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Thé nao 13 bién phu thudc khéng bi gidi han va bi gidi han

» Céc loai bién phu thudc trong md hinh hoi quy:

» Lién tuc va rdi rac: ting truéng GDP 13 lién tuc, c6 thé cé con
sb bat ky, vi du 6.1025%; sb Ian di hoc mudn 1 rdi rac, vi du
di muén 0, 1, 2 lan.

» Khong bi gidi han va bi gidi han: Igi nhuén cla cbéng ty la
khéng gidi han (18 thi nhan gia tri 4m, 13i 13 duong); s& nhan
vién la bi gi6i han (bi chdn dudi, it nhit 1 nhan vién trong mot
cbng ty).

» Bién phu thudc dinh tinh va dinh luong: ¢ hat thubc 14 hay
khéng 13 bién dinh tinh; hit bao nhiéu diéu thubc mdt ngay I3
dinh lugng va bi gii han (it nhat 13 mot diéu).

» Hau hét cic bién sb kinh t& déu bi gidi han.

» S dung hdi quy tuyén tinh déi véi dit liéu bi gisi han thi két
qua c6 thé bi sai l&ch, hodc khé gidi thich y nghiia v& mit kinh
te.
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M&t s6 mé hinh st dung bién phu thudc bi gisi han (1)

» M5 hinh xac sult x3y ra mét su kién hay mét bién cb nao dé.
Vi du dbi tugng vi thanh nién hat thubc, di hoc dai hoc, phu
nit dan toc thidu sb tham gia lao déng chinh thac. Bién phu
thudc 1a c6 hodc khéng (m3 hod 1 cho cau trd 16i cé, 0 cho
ciu trd I5i khong). D&i véi bién phu thubc dinh tinh thi khéng
c6 cach x8p hang cau tra 15i (c6/khdng) nhu bién phu thudc
dinh lugng (nhiéu/it).

» Mb hinh xac sut cé thé 13 da Iva chon thay vi hai lua chon,
vi du anh/chi dén trudng bang phuong tién gi: 6-t8, xe may,
xe dap, di bd.
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M&t s6 mé hinh st dung bién phu thudc bi gisi han (2)

» M5 hinh sb 13n xay ra mot sy kién nao dé. Vi du s6 1An mot
hoc vién MPP di hoc mudn, sb con trong mét gia dinh, sb san
ph§m bi hong trong mdt ngdy, sb 1an di khdm bénh mét n3m.
Bién phu thudc s& c6 gia tri 0 va sb nguyén duong (1, 2, 3...).

» Mb hinh mb ta xép hang cta mét su kién, vi du cdm quan cla
anh/chi v& mét mén hoc c6 thé 13 qua khé/khé /trung
binh/tuong dbi d&/quéa dé.

» Mb hinh véi bién phu thudc bi chdn trén hodc dudi. Vi du thu
nhap chi c6 thé 13 0 hodc duong; sb tién mét ngudi d3 1am tir
thién trong mét n3m tbi thiéu 13 0 hodc duong; sb gid 1am
viéc trong mét tuan khong thé qué 24 x 7 = 168 gio.
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Tén goi mo6 hinh sir dung bién phu thudc c6 gidi han

» M3 hinh x4c suit (Logit, Probit, Multinomial Logit)

» M5 hinh sb 1an xay ra su kién (Poisson)

» M& hinh véi bién phu thudc bi chin (Tobit, Censored,
Truncated Regression)
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Diéu gi xay ra néu st dung céng cu OLS cling céc gid dinh

cia md hinh CLRM vao dif liéu ¢ bién phu thudc bi gidi
han?
Xem xét md hinh:

SMOKING; = By + f1 * PRICE; + u; (1)

trong d6 SMOKING; 13 bién dinh tinh cho hanh vi hit thubc 13
cla tré vi thanh nién, nhan gid tri 1 néu cé hit thudéc va 0 néu
khéng. Bién giai thich I3 gid ban Ié.

for smoker

SMOKING; = {(1)

for non — smoker

» Trong md hinh théng thudng, 81 13 thay d8i clia bién phu
thudc SMOKING néu bién giai thich PRICE ting mét don vi.

» D&i véi bién phu thudc nhi phan, SMOKING; chi nhan gis tri
0 hodc 1, y nghia cta (31 la gi?

34



M& hinh x4c suit tuyén tinh - Linear Probability Model
(LPM)

» Vi gia thiét ky vong clia bién du bing 0, E[u|PRICE] = 0:

E[SMOKING|PRICE] = o + p1 * PRICE (2)
» Ddng thai:
E[SMOKING]

1% P(SMOKING = 1) + 0 x P(SMOKING = 0)

P(SMOKING = 1)
= P(SMOKING = 1|PRICE) = f3y + /31 * PRICE
» Diéu nay c6 nghia 13 xac subt quan sat dugc mét vi thanh
nién hat thubc 13 mé hinh tuyén tinh cta bién gidi thich
PRICE. Vi du 8 = —0.1, néu gis béan ting 1 don vi thi xac
sult vi thanh nién hat thubc s& giam 10%.
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M6 hinh xac suat tuyén tinh (2)
Nhitng vin dé clia md hinh xac sut tuyén tinh:
» Néu f; = —0.1 thi ting gid ban thém 20 don vi c6 lam cho
xac subt hat thubc gidm vé 0 hay tham chi 4m khong?
» Tic déng bién clia gia ban 13 cb dinh ¢ hop ly khéng? Vi du
néu gia thubc 14 tang tir 10.000d 1&n 20.000d/bao cé khac so
véi tang tir 100.000d 1én 110.000d/bao khéng?

» Gia dinh v& phuong sai khéng d&i trong mé hinh CLRM,
Var(u;) = o2, bi vi pham. Khi nay:

Var(uj|Xi) = Pix (1 — P;) , véi
Pi = o + p1 * PRICE;

= Var(ui|PRICE;) € PRICE;, hay néi cich khic, phuong sai
clia sai sb thay déi.!

!Bié&n phu thudc Y; phan phbi Bernoulli véi xac subt P; = By + B1 * X; nén
u; cling phan phdi Bernoulli véi xac suat Py, =1 — 8o — f1 * X;. Phuong sai
cla phan phdi Bernoulli 13 Var(uj) = Py, * (1 — Py,).
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Phuong phap xac suit tdi da - Maximum Likelihood
Estimation (MLE)

» Khc phuc cdc nhugc diém d3 néu trén, dé (a) udc lugng xac
sult ludn n3m trong khoang [0,1] v6i moi gia tri clia bién giai
thich PRICE, va (b) tac déng bién clia bién giai thich khong
cb dinh, chiing ta can cach tiép can méi khdng sir dung
phuong phap OLS.

> Gia dinh xac suft cla viéc hit thubc dugc xac dinh bdi ham
phan phdi xac sult tich luy G(.):

P(SMOKING; = 1|PRICE) = G(f + 31 * PRICE;) ~ (3)

Vé6i ham G(Bo + fB1 * PRICE;) nhan gia tri ndm trong khoang
[0,1] v6i moi gi tri chia bién giai thich PRICE.

» Ham phan phdi xac sudt G(.) thudng khdng biét trudc, va
phai dua vao gid dinh hodc cic ly thuyét kinh té.
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Cac ham phan phbi x4c suit thong dung (1)

» Néu G(.) c6 phan phéi tich luj Logistic, khi d6 ta c6 hdi quy
“Logit":

eZ

1+ e?

G(z) =

v6i ham mat dé phan phbi Logistic g(z) = G'(z) = (1+ez)

» Néu G(.) c6 phan phéi tich luj chudn = hdi quy Probit:

6(2) = 0(2) = [ olx

v6i ham mat dé phan phdi chuin ¢(x) = Ee -5
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Cac ham phan phbi x4c suit thong dung (2)

D4 thi Ham Mat dé Phan phéi Logit (Tim) va Chuan (Cam)

1.5
1.0

0.5

1 0 1
Legistic and Normal Distribution

Ham Logistic c6 mitc d& phan tan cao hon so vé6i phan phbi chuan.
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Uéc lugng md hinh hdi quy Logit va Probit (1)

» Khac véi phuong phap binh phuong phan du tbi thiéu OLS,
md hinh hdi quy dua trén ham phan phdi xic subt nhu Logit
hay Probit diing phuong phap xac suit tbi da (Maximum
Likelihood Estimation-MLE).

» Ham muc tiéu cta phuong phap OLS I3 téi thiéu téng binh
phuong phan du clia bién phu thudc, cdon ham muc tiéu cla
phuong phap MLE 13 t8i da xac sut quan sit dugc m3u véi
thudc tinh cho trudc.
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Uéc lugng md hinh hdi quy Logit va Probit (2)

» Xéc subt quan sat duoc vi thanh nién i ¢6 hat thubc hay
khdéng c6 thé viét nhu sau:

P(SMOKING;|PRICE;) = [G(.)]°MOKINGi « [1—G( )]} ~>MOKING:
(4)
» Néu SMOKING; = 1 thi P(SMOKING;|PRICE;) = G(.)
» Néu SMOKING; = 0 thi P(SMOKING;|PRICE;) =1 — G(.)

» G(.) 1a ham don diéu (do G(.) 1a ham phan phéi xac sult tich
luj, G(.) chi ting hodc giam theo bién gidi thich), c6 thé don
gidn hoé bing cich chuyén doi tir ham tich (4) sang ham
logarithm :

¢; = In[P(.)] = SMOKING; x In[G(.)]+[1— SMOKING;]x In[1—G(.)]
(5)
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Uéc lugng md hinh héi quy Logit va Probit (3)

» Néu miu dif lieu c6 N thanh vién thi ham xac suit tdng thé
dugc tinh bang cach ldy tong clia xac suat chia cic quan sat:

N

L=>) ¢ (6)

i=1

va viéc udc lugng theo phuong phap MLE dugc thuc hién
bing cach tbi da hos tdng xac subt L.

Max L=>" {s,- # In[G()] +[1 = S/ * In[1 — G(.)]} = BuLe

) (7)
véi S; la bién phu thuéc SMOKING;, va G(.) 1a ham phén
phbi x4c sult tich lu§ G(Bo + P1 * PRICE;).
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Uéc lugng md hinh hdi quy Logit va Probit (4)

» D& tim tham sb By va 81 nh3m tbi da gid tri L, st dung diéu
kién t&i wu bac nhit (first-order condition). Vi du véi (1, st
dung quy tic chudi (chain-rule) khi I3y dao ham bac nhit:

> G'(Bo+ Br* Xi) = g(.) * Xi

oIn[G(.
- THOOL_ L)+

» Do dé, diu kién bac nhit véi 3::

oL Si =S vl
851:2.:{6(')%(‘)*)(' 1-60) g(.) x,} 0
(8)
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Uéc lugng md hinh héi quy Logit va Probit (5)
> Vi du ddi véi hdi quy Logit, G(z) = 155 va g(z) =
Sau khi bién d8i, diéu kién bac nhit déi véi 1 1a:

_e
(1+e2)?2"

e:BOJ’_ﬂl*X
8ﬁ1 Z Six X — Z 1 + ePotBrxX; #Xi=0 (9)

va 4p dung dbi véi Bo:

eBo+P1xXi

8ﬁo Z Z 15 eforp%, 0 (10)

» Trong phuong phap MLE, do tinh phi tuyén cla diéu kién bac
nhat (9) va (10) nén khéng c6 cbng thiic cu thé dé tinh [y va
By nhu phucng phap OLS.

» Viéc udc luong By va B1 phai st dung cac phadn mém chuyén
dung.

» Véi ham Probit thi phuong phdp uéc lugng ciing tuong tu.

17 /34



Giai thich y nghia cGia mé hinh Logit va Probit (1)
» T gid dinh xac sut clia hanh vi hat thubc (3):

P(SMOKING; = 1|PRICE) = G(fo + 1 * PRICE;) ~ (11)

Vi nhiing thay d8i nhé cla gi4 ban 1& PRICE thi tic déng
bién 1én xac suat hat thudc cé thé dugc tinh nhu sau:

OP(SMOKING)
OPRICE
véi g(Bo + P1 * PRICE;) 13 ham mat dé phan phdi xac suft.
» Trong phuong phdp MLE, tac dong bién cda giad 1én hanh vi
hat thubc the/ay d8i tuy thudc vao gid tri gﬂa ham mat do g(.)
tai gid ban goc, khac vdi tadc dong bién c6 dinh trong phuong
phap hdi quy tuyén tinh OLS!

=g(Bo+ 1 * PRICE;))« 51 (12)
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Giai thich y nghia clia mé hinh Logit va Probit (2)

» Thoéng thudng chiing ta tinh tdc dong bién tai mdc gid trung
binh, tai cic tif phan vi, gié tri tbi da/tbi thiéu.

» N&u bién giai thich 13 bién rdi rac (vi du c6 thém bién giéi
tinh trong hdi quy Logit da bién) thi khong dp dung duoc
cbng thitc (12). Khi dé, téc déng cha gidi tinh dén hanh vi
hat thubc c6 thé udc luong truc tiép:

AP = P(SMOKING|MALE)—P(SMOKING|FEMALE) (13)

= G(Bo + By * PRICE + D) — G(Bo + By * PRICE)

v6i D 13 bién gia dai dién cho gidi tinh.
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Thuc hanh trén STATA (1)

» Sir dung bd dir lieu MROZ.DTA dé wéc lugng md hinh giai
thich nhan t& anh hudng viéc tham gia lao déng chinh thiic

cha phu nit d3 c6 gia dinh.

sum inlf nwifeinc educ exper age kidslt6 kidsge6

Bang mo ta dir liéu

Variable | Description Mean Std. Dev. Min Max
inlf Tham gia lao dong 0.57 0.50 0 1
nwifeinc | Thu nh&p rong ho gia dinh | 20.13  11.63 -0.03 96
educ S6 nam di hoc 12.29 2.28 5 17
exper S& nim kinh nghiém 10.63 8.07 0 45
age Tudi 4254 8.07 30 60
kidslt6 | S& con dudi 6 tudi 024 052 0 3
kidsge6 | Sb con tir 6 tudi tré Ién 1.35 1.32 0 8
N = 753
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Thuc hanh trén STATA (2)

» Xéc subt tham gia duoc gia dinh bi dnh hudng béi cac yéu tb
nhu thu nhap rong (téng thu nhap gia dinh trr di mdc luong
tbi thiéu), trinh d6 hoc van, sb nim kinh nghiém lam viéc (v6i
tac déng phi tuyén qua kinh nghiém binh phuong), tudi, sb
con nhé dudi v trén 6 tudi:

inlf; = By —+ 1 * nwifeinc; + B2 *x educ; + B3 * exper; + B4 x exper,-2
+ 05 * age; + Be * kidslt6; + 7 * kidsgeb; + u;

» Mb hinh trén c6 thé dudc uéc luong bing phuong phap OLS
cho md hinh xac sut tuyén tinh (LPM), va phuong phép
MLE cho mo hinh Logit va Probit.
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Thuc hanh trén STATA (3)

gen exper2 = experxexper

reg inlf nwifeinc educ exper exper2 age kidslt6 kidsge6, robust
logit inlf nwifeinc educ exper exper2 age kidslt6 kidsge6
probit inlf nwifeinc educ exper exper2 age kidslt6 kidsge6

(1) (2) (3)
LPM Logit Probit
nwifeinec =0.00341* =0.0213* =0.0120*
(=2.23) (=2.53) (=2.48)
edue 0.0380**= 0.22]1%== 0.131%**
(5.23) (5.09) (5.18)
exper 0.0395%*= 0.206%== 0.123%**
(6.80) (6.42) (6.59)
expera =0.000596** =0.00315*=* =0.00189=~*
(-3.14) (-3.10) (-3.15)
age =0.0161*** =0.0880*== =0.0529=**
(=6.71) (-6.04) (-6.23)
kidslté =0.262*%*=* =1.443*== =0.868=**
(-8.24) (-7.09) (-7.33)
kidsget 0.0130 0.0601 0.0360
(0.96) (0.80) (0.83)
_cons 0.586**= 0.425 0.270
(3.85) (0.49) (0.53)
N 753 753 753

t statistics

* p<0.05, ** p<0.01, **#* p<0.001

in parentheses
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Dién giai va so sanh giita LPM véi MLE nhu thé nao?

» Cac udc lugng cia md hinh LPM ¢6 thé dién gidi truc tiép 1a
tdc dbng bién cha cic bién giai thich, vi du c6 thém mot con
dudi 6 tudi khién xac subt tham gia lao déng clia phu nit giam
26%.

» Téac déng bién cla udc luong MLE phai tinh bang céng thiic
(12) va (13). Do tac déng bién thay déi tuy thudc vao gia tri
gbc nén trong vi du ndy chidng ta tinh tac déng bién tai gia tri
trung binh clia cc bién gidi thich. S&r dung lénh:

logit inlf nwifeinc educ exper exper2 age kidslt6 kidsge6
mfx, at(mean)

» Luu y: tri kiém dinh cia mé hinh LPM 13 t-test, ciia mé hinh
Logit hodc Probit la z-test.
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Giai thich

md hinh Logit (1)

Marginal effects after logit
y = Pr(inlf) (predict)
= .58277201
variable | dy/dx std. Err. z P>|z| [ 95% C.I. 1 X

— F——— ——
nwifeinc -.0051901 .00205 -2.53 0.011 -.009204 -.001176 20.129
educ ‘ .0537773 .01056 5.09 0.000 .033078 .074476 12.2869
exper | .0500569 .00782 6.40 0.000 .034721 .065393 10.6308
exper2 ‘ -.0007669 .00025 -3.10 0.002 -.001252 -.000281 178.039
age -.021403 .00354 -6.05 0.000 -.028341 -.014465 42.5378
kidslté | -.3509498 .04964 -7.07 0.000 -.448241 -.253658 .237716
kidsge6 | .0146162 .01819 0.80 0.422 -.021032 .050265 1.35325

» Tai gi4 tri trung binh clia cic bién gidi thich trong Bang md
ta dir liéu, néu sb nim di hoc tdng mot ndm, xac suit tham
gia lao déng ting 5.4%.

» C6 thé tinh tac déng bién tai cac gid tri khdc nhau cla bién
déc 1ap bang Iénh:
mfx, at(mean kidslt6=0)

mfx, at(mean kidslt6=1)
mfx, at(mean kidslt6=2)
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Gidi thich mé hinh Logit (2)
Cé thé kiém tra tac déng bién cha bién gido duc bing céng thic:

oP

X =g(Bo+ B1x X1+ ... + Bo * Xo) * Beduc ~ (14)

educ

oP

X = g(—.0213>|<20.13—1—.221>1<12.29—i—.206>k10.63—.00315>1<10.632

educ

(15)
—.088 x 42.54 — 1.443 % .24 4+ .0601 x 1.35 + .425) % .221
= g(.537) % .221

v6i ham mat dé phan phdi Logistic g(.) = @76)2

OP 2.718:537

x| ~ararEyt 221 = .0515 (16)

educ

= K&t qua tuong dong véi két luan & trén.
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Gidi thich mé hinh Logit (3)
Cé thé tinh tac déng bién bing cac lénh sau trong STATA:

logit inlf nwifeinc educ exper exper2 age kidslt6 kidsge6
qui sum nwifeinc

scalar _x1 = r(mean)

qui sum educ

scalar _x2 = r(mean)

qui sum exper

scalar _x3 = r(mean)

qui sum age

scalar _x4 = r(mean)

qui sum kidslt6

scalar _x5 = r(mean)

qui sum kidsge6

scalar _x6 = r(mean)

scalar xb = (_b[_cons] + _b[nwifeinc]*_x1 + _bl[educ]l*_x2 +
_blexper]*_x3 + _blexper2]*_x3 ~ 2 + _blagel*_x4 +
_blkidslt6]*_x5 + _bl[kidsge6]*_x6)

di ‘Tac dong bien cua mot nam hoc =’ exp(xb)/(l+exp(xb)) ~ 2 *
_b[educ]
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Giai thich mé hinh Logit (4)

» Dbi véi bién sb con nhd dudi 6 tudi, con sb uéc lugng 35% chi
ding néu day I3 bién lién tuc.

» Do sb con 13 bién rdi rac, phai st dung céng thic (13) dé tinh
tdc dong bién cla viéc c6 thém mébt con.

» Vi du xac subt tham gia lao déng thay d8i thé ndo déi véi phu
nit chua ¢6 con nhd dudi 6 tudi chuyén sang c6 mbt con nhé
dudi 6 tudi?

AP = G(Bo+P1# X1+ ...+ Bidgsies) — G (Bo+ L1 X1 +...) (17)

v6i G(.) 13 ham phan phéi tich luy Logistic, G(z) = lj—zez:

AP = G(—.559) — G(.884) = .364 — .708 = —.344

= x4c sult tham gia lao déng gidm 34.4%.
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Kha ning du bao clia md hinh xac sujt (1)

» Kha ning du bdo cia md hinh: thé hién xic subt mé hinh dy
dodn ddng thuyc té, bao gom cd du bdo ding viéc tham gia va

khong tham gia.

» Mot du bdo dugc coi la ding néu xac sut tham gia udc
lugng dugc > 0.5 d6i véi ngusi tham gia trén thuc té, va xac
suat tham gia uéc lugng dugc < 0.5 d6i véi ngusi khong

tham gia trén thuc té.

Ma tran du bao

‘ Du béo ‘ Téng sb
Co Khéng
Co X1 X2 X1 4 X2
[Ding] [Sai]
Thuc té
Khéng X3 X4 X3 + X4
[Sai] [Ding]
Téng sb X1 4 X3 X2+ X4 S X
» Kha ning du bdo cliia md hinh v = %
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Kha ning du bao clia md hinh xac sujt (2)

logit inlf nwifeinc educ exper exper2 age kidslt6 kidsge6

predict p, pr

di ‘tinh xac suat du bao dung voi phu nu di lam’

count if p>0.5 & inlf==

count if inlf ==

di ‘tinh xac suat du bao dung voi phu nu khong di lam’
count if p<0.5 & inlf==0

count if inlf ==

Ma tran du bao

Du bao Téng sb
Coé Khong
(o] 347 81 428
Thuc té
Khéng 118 207 325
Téng sb 465 288 753
_(347+4207) o
>y = e = T73.57%
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Kha nidng du bdo cia md hinh xac

Cé thé 1am don gian hon bing lénh:

estat classification

Logistic model for inlf

Classified | D
----------- +

+ | 347

- | 81
----------- +

| 428

sut (3)
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Kiém dinh hdi quy Logit

» Dbi v6i kiém dinh don bién, st dung z-test.

» D&i véi kiém dinh da bién, sit dung kiéim dinh Likelihood
Ratio (LR). Vi du kiém dinh k tham s6 uéc lugng dong thai
khdéng c6 y nghia thong ké:

Ho: By =..=Bj =0 v6i Hy : it nhit mét B, # 0

» Udc lugng hai md hinh riéng biét: mé hinh khdéng gidi han
(unrestricted, ur) véi ddy di bién gidi thich, vd mé hinh giéi
han (restricted, r) khong c6 bién gidi thich X;, ..., X,

» Tinh tri kiém dinh LR = 2 % (Lur — L), V6i Ly v L, 13 gid tri
log-likelihood tir cong thirc (7) va tuong ¢ng véi md hinh
khéng gidi han va mé hinh gidi han.

> LR c6 phan phbi x2 véi sb bac tu do k.
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Kiém dinh hdi quy Logit

Vi du kiém dinh hai bién kids/t6 va kidsge6 dong thdi khéng c6 y
nghia théng k&. C6 hai cach kiém dinh LR:

> logit inlf nwifeinc educ exper exper2 age kidslt6 kidsge6
scalar _lur = e(11l)
logit inlf nwifeinc educ exper exper2 age
scalar _1lr = e(11)

di 2*(_lur-_1r)

> logit inlf nwifeinc educ exper exper2 age kidslt6 kidsge6
eststo U
logit inlf nwifeinc educ exper exper2 age
eststo R
lrtest U R

Likelihood-ratio test LR chi2(2) = 62.02

(Assumption: R nested in U) Prob > chi2 = 0.0000

= béc bd Hy. it nht mét trong hai bién gii thich, hojc c3 hai
déu cé y nghia théng ké trong md hinh.
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Tu thuc hanh

» Hoc vién udc tinh tac déng bién st dung mé hinh Probit &
nhiing gi4 tri khac nhau cta bién gidi thich: gia tri tbi da/tbi
thiéu, cic tir phan vi. So sénh cic tac déng bién nay vdi udc
lugng tir mo hinh LPM.

» Hoc vién so sanh tac dong bién va kha ning du bdo cia md
hinh Logit va Probit.
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