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CHUONG 4: HOI QUI PA BIEN

Mb hinh hdi quy don da trinh bay & cic chuong 2 va 3 1a kha hitu dung cho rat nhiéu
truong hop khac nhau. Mic du vay, né tré nén khong con phu hop nita khi c6 nhiéu hon
mdt yéu to tac dong dén bién can dugc giai thich. Hoi quy da bién cho phép ching ta
nghién ctru nhiing truong hop nhu vay. Hay xét cac vi du sau:

4.1 Gidi thigu vé hoi quy da bién

Vi du 4.1: Rat nhleu cac nghién ctru trén thé gioi quan tam toi mdi quan hé gitra thu nhap
va trinh d6 hoc van. Chiing ta ky vong rang, it ra vé trung binh ma néi, hoc vin cang cao,
thi thu nhap cang cao. Vi vy, chiing ta ¢ thé 1ap phuong trinh hdi quy sau:

Thu nhdp = B, + B, Hoc vin + &

Tuy nhién, mé hinh nay di bé qua mot yéu t6 kha quan trong 1a moi ngudi thudng co mirc
thu nhap cao hon khi ho 1am viéc lau nam hon, bat ké trinh d6 hoc van cua ho thé nao. Vay
nén, mo hinh t6t hon cho muc dich nghién ctru cua ching ta s€ la:

Thu nhdp = B, + B, Hoc vin +ﬂ3Tu5i +&

Nhung nguoi ta ciing thudng quan sat thay, thu nhap c6 xu hudng ting cham dan khi nguoi
ta cang nhiéu tudi hon so vé6i thoi tré. Dé thé hién diéu dé, chung ta md rong mo hinh nhu
sau:

Thu nhép = B, + B, Hoc vin + B, Tuoéi + B, Tuéi’ + ¢
Va chiing ta s& ky vong ring, S, mang dau duong, va S, mang dau 4m.
Nhu vy, chung ta d3 roi bo thé gidi ciia hoi quy don va bude sang hoi quy da bién.
Vi du 4.2: Nghién ctru vé nhu cau dau tw & M§ trong khoang thi gian tir nim 1968 — 1982.
O My, thoi ky nay mang d4u 4n lich st 1a cudc ghién tranh Viét Nam kéo dai, dan dén boi
chi ngan sach va lam phat. Mot ndm sau khi chién tranh két thtc, lam phat & My da dat téi

mirc ky luc 12 9.31% vao nim1976. Piéu d6 dan dén viéc ngan hang trung wong phai ap
dung manh mé chinh séch tién t€ chat, von da dugc 4p dung trong vai nam trude, va dua
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mue 13i suét 1én toi mirc cao ky luc 1a 7.83%. Khi su dinh liu cia My vé quan su tai Viét
Nam d4 hoan toan chAm dit, ngudn nhan lyc trude ddy phuc vu cho chién tranh nay chuyén
ao at sang khu vuc thuong mai. Va diéu nay lai lai [am déy 1én mot dot lam phat mdi, dat
t61 9.44% vao nam 1981, sau d6 duge dua vé mic 5.99% vao nim 1982 nhd vao viée nang
1ai suét Ién téi 13.42%. Nhu vay, lich st kinh té My trong thoi ky nay duge dic trung boi
chinh sach tién té chit, kéo theo xu hudng cit giam lién tuc vé dau tu qua cac nam.

Chinh vi vay, cac nha nghién ciru My da d¢ xuat mé hinh nghién ctru sau vé cau dau tu vao
giai doan nay:

INV= B +B,T+p,G +p,INT +¢

Trong do, INV va G 1an luot 1a cdu vé dau tu va GNP thuc té, don vi trillions dollars; INT 1a
1ai suat; va T'la bieén xu the, tinh theo thoi gian da troi qua, ke tr ndm 1968. Tur 1y luén kinh
té vi mo, chiing ta ky vong rang, S, mang dau duong, va £, mang diu am. Va vi day 1a

thoi ky dau tu & My ¢ xu thé bi co hep, ching ta ciing ky vong rang 3, mang dau am.

Str dung dir lidu thong ké vi mé ctia nén kinh t& My, tir nm 1968 - 1982 [xem bang dif li¢u
4.2 phia dudi], két qua udc lugng cua mod hinh hoi quy nay nhu sau:

Bing Error! No text of specified style in document..1: Bing két xudt mé hinh hoi qui cdc
yéu to anh hwong dén cdau vé dau tw ciia My trong giai doan tir 1968 - 1982

Dependent Variable: INV
Method: Least Squares
Date: 04/09/07 Time: 16:14
Sample: 1 15

Included observations: 15

Variable Coefficient Std. Error t-Statistic Prob.

C -0.509237 0.052526 -9.694973 0.0000

T -0.016583 0.001880 -8.819528 0.0000

G 0.670266 0.052426 12.78506 0.0000

INT -0.002365 0.001034 -2.287282 0.0430

R-squared 0.972420 Mean dependent var 0.203333
Adjusted R-squared 0.964898 S.D. dependent var 0.034177
S.E. of regression 0.006403  Akaike info criterion -7.040816
Sum squared resid 0.000451 Schwarz criterion -6.852003
Log likelihood 56.80612 F-statistic 129.2784
Durbin-Watson stat 1.958353  Prob(F-statistic) 0.000000
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Duéi dang bao cdo, két qua dé co thé dugc viét tom tit nhu dudi day:

INV =-0.5092 - 0.0165T +0.67G - 0.0023 INT
(0.0525) (0.0018) (0.052) (0.001)

R* =0.972, N=15, ESS = 0.00045

Néu viét dudi dang sai phén, ta co:
AINV = - 0.0165AT +0.67AG -0.0023AINT

Noi khac di, néu cac yéu t6 khac dwge giir khong d6i, cir sau mdi mot nam, ké tir nam
1968 (tc 13 A T= 1), nhu cu dau tu s& bi giam 1a -0.0165 trillions dollars. Ciing nhu vay,
néu bo qua yéu td xu thé va lii suat, tac dong riéng phan ctia viéc ting GNP 1én 0.1 trillions
dollars (A G = 0.1), s& 1am cau vé dau tu ting 1én thém 0.067 trillions; va néu day lai suat
1én thém 1% (A INT = 1), trong khi giit nguyén cic yéu td con lai, thi s& lam dau tu giam di
la -0.0023 trillions dollars.

Nhirg tinh toan trén day cho théy co su tuong ddng rd rét vé cach dién giai y nghia cua cac
h¢ s6 udc luong trong mo hinh hoéi quy da bién so vé6i truong hop don bién. Piéu dé go1y
rang, vé mit ban chat, mo hinh hoéi quy da bién s& chi 1a sy mo rong ciia hdi quy don bién.
Ta sé& thdy rd hon diéu d6 & cac phén sau.

4.2Biéu dién dai so ciia mo hinh hoi quy da bién

Chung ta hay dua ra bang so sanh vé dang ham ctia mo hinh hdi quy da bién so véi trudong
hop don bién:

Hbi quy don bién Hoi quy da bién
Vidu CONS =B, +B,INC+& INV= B +B,T+p,G +B, INT +¢
Dang mo hinh Y=p+pX+¢ Y =p+p, X, + B X+, Xy +¢
V6i moi quan sat Yo =Pt Byx, te, Vo =P+ Byx,y + Bix,s + Bix,, té,

Nhu vay, hoi quy da bién 1a mdt sy mé rong ty nhién cua truong hop don bién, khi s6 bién
giai thich 16n hon 2, ké ca hang s0. B¢ cho tién 1gi, chiing ta sé dua vao cac ky hiéu vector:
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Goi vector hang x, =(1,x,, x,; x,,) la vector cic quan sat thd n=1,2.., N cua cac bién

gidi thich. [Luu y, ddu phay & bén phdi, phia trén vector x, 1a du chuyén vi. Nhu vay,
theo mic dinh, moi vector (ma khong c6 dau chuyén vi) déu dugce coi 1a vector cot].

Tung “c@p” quan sat dit liéu do vay, s€ 1a {y,,x }" .

Pé minh hoa, trong vi du 4.2 vé cau vé dau tu & My (1968 — 82), nhiing cap (y,,x.) va

(V11,%;,) duge td mau:

Bing Error! No text of specified style in document..2: Dii ligu vi mé vé dau tw va cdc bién
gidi thich ciia nén kinh te My (1968 — 82).

Obs
(n)

[S—

O 0 1O\ Wi

15

INV
(Y)
0.161
0.172
0.158
0.173
0.195
0.217
0.199
0.163
0.195

0.231
0.257
0.259
0.225
0.241
0.204

C T
X1)  (X2)

1 1

1 2

1 3

1 4

1 5

1 6

1 7

1 8

1 9

1 10

1 11

1 12

1 13

1 14

1 15

G
(X3)
1.058
1.088
1.086
1.122
1.186
1.254
1.246
1.232
1.298

1.37
1.439
1.479
1.474
1.503
1.475

INT
(X4)
5.16
5.87
5.95
4.88 ,
4.5 (¥s,%5)
6.44
7.83
6.25
5.5

5.46 :
7.46 (Vi1X,)
10.28
11.77
13.42
11.02

Nguon: Economic Report of the President. Government, Printing Office, Washington D.C.,

1983.

Tiép theo, ta goi vector cft S =

By
B,

3

s,

la vector cac tham s6 tong thé, can dugc ude lugng

Luu ¥ rang, tich vé6 hwéng giira hai vector x, va f s& tao lai phén xu thé trong vé phai

ctia phurong trinh hoi quy (4.2):
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By
D B _
X, B=(,x,,%,;x,) =P+ Boxyy + Bix,s + PuX, n=12.N
1x4 4x1 iR
oA

Vi vdy, ing véi timg “cip” quan sat {x,,y }", ta c6 thé viét lai phuong trinh hoi quy d6
nhu sau:

y,=x,p+e, n=12,.,N (4.3)

Nhu vdy, moi ky hiéu ta da su dung trong uéc lwgng mé hinh hoéi quy don bién, nay c6 thé
duogc st dung lai cho mé hinh hoi quy da bién. Cu the la:

y,=x,p n=12,.,N (4.3)

Va sai s6 udc luong hay sb du (residual) s& ¢ dang:

e, =Yy,~V, (4.4)

Viéc tién hanh wéc lugng cac tham sé ciia mo hinh bang phuong phap binh phuong cuc tiéu
tuong duong véi viée giai bai toan sau:

SP=2,¢ =% (v, ~x, ) > min_ (4.5)

n n

Tuong tu nhu trong hoi quy don, ¢ day, ta st dung diéu kién cuc tri, (first order condition,

FOCQ), dé tim cac tham sd udc luong B, .,k =1,2,3,4.. No1 khac di, ta di giai hé phuong
trinh sau:

S _,
o5,
S _,
o8,
op
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AP _ (4.6)
op,

Day la h¢ gdm 4 phuong trinh véi 4 an s6, ma viéc gidi no cho ching ta tham s udc lugng

A A

B=(B,, B,,B5,8,) . Su dung phan mém Eviews, két qua tinh toan cic tham sé nay da
duoc néu trong bang bdo cao 4.1 ¢ trén.

Mic du dang biéu dién giai tich cta vector £ 1a kha phuic tap. Tuy nhién, vé ban chét
4x1

chung van khong khac gi trudng hop don bién. Cu thé 13, tvong tu nhu o, phuong trinh
dau tién ctia hé (4.6) dé udc luong B, dan dén cai dicu 13, duong hoi quy di qua diém trung
binh ( )_/n ,x,). V& vi vy, ta ciing c6 thé néi dén tiéu chuan do ludng do pht hop cua dudng

hdi quy R”. Cu thé 13 tir mbi quan hé (4.4):

A

Yo =Vute,

Hay ciing hét nhu thé:

A

bV, —y»)=y,~yte,

Nguoi ta c6 the viét lai n6 nhu sau:

(v, =»)=(x,—x)B+e,
Tuc 13, su giao dong so vai trung binh cia bién Y dwoc giai thich mot phan boi mé hinh, va

phﬁn con lai 1a sai s e, , chua dugc giai thich bd1 mo6 hinh. Str dung céc diéu kién tim cuc
trj (4.6), ta ciing co6 thé viét lai quan hé d6 nhu sau:

zn (yn_)_’)z :zn ()A/,,—)_/)2+ ej

n

Hay cling vay,
TSS =RSS + ESS

Vi thé, ching ta ¢ thé dwa ra dinh nghia:
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R ESS

=1- 0<R*<I1).
7SS ( )

va sir dung né lam thudc do mirc @ phit hop cta duong hdi quy véi dir liéu quan sat.

Phén tiép sau s& dé cap dén ban chat thong ké cia mé hinh hoi quy da bién.

4.3Bdn chit thong ké ciia mé hinh héi quy da bién

Tir bay gio, chung ta s& st dung dang tong quat ciia mé hinh hdi quy da bién:
Y =p+BX,+. ..+ X, +. ..+ [ X\ +& (4.7)
vV, =B+ Bx, et X, ot fiX, HE,

:x;ﬂ+8n, n=123,..,N

Viéc hdi quy mé hinh (4.7) s& cho ta biéu dién sau:

Y =p+0, X, +..+ 0, X, +..+ B Xy +e (4.8)
v, =B+l x et BX, FF P X te,

:x; P+e,, n=123,..,N
Trong d6, N 1 s6 quan sat, va K 13 sb bién giai thich.
Ta phét biéu dinh 1y sau':

Dinh ly 4.1: Phuong phap binh phuong cuc tiéu, ap dung cho mo hinh hdi quy da bién, s&
cho ta cac tham s udc lugng dudi dang sau:

Bo=P+Y e k=12.K (4.9)

Ciing nhu truong hop don bién, phuong trinh (4.9) chi ra rang: ﬁk bi tac dong boi cac yéu

t6 ngau nhién ¢, , lam gia tri cia n6 khong tring khit voi S, tong thé. Va vi bi tic dong

! Xem chirng minh chi tiét & chuong 8, phin Maximum likelihood.
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bdi cac yeu to ngau nhién, S, ciing la mot bien ngau nhién. Do d6, do tot cua udc luong sé

phu thudc tryuc ticp vao ban chat cua cdc qué trinh ngau nhién {& }"

Piéu nay dan dén viéc can phai khic hoa ban chit thdng ké cia mé hinh hdi quy, nhu
chung ta da lam cho trudng hop don bién. Ta sé tiép tuc st dung cac gia thuyet da dua ra ve
g, . Cu thé la:

Al Eg, =0, v61 moi n.

2 ,e .
A2 Vare, = o”,v61 moi n.

iid

A3 g, ~ N(0,5%), véi moi n. Va:

A4 E(y, |x,)=x,, v6imoin.
Déi véi truong hop da bién, chiing ta dua thém doi hoi sau:

Goi N = =[X,, X, X\, X ] 12 ma trin tao boi cac vector cot cia K bién giai thich

[xem lai vi du minh hoa vé ma trin X & bang 4.2 vé dit liéu ctia md hinh dau tu]. Khi do, ta
do1 hoi rang:

A5 Céaccot {X,,X,,...,X,,..,X,} 1a doc 1ap tuyén tinh. Hay ciing vay, rank X = K.

Vé mit hinh hoc, gia thuyet nay c6 y nghia nhu sau. Hay xet truong hop K = 2, phuong
phap binh phuong cuc tiéu cé thé dugc biéu dién bai lwgc d6 dudi day:
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Do thi Error! No text of specified style in document..1: Bidu dién hinh hoc ciia héi quy

A A A A

Viéc u6c luong tham sb A cing gidng nhu 1a tim cac hé s6 S = (B.,53,) sao cho
2x1

A

y=p X+, X,.Délam dugc didu d6, dicu kién can 1a cac vector X, X, khong duoc
trung khit vé1 nhau. Hay cling vay, X,, X, phai doc lap tuyén tinh. Py duoc goi 13 diéu
kién xac dinh (identification condition). Trong truong hop téng quat, khi K212, diéu kién
do6 dugc phat bi€u dudi dang gia thuyét AS. Ching ta s& sir dung gia thuyet nay khi ban t6i
van dé da cong tuyén (multicollinearity) trong chuong 7.

4.4 Kiém dinh cdc gia thuyét thong ké

Bay gid hdy chi cht y dén gia thuyét dau tién A1 — A3, va str dung chung dé danh gia tinh
tot cua udc lugng theo cac tiu chuan thong ke.

Tur phuong trinh (4.9), ta da co: ,Bk =0, + ZC,mgn . Bay gi0, hay &p dung toan tir ky vong

vao hai vé cua (4.9). Ta co:

Eﬁk = E(p, +chngn)
=5 +zcknE8n
-4, (4.10)
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[6 day, ta str dung gia thiét Al: Eg =0]. Do vay, ,[3’,{ la uwéc luong khong chéch cua g, .

Tiép theo, sir dung lai cong thic: Var(x) = Var(x — Ex) [xem chuwong 1, phan 6n tap], va
luu y (4.9), (4.10), ta co:

Va’”ﬁk = Va”(&k_ﬁk)
= Var(z Cin€,)

Str dung gia thiét A3 ve tinh doc 1ap cta cac y€u to ngau nhién, cuoi cung ta nhan duoc:

Var,bA’ = z c;Vare,

_ 2 2
=0 chn , hay
2

Var B, =g—,k:1,2,..,K (4.11)

ik

(6 ddy, mic du ta khong dua ra duoc tinh toan tryc tiép; nhung vé co ban § o cung la

phuong sai mau cua bién X . » tuong tu nhu S, trong truong hgp don bién).

Pinh Ly 4.2 [Gauss — Markov]: Phuong phap binh phuong cuc tiéu o sai s6 udc luong,

do luong bé1 Var S, ,k =1,2,..,K , 1a nho nhit trong 10p tit ca cac wdc lugng tuyén tinh va
khong chéch.

Ta ciing nén nhin manh lai ring, chung ta c6 dugc nhitng tinh chat rat tot: khong chéch va
hi€u qua cua ude lugng binh phuong cuc tleu ma chi doi hoi ¢6 trung binh bang zero, tinh
doc 1ap, va phuong sai gidng nhau ctia cac yéu té ngdu nhién — tirc 1a gia thiét A3.

2
St dung (4.9) — (4.11), ching ta di dén két luan rang: B, ~ N(B, ,;-—) . Pidu d6 c6 nghia

Bk _ﬁk

v O-z/Skk

13, sau khi chuan hoa, Z e = ~ N(0,1). Thay thé o2 bai ude lugng khong chéch
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clia né 1a szzNL ey, taco thong ké 7, = P =P _Pi=hi ~t(N-K). Ching ta

A

— 2
S /Su se(B,)
bay gio co thé xay dung khoang tin cdy cho 5, ,k =1,2,..,K , va tién hanh kiém dinh cac gia

thuyét théng ké vé tham s6 cua tong thé. Chang han nhu néu muén kiém dinh tinh c6 y
nghia cua bién giai thich X, ,k =1,2,..,K , chiing ta lap gia thuyét sau:

H,:p5,=0 .vs. H:5,#0
Viéc kiém dinh bao gdm céc budc sau:
Budc 1: Xéc dinh thong ké — t (t-stat):
t, = ’231‘ ~t(N -K)
se(B)

Budc 2: Tra bang thong ké t-student v6i (N-K) bac ty do #(N —K) dé tim gia tri t-tra

bang (t-critical) ¢ Y (N —K), tng véi mdi mirc y nghia (significance) A [Chang han, 0.05
2

(5%); hay 0.1 (10%)]

A

Budc 3: Bic bo gia thuyét H,(viét tat 1a RH,), néu |t |= - Ztl/(N—K), va
2
se(f,)

A

khong bac bo gia thuyét d6 ( DNRH ), néu P < t}/ (N-K).
se(fBy)

Cling nhu trong truong hop don bi’én, nguoi ta thuong hay st dung p-value, hon 1a phai tinh
todn va tra bang qua cac budc 1 dén 3 nhu trén.

Cu thé, ing véi timg bién giai thich X,k =1,2,..,K , ta ciing dat:

p —value =Prob{|t(N —K) 2| ¢, |)
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Ciing hét nhu & d6 thi 3-9, chung ta s& bac bo gia thuyét H,:p, =0, néu: p—value< 1,
[trong truong hop do, ta no1 X, 1a c6 y nghia & miic 1% ]. Va chung ta s€ khong bac bo
gia thuyét d6, néu p —value> 1 .

Trong vi du 4.1 vé dau tu & My (1968-82), p-value cia ca 3 bién giai thich: 7, G, INT , déu
nho hon 5%. Vi vay, ta ndi rang tat ca cac bién nay la c6 y nghia 6 mic 4 =5% .
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