb trong md hinh.
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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 cbng tuyén hoan hio.

4. Trung binh c6 diéu kién clia sai sé bing 0:
E(u|x!, ...,xk) =0

= Udc lugng chaa OLS la khéng chéch.

E(B) =8
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Gia dinh phuong sai cla sai sb khéng déi
(homoskedasticity)

5. V&i cic gia tri clia cac bién gidi thich cho trudc, phuong sai
clia sai sb 13 mét hang sb:

Var(u|xy, ..., xx) = o

» V&i céac gid dinh 1-5, uéc lugng cta OLS 13 uéc lugng tuyén
tinh, khéng chéch, va hiéu qua nhit (Best Linear Unbiased
Estimator - BLUE).

» Ubc luong cha 3 13 ham tuyén tinh clia bién phu thudc.
» Trong tat cd cic udc lugng tuyén tinh, OLS cé phuong sai cla
uéc lugng la nhd nhat.

N

» Khéng chéch, E(5) = 8.
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Gia dinh vé phan phoi mau cla sai so
6. Sai sb u ddc 1ap véi cic bién gidi thich, c6 phan phéi chuin vdi

gia tri trung binh 13 0 va phuong sai o2,

u ~ N(0,5°)

flylx)

normal distributions
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Mb hinh hdi quy tuyén tinh c8 dién - CLRM

Néu thoda cac gia dinh 1-6 thi mé hinh dugc coi 13 mé hinh hdi quy
tuyén tinh c6 dién.

» Uéc luong clia B 1a BLUE.

» Phan phdi mau cda S la:

B~ N(B, Var(8))

» Viét dusi dang chu3n héa:

@

sd(f3)

ISy

~ N(0,1)

6
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Mb&t sb cong thirc dang luu y

péi v~6i uéc luong clia tham sb Bj tuong ting véi bién gidi thich Xj,
va mau dir liéu cé n quan sat:
A~ 0'2

Sd(ﬁj) = SSTI " (1 — Rjz)

trong dé, téng bién thién cda x; dugc tinh nhu sau:

n

$ST; = (g 5

i=1

va R? |3 hé sb thich hop chia hdi quy x; I&n cac bién gidi thich con
lai.
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Mot sO6 nhan xét

» Téng bién thién SST; cla x; cang I6n thi do léch chuan cia
Bj cang nho. D& uéc luong cang chinh xac thi can c6 dif liéu
x; thay doi giita cdc quan sat.

» Can dit liéu diéu tra ngu nhién.

» Khong thfe uédc lugng dugc f; néu x; khong thay doi. Vi du
khong thé udc lugng ty suat thu nhap cla viéc di hoc néu tat
ca cic quan sat ¢ s6 nam di hoc gidng nhau la 12 ndm.

> F\’j2 cang nhd, hay la x; cang it tuong quan véi cac bién con
lai, thi d6 Iéch chuan cda f5; cang nhd, va uéc lugng f3; cang
chinh xac.
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Phan phdi m3u cla udc luong B;

TUr c4c gid dinh CLRM, nhung khéng biét phuong sai o2 cha sai sb
tir tong thé (mdc du biét 1a khdng doi), cac tri kiém dinh cda j;
dua trén phan phdi t-student duoc tinh nhu sau:

3. — Bj _ABJ ~ th—k—1
G se(f))

véi n 13 sb quan s&t trong md hinh, k 13 sb bién gidi thich.

» Cbng thiic ndy sé& cho phép kiém dinh cic gia thuyét v& gis tri
clia uéc lugng trong md hinh hdi quy.

> Bj va se(ﬁj) dugc tinh tir phuong phap OLS véi hdi quy da
bién.
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Phan phbi t v3 phan phbi chuin

A normal, and t-distribution with 15 and 5 df
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Gia thuyét va kiém dinh gia thuyét

» Gia thuyét 1 phia, vi du nit ¢6 thu nhap thip hon nam trong
mo hinh udc lugng ty suat thu nhdp cha viéc di hoc.

Ho:B3; <0 vs. Hi:8,>0

Ho:ﬁjzo Vs. H1:Bj<0

» Gid thuyét 2 phia, vi du s6 n3m di hoc cé tac déng dén thu
nhap (chiéu hudng tic dong cé thé la &m hodc duong).

Ho:ﬁj:O VS. leﬁj;'éo

» Néu B # 0 thi bién x; dugc goi la cé y nghia théng ké trong
m& hinh.
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\ ? V4
Mtdc y nghia va sai lam khi thuc hién kiém dinh gid thuyét
» Dua trén mét mic y nghia cho trudc («, significance level),
kim dinh mét gia thuyét 13 xem xét lidu chiing ta cé bac bd
ducc gid thuyét khi thuc té gia thuyét 13 ddng véi xac subt o
» Vi du thuc hién métlkiém dinh & mg‘c y nghia « = 5% cb
nghia la chiing ta chap nhan xéc suat |a 5% sai lam khi bac bé
giad thuyét Hp.
» Sai l1am loai | va sai 1Am loai Il
» Sai 13m loai | 13 mifc y nghfa clia kiém dinh.

» Sai 14m loai Il lién quan dé&n sttc manh théng ké (power of the
test, 1 — 3). Stic manh théng ké 13 x4c suat bac bé Hy khi H;
dang.

| Gia thuyét Ho
Ding Sai

Khong bacbé 1—« B
[Dang]  [Sai]

Quyét dinh
Bac bo a 1-p5
[Sai] [Ding]
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Kiém dinh 1 phfa (1-sided test)

> Ho: Gia thuyét khong (null hypothesis), 3; < 0
> Hi: Gia thuyét thay thé (alternative hypothesis), 5; > 0
Muc dich cla kiém dinh I3 dé bac bd Ho dua trén nguyén tic bac

bd (rejection rule):

tBj > teritical = Reject Ho

FIGURE 4.2 5% rejection rule for the alternative Hy: 8; > 0 with 28 df.
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Kiém dinh 1 phia (1-sided test) (2)

> Ho: Gia thuyét khong (null hypothesis), 3; > 0
> Hi: Gia thuyét thay thé (alternative hypothesis), 5; < 0

téj < teritical = Reject Ho

14 /36



Kiém dinh 2 phia (2-sided test)

> Ho: Gia thuyét khong (null hypothesis), 3; = 0
» Hi: Gia thuyét thay thé (alternative hypothesis), 3; # 0

|t5,| > teriticat = Reject Ho

FIGURE 4.4 5% rejection rule for the alternative H,: 8, # 0 with 25 df.

area = .025 025
/ L \\
—— 0

rejection 5 06 206 reject
w2 e
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Gia tri cuc tri va d6 tu do cla tri kiém dinh

» Mic y nghia a hodc db tin cay (confidence level, 1 — a): D&
bac bd gid thuyét & do tin cdy 99% khé hon & db tin cdy 95%
va cang khé hon & db tin cay 90%.

» D6 tu do df =n—k —1: sb quan sat n cang nhiéu thi phan
ph0| mA3u cha tham sb uéc luong BJ cang gan véi phan ph0|
chudn v kh3 ning bac bo gid thuyét cang d&. k 13 sb bién
giai thich trong mé hinh.
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Gia tri cuc tri

» Vi kiém dinh mét phia, can tim t9 tuong dng véi db tu do
df va mic y nghia « cho truéc. Vi du:

£39 = 1.6973, t39 = 2.4573.

» V6i kiém dinh hai phia, cAn tim tdf, tuong ting véi do tu do
df va mic y nghia a cho truéc. Vi du:

> V&i df =30, o = 10%, o = 5%, o = 1% thi £3% = 1.6973,
130, =2.0423, 39, = 2.75,

» Trong stata, display invttail(df,«)

17 /36



thu nhép cda di hoc:

Vi du v6i md hinh ty suit thu nhap
St dung bé dit liéu VHLSS 2010, udc lugng lai mé hinh ty sult

log(income) =/ + Biyoeduc + [ryoexper + [3yoexpersq + [amarried

~+ Bsschool + Bepublic + B7foreign + Pgofficial + u

. 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 = 0.0000
Residual 4049.86526 7,543 .535710627 R-squared = 9.3026
Adj R-squared = @9.3019

Total 5794.57067 7,551 .767391162 Root MSE = .73192
lincome Coef. Std. Err. t P>t [95% Conf. Interval]
yoeduc .0926875  .0027428 33.76 @.800 0872309 .0979841
yoexper .061687  .0025081 24.60 0.000 0567705 0666035
yoexpersq -.0012002 .0000488 -24.58 0.000 -.0012959  -.0011044
married .8352395 .8221221 1.59 0.111 -.00881259 878605
publicSchool -.1145887  .0423549 -2.71  @.007 -.1976161  -.8315613
public -.1042541  .@329488 -3.16 @.002 -.1688429  -.0396652
foreign .4499482  ,0363715 12.37  0.000 37865 .5212464
official .2705426  .@359373 7.53  0.000 2000956 3409897
_cons 8.493551  .@474837 178.87 0.000 8.40047 8.586633
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Kiém dinh gia thuyét vé ty suit thu nhap cla viéc di hoc
» Kiém dinh hai phia: Hy: /1 =0
> Tri kiém dinh t5, = -2~ = 33.76

59(51)

» Gid tri cuc tri t/oe = 1.9603 va t72 = 2.5765

> |tg,| > teriticar NéN bac bd gia thuyét Hy = di hoc 6 tic déng
dén thu nhap.

» Kiém dinh mét phia: Ho : 81 < 0

> Tri kiém dinh tg, = fé) =33.76
se(pP1
> Gid tri cuc tri 7 = 2.3268

> tg, > teritical NEN bac bo gid thuyét Hy = di hoc c6 tac dong
duong dén thu nhap.

» Kiém dinh mét phia: Ho : 81 > 0
» Luu y quy tic bac bd Ho I3 tg, < teritical-

» Do t3, > teriticat N€n khéng bac bo gid thuyét Hy = di hoc ¢
tic déng duong dén thu nhap, gibng nhu trén.
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St dung p-value dé kiém dinh gi3 thuyét
p — value c6 lién quan truc tiép dén tri th(/“)ng ké t thong qua ham
phan phdi xac sult: p-value 13 xac subt tich lily quan sat duoc
vung phan phbi c6 t > t — stat.

p-value=.05 and t-stat=2.09 for t-distribution with 20 df

0.025 0.025

» p-value |3 dién tich ving t6 dam (déi véi kiém dinh 2 phia)
dugc tinh tir gid tri t = +2.09

» DA&i véi phan phbi t véi 20 df, dién tich phan t& dam tuong
&ng véi 0.025*2 = 0.05.
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St dung p-value dé kiém dinh gi3 thuyét

p — value |13 muic ¥ nghta thip nhit ma gia thuyét Hy c6 thé bi bac
bo.
» Vi kim dinh mét phia, ndu p — value < a thi gia thuyét Ho
bi bac bd & miic y nghia o hay d6 tin cdy 1 — «.
> Véi kiém dinh hai phia, néu p — value < /2 thi gia thuyét Hy
bi bac bd & miic y nghia o hay d6 tin cdy 1 — a.
» Trong Stata, st dung I&nh display ttail(df t-stat) dé tinh
p-value/2.
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Vi du kiém dinh gia thuyét vé ty subt thu nhap cla viéc di
hoc bang p-value

Kiém dinh hai phia: Hp : /1 = 0

» Tuong Ung véi df = 7,543 va t-stat = 33.76 thi p-value =
0.000 < 0.005 = bac bo gid thuyét Hy & db tin cdy 99% = di
hoc cé tic dong dén thu nhép.

22 /36



Khoang tin cdy

» Khoang tin ciy 1 — « clia uéc luong cla tham sb B; dugc tinh
bing:

B\j + tg;z * se(BAj)
» Vi du khoang tin cy 95% ciia tham s& yoeduc trong mé hinh
ty sudt thu nhap I3

» Khoang tin ciy nay sé& khdng chita gié tri 0 néu uéc lugng cla
Bj c6 y nghia thong keé.
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Cac loai kiém dinh khac

» Gia thuyét don: kiém dinh déi véi mét tham sb cia mé hinh.
» Kiém dinh didu kién rang bubc dbi véi cc tham sb.

> Gia thuyét bsi: kim dinh déng thdi nhiéu tham sb.

» Kiém dinh cAu trdc ham.

» Kiém dinh mé hinh gbp.

» Kiém dinh u6c lugng tir hai mé hinh riéng biét.
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Kiém dinh diéu kién rang budc véi tham sb

Vi du ta mubn kiém dinh Hp 13 ty subt thu nhap cda di hoc bing
vGi ty suat thu nhap cda kinh nghiém lam viéc, 51 = 3, trong md
hinh:

log(income) =By + P1yoeduc + [Bayoexper + Bzmarried
+ Baschool + Bspublic + [eforeign + [7official + u

Tri kiém dinh duoc tinh nhu sau:
_ _b-b
se(f1 — B2)
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Kiém dinh diéu kién rang budc véi tham sb (2)
Cé 2 cach thuc hién trong Stata:

1. test yoeduc = yoexper
( 1) yoeduc - yoexper = 0
F( 1, 7544) = 982.41
Prob > F = 0.0000

2. Tao ra bién mdi sum = yoeduc + yoexper, udc lugng md hinh
véi bién sum, va kiém dinh 0 = 0:

log(income) =py + Oyoeduc + [Basum + [Szmarried

+ Baschool + Bspublic + Bgforeign + B7official + u

Luu y tri kiém dinh F-stat dbi v6i mét rang bubc bféng tri
kiém dinh t-stat binh phuong.
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Kiém dinh gi3 thuyét bai (multiple hypothesis test)

» Kiém dinh ddng thdi nhidu rang budc, vi du trong mé hinh ty
sult thu nhap ta mubn kiém dinh sé n3m kinh nghiém am
viéc va sb n3m kinh nghiém lam viéc binh phuong dong thdi
khéng c6 tac dong dén thu nhap.

Ho:B2=10,83=0
so v6i Hi: it nhit mét trong cic ding thiic khéng dat.
» Kiém dinh gi3 thuyét bai khac véi kiém dinh timg bién riéng
ré. C6 thé cic bién B, va B3 khdng c6 y nghia thdng k& nhung
khong dbng thdi bing khéng.
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M& hinh géc (con goi Ia md hinh khéng bi rang budc -
unrestricted model) la:

log(income) =Py + B1yoeduc + Payoexper + [f3yoexpersq + [amarried
+ Bsschool + Pepublic + [7foreign + Pgofficial + u

Mb hinh bi rang bubc (restricted model) theo gia thuyét Ia:

log(income) =p + B1yoeduc + [Samarried
+ Bsschool + Bgpublic 4+ [7foreign + Pgofficial + u
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D& kiém dinh gid thuyét bbi ta dua vio t8ng binh phucng clia
phan du SSR.

Mb hinh cang nhiéu bién thi SSR cang nhé.

Su khéc biét gilta SSR ctia mé hinh bi rang buéc (SSRg) va
md hinh khéng bi rang bubc (SSRy) cé thé dung dé kiém
dinh cla viéc thiéu bién trong md hinh.

Tri kiém dinh c6 phan phéi F, , s 1, v6i q 13 sb rang budc
clia md hinh bi rang budc:

- _ (SSRr— SSRu)/q
~ SSRy/(n—k—1)

Kiém dinh F con goi 13 kiém dinh Wald.
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Vi du v6i md hinh ty suit thu nhap
» Hy: 5>, =0,83=0=9g=2,n—k—1=17543

. reg lincome yoeduc yoexper yoexpersq married publicSchool public

foreign official

Source 55 df M5 Number of obs = 7,552
F(8, 7543) = 409.20

Model 1753,70541 8 219,213176 Prob > F =- 9.0000
Residual 4040.86526 7,543 .535710627 R-squared = 9.3026
Adj R-squared = 9.3019

Total 579457067 7,551 ,767391162 Root MSE = 73192
Lincome Coef.  Std. Err. t P>ltl [95% Conf. Interval]
yoeduc .0926875  .@027428 33.76 0.00@ .0872309 .0979841
yoexper .061687  .0025081 24.60 0.000 0567705 0666035
yoexpersq -.0012002 .0000488 -24.58 0,000 -.0012959  -.0011044
married .0352395 .8221221 1.59 @.111 -.00881259 878605
publicSchool -.1145887  .0423549 -2.71  0.007 -.1976161  -.0315613
public -.1042541  .0329488 -3.16  0.002 -.1688429  -.0396652
foreign . 4499482 .8363715 12.37 0.000 .37865 .5212464
official .27@5426  .@359373 7.53 ©.000 . 2000956 .3499897
_cons 8.493551 Q474837 178.87 0.000 8.40047 8.586633

: test yoexper = yoexpersq = @

( 1) yoexper - yoexpersq = @
( 2) yoexper =
F( 2z, 7543) = 310.83
Prob > F = @.0000

» Né&u kiém dinh t4t cd cac tham s& trong mé hinh = y nghia théng
ké clhia md hinh t8ng quat (overall significance of the regression).

» Trong md hinh ty sult thu nhap, tri kiém dinh Fg 7543 = 409.02,
p-value = 0.000.
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Duing kiém dinh gia thuyét dé x4c dinh cAu tric ham

» R?, Ra2dj da dugc st dung dé lua chon bién sb va cAu tric
ham sb.

» F-test ciing 6 thé st dung d& kiém dinh cAu tric ham sb
trong cdc md hinh 16ng ghép (nested models). Vi du md hinh
(1) dugc 16ng ghép trong mé hinh (2):

y = Bo+ Bixi + faxe + u (1)

y = Bo + Bix1 + Baxa + Baxd + Baxd +u (2)
» Kiém dinh Hp : 83 = 4 = 0 d& biét liéu hai md hinh trén 13
tuong duong hay khdng. Néu bac bé Hp thi mé hinh (1) dugc
ldng ghép trong mé hinh (2).
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Kiém dinh khac biét giifa c4c nhém trong cling mét mé
hinh - Chow test

Ching ta mubdn kiém dinh liéu md hinh ty sult thu nhép cla viéc
di hoc giong nhau giita nhém nam va nd.

log(income) =Py + P1yoeduc + Bayoexper + Bzyoexpersq + [Samarried
+ Bsschool + Bepublic + Pz foreign + LBgofficial + u

» Ching ta d3 uéc lugng md hinh trén cho nhém nam va nit
riéng biét va quan st thay ty suat thu nhap cua viéc di hoc
véi nhém nir cao hon nhém nam.

» Cau hdi: Sy khac biét cé y nghia théng ké hay khéng?
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Tri kiém dinh cda Chow-test Fr+1,n—2(k+1) dugc tinh nhu sau:

¢ _ [SSR, — (SSRy + SSRy)]/(k +1)
= [SSRy + SSRs]/(n — 2(k + 1))

trong dé
» Gia thuyét Hy: Tét ca c4c tham sb uéc luong clia md hinh
nam va nit la giong nhau.
> klash bié,n gidi thich trong mé hinh (41 do thém tham sb
tung dé goc)
> SSR,, SSR1, SSR, 13 t8ng binh phuong phén du clia hdi quy
gbp toan bd dir liéu, cta nhém nam, va nhém nir.
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Vi du v6i md hinh ty suit thu nhap

_ [4040.8653 — (2234.8287 + 1649.6582)] /(8 + 1)

= 33.699694
[2234.8287 + 1649.6582] /(7552 — 2(8 + 1))

» Gid tri cuc tri cla F i1 po(k+1) tai mic tin cdy 99% la
F(9,7534,.99) = 2.4096768 = Bac bé Ho.
» Dung [énh invF(9,7534,.99) trong Stata.
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Thuc hién Chow-test bing kiém dinh boi

log(income) =y + P1yoeduc + Bayoexper + [B3yoexpersq + [Samarried
+ Bsschool + Bgpublic + [ foreign + Pgofficial
+male x [5y + S1yoeduc + ... + Sgofficial] + u

» Tao bién tuong tac giita male véi cic bién giai thich.

» Udc lugng md hinh gbp bao gdbm 2(k+1) = 18 bién giai thich.

» Néu kh,c“mg c6 su khac Ibiét giita cac nhérp nam va \nfr thi cac
tham sO (rng véi cac bién tuong tac sé dong thsi bang khong.

> Dﬁng,kiém dinh F d&i véi mé hinh rang rudc (nhém nam va
nit giong nhau) va khoéng rang budc (nam va nir khic nhau).

» Dbi chiéu véi cach kiém dinh dua trén SSR phia trén.
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Thuc hién Chow-test véi mot sb bién

Vi du ta chi mudn kiém dinh ty sult thu nhap cla viéc di hoc giiia
hai nhém, khéng kiém dinh tat cd cic tham s6 trong md hinh.

» Tao tuong tac giifa bién male véi bién yoeduc,

dyoeduc = male x yoeduc.
» Dua 2 bién male va dyoeduc vao mé hinh va uéc lugng.
» Kiém dinh Hp : male = dyoeduc = 0.

» Néu Hp bi bac bd nghia 13 male # 0 (tung dé gbc khac nhau)
hodc dyoeduc # 0 (hé sb géc khac nhau), hoc ca hai.
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