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CHUONG 7

PHAN TiCH HOI QUY BOI: VAN PE
VE UOC LUQNG

Mo hinh hai bién ma chung ta dd nghién ctru chi tiét trong nhirg chwong trude trén thyc té thudng
1a khong thoa dang. Ching han nhu, trong vi du cta chiing ta vé thu nhap-chi tiéu, ching ta gia
dinh ngdm rang chi c6 thu nhap X anh huong dén chi tiéu Y. Nhung 1y thuyét kinh té it khi duoc
don gian nhu vay, boi vi ngoai chi tiéu ra, mot sd nhitng bién khac ciing c6 thé c6 anh huong dén
chi tiéu tieu ding. Bon ctr mét vi du d& thay 1a sy gidu c6 cta ngudi tiéu thu. Mot vi du khac, nhu
cau vé mot mat hang thudong khong chi phu thudc vao gia ciia nd ma thoi, ma con phu thude vao
gia ca cia nhitng hang hoa canh tranh hay bd tro khac, phu thudc vao thu nhap cua ngudi tiéu
dung, dia vi xa hoi, v.v. Vi vay, ching ta can phai m¢ rdng mo hinh hoi quy hai bién don gian cla
ching ta dé xem xét dén nhirng mo hinh gdm c6 nhiéu hon hai bién. Viéc dua thém nhiéu bién vao
dan t6i viéc thao luan cac mo hinh hoi quy bdi, tirc nhitng mo hinh trong do bién phu thudc, hay
bién hdi quy phu thudc doc 1ap, Y phu thudc vao hai hay nhiéu bién gii thich, hay bién hoi quy
doc lap tro 1én.

M hinh hoi quy boi don gian nhat c¢6 thé c6 1a hoi quy ba bién, véi mot bién doc lap va hai
bién giai thich. Trong chwong nay va chuong tiép theo chung ta s& nghién ciru moé hinh nay, va
trong Chuong 9 ching ta s& khai quat hoa dé ap dung n6 vao nhiing trudng hop nhiéu hon ba bién.
Xuyén subt tap sach, chiing ta quan tim dén mé hinh hdi quy tuyén tinh boi, c6 nghia 13, nhitng mé
hinh tuyén tinh theo thong sd; chung c6 thé 1a hodc ¢ thé khong phai 1a tuyén tinh theo cac bién
5.

7.1 MO HINH BA BIEN: KY HIEU VA CAC GIA PINH
Khéi quat hda ham hoi quy tong thé (PFR) hai bién (2.4.2), chung ta ¢ thé viét PRF ba bién nhu
sau:

= B+ BoXoi + BoXai + Ui (7.11)

trong do Y la blen phu thude, Xz va X3 1a cac bién giai thich (hay bién hdi quy doc lap), u la so
hang nhiéu ngau nhién, va i la quan sat thir i; trong truong hop dit lidu 1a chudi thoi gian, chi sb
duéi t s& biéu thi quan sat tha t!

Trong Phuong trinh (7.1.1) f; 1a s hang tung do goc. Nhu thuong 1, nd cho biét anh
huong trung binh cua tat ca céc bién bi loai ra khoi mé hinh doi véi Y, mic du giai thich n6 mot
cach méy moc la gia tri trung binh cua Y khi Xz va X5 dugc liy bang zero. H¢ sO B va B dugc goi
la h¢ s6 hoi quy riéng phin, va y nghia ciia n6 s& dugc giai thich & tiép duoi.

Chung ta tiép tuc hoat dong trong khuon khé mé hinh hdi quy tuyén tinh ¢6 dién (CRLM)
dugc gidi thiéu trong Chuong 3. Pac biét, chiing ta gid dinh nhu sau:

Gia tri trung binh cua u;la 0 hay

! Pé cho can xing vé mit ky hiéu, Pt. (7.1.1) cling c6 thé dugc viét thanh

. i = BXai + foXoi + PeXsi + Ui
véi diéu kién 1a Xq; = 1 d6i véi moi i.
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E(ui | Xai, X3) =0 cho mdi i (7.1.2)
Khong co6 tuong quan chudi, hay
cov(ui, u) =0 I #] (7.1.3)
Phuong sai c6 diéu kién khong ddi, hay
var(u;) = o (7.1.4)
Tich sai giira u; va mdi bién X ¢ gié tri bang 0 hay
cov(ui, X) = cov(u;, X3;) =0 (7.1.5)
Khong c¢6 thién 1éch dac trung, hay
Mo hinh dugc xac dinh dung (7.1.6)

Khéng c6 cong tuyén 1d rang giira cac bién X, hay
Khoéng c6 quan hé tuyén tinh ré rang giira X, va Xs (7.1.7)

Thém vao do, cling nhu ¢ Chuong 3, ching ta gia dinh rang mo hinh hdi quy boi 1a tuyén tinh theo
cdc thong $0, rang cac gia tri cua blen hoi quy doc lap 1a dugc gitr c¢b dinh trong nhimng lan lay mau
lién tiép, va rang c6 di sy bién doi vé cac gia tri cua cac bién hoi quy doc lap.

Co s0 cho nhing gia dinh tir (7.1.2) cho dén (7.1. 6) cling twong tu nhu ta da thao luan
trong Phan 3. .2. Gia dinh (7.1.7), rang khong c6 quan h¢ tuyen tinh rd rang gilta X, va Xs, dugce goi
1a gia dinh vé su phi cong tuyén, hay phi da cong tuyen néu c6 nhiéu hon mot quan hé tuyén tinh
15 rang c6 lién quan, 13 gia dinh méi va can phai dwoc giai thich.®

N6i mot cach don gian, phi cong tuyén c6 nghia 1a khong c6 bién giai thich nao c6 thé
duoc biéu thi dudi dang to hop tuyén tinh vi nhitng bién giai thich con lai. Y nghia cua diéu nay
c6 thé thiy duoc tir biéu d6 Venn, hay Ballentine, di dugc gi6i thi¢u trong Chuong 3. Trong hinh
nay, vong tron Y tuong trung cho su bién d6i ctia bién phu thudc Y va cac vong tron X, va Xz lan
luot biéu thi cho sy bién d6i cuia bién hoi quy doc 1ap X, va Xs. Trong hinh 7.1a ving 1 biéu thi sy
bién ddi ciia Y do X, giai thich (théng qua mot hoi quy OLS) va vung 2 biéu thi su bién ddi cia Y
do X giai thich. Trong hinh 7.1b, ving 3 va 4 biéu thi sy bién ddi ciia Y do X, giai thich va ving
4 va 5 biéu thi sy ciia Y do X3 giai thich. Nhung boi vi vung 4 1a vang chung cho ca X va X3, mot
tién nghiém ma chiing ta khong biét phan nao trong 4 thudc Ve X, va phan nio thuge vé Xa. Vung
chung 4 tuong trung cho trang thai cong tuyén. Gia dinh vé tinh khong cong tuyén doi hoi rang
khong dugc co mot sy trung lap nao gitra X» va X3, co nghia la vung chung 4 phai bang khong.
N6i mot cach mot cach khac, diéu kién ching ta can 1a twong ty nhu tinh huéng duoc mo ta trong
hinh 7.1a.

2 Gia dinh nay ty dong duoc thuc hién néu X, va X3 1a khong ngﬁu nhién va (7.1.2) 1a ding.
% Trong mé hinh hai bién chung ta khong can gia dinh nay. Tai sao?
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o HINH7.1 ,
Bi€u do Ballentine, trinh bay phi cdng tuyén (a) va cdng tuyén (b)

Phat biéu bang thuat ngit chuyén mon, khéng cong tuyén c6 nghia 1a khong hé ton tai mot tap hop
cac s0 Ay va Ag, khong phai ca hai déu bang khong, sao cho

Mo Xoi+ A3X3i = 0 (7.1.8)

Néu t6n tai mot quan hé tuyén tinh nhu vay, khi d6 X, va X3 duoc coi 1a cdng tuyén hay phu
thudc t}lyén tinh. Mat khac, néu (7.1.8) chi dang khi A, = A3 = 0, thi X; va X3 dugc coi la doc
ldp tuyen tinh.

Nhu vay, néu
Xoi = -4Xj3i hay Xoi +4X35 = 0 (7 1. 9)

hai bién nay 1a phu thudc tuyén tinh, va néu ca hai déu dugc dua vao trong mgt mé hinh hoi quy
chung ta s& c6 cong tuyén hoan hao hay mot quan hé tuyén tinh 1 rang gitra hai bién hoi quy doc
1ap.

Nhung gia sir X3 = X2. Diéu nay c6 vi pham gia thiét khong cong tuyén hay khong?
Khong, boi vi quan hé gitra hai bién ¢ ddy 1a khdng tuyén tinh va khong hé pha v& yéu cu la
khong dugc c6 quan h¢ tuyén tinh ré rang gitra hai bién hoi quy doc 1ap. Tuy nhién, can phai luu y
rang trong trudng hop nay 1’ va r dugce tinh theo quy udc s€ cao, dac biét trong cac mau cua X va
X3 c6 mat it cac gia tri cyc tri. Nhung véan dé nay s€ dugc noi toi nhiéu hon & Chuong 10.

Mic du chiing ta s& xem xét van dé da cong tuyén mot cach chi tiét & Chuong 10, vé mit
tryc giac tinh 16gic cta gia thiét phi da cong tuyén khong phai 1a qua kho dé khong hiéu duge. Gia
sir rang trong (7.1.1) Y, X, va X3 lén luot biéu thi cho chi tiéu tiéu dung, thu nhép va sy giau co
ctia nguoi tiéu thy. Khi quy dinh rang chi tiéu tiéu dung la c6 quan h¢ tuyén tinh v6i thu nhap va
su giau co, Iy thuyét kinh té cho ring sy giau c6 va thu nhép c6 thé c6 mot vai anh huong doc 1ap
d6i véi tiéu dung. Néu khong, khong co 1y do gi dé dua ca bién thu nhap va tiéu ding vao trong
md hinh. Trong trudng hop qua mirc dic biét, néu c6 quan hé tuyén tinh rd rang giira thu nhap va
sy giau co, chung ta chi c6 mot bién ddc 1ap, chd khong phai hai, va khong c6 cach nao dé danh
gia dugc timg anh hudng riéng cta thu nhap va su giau co ddi vai tiéu dung. Dé thay duoc diéu
nay mot cach rd rang, cho Xsi = 2X,, trong hdi quy chi tiéu-thu nhap-su giau co. Khi d6 hdi quy
(7.1.1) tré thanh
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Y =B+ B Xy + B5(2X5) +;
= ﬁl + (ﬂz + Zﬂs)xzi T4
=, +oaX, +,
trong d6 a. = (B2 + 2P3). Co nghia 13, sy that chung ta c6 mot hdi quy hai bién thay vi hdi quy ba
bién. Hon nita, néu chung ta thuc hién hdi quy (7.1.10) va thu duoc o, khoéng c6 cach nao dé udce
luong dugc cac anh hudng riéng biét ciia Xo (=PB2) va Xz (=P3) dbi v6i Y, boi vi a cho ta dnh
huwong két hop cua ca X, va Xj trén YA
Tom lai, gia dinh phi da cong tuyén doi hoi rang trong ham h01 quy tong thé (PRF) ching
ta dua vao chi nhirng bién nao khong phai la ham tuyén tinh cua mot 5O trong nhirng bién trong mé
hinh. Liéu c6 thé ludn ludn dat duoc diéu nay trén thuc té khong lai 1 mot van dé& khac va ching ta
s& xem xét dén n6 mot cach bao quat trong Chuong 10.

(7.1.10)

7.2  GIAI THICH PHUONG TRINH HOI QUI BOI

Véi nhiing gia dinh vé mo hinh hdi quy boi ¢6 dién, chung ta suy ra, khi lay ky vong cé diéu kién
cuaY ¢ cd hai vé ctua (7.1.1) chiing ta c6

E(Yi | Xai, Xa) = f + BoXai + BaXai (7.2.1)

Dién ta bang ngon ngir, (7.2.1) cho biét trung binh c6 diéu kién hay gla tri ky vong cua Y véi
diéu kién 1a da biét cac gia trj ¢ dinh hay da cho ciia cac bién X; va X3. Do d6, ciing tuong tu
nhu trong m6 hinh hai bién, phan tich hdi quy boi 1a phén tich hdi quy voi diéu kién da biét cac gia
tri ¢ dinh ctia cic bién giai thich, va ching ta thu dugc gia tri trung binh cua Y hay trung binh
tuong tmg ctia Y ddi v6i cac gia tri ¢d dinh cia cac bién X.

7.3 Y NGHIA CUA CAC HE SO HOI QUI RIENG PHAN

Y nghia ctia h¢ s6 hoi quy riéng phén 13 nhu sau: £ do luong su thay d6i trong gié tri trung binh
Y, E(Y /X2, X3) khi X, thay d6i mot don vi, giit X3 khong déi. N6i mot cach khac, no cho biét do
déc ctia E(Y /X2, X3) so v6i Xy, gitt X3 khong d6i.° N6i mét cach khac, no cho biét anh huéng "tryc
tiép" hay "rong" cia cac thay d6i mot don vi trong X, d6i véi gia tri trung binh cta Y, loai trir anh
huong cua Xs. Tuong tur, B3 do luong thay doi trong gia tri trung binh ctia Y khi X3 thay d6i mot
don vi, giit X, khdng doi. C6 nghia 13, nd cho biét anh hudng "truc tiép" hay "rong" cia thay doi
mot don vi trong X3 dbi voi gia tri trung binh cta Y, loai trir énh huong cua Xs.

Y nghia chinh xé4c cua thuat ngit gii khéng doi la gi?® Dé hiéu dugc diéu nay, gia sir Y
tuong trung cho san lugng va Xo va X3 tuong trung cho lao dong va vbn ¢ dau vao. Gia su thém la
ca Xo va X3 déu can thiét ddi vai viéc san xuit Y va ti 1€ chung duogc su dung dé san xudt Y 1a ¢o
thé thay doi. Bay gio, gia str chung ta tang lao dong ¢ dau vao thém mot don vi, két qua thu duoc
1a san luong gia tang (tong san pham bién té cua lao dong). Chiing ta co the quy su thay d6i san
luong nay chi 1a két qua cta lao dong X, & dau vao ma thoi duge khong‘7 Néu chung ta 1am nhu

*V& mit toan hoc, o. = (B, + 2B5) 1a mot phuong trinh gdm c6 hai dai lugng chua biét va khong ¢6 cach doc nhit nao
¢6 thé udce tinh duoc B, va B tir o di dwoc ude luong.

® Nhirng ban doc ¢6 du 6¢ vé toan s& nhan thiy ngay 1a B, va B3 1a cac dao ham riéng phin ciia E(Y | X, X3) tuong
L'mg voi X2 va X3.

® Céc thuat ngit kiém sodt, giit khong doi, luu ¥ dén hay tinh dén anh hieong cia, Va hiéu chinh lai anh hudng ciia tat
ca déu dong nghia véi nhau va s& dugc diung thay thé 13n nhau trong tai liéu nay.

" Béi vi trong san xuit phai cin dén ca lao dong va vén, sy gia tang nay c6 thé din dén sy gia ting ctia von; luong thay
d6i ctia von s& phu thudc vao cong nghé san xuat.
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vay, chung ta dang thoi phong su dong gop cua X, dbi voi Y; X, ¢ "cong" dua dén luong thay doi
d6 trong Y, ma dang ra 1a nho vao sy gia ting dong thoi cua von & dau vao. Do dé, dé danh gia
dong gop "ding" cia X, ddi véi thay ddi trong Y (san phdm bién té rong cua lao dong), bang cach
nao d6 chung ta phai "kiém soat" dugc anh huong ciia Xs. Tuwong tu nhu vy, dé danh gia dong
gop "dung" cua X3, chung ta cing phai kiém so4t anh hudng cua Xa.

Chiing ta tién hanh thyc hién qua trinh kiém 'soat nay nhu thé nao? No6i mot cach cu thé, gia
thiét rang chung ta mudn kiém soat anh huong tuyén tinh cua von X3 & dau vao khi do anh huong
cua thay d6i mot don vi cua lao dong X, & dau vao ddi véi san luong dau ra. Dé thuc hién diéu
nay, chung ta co thé tién hanh nhu sau:

Giai doan I: Hoi quy Y chi theo X3 nhu sau:
Yi=Dby + b3Xsi+ Uy (7.3.1)

Phuong trinh (7.3.1) chi 1a hoi quy hai bién néu khong c6 ky hi¢u méi, tu giai thich, trong do u; la
s0 hang phan du (mau) (Luu y: Trong by 3 chi s0 dudi 1 tugng trung cho bien Y.)
Giai doan II: Hoi quy X; chi theo X3 nhu sau:

) Xoi=hy + D23 Xzi + Uy (7.3.2)
trong d6 U ,; cling 1a s6 hang phan du. Bay gio
Uyi=Yi- by- b13X3i (7.3.3)

va
U 2i = Xai - b2 - b2sXs;
= Xoi - X g (7.3.4)
trong do Yiva Xsila nhu’ng gi4 tri duoc ude lugng tir hoi quy (7.3. 1) va (7.3.2).

Cac phan du upvauycoy nghla gi? Thuat ngl uy; tiéu biéu cho gia tri cua Y; sau khi loai
bo anh hudng (tuyen tlnh) cua X3 ddi voi nd, va tuong tu Uy; biéu thi cho gla tri cua Xpjsau khi da
loai bé anh hudng (tuyen tinh) cua X3 ddi voi no. Vi vay, cO thé ndi ug; va uy 12 Y; va Xy "tinh
khiét", c6 nghia 13, dd dugc gat bo anh huéng (6 nhiém) cua Xa.
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Db thi phan tan gitta san luong va lao dong & dau vao dugc hiéu chinh cho anh huéng tuyén tinh
cua von

Giai doan ITI: Vi viy, gio day néu chung ta tiép tuc 1dy hdi quy ciia us;theo uyj nhu sau,
Ui = ag + aiUyi + Ugi (7.3.5)

trong d6 usi cling 1a s6 hang phan du mau. Viy thi, ay; s& cho chung ta mot wdc luong cia anh
huong "thuc" hay rong cua thay ddi mot don vi trong X, d6i v6i Y (c6 nghia 1a san pham bién té
rong cuia lao dong) hay do déc thuc ciia Y so vai X, ¢6 nghia 13, mot u6c lugng cua ;. Va su thuc
1a dang nhu vay, nhu ching ta thdy & phan Phu lyc 7A, Phan 7A.2. (Dong thot xem bai tap 7.5.)

V& mit hinh hoc, ching ta c¢6 Hinh 7.2. Tuy nhién, trén thyuc té, khong can phai di qua qua
trinh cham chap va tén thoi gian ndy, boi vi a; ¢6 thé duge udc lugng truc tiép tir cac cong thirc
da cho trong Phan 7.4 [xem phuong trinh (7.4.7)]. Qua trinh ba giai doan da phéc thao & trén don
thu‘én chi 1a mot cong cu su pham dé giup ban doc tiép thu duge ¥ nghia ctia hé s6 hdi quy riéng
phan.

7.4 UOGC LUQNG BINH PHUONG TOI THIEU THONG THUONG (OLS) VA THICH
HOQP TOI PA (ML) CUA CAC HE SO HOI QUI RIENG PHAN

DPé udc luong cac thong sd cuia mo hinh hdi quy ba bién (7.1.1), trude hét chung ta xem xét
phuong phap binh phuong t6i thiéu thong thuong (OLS) da gidi thiéu trong Chuong 3 va sau do
xem xét ngan gon phuong phap udc luong thich hop t6i da (ML) da dugc ban thao trong Chuong
4.

Cac ham wéc lwgng OLS
Dé tim cac ham wdc lugng OLS, dau tién ching ta viét ham hoéi quy miu (SRF) tuwong tng voi
PRF cua (7.1.1) nhu sau:
) Yi= fut BoXoi+ BXsit+ Ui N , o (740)
trong do uj 1a s6 hang phan du, 1a s6 hang twong ing cua mau voi s6 hang nhiéu ngau nhién u;.
Nhu da luu y & Chuong 3, qué trinh OLS bao gdm viéc chon cac gia tri cua cac thong s6 chua
biét sao cho tong cac binh phuong cta phan du (RSS) Z 0% nho nhit c6 thé dugc. Biéu dién bang
Ky hiéu toan hoc ta co,
~ A A 2
m'”ZA'Z :Z(Y =P = B Xy — P X Si) (7.4.2)
trong d6 biéu thire thé hién RSS c6 dugc bang nhitng phép tinh dai s6 don gian tir (7.4. 1).
Phuong phap don gian nhat dé thu duoc cac ham udc lugng c6 kha ning sé tdi thiéu hoa
(7.4.2) 1a dao ham no theo céac dai lugng chua biét, cho biéu thirc thu duoc khong, va gidi céac biéu

thire nay cung mét lic. Nhu dugc trinh bay ¢ Phu luc 7A, Phan 7A.1, phuong phéap nay cho ta
nhiing phwong trinh chudn sau [so sanh vdi cac phuong trinh (3.1.4) va (3.1.5)]:

Y = B+ B, X, + B, X, (7.4.3)
ZYI Xai :ﬂlz Xyi —|—ﬂ22X22i +ﬂsz Xai Xy (7.4.4)
ZYI Xa ::812 Xa +ﬂZZX2iX3i +,332X§i (7.4.5)
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Ttr phuong trinh (7.4.3) ching ta c6 thé thiy ngay 1ap tirc rang
Pr=Y =B, Xy = P X, (7.4.6)
chinh 14 ham w&c lugng OLS cua tung do gbe tong thé Ba.
Theo quy udc, goi cac mau tu viét thuong (khong viét dudi dang chir in) 14 biéu thi cho do léch
S0 VOi cac gid tri trung binh mau, chung ta c6 thé rat ra dugc nhitng cong thirc sau tir cic phuong
trinh chuan (7.4.3) va (7.4.5):

o () (v Er)
(S ()

’& B Z YiXsi (Z X3, ) - (Z YiXyi )(Z Xai Xsi )
3 2

(2 (%)= (X % xai)
nhimg phuong trinh nay cho ta cac ham udc lugng OLS cua cac hé sd hodi quy riéng phan tuong
ng B2 va B; cia tong thé Nhan day luu y nhing diém sau: (1) Cac phuong trinh (7.4.7) va (7.4.8)
ban chat 1a can xﬁ:ng boi vi ta c6 the thu dugce phuong trinh nay tir phuong trinh kia bang cach thay
ddi vai tro cia X va X3 cho nhau; (2) cac mau so cua hai phuong trinh nay la gidng nhau; va 3)

truong hop ba bién 1a sw m& rong ty nhién cia truong hop hai bién.Cac Phwong Sai Va Sai S6
Chuin Ciia Cac Ham Uéc Lugng OLS

(7.4.7)°

(7.4.8)

Sau khi dé c6 dugc cac ham ude luong OLS cua cac hé s0 hdi quy riéng phan, ching ta c6 thé tinh
duoc cac phuong sai va sai s6 chuan ciia cac ham uée luong nay bang cach thirc da chi ra ¢ Phu
luc 3A.3. Tuong tu nhu trong truong hop hai bién, chiing ta can c6 nhimng sai s6 chuédn vi hai muc
dich chinh: dé thiét 1ap khoang tin cdy va kiém dinh cac gia thiét thong ké. Céc cong thirc c6 lién

var(ﬁl) x 5D X5+ XD X5 —2X, X5 ) XpiXg 2 (7.4.9)
n szizxau (ZX2|X3|)

se(ﬁl) =+, lvar(,bl) (7.4.10)

y; Zx?ﬂ 2
5O (7.4.11)
1P)- (i Ex) - (Zxaxs)

hodc, mot cach tuong duong, ta co:

var(ﬂz) sz. (1 rzs)

trong d6 17 3 12 hé sd twong quan giita X, va X3 ciia mau nhu da duoc dinh nghia & Chuong 3,10
se(ﬁz) = +Jvar(ﬁ2) (7.4.13)

®Ham wdc lugng ndy trong duong véi a, trong (7.3.5), duoc trinh bay & Phu luc 7A, Phin 7A.2.

° Viéc chiing minh cac cong thiic nay dé dang hon néu st dung ky hi€u ma trdn. Vi viy, cach thuc ching minh dugc
hodn dén Chuong 9.

198 dung dinh nghia cta r di cho trong Chuong 3, ta c6

2 (ZXZiXSi)Z
YK

quan s€ nhu sau:’

(7.4.12)
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p sz. 2
va >0 (7.4.14)
:)- (E)Xx)-(Exaxs)

hodc, mot cach twong duong, ta co:
2

var(ﬂB) s (1 2] (7.4.15)
se(,Bg):+ var(ﬁ3) (7.4.16)
0" (7.4.17)

cov(ﬁziﬂs) B (1_[’223)\/7;\/7;

Trong tat ca cac cong thirc nay o’ la phuong sai (phuong sai co diéu kién khong do6i) cta cac sd
hang nhicu tong thé u;.
Theo 14p luan & Phu luc 3A.5, ban doc c6 thé chimg minh rang mdt ham ude lugng khong thién

. G;
léchciac?la 6% = % (7.4.18)

Luu ¥ rang sy twong ty gitra ham wdc lugng o’ nay va ham wéc lugng hai bién tuong tng véi né
[6% = (Z ) n 2 ] Céac bac tu do bay gio la (n -3) bdi vi khi udc lugng (Z Th )truoc hét

chung ta can ude qung [31, B2, va B3, da su dung 3 bac ty do. (Lap luan nay rat tong quat. Nhu vay,
trong truong hop bon bicn, bac trdo s€ lan -4.)

~ Ham udc lugng o2 co :[hé dugc tinh tir (7.4.18) mot khi da co san cac phan du, nhung ciing
co :[hé co du’gc 1}(’) rpét cach dé dang hon bang cach dung moi quan hé sau day (xem Phu luc 7A,
Phan 7A.3 dé biét bang chung):

zlji2 = Zyi2 _ﬁzZYi X5i _ﬁsz YiXsi (7-4-19)

day chinh 1a biéu thiic truong hop ba bién twong tmg v6i mdi quan hé trong phuong trinh (3.3.6).
Cac dac tinh cia Ham wée lwgng OLSCéac dac tinh cua Ham ude lugng OLS ctia md hinh hoi
quy bi ciing twong ty v6i nhitng ddc tinh ciia mo hinh hai bién. Cu thé 1a: 1. Puong (mit phang)
hdi quy ba bién di ngang qua cac trung binh Y, X o, X5, day 1a diéu hién nhién chung ta co thé thay
tur (7.4.3) [so sanh phuong trinh (3.1.7) cua mo hinh hai bién]. Pic tinh nay nhin chung thuong
duoc thoa. Nhu Vay, mo hinh hdi quy tuyén tinh k- bién [mot bién hdi quy phu thudc va (k-1) bién
hoi quy doc 1ap] = S+ BXoi+ BXsit+ ...+ SXi + Ui (7.4.20)

chdng ta co ﬁz (7.4.21)

2. Gia tri trung binh cua Y; (= Vi) dugc u6e lugng s tuong dwong v6i gid tri trung binh cua Y;
thuc, di€éu nay dé chirng minh:

Y, = By + By X + BoXa

= (Y__ﬂzxz _ﬂs)zs)"'ﬂzxm + B3 Xy (Tai sao?)

(Y_"‘Ibz(xzi - Xz)'*ﬁs(xm - X5)
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= Y_+ﬁ2X2i +ﬁ3X3i (7.4.22)

trong d6, cac mau ty viét thuong thong dung dung dé biéu thi cac gia tri cua cac bién khi ching
1¢éch khoi cac cac gia tri trung binh twong tmg.

Liy tong cua ca hai vé phuong trinh (7.4.22) theo cac gié tri ctia mau va chia cho ¢& miu n

taco Y=Y (Luu y: ZXZi = ZXgi =0. Taisao?) Luu y rang véi phuong trinh (7.4.22) ta ¢6 thé

viét

Y, :ﬁZXZi +:B3X3i (7.4.23)

trong d6 yi = (Yi- Y ).
Do d6, SRF (7.4.1) c6 thé dién ta dudi dang d¢ léch nhu sauy, = . + 0, = B,X,; = BXy +1U,

3.

(7.4.24)
C6 thé chimg minh ) G, =0 =0 tr phuong trinh (7.4.24). [Goi ¥: lay tong ca hai vé cla
(7.4.24) theo cac gia tri cia mau.]

4. Cac phan du u; khong twong quan voi Xp VA Xaj, ¢6 nghia 13, Zﬁi X, = Zlﬁi Xy =0
(xem phu luc 7A.1 dé biét thém minh ching).

5.

Céc phan du u; khong twong quan véi Vi, co nghia 13, Z:ltiAi = 0. Tai sao? [Goi y: Nhan

hai vé cua (7.4.23) voi Ui va lay tong theo cac gia tri ctia mau.

6.

Tir (7.4.12) va (7.4.15) ta thiy rd rang 1a ry 3, hé s6 twong quan giita X, va X3, ting dan vé
1, cac phuong sai cua B, va Bs ting theo cac gia tri da biét cua o va ZXZZI hay ZX32, :
Trong gi6i han, khi rp3 =1 (trc cong tuyen hoan toan), nhiing phuong sai nay tré nén vo
han. Y nghia cia diéu nay s¢ dugc tim hiéu day du & Chuong 10, nhung v€ mat tryc giac
céc ban doc c6 thé thdy rang khi r 3 tang thi cang kho khan hon néu mudn biét cac gia tri
thuc ctia B, va Ba. [Chung ta s& ban thém vé diéu nay trong chwong tdi, nhung xem lai
phuong trinh (7.1.10).]

Tir (7.4.12) va (7.4.15) ta ciing thiy rd rang 1a déi véi nhitng gia tri cia rz3va ) x5 hay
ZX; , cac phuong sai cua ham u6c lugng OLS s& ti 18 truc tiép so véi o, ¢b nghia 13,
chung tang khi o’ tang. Tuong ty, d6i v6i nhitng gia tri da biét cta 6% Va3 phuong sai
cua P2 ti 1€ nghich véi Z X2, c6 nghia 13 bién dong trong cac gia tri mau cua X, cang lon

thi phuong sai ctia B, cang nho, va do dé co thé uéc luong duoc B2 mot cach chinh xac hon.
Diéu tuong tu cling dung véi phuong sai cia Ba.

V6i nhitng gia thiét cia moé hinh hdi quy tuyén tinh c¢6 dién, ma ta da trinh bay can k& &
Phan 7.1, chung ta c¢6 thé ching minh rang cac ham wéc lugng OLS cua hé sé hdi quy
riéng phan khong nhing 13 tuyén tinh va khong thién léch ma con c6 phuong sai nho nhat
trong nhom cac ham wéc lugng khong thién 1éch tuyén tinh. Noi tom lai, ching 1a BLUE:
n6i mot cach khéc, chiing thoa dinh 1y Gauss-Markov. (Ching cé tuong tu véi trudng hop
hai bién da dugc chirng minh ¢ Phu luc 3A, Phan 3A.6 va s& dugc trinh bay mot cach suc
tich hon & Chuong 9 b.':ing cach st dung céc ky hi¢u ma tran.)

Ham Uéc Luong Thich Hop Téi Pa Chung t6i da luu y trong Chuong 4, theo cac gia thiét
Cho ré‘mg uj, sé hang nhiéu téng thé, c6 phan phéi chuén véi trung binh 1a khong va phuorng sai
o® 1a hiang sb, cac ham woc luong thich hop t01 da (ML) va ham udc lugng OLS cua hé s6 hoi
quy ctia mo hinh hai bién 14 gidng nhau. Diéu nay mé rong cho ca cac mo hinh véi sé luong
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bién 14 bat ky. (Xem minh chimg ¢ Phan Phu luc 7A, Phan 7A.4.) Tuy nhién, diéu nay khong
dung v6i ham ude lugng cua o2 CO thé cho thdy 14 ham wée lugng ML cia o 14 ZGiz /n bat
ké dén s lugng bién trong mé hinh, trong khi d6 ham u6c lugng OLS cia o 1a Zlﬁf /(n-2)
trong truong hop hai bién, Zﬁiz / (n—3)trong truong hop ba bién, va ZG,Z / (n—k) trong
treong hop mé hinh ¢6 k bién (7.4.20). Néi tom lai, ham wdc lwong OLS cia 6° ¢6 tinh dén s6

bac tu do, trong khi ham udc luong ML thi khong. Di nhién, néu n 1a mot sd rat 16n, ham uée
lwong ML va OLS cua o s& c6 khuynh hudng tién gin nhau hon. (Tai sao?)

7.5 HE SO XAC PINH BOI CUA R? VA HE SO TUONG QUAN BOI R

Trong truong hop hai bién chung ta di thiy rang r? duge dinh nghia trong (3.5.5) 1a sb do
do thich hop cua phuong trinh hdi quy; nghia 13, n6 cho biét ti 1¢ hay phan trim cta toan bo
bién dong trong bién phu thudc Y duoc giai thich bai bién giai thich (don) X. Ky hiéu r?
nay c6 thé dugc dé dang mo rong ra cho cac mo hinh hoi quy co6 chira nhiéu hon hai bién.
Nhu vy, trong mo hinh ba bién chung ta mudn biét ti 18 bién d6i trong Y duogc glal thich
mot cach lién két boi cac bién Xo va Xs. Dai luong cho ta thong tin nay duoc goi 1a hé 50
xac dinh bgi va dugc ky hicu la R?; vé& mat khai niém no cling giong nhu r°.

Pé suy ra R?, chung ta co thé thuc hién gidng nhu cac phép tinh cta r? trong phan 3.5. Nho
lai rang Y, :Ibl_'_ﬁZxZi +:é3x3i +0
=V. +U (7.5.1)

trong d6 Y; 1a gia tri wéc luong cua Y; tir dudng hodi quy thich hop va 13 ham udc luong cia
E(Yi | Xai, Xai) ding. Khi chuyén thanh cac mau ty viét thuong dé biéu thi do léch so véi gid tri
trung binh, phuong trinh (7.5.1) c6 thé dugc viét lai thanh

Yi = BoXo + BaXy +1;

=Y, +4  (75.2)
Binh phuong ca hai vé ctia phuong trinh (7.5.1) va ldy tong theo céc gia tri ciia mau, ching ta
60 D2V =290 20 +2 9,

=Y 9 +D 07 (Tai sa0‘7) (7.5.3)

Bang ngodn nglt, phuong trinh (7.5.3) phat bleu rang tong cua cac binh phuong toan phan (TSS)
bang tong binh phwong giai thich (ESS) + tong binh phuong phan du (RSS). Gio day, ta thay
thé Z G’ trong phuong trinh (7.4.19), ta c6

DVE=D 9+ 9 - B, D Vi Xy — 5’32 Y, X5 Xap xép lai phuong trinh nay; ta c6

ESS :zyiz :ﬂzzyixzi _ﬂszyixsi (7.5.4)
ESS
Bay gio, theo dinh nghia ~ R?=
Y8 1 g TSS
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_ ﬁzzinZi +ﬁ3z YiXs
ZYiZ

[so sanh phuong trinh (7.5.5) v6i (3.5.6).] Boi vi céc dai lugng trong (7.5.5) thuong dugce
tinh toan mot cach quen thudc, R? ¢6 thé duge tinh mot cach d& dang. Luu ¥ rang R?, glong
nhu r?, ndm trong khoang 0 dén 1. Néu no bang 1, duong hdi quy thich hop giai thich 100 phan
tram cho su bién d6i cuia Y. Mit khac, neu no bang 0, md hinh khéng giai thich bat ctr mot bién
ddi nao cua Y. Tuy nhién, R? thuong nam gitta hai gié tri cuc dai nay. D9 thich hop ciia mo
hinh dugce cho 1a "tdt hon" néu R? tién cang gan dén 1. Nh¢ lai rang, trong trudng hop hai bién
chung ta da dinh nghia dai luong r 1a h¢ sO tuong quan va biéu thi réng no 1a s6 do muc do
quan h¢ (tuyén tinh) giita hai bién. Tuwong tu véi r, trong md hinh ba bién hay nhleu hon 1a hé
s0 twong quan bdi, duoc ky hiu la R, vano 1a s6 do cuia 6 quan hé giira Y va tit ca cac bién
giai thich mot cach lién két. Mic du r ¢6 thé 1a 4m hay duong, R ludén duge coi 1a duong. Tuy
nhién, trén thyc té, tim quan trong cua R rat nho. Pai luong c6 nhiéu ¥y nghia hon 1a R Trude
khi tiép tuc di xa hon, chung ta hiy thiét 1ap mdi quan hé sau day giita R%va phuong sai cua h¢
s6 hoi quy riéng phan trong mé hinh hdi quy bdi k-bién dugc thé hién qua phuong trinh

(7.4.20):
EXES -

trong do ,B ; lah¢ s6 hdi quy riéng phin cia bién hdi quy doc 1ap X; va Ry® 1a R? trong hdi quy

(7.5.5)"

var(ﬂ ) =

ctia X; trén (k - 2) bién hoi quy doc 1ap con lai. [Luu y: C6 (k-1) bién hoéi quy doc 1ap trong mo
hinh hdi quy k-bién.] Mic du su hitu dung cta phuong trinh (7.5.6) s& duoc thiy rd trong
Chuong 10 vé da cong tuyén, hiy quan sat rang phuong trinh nay chi don gian la sy mo rong
cua cong thirc da cho trong (7.4.12) va (7.4.15) cho mo hinh hdi quy ba-bién, mot bién hdi quy
phu thudc va hai bién hdi quy doc 1ap.

7.6 Vi DU: 7.1: PUONG CONG PHILLIS BO SUNG KY VONG CUA NUOC MY,
1970-1982. Bang cach minh hoa céc y tudng da dugc gidi thiéu trong chwong nay cho tdi bay
210, hay xem xét mo hinh sau day:
Y, =B+ B Xy + Ba X+, (7.6.1)

trong d6 Yy = muc lam phat thuc (%) vao thoi diém t, Xo = ti 18 that nghiép tai thoi diém t, va
Xst= muc lam phat tién doan hay ky Vong (%) tai thoi diém t. M6 hinh nay dugc biét voi ten
g0i 1a duwong cong Phillis b6 sung ky vong.* ’Theo ly thuyét kinh t& vi mo B, dugc ky vong 1a s6
am (tai sao?) va B3 duoc ky vong 13 s6 duong (cac ban c6 thiy dugc co s6 1y luan hay khong?);
su that 1a theo 1y thuyét chung ta s& c6 P3 =1.D¢é kiém dinh mé hinh ndy, chung ta thu thap di
liéu trong bang 7.1. Dya trén nhitng dit liéu nay, phuong phap OLS dua dén nhiing két qua

sau.'® Y, =7.1933 - 1.3925Xy + 1.4700X3
(1.5948) (0.3050)  (0.1758) (7.6.2)
R =0.8766

“Lwu y ring R? ciing ¢6 thé dwoc tinh nhu sau: R? = 1- Zuzlz y2 Tai sao?

2 Muén doc thém vé vén dé nay, xem Rudiger Dornbush va Stanley Fischer, Kinh té Vi mé, McGraw-Hill, An ban lan
3, New York, 1984, trang 425.
13 T6i mang on Alan Gilbert vi da thu thap nhimg dit liéu nay.
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BANG 7.1 ,
Ti 1€ lam phat thue Y (%), ti 1¢ that nghiép X, (%) va ti 1€ lam
phat ky vong X;3(%); My, 1970-1982

Nam Y* X X3
1970 5.92 4.9 4.78
1971 4.30 5.9 3.84
1972 3.30 5.6 3.13
1973 6.23 4.9 3.44
1974 10.97 5.6 6.84
1975 9.14 8.5 9.47
1976 5.77 7.7 6.51
1977 6.45 7.1 5.92
1978 7.60 6.1 6.08
1979 11.47 5.8 8.09
1980 13.46 7.1 10.01
1981 10.24 7.6 10.81
1982 5.99 9.7 8.00

Nguon: Dir liéu vé Y va X, duoc thu thap tir cic bai bao khac
nhau ciia Business Statistics (Thong ké Kinh doanh) 1982, Bo
thuong mai M, Vin phong phan tich Kinh té; dir liéu X; duoc liy
tir Su kién Kinh té (Economic Review), Federal Reserve Bank of
Richmond, céc s phat hanh khac nhau.

* Thay d6i phin trim trong Chi s6 Gia ca Nguoi tiéu dung

trong d6 cac sb trong ngodc la nhing sai sd chuan udc lugng. Cach giai thich hdi quy nay 1a nhu
sau: Trong giai doan mau, néu ca hai X, va Xz dugc ¢ dinh bang 0, mtrc lam phat thuc trung blnh
s& bang khoang 7.19%. Nhung nhu ching ta dé luu y trong nhiéu lan, cach giai thich tung d¢ goc
nay don thuan 1a may moc. Thong thu’O'ng no6 khong c6 mot y nghia gi vé mit kinh té hay thuc té.
Hé s6 hdi quy riéng phan - 1.3925 c6 nghia 14 bang cach giit cho X3 (muc lam phat ky vong) 1a
khong d6i, mirc lam phat thyc trung binh ting (giam) vao khoang 1.4% dbi voi sy giam (ting) ctia
mbi don vi (¢ day 1a don vi phan trim) cua ti 1& that nghiép trong giai doan 1970-1982. Tuong tu,
bang cach giir cho ti 1& that nghiép khong doi, gia tri hé s6 1 4700 cho thay rang trong cung giai
doan muc lam phat thuc trung binh ting khoang 1.47% d6i v6i mdi gia tang diém phan trim cia
muc lam phat tién dodn hay ky vong. Gia tri R’ 0.88 co nghia 14 hai bién giai thich gop lai giai
thich cho khoang 88% su bién d6i ciia murc lam phat thuc, mot mirc ndng luc giai thich kha cao badi
Vi R? cao nhét chi c6 thé bang 1.

bung vé mit ky vong tién li€u, ca hai bién giai thich déu co cac dau hiéu ky vong. H¢ s6 cua bién
lam phat ky vong vé mat thong ké c6 bang 1 khong? Chung ta sé tra 161 cau hoi nay trong Chuong
8.

7.7 HOI QUY PON TRONG BOI CANH HOI QUI BOI: GIOI THIEU KHAI NIEM
THIEN LECH PAC TRUNGY

Gia dinh (7.1.6) vé mé hinh hdi quy tuyén tinh c¢6 dién cho rang mé hinh hdi quy ap dung trong

phan tich 13 dugc xac dinh ding, c6 nghia 1a khong c6 sai sd hay thién 1éch dic trung (xem

! Phin nay chiu anh huéng ctia Ronald J. Wonnacott va Thomas H. Wonnacott, Kink té liegng, An ban lan 2, John
Wiley, New York, 1979, trang 95-98.
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Chuong 3 doc cac cau nhan xét gioi thi¢u). Mac du dé tai vé phan tich dac trung sé dugc ban luan
mot cach tuong tan chi tiét hon trong Chuong 13, vi du minh hoa da cho trong phén trude 1a mot
co hoi dé gitp cac ban doc hiéu duoc tim quan trong cta gia dinh (7.1.6) nhung dong thoi con 1am
sang tO thém vé ¥ nghia cua hé s6 héi quy riéng phan va 1a phan gidi thiéu twong dbi bai ban cho
dé tai thién léch dic trung. Gia dinh rang (7.1.6) 1a m6 hinh "thwc" giai thich hanh vi ctia mirc lam
phat thuc trén khia canh mirc that nghiép va muc lam phat ky vong. Nhung gia sir c6 nguoi nhét
muc cho rang md hinh hoi quy hai bién sau 1a thich hop (dudng cong Phillips gdc):

Yt :bl+b12X2t +Glt (7-7-1)

trong do Yt = Y¢=muc lam phat thuc (%) vao thoi diém t, Xa=til¢ that nghiép tai thoi diém t, va

= phan du. Hé sb do dbc, by, cho biét anh huong thay d6i mot don vi cua ti 16 that nghiép d01
v6i murc lam phat thuc trung binh.  Béi vi (7.6.1) 1a mé hinh "dung", (7.7.1) tao nén mot sai sd
dic trung; & day sai s6 chinh 14 & chd logi bo bién Xs, mirc lam phat ky vong, ra khoi mé hinh.
Chung ta biét rang B » ciia hdi quy boi (7.6.1) 12 ham u6c luong khong thién 1éch cia B, ding, co
nghia 13, E(B 2) = Ba. (Tai sao?) Liéu chi c6 by 2, hé s6 hdi quy don trong hdi quy cta Y theo X
thoi, ciing cho ta mot ham udc luong khong thién 1éch cua By? C6 nghia, liéu E(b 12) = B2? (Néu
truong hop nay ding 13 vay, thi b1, = B,). Xét vi du ciia chung ta, hé s6 cta bién ti 1é tht nghiép
trong (7.7.1) c6 cung cap cho ta mot udc lugng khong thién 1éch vé anh hudng dung cia né dbi véi
mirc lam phat thuc khong, biét rang chung ta da loai bo X3, muc lam phat ky vong, ra khoi phan
tich ndy? Téng qudt cau tra 10 1a b1 2 s& khong phai 1a mot ham wdc lwong khong thién 1éch cua Po.
D@)ng thoi, var(b 1 2) co thé 1a mot ham uée luong thién 1€ch cta var(P 2). Su that 1a, chung ta c6
thé ching minh rang (xem Phy luc 7A, Phan 7A.5)

b, = 3, + S, + s hang sai s6 (7.7.2)
trong d6 by 3 1a hé s6 d6 dbc ciia hdi quy ciia X3 theo Xy, tire nghia 1a °
Xt =b2 +b32X2t + Uy (7.7.3)

trong 46 Uy 1a sb hang phan du. Luu ¥ rang (7.7. 3) don gian chi l1a hdi quy ctia bién bj loai bo X3
theo X,. Tir (7.7.2) ¢6 thé chimg minh mét cach dé dang rang

E(b) =fo+ fabso  (7.7.4)

(Luu ¥: Déi voi mot mau da cho [by, = (O X3%,) /D _x4] 1a mot hang s da biét.). Nhu phuong
trinh (7 7.4) cho théy, chimg nao b3, khong bang 0, by, s& 1a mot ham ude lugng thién léch cua
[Bo. Néu bz 5 13 s6 duong, tinh mot cach trung binh, b1, s&€ udc lugng qua cao S (tai sao?), co
nghia 13 by, 13 thién 1&ch vé bén trén va néu no 1a so am, tinh mot cach trung binh, by, s€ udc luong
qué thap /3 (tai sao?), c6 nghia la né bi thién léch vé bén dudi.

Tat ca nhitng diéu nay that sy co y nghia gi? Nhu phuong trmh (7.7.2) cho thay, hé s6 hdi
quy don by, khong chi 1a so do cua anh huong "tryc tiép" hay " rong" cua X trén Y (tirc gitr cho
anh huong cua X3 Khong d6i) ma con 1a s6 do ctia anh hudng gian tiép hay kich thich trén Y thong

*Piéu nay c6 vi pham gia dinh "phi da cong tuyén khéng? Cau tra 16i ndm & Cha thich 6.
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qua anh hudng ctia n6 dbi voi bién bi loai bé Xa. N6i tom lai, by, 1a s6 do cia anh hudng "toan bo"
(truc tiép 1an gian tiép) cua X, trén Y, trong khi d6 B » chi 1a s6 do cua anh huong truc tiép hay
rong cta Xo ddi v6i Y, boi vi anh huong ctia X3 1a khong d6i khi chung ta uwée lwong hoi quy boi
(7.6.2), nhu chung ta d3 lam trong (7.6.2). Dién dat bang ngdn ngit chung ta c6:

Anh huéng gop ciia Xo d6i voi Y(=by,) = anh hudng truc tiép trén X, ddi v6i Y(=PB2) + anh huong
gian tiép cua Xo ddi voi Y(=Lsbs32) (7.7.5)

Xet trong vi du cua ching ta, anh hudng gop cua thay d6i mot don vi trong ti 16 that nghiép ddi véi
mirc lam phat thuc bang v6i anh hudng truc tlep ctia no (tue, gitr cho anh hudng cua mirc lam phat
ky vong khong d6i) cong véi anh hudng gian tiép 1a két qua cua né (trc mirc that nghiép) gay ra
d6i véi mirc lam phat ky vong (= bz ), ma ban thdn n6 c6 mot s6 anh huong truc tiép (= P3) dbi voi
murc lam phat thye. Tat ca nhing diéu nay c6 the duoc thay rd rang hon qua hinh 7.3; nhitng con
s6 trinh bay ¢ hinh nay 1a 14y tir vi du minh hoa sap duoc giai thich ¢ dudi.

~ )

1.4700

Direct effect on Y: h’z

R v s i s s e P

Indirect effect: B,b5, = 1.6373

HINH73
Cac anh hudng tryuc tiép va gian tiép cua X, 1én Y.

Chung ta d3 noi du vé 1y thuyét. Gio hiy quay lai vi du duong cong Phillips && minh hoa.
Dung dir liéu da cho trong bang 7.1, chung ta tinh (7.7.1) nhu sau
Yi=6.1272 + 0.2448Xy
(4.2853)  (0.6304) (7.7.6)
t= (1.2498) (0.3885) r?=0.0135

Pic diém ndi bat cua phuong trinh nay 1a by, = 0.2448 khong chi 13 s6 duong (mot duong cong
Phillips dé¢ duong?) ma con khac zero khong déng ké vé mit thong ké. Nhung tir (7.6.2) chung ta
quan sat thiy ﬂz = - 1.3925 khoéng nhiing c6 dau tién nghiém ding, nhu ching t6i s& trinh bay ¢
Chu:ong 8), ma Con khac zero rat 16n. Tai sao nhu vay? Cau tra 16i nam trong s hang anh hudng
gian tiép, hay yéu t6 thién 1éch; Sabs », dd cho trong (7.7.4). Tu (7.6.2) ching ta biét rang S5 =
1.4700. Dé tinh dugc by 3, chiing ta tién hanh hoi quy (7.7.3), thu duoc cac két qua sau:
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Xy = 07252 + 1.1138X
(2.7267) (0.4011) (7.7.7)
t= (-0.2659)  (2.7769) > =0.4120

Nhu phuong trinh nay cho thiy, b, 3 = 1.1138 ¢6 nghia 1a khi X, gia ting thém mot don vi, tinh
trung binh X3 s& ting thém 1.11 don vi.'® Nhung néu X ting thém bang nhu vdy don vi, anh
huong cia nd trén Y sé& 1a (1.4700)(1.1138) = fsb, 3= 1.6373. Nhu viy, tir (7.7.2) cubi cung chiing
ta co
ﬁz + ﬁ3b32 = -1.3925 + 1.6373
= 0.2248
= by, [xem Pt. (7.7.6)]

Y nghia ctia cudc thao ludn trong phan nay la don gian 1a nhu sau: Néu phai can dén mot hoi quy
ba bién; dimg tién hanh chay mot hdi quy hai bién hay hdi quy don. Hay néi mét cach tong quat
hon, néu cac ban chon mdt mé hinh hdi quy nhat dinh 1dm mé hinh "dung", ding sura d6i n6 bang
céch bo bot mot bién hay nhiéu hon ra khéi mé hinh. Neu cac ban bo quén nguyén tac nay, ban s&
thu duoc nhitng udc lugng thién léch cua cac thong sb. Khong nhu'ng Vay, ban rat c6 the s€ udc
lwong thap phuong sai diing (6%) va nhu vay udc lugng thip ca sai s6 chuan ciia cac hé s hoi quy.
Mic di ching t6i s& ching minh diéu nay mot cach bai ban & Chuong 13, cac ban c6 thé thiy so
qua diéu nay bang cach so sanh céc két qua cia hoi quy (7.6.2) va (7 7.6): Sai s6 chuan f nhé hon
nhiéu (lién hé véi hé s cua nd) & (7.6.2) so voi S (lién hé véi hé so cua nd) ¢ (7.7.6). Do do, cac
khoang tin cay va kiém dinh gia thiét dya trén mé hinh (dung) (7.6.2) c6 nhiéu kha ning dang tin
cay hon so véi cac cac khoang tin cdy va gia thiét kiém nghiém dua trén nhitng mé hinh duoc xéac
dinh sai (7.7.6).

7.8  R?*VAR?CO HIEU CHINH

Mot dac tinh quan trong cia R? d6 12 n6 1a mot ham khong giam cua s0 lwong cac bién giai thlch
hay bién hoi quy ddc 1ap c6 trong mé hinh; khi s6 luong cac bién hoi quy doc 1ap gia ting, R? hiu
nhu ludén luén sé tang theo va khong bao gio giam. Phat biéu mot cach khac, thém mot bién X s&
khong lam giam R% Dé thay duoc diéu nay, hay nhd lai dinh nghia cia hé s6 xé4c dinh:

_,_Rss

ESS TSS
R? = ——= 7.8.1
TSS L2 (78.1)

Z ye
Bay gio Z y2 1a doc 1ap véi sd lugng cac bién X trong md hinh boi vi né chi don gian 1a
Z(Yi —Y)?. Tuy nhién RSS, >4 phu thude vao s6 luong cac bién doc 1ap trong mé hinh. Bing
truc giac, ta thay rd 1a khi s6 luong cac bién X gia ting, > a7 ¢6 khuynh huéng giam (it nhéat thi nd

cung s€ khong tang); nhu vay, R? da duoc dinh nghia trong (7.8.1) s€ gia tang. Vi ly do nay, trong
khi so sanh hai mo hinh hoi quy vé6i cung bién phu thuoc nhung c6 so bién X khac nhau, cac ban
can phai can than trong viéc chon lya mo hinh véi R? cao nhét.

18 Nhung ching phai chung ta, vi gia dinh phi da cong tuyén, phai loai trir viéc dwa cac bién hdi quy doc 1ap ¢6 twong quan vao
trong mé hinh ciia chiing ta hay sao? Toan b céu tra 16i s& dugc dua ra trong Chuong 10. O day chi lwu ¥ 1a gia dinh phi da cong
tuyén gén véi ham hdi quy téng thé ché khong phai véi ham hdi quy mau; trong mot mau da biét chiing ta khong thé kiém soat cac
bién X ¢6 lién quan nhu thé nao ngoai trir tién hanh nhimg thi nghiém c6 kiém soat, diéu nay khong phai 1a mot vién canh thu vi gi
trong hdu hét cac nganh khoa hoc xa hoi.
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Dé so sanh hai s6 hang R? ta can phai tinh dén s6 luong bién X co6 trong md hinh. C6 thé thuc
hién di€u nay dugc mdt cach dé dang néu ching ta xem xét mot hé s6 xac dinh thay thé khac, 1a
202/(n k)
Z yi 1 (n-1)
trong do k = s lugng cac thong sb trong md hinh bao gom cd sé hang tung dé goc. (Trong hoi
quy ba bién, k = 3. Tai sao?) Nhu vay R® d3 duoc dinh nghia duoc goi la R ¢6 hiéu chinh, dugc
ky hiéu 1a R2. Thuat ngir ¢6 hiéu chinh c6 nghia 1a hiéu chinh theo bac tu do twong quan véi tong
cac binh phwong trong (7.8.1): > 67 ¢6 n - k bac tur do trong mét mo hinh ¢o k thong so, bao gom

nhu sau: R? = (7.8.2)

ca sb hang tung d6 géc, va Zyiz co n -1 bac tu do. (Tai sao?) DPdi voi truong hop ba bién,
chung ta biét ring > a7 con -3 bac tu do.

Phuong trinh (7.8.2) ciing c6 thé duoc viét thanh
~2
R?=1-7 (7.8.3)
SY

trong d6 &2 1a phuwong sai phan du, mot ham uéc lugng khong thién léch cua o? dung, va S? la

phuong sai cua mAu cua Y. D& dang thiy rang R? va R? 1a ¢6 lién quan v6i nhau, boi vi néu thay
thé (7.8.1) vao (7.8.2), chung ta thu duoc:

_1-(- RZ)H (7.8.4)

Tir (7.8.4) ta thiy ngay lap tic, rd rang 1a (1) d6i voi k > 1, R?< R? didu nay c6 nghia 13 khi s6
lwong céc bién X ting, R? ¢6 hiéu chinh tang it hon R? khong hiéu chinh; va (2) R? c6 thé 1a am,
mac dit R? di nhién 1a khong am."" Trong truong hop R R? 1a am khi dem 4p dung, gia tri clia n6
duoc coi 1 bang khong. (Cac ban doc nén kiém chimg rang ddi voi vi du minh hoa d cho & trén
R2bang 0.8519, nho hon gia tri R? 0.8766.)

Trén thyc tién, ta nén dung R?nao? Nhu Theil luu y:

. dung R? 6t hon R* béi vi R? ¢6 khuynh hudng cho ra mot birc tranh quda lac quan ve
do thlch hop ciia hoi quy, ddc biét khi s6 lwong cdc bién gidi thich la khéng qud nhé so véi sé
liwong cdc lan quan sdt.

Nhung quan diém cta 6ng Theil khong hoan toan duge moi ngudi tan ddng, boi vi ong khong dua
ra mot chimg minh 1y thuyét chung nao cho sy "wu viét" hon cia R?. Vi dy nhu, tac gia
Goldberger lap luan rang R’ sau day, goi la R? sira dbi, cling hoan toan tot nhu Vély:19

17 Tuy nhién, luu ¥ ring néu R? =1, R2= R? = 1. Khi R? = 0, R2 = (1- K)(n - k), trong truong hop d6 R 2 co thé 1a dm
néuk> 1.

'8 Henri Theil, Introduction to Econometrics (Gii thiéu Kinh té luong), Prentice-Hall, Englewood Cliffs, N. J., 1978,
trang 135.

19 Arthur S. Goldberger, Khéa hoc Kinh té lirong, Havard U. Press, Cambridge, Massachsetts,1991, trang 178. V&
quan diém phé binh hon vé R? xem S. Cameron, "Tai sao R binh phuong c¢6 hiéu chinh dugc trinh bay?", Journal of
Quantitative Economics (Tap chi vé Kinh té Dinh hrong), tap 9, s6 1, thang 1, 1993, tr. 183-186. Ong lap luan rang
"No6 [R2 ] KHONG phai 1a mot tri théng ké kiém dinh va duong nhu kh6ng c6 mdt sy bao chira nao vé mit truc giac
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R? sira dbi = (1 - k/n)R? (7.8.5)

Loi khuyén cta 6ng ta la ctr trinh bay R? nvak va d doc gia quyét dinh hiéu chinh R? nhu thé
nao bang cach luu y dén n va k.

Mic du vy, chinh R? ¢6 hiéu chinh nhu trong (7.4.8) 1 dugc trinh bay trong hau hét cac
phén ,mém théng ké cing v6i R? quy wée. Ching t6i khuyén cac ban doc nén xem R? nhu 1a mot
s0 thong ké tong hop khac.

Bén canh R? va R? ¢6 hiéu chinh 12 dai lugng do do thich hop, nhing tiéu chi khac thudong
duoc st dung dé danh gia su thoa dang cua mot mo hinh hdi quy. Hai trong s nhimg tiéu chi nay
|a tiéu chi Thong tin ciia Akaike va tiéu chi Tién doan ciia Amemiya, chung dugc st dung dé
lya chon gitta cac md hinh canh tranh v&i nhau. Ching ta s€ thao luan nhiing ti€u chi nay khi xem
dén van dé chon lwa mé hinh mot cach chi tiét hon trong mot chuong sau (xem Chuong 14).

So Sanh Hai Gi4 Tri R

Diéu quan trong phai luu y khi so sanh hai m6 hinh trén nén tang hé so xac dinh, du c6 hi€u chinh
hay khong, d6 1a co mau n va bién phu thugc cua hai mé hinh phai giong nhau; cc bién giai thich
c6 thé c6 bat ctr dang gi. Nhu vay, dbi voi cac mé hinh

InYi=B1+ B2Xoi +PsXsi + Ui (7.8.6)
Yi=ou + 0Xoi +ozXsi + Uj (7.8.7)

cac s6 hang R’ da duoc tinh khong thé mang so sanh duoc. Ly do 13 nhu sau: Theo dinh nghia, R?
1a s6 do ti 1¢ bién thién trong bién phu thudc do (cac) bién giai thich giai thich. Nhu vy, trong
(7.8.6) R? do ti 18 bién thién trong In' Y do X va Xs gidi thich, trong khi d6 trong (7.8.7) R* do ti 18
bién thién trong Y, va hai sé do nay khong giong nhau: nhu di luu y & Chuong 6, thay d6i trong In
Y dan t6i mot thay doi twong ddi hay ti 1& trong Y, trong khi d6 thay d6i trong Y dan téi mot thay
d6i tuyét d6i. Do do, varY; /varYi khong tuong duong véi var(In Y;)/var(In Y;), co nghia 13, hai hé s6
xac dinh khong giéng nhau.?

Néu ching ta xem lai ham nhu cau ca phe (3.7.1), v6i dac trung tuyen tinh, va (6.4.5), c6
dic trung tuyén tinh logarit, do d6 hai s6 hang 12 0.6628 va 0.7448, khong thé so sanh truc tiép véi

dé sir dung né nhu mot tri thong ké mé ti. Cudi cing, ching ta can hiéu 16 rang né khong phai 1a mot cong cu hiru
dung dé ngin ngira su khai thac dit liéu" ' (trang 186).
20 Tir dinh nghia ciia R?, chiing ta biét ring

RS DU
TS > (% -Y)?
d6i v&i mé hinh tuyén tinh, va

2
. 20
ESUnY—JnY)

d6i voi mo hinh log. Bai vi cac miu sb & vé bén phai ctia nhimng biéu thirc nay 1a khac nhau, ta khong thé so sanh truc
tiép hai s6 hang R,

1-R? =

1-R
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nhau duo’c.21 Nhu vay lam cach nao chung ta cé thé so sanh dugc cac sb hang R? cuia cic md hinh
nhu (3.7.1) va (6.4.5)? Chung ta s€ trinh bay diéu nay bang vi du v€ nhu cau ca phé cia chung ta.

ViDu 7.2 : Xem Xét Lai Him Nhu Céau Ca Phé

Dé so sanh céac gia tri R? tinh dugc tir hai mo hinh trong do cac bién phu thudc 1a khong gidng
nhau, nhu trong mo hinh (3.7.1) va (6.4.5), ching ta tién hanh nhu sau:

1. Ly InY, tr mé hinh (6.4.5), 14y cac gia tri d6i logarit cua chung, va rdi tinh R? giita d6i logarit
cia InY, va Y, theo phuong thirc d3 néu & phwong trinh (3.5.14). Gia tri R? ndy c6 thé so sanh
duoc gia tri R* cua mé hinh (3.7.1).

2. Mot céch khac, ching ta ldy Y tir (3.7.1), chuyén ching thanh (InYy), va sau ciing tinh R? gitra
(InYy) va In(Yy) theo phuong trinh (3.5.14). Gia tri R? ndy c6 thé so sanh dwoc véi gia tri R? thu
duogc tur (6.4.5).

Gié sir trude hét ching ta quyét dinh so sanh gia trj R? cia md hinh tuyén tinh (3.7.1) voi
gia tri R? clia mo hinh logarit kep (6.4.5). Tu Y dugc ude luong tir (3.7.1) dau tién ching ta 1dy
(InY,), sau d6 ldy logarit cta Yy thuc, rdi tinh r? gilta hai tap hop gia tri nay theo phuong trinh
(3.5.14). Dung dir liéu cho Bang 7.2, ban doc co thé kiém ching rang gia tri R? duoc tinh nhu vay
12 0.7318, c6 thé so sanh truc tiép v6i gia tri 1’ ciia mo hinh tuyén tinh-logarit (6.4.5), trc 0.7448,
mac du gia tri R? thu duoc tir mo hinh tuyén tinh-logarit c6 cao hon mot it.

Mit khac néu ching ta mudn so sanh gia tri R? cia mé hinh tuyén tinh-logarit véi R? thu
duoc tir mo hinh tuyén tinh , chung ta tinh In Y, tur (6.4.5), thu dugc gia tri ddi logarit cua chung,
va cudi cing tinh R? gita nhitng gia tri d6i logarit ndy va cac gia tri thyc cia Y bang cach ding
cong thirc (3.5.14). Cac ban doc c6 thé kiém tra lai dir liéu da cho trong bang 7.2 ring R? gia tri
nay 1a 0.7187, cao hon mdt it so voi R?0.6628 thu duogc tir mo6 hinh tuyén tinh (3.7.1).

Dung mét trong hai phuwong phap nay, chiing ta thiy rang mé hinh tuyén tinh-logarit cho ta
dd thich tot hon.

Bang 7.2 .

Dir liéu thd dé so sanh hai gia tri R?

Nim Y, Y InY; 1;61 loga  InY; In (y,)
1) ) (©) (4) (5) (6)

1970 2.57 2.321887  0.843555 2.324616 0.943906  0.842380
1971 250 2.336272 0.853611 2.348111 0.916291  0.848557
1972 2.35 2.345863 0.860544 2.364447 0.854415  0.852653
1973 2.30 2.341068 0.857054 2.356209 0.832909  0.850607
1974 2.25 2.326682  0.846863 2.332318 0.810930  0.844443
1975 2.20 2.331477 0.850214 2.340149 0.788457  0.846502
1976 211 2173233 0.757943 2.133882 0.746688  0.776216

21 pbi véi dac trung tuyén tinh, RSS = 0.1491 (téng binh phuong phan du cua tiéu thu ca phé), va ddi voi dic trung
log tuyén tinh, RSS = 0.0226 (tong binh phuong phan du cua logarit cua tiéu thu ca ph€). Nhiing phan du nay c6 cac
bac d6 16n khac nhau va vi vay khong thé so sanh mot cach tryuc tiép.
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1977 194 1823176 0.627279 1.872508 0.662688  0.600580
1978 1.97 2.024579  0.694089 2.001884 0.678034  0.705362
1979 2.06 2.115689 0.731282 2.077742 0.722706  0.749381
1980 2.02 2.130075 0.737688 2.091096 0.703098  0.756157

Luu y: Cot (1): Cac gid tri Y thuc tir Bang 3.4
Cot (2): Céc gia tri Y wdc luong tir mé hinh tuyén tinh (3.7.1)
Cot (3): Cac gia tri Y udc lugng tir mo hinh log kép (6.4.5)
Cot (4): Déi logarit ctia cac gia tri & cot (3)
Cot (5): Cac gia tri logaritcia Y ¢ cot (1)
Cot (6): Cac gia tri logarit cua Y; & cot (2)

“Tro choi” ctia Toi da hoa R?

Pé két thuc phan nay, ching toi c6 mot 10i canh giac: Poi khi cac nha nghién ctru choi trd choi tdi
dahoéa R?, c6 nghia 14, chon mo hinh nao cho R?cao nhat. Nhung diéu nay c6 thé nguy hiém, boi
Vi trong phan tich hdi quy muc dich cta ching ta khong phai 1a thu duoc mot ‘ﬁz cao cho mf)i mod
hinh ma dung hon la thu duge nhitng wdc lugng dang tin cdy cua cac hé s6 hoi quy tong thé thue
va rat ra nhitng suy dién thong ké vé chung. Trong khi phan tich thuc nghiém van thuong thu dugc
R? rit cao nhung thdy rang mot s6 nhitng hé s6 hoi quy hoic 1 khong co y nghia vé mat thong ké
hodc c6 dau trai ngugc lai voi nhitng ky vong tién nghiém. Do dd, nha nghién ciru nén quan tam
hon dén sy lién hé vé mat ly thuyét hay logic cua cac bién giai thich doi vdi bién phu thudc va 'y
nghia théng ké ciia chung. Néu trong qua trinh nay chung ta thu dugc mot R?cao, diéu nay 1a
hoan toan tt; mat khac néu R?ma thép, diéu nay khong nhét thiét co nghia 1a mo hinh bi kém.?

Su that 1a, Goldberger da chi trich rat manh mé vai tro cua R C)ng ta da phat biéu:

“Pirng trén quan diém ciia chLing 16i, R’ cé mot vai tro rdt khiém ton trong phan tich hoi quy, né la
mot dai lwong do cua do thich hop cua hoi quy tuyen tinh binh phuwong 16i thiéu (LS) mau trong mot tap hop
cac dir lzeu Khéng c6 yéu to nao trong mé hinh hoi quy c6 dién CR [CLRM] doi hoi rang R® phai cao. Nhu
vay, mot R cao khéng phdi la bang chimg cé loi cho mé hinh va mét R? thap khong phdi la bang chirng bat
loi cho no.

Sw that, dleu quan trong nhat vé R* 1a n6 khdng hé quan trong trong md hinh CR. M6 hinh CR chl
¥ dén cdc thong sé trong mét tong thé, khéng chii y dén do thich hop cia mau... Néu mét nguoi cir khing
khang doi hoi mot dai lmmg vé thanh cong cua du doan (hay dung hon la that bai) thi & la dii: néi cho
cung, thong sé o 1a sai s6 dw dodn binh phwong ky vong, né la két qud cua néu CEF [PRF] cia tong thé
dwoe dimg lam bién dw dodn. NG6i mét cach khdc, binh phwong sai so chudn ciia dw dodn... véi cdc gid tri

lién quan ciia x [bién hoi quy doc ldp] cé thé cung cdp cho ta biét rit nhiéu diéu”

22 Mot s6 tac gia mudn giam nhe viée sir dung R? nhu 12 mot dai luong do do thich hop ciing nhu viée sir dung n6 dé so sanh hai
hay nhiéu hon céc gia tri R% Xem Interpreting and Using Regresswn (Gidi thich va Sir dung Hoi quy) cua Christopher H. Achen,
Sage Publication, Beverly Hills, Calif., 1982, tr.58-67 va "R? va Phép bién ddi cia cac Bién Hbi quy" cta C. Granger Va P.
Newbold, Journal of Econometrics, tip 4, 1976, tr.205-210. Nhan tién ddy, thuc tién ciia viéc chon mot mo hinh dya trén R? cao
nhét, mot kiéu khai théc dir liéu, gi6i thidu mot didu goi 1a thién léch tién kiém dinh, didu nay co thé pha hong mot sb tinh chat ciia
ham wdc hrgng OLS ctia mé hinh hdi quy tuyén tinh ¢d dién. V& chii d& nay, ngudi doc co thé tham khao George G. Judge, Carter
R. Hill, William E. Griffiths, Helmut Lukepohl va Tsoung-Chao Lee, Introduction to the Theory and Practice of Econometrics
(Nhdp Mén vé Ly thuyét va Thuc tién ciia Kinh té lirong), John Wiley, New York, 1982,Chuong 21.

2 Arther S. Goldberger, da d& cap, trang 177-178
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7.9 CAC HE SO TUONG QUAN RIENG PHAN
Giai Thich Cac Hé S6 Twong Quan Riéng phin Va Pon

Trong Chuong 3 chung ta da gidi thiu hé s6 tuong quan r 1a mot dai lugng do muc do quan hé
tuyén tinh giira hai bién. D6i v6i mo hinh h01 quy ba bién chung ta c6 thé tinh ba h¢ s6 tuong
quan: ry (twong quan gitra Y va X5), r13 (hé sb twong quan giita Y va Xs3) Va rp3 (hé sb tuong quan
gilta X, va Xs); luu y rang vi muc dich don gian hoa ky hi¢u, ching ta dung ky hi¢u 1 ¢ duéi e
bleu thi cho Y. Nhing hé s twong quan nay dugc goi la hé so twong quan don hay gop, hay hé
s6 twong quan béc zero. Nhimg hé sé nay co thé duoc tinh bang dinh nghia cua hé sb twong quan
da cho trong (3.5.13).

Nhung bay gio ta hdy xem xét cau hoi sau: r1 2 ¢6 that sy 1a dai lugng do mirc do quan hé
(tuyén tinh) "dung" gitta Y va X, khong khi mot bién thir ba X3 ¢6 thé ¢6 quan hé véi ca hai? Cau
hoi nay ciing tuong ty nhu cu hoi sau: Gia sir moé hinh hdi quy dung 1a (7.7.1) nhung chiing ta bo
bién X3 ra khoi mé hinh va don thuan chi 14y hoi quy Y theo Xy, thu dugc hé s6 d6 doc goi 1a bay.
Hé s6 nay co tuong duong voi hé sé ding B, néu mé hinh (7.7.1) duge wdc luong lic ban dau?
Cau tra 10 c6 thé dugc thay 16 rang tir thao luan clia ching ta & Phan 7.7. Nhin chung, 15 it ¢6 kha
nang phan dnh dugc mirc do twong quan ding gitta Y va X5 khi c6 sy hién dién ciia X3. Su that 1a,
n6 c6 thé dua ra mot cam tudng sai 1am vé ban chat cua quan hé giita Y va Xp, nhu ching ta s&
thiy ngay dudi day. Do d6, diéu chung ta can 1a mot hé s6 twong quan doc lap khong chiu bat ky
anh huong ciia Xz 18n X, va Y. Mot hé sb twong quan nhu vay c6 thé tinh duoc va duge goi mot
cach thich hop 13 hé sé twong quan riéng phan. Vé mit khai niém, né ciing tuong ty nhu hé s6
hoi quy riéng phan. Chiing ta dinh nghia

ri2.3=hé so tuong quan riéng phan gifta Y va X,, giit X3 khong doi
rs2=hé so tuong quan riéng phan gitra Y va Xas, gitt X, khong doi
r23. 1= hé s tuong quan riéng phan giira X, va X, giit Y khong doi

Mot cach dé tinh cac hé sb tuong quan riéng phan ¢ trén 1a nhu sau: Nhé lai qua trinh ba
giai doan chung ta da thao luén trong Phéan 7.3. Trong giai doan III chung ta ldy hoi quy Uy theo
Usi, chinh 12 Y; va Xy tlnh khiét, co nghia 1a, gat bo anh hudng tuyen tinh cua Xs. Do d6, néu
ching ta bay gio tinh hé s don tuong quan gitra Ui theo Uy, chung ta sé thu dugc r1 2. 3 boi vi bién
X3 gior day 1a khong d6i. Bang ky hiéu ta cé:

f,0, =23
(0 -0 (uy —Gy)
i \/—ljli —var lj1)2(02i - G2)2
_ Zunuz-
X@xe)

trong d6 chiing ta ap dung tinh chit la u1 = u2 =0. (Taisao?)

(7.9.1)

Tu phan thao luén ¢ trudc 16 rang la tuong quan riéng phan gitra Y va X, gitr X3 khong d6i chinh
1a hé s6 twong quan don (hay bac-zero) gilra cac phan du tir hdi quy ciia Y trén X3 va hdi quy cua
X5 trén Xs. SO hang r1 3 2 Va3 1 phai dugc giai thich twong tu nhu nhau.
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Trén thuc té, ching ta khong can phai di qua lai qua trinh ba giai doan dé tinh toan cac
twong quan riéng phan bdi vi ¢6 thé dé dang thu dugc chung tir cac hé so twong quan don hay béc-
zero nhu sau (d€ bi€t cach chirng minh, xem céc bai teflp):24

Iy, —lal
lo3 Z% (792)
(l— rs )(1— r23)
Fq — ol
M32 :% (7.9.3)
(1— I )(1— rzs)
M31 = sl (7.9.4)

(1 -5 )(1 -1} )

Céc tuong quan riéng phan da cho trong cac phwong trinh (7.9.2) cho dén (7.9.4) dugc goi la cac
hé s6 twong quan bic nhit. Véi tir bdc chung t6i mudn néi rang sd luorng cac chi sd tha hai ¢
dudi. Nhu vay, 112 34s€ 1a hé sb tuong quan bac hai, r12 345 s€ la h¢ s6 tuong quan bac ba v.v.
Nhu da luu § 6 trude, 112, 13 v.v. duge goi la cac fuwong quan bdc zero hay don. Cach giai thich
l'12.34 1a n6 cho ta hé sb turong quan gitta Y va X,, gilt X3 va X4 khong doi.

Giai thich Céc hé s6 twong quan Riéng phan va Pon

Trong truong hop hai bién, ynghia cta r don rit don gian: No 1a dai luong do mirc d6 quan hé
(tuyén tinh) (va khong phai 13 quan hé nhan qua) giita bién doc 1ap Y va bién giai thich don X.
Nhung mét khi ching ta vuot ra khoi truong hop hai bién, chiing ta can phai chi ¥ can than dén
cach giai thich hé sb tvong quan don. Vi du, tir (7.9.2) chiing ta quan sat dugc nhitng diéu sau:

1. Ngay canéury,=0,rp 388 khong bang 0 tru khi I3 hay r, 3 hodc ca hai déu bang 0.

2. Néury =0, ri3 Va rp 3 khong bang 0 va co cung dau, r1, 3 s& mang ddu am, trong khi d6 néu
ching mang diu nguoc nhau, n6 sé& 1 s6 duwong. Vi du sau s& lam sang to diém nay. Goi Y = san
luong vu mua , X, = lugng mua, va X3 = nhi¢t d§. Gia dinh réng r12 = 0, c6 nghia 13, khong cé
quan h¢ gitra san lugng vu mua va lugng mua. Gia dinh thém rang ri3 1a duong va rp 3 am. Khi
do, nhu (7.9.2) cho thdy, 112, 3 s& 1a dwong; c6 nghia 13, giit cho nhiét do khong doi, co quan hé
dong bién giira san luong vu mua va luong mua. Tuy nhién, két qua dudng nhu 14 nghich 1y nay
khong c6 gi 1a ngac nhién. Bdi vi nhiét o X3 anh hudng ca san lugng vu mua Y va lugng mua Xp,
dé biét dugc quan hé rong giira san luong vu mua va lugng mua, ching ta can loai bo anh huong
ctia bién nhiét do "phién toai". Vi du nay cho thiy mot nguoi c6 thé bi sai lam nhu thé nao boi hé
sO tuong quan don.

3. Séhangrip3Var, (va nhing so sanh tuong tir) khong can phai c6 cung dau.

4. Trong trudong hop hai blen chiing ta di thay rang 1’ ndm gifta 0 va 1. Dic tinh nay van dung d6i
v0i binh phuong cac hé s6 tuong quan riéng phan Str dung dac tinh nay ban doc s€ ching minh
duoc rang tir (7.9.2)chung ta c6 thé thu dugc biéu thic sau:

0 <2 +15+15 =20, <1 (7.9.5)

24 Hau hét cac chuong trinh dién toan cho phén tich hdi quy da bién thuong tinh cac hé s6 tuong quan don; vi véy, cac
hé s6 tuong quan riéng phan cé thé dugc tinh bang cac chuong trinh c6 san.
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biéu thirc ‘nay cho ta quan hé 14n nhau giira ba hé s6 twong quan bac-zero. Ciing c6 thé suy ra duoc
nhing biéu thirc twong tur tir cac phuong trinh (7.9.3) va (7.9.4).
5. Gia sir rang r13 = > 3= 0. Diéu nay c6 nghia 1 11, cling s& bang zerd khong? Co thé thiy rd cau
tra 101 tir (7.9.5). Viéc Y va X3, va X, va Xz khong twong quan khong ¢ nghia la Y va X, khdng
tuong quan.

Nhén day, luu y rang r’yy. 3 ¢6 thé dugc goi 1 hé sé xac dinh riéng phan va c6 thé duoc
giai thich 1a ti 18 cta bién thién trong Y khong phai do anh huong cua bién X3 gy ra, ma duoc giai
thich bang cach do dwa X, vao mé hinh (xem bai tap 7.6). V& mit khai niém né gidéng nhu R%

Truge khi ching ta tiép tuc, luu ¥ nhitng quan hé sau giita cac R% cac hé sb tuong quan
don, va cac hé sb trong quan riéng phan:

2 2
, +1; — 2I’12 M3l

R’ = 7.9.6

1-rg ( )
R*= r122 +(1—rl%)r123_2 (7.9.7)
R? = r5+0-r3)ras (7.9.8)

Dé két luan phan nay, hiy xem xét diém sau: Ching ta di phat biéu truéc day rang R? 58
khong giam néu c6 thém maot bién giai thich duoc dwa vao trong mé hinh, c6 thé thdy diéu nay mot
cach rd rang tir (7.9.7). Phuong trinh nay phat biéu rang ti 18 bién thién trong Y do X, va Xs lién
két giai thich 1a tdng cta hai phan: phan chi do X, giai thich (= r %1,) va phan khong do X, giai
thich (=1-r 12) nhan véi ti lé dugc giai thich bdi X3 sau khi gifr cho anh hudng ciia X, khong doi.
Bay §10 R?>r2,miénlar?,5>0. Tinh huong x4u nhét, r 2153 S8 bang khong, trong truong hop
doR“=r 12

7.10 ViDU 7.10: HAM SAN XUAT COBB-DOUGLAS : NOI THEM VE DANG HAM SO

Trong Phan 6.4 ching ta da cho thdy bang nhiing phép bién ddi thich hop ching ta ¢6 thé bién doi
cac quan hé phi tuyen tinh thanh cac quan hé tuyén tinh dé chung ta co thé hoat dong trong khudn
khé cac mo hinh hdi quy tuyén tinh ¢6 dién. Céc phép bién d6i khac nhau da dugc thao luan dén
trong boi canh truong hop hai bién c6 thé dé dang dugc mé rong qua cho truong hop cac mé hinh
hoi quy bdi. Trong phan nay, ching ta chimg minh cac phép bién d6i nay bang cach mo rong da
bién ciia mo hinh tuyén tinh-logarit hai bién; nhiing trudng hop khac c6 thé duge tim thay trong
céc bai tap va qua cac vi du minh hoa dugc thao luan dén trong su6t phan con lai cta tip sach nay.

Vi du cy thé ma ching ta thao luan la ham sin xuat Cobb-Douglas ndi tiéng trong 1y thuyét vé
san xuat.

Ham san xu4t Cobb-Douglas , & dang ngiu nhién ciia né, c6 thé dugc biéu dién nhu sau

Y = B, X0 X e (7.10.1)
trong d6 Y = san lugng

Xz =nhap luong lao dong

X3 = nhép lugng von

u = s6 hang nhiéu ngau nhién

e = co sO cua logarit ty nhién
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Tur phuong trinh (7.10.1) rd rang la quan h¢ gilra san lugng va hai yéu t6 nhap luong 1a khong
tuyén tinh. Tuy nhién, néu chiing ta bién doi logarit moé hinh nay, ching ta dugc

InY, =Ing,+4,InX; +u, =L,+,InX,, + f;In X, +u, (7.10.2)
trong d6 Bo = InP;.

Vlet nhu vay, mo hinh la tuyen tinh theo thong s6 Bo, B2 va Bz va do d6 13 mot mo hinh hoi
quy tuyén tinh. Tuy nhién luu ¥ rang n6 khong tuyén tinh theo cc bién Y va X nhung tuyén tinh
theo logarit cua cac bién nay. Tém lai, (7.10.2) la mét logarit-logarit, logarit kép, hay md hinh
tuyén tinh-logarit, 1d md hinh hdi quy boi twong Gmg véi mo hinh tuyén tinh logarit hai bién
(6.4.3).

Céac dic tinh cia ham san xuét Cobb-Douglas dugc biét rat rong rai:

1. /> 1a do co dan (riéng phan) cta san luong so voi nhap lugng lao dong, c6 nghia la, no do thay
do61 phan tram trong san luong ung voi, vi du nhu, thay d6i 1 phén tram trong nhép luong lao
dong, gitr cho nhap Iugng von khdng doi (xem bai tap 7.10).

2. Tuong tu nhu vay, B3 la d(f)v co dan (riéng phﬁn) cua san lugng so véi nhédp lugng von, gilt cho
nhép lugng lao dong khong doi.

3. Tbong cua (B2 + Pa) cho ta thong tin vé sink loi theo quy mé, cb nghia 13, su dap tmg cla san
luong trude mot ti 16 thay doi cua nhép luong. Néu tong nay bang 1, thi khong co sinh loi co dinh
theo quy mo, c6 nghia 1a, tang gap hai 1an nhap lugng s& lam tang san luong 1én gip hai 1an, ting
gip ba lan nhap luong s& 1am tang san luong 1én gap ba lan va cir vay. Néu tong nay nho hon 1,
tire ¢6 hién tuong sinh loi giam dan theo quy mo -tang gap hai lan nhap luong s& khong 1am san
luong tang 1én gap hai. Cubi cing, néu tong nay 16n hon 1, ¢6 hién tuong sinh loi tang dan theo
quy mo - ting gap hai lan nhap luong s& lam san luong ting len hon gap hai.

Trude khi tlep tuc, luu ¥ rang bét ctr khi nao cac ban c6 mé6 hinh hoéi quy tuyen tinh-logarit

v6i mot sd luong bién bat ky, hé sb cua mdi bién X 13 sé do d6 co dan (riéng phan) ciia bién phu
thudc Y so vé6i bién X d6. Nhur vdy, néu ban c6 mot mod hinh tuyén tinh-logarit voi k-bién:

InY;= Bo + B2 InXy; + B3 InXsi+. . ... + Bk InXi + Uj (7.10.3)

moi hé s6 hoi quy (riéng phan), B, cho dén By 1a do co dan (riéng phan) cua Y so véi cc bién X,
cho dén Xk.25

Pé minh hoa ham san xuit Cobb-Douglas, ching ta thu thap cac dit liéu trinh bay trong
Bang 7.3; nhiing dit liéu nay la cta khu vuc nong nghiép ctia Dai Loan trong giai doan 1958-1972.

»® Ppé xem xét diéu nay, ldy vi phan riéng phin (7.10.3) theo logarit cia mdi bién X. Vi vay,
2InY 12In X, = (N 1 X)) (X, I1Y)=p,, gid tri nay theo dinh nghia, 18 d0 co didn cua Y theo X, va
2InY 1 2In X5 = (&Y 1 X 3)(X35 /1Y) = S5, theo dinh nghia 1a d6 co dan ciia Y theo X3, va v.v.

Damodar N. Gujarati 23 Bién dich: Thach Quan
Hiéu dinh: Cao Hao Thi



Chuong trinh Giang day Kinh t& Fulbright Céc phuong phap dinh lugng _ Kinh té lwgng co'sé' - 3" ed.
Bai doc Ch 7: Phan tich hoi quy bgi: Van de vé ucc lwong

BANG 7.3 )
Tong san lwgng thwe, ngay lao dong va nhap lwgng von trong khu vuec nong nghiép caa Dai
Loan, 1958-1972

Tong san lwong Ngay lao dong Nhap lwong von thue
Nam thuc (triéu NT $)*,  (tri€u ngay), X, (triéu NT $), X3

Y
1958 16,607.7 275.5 17,803.7
1959 17,511.3 274.4 18,096.8
1960 20,171.2 269.7 18,271.8
1961 20,932.9 267.0 19,167.3
1962 20,406.0 267.8 19,647.6
1963 20,831.6 275.0 20,803.5
1964 24,806.3 283.0 22,076.6
1965 26,465.8 300.7 23,445.2
1966 27,403.0 307.5 24,939.0
1967 28,628.7 303.7 26,713.7
1968 29,904.5 304.7 29,957.8
1969 27,508.2 298.6 31,585.9
1970 29,035.5 295.5 33,474.5
1971 29,281.5 299.0 34,821.8
1972 31,535.8 288.1 41,794.3

Nguén: Thomas Pei-Fan Chen. "Economic growth and Structural change in Taiwan—1952-1972, A Production
Function Approach," luan vian tién si khong xudt ban, Khoa Kinh té, Graduate Center; City University of New York,
June 1976, Bang II.

* Pola mdi cua Pai Loan

- Giadinh rang mo hinh (7.10.2) thoa man dugc cac gia dinh ciia mo6 hinh hc‘ﬂ)i‘ quy tuyér} tinh
c0 dién,? ching ta lay hoi quy sau bang phuong phap OLS (xem Phu luc 7A, Phan 7A.7 dé biét
két qua in ra tr may tinh):

InY; = -3.3348 + 1.4988InXy + 0.4899 InXs;

(2.4495) (0.5398) (0.1020)
t =(-1.3629)  (2.7765) (4.8005)
R? = 0.8890 df =12
R? =0.8705 (7.10.4)

Tir phuong trinh (7.10.4) chiing ta thay rang trong khu vuc nong nghiép ciia Dai Loan trong
giai doan 1958-1972 d6 co dén san lugng cia lao dong va von 13 bang 1.4988 va 0.4899. No6i mot
cach khac, trong giai doan dugc xem xét nay, gitr nhép luong von khong d6i, gia tang 1 phan trim
trong lao dong din dén trung binh vao khoang 1.5 phan trim gia ting trong san luong. Tuong tu
nhu vay, gitr nhép luong lao dong khong d6i, gia tang 1 phan trim trong von din dén trung binh
vao khoang 0.5 phan trim gia ting trong san lugng. Cong hai do co dan san luong lai, ching ta

®Luuy rang trong ham san Xuét Cobb-Douglas (7.10.1) ching ta da gioi thi¢u sO hang sai s0 ngau nhién mot cach dic
biét 1a bién ddi n6 thanh dang logarit roi dwa vé dang tuyén tinh thuong dung. Vé van dé nay, xem phan 6.8.
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duoc 1.9887, day 1a gia tri cua thong sb sinh loi theo quy mo. RS rang 1a, trong giai doan nay, khu
vire nong nghiép ciia Dai Loan ¢ dic diém 14 sinh loi theo quy mé ting dan.”’

Tir quan diém théng ké thudn tiy, dudng hdi quy udce luong thich hop véi cac dir liéu rat tot. Gia
tri R? 0.8890 c6 nghia la vao khoang 89% su bién thién trong (logarit cua) san luong 1a do (logarit
cua) lao dong va von. Trong Chuong 8, ching ta s& thay bang cach nao nhiing sai s6 chuan uoc
lwong nay cé thé duge sir dung dé kiém dinh gia thiét vé cac gia tri "dung" cua cac thong sd cua
ham san xuat Cobb-Douglas cho nén kinh té Pai Loan (xem bai tap 8.15).

7.11 CAC MO HINH HOI QUI PA THUC

Chung ta két thic chwong nay bang cich xem xét mot nhom cac mé hinh hdi quy boi, nhimg md
hinh héi quy da thire, dugc s dung rong rai trong cac cude nghién ctru kinh té lugng co lién quan
dén ham san xuét va chi phi. Khi gi6i thi€u nhiing m6 hinh nay, ching t6i s¢ mé rong thém pham
vi cia cdc mo hinh nay dé co thé dé dang ap dung nhitng mé hinh hdi quy tuyén tinh c6 dién vao
chang.

Pé xac dinh cac y tuong, xem hinh 7.4, hinh 7.4 nay cho thdy quan hé giita chi phi san xut
bién té ngin han (MC) (goi 1 bién Y) ctia mot loai hang héa va muc san lugng cta nd (goi 1a bién
X). Duong cong MC ve& cho thiy trong hinh, tirc duong cong hinh chir U theo sach giao khoa, cho
thiy quan hé gitta MC va san lugng 1a khong tuyén tinh. Néu ching ta phai dinh luong mdi quan
hé nay tur cac dlem roi rac, lam cach nao chung ta c6 thé thuc hién duge? N6i mot cach khéc, loai
mo hinh kinh té lugng nao thé hién dugc ban chat giam dan lac ban dau va sau d6 ting dan cua chi
phi bién t&?

Marginal cost

Output

HINH 7.4
Duong cong chi phi bién t€ c6 dang hinh chit U

V& mit hinh hoc, duong MC dugc mé ta trong hinh 7.4 1a mét parabol. Vé mit toan hoc, mot
parabol dugc biéu thi béi phuong trinh sau:

Y = Bo + BuX + BaX? (7.11.1)

2’ Chiing ta bé qua cau hoi vé sy thich hp ctia md hinh theo quan diém 1y thuyét ciing nhu céu hoi vé viée liéu nguoi
ta c6 thé do luong dugc sinh 1gi theo quy mo tir chuoi dir liéu theo thoi gian hay khong.
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duoc goi 1a mdt ham bdc hai, hay mot cach té)ng quat hon, mét da thiec bdc hai theo bién X-sb mii
cao nhit cua X biéu thi cho bac da thirc (néu cong thém X3 vao trong ham ¢ trén, no s€ 1a mot da
thire bac ba, v.v.)

Dang ngau nhién ciia (7.11.1) ¢6 thé duoc viét nhu sau

‘ Yi=Bo+ PiXi + BoXi + Ui (7.11.2)
duoc gc_)i‘lé mot hoi quy da thbg"c bdc hai. i )
Hoi quy da thire bdc k tong quat c6 thé duoc viét thanh

Yi=Bo+ BuXi+ PoXE+. . . .. kaik + U (7.11.3)

Luu ¥ rang trong nhirng loai hdi quy da thic ndy chi c6 mot bién giai thich & bén vé phai nhung n6
xuat hién voi nhiing lily thira khac nhau, nhu vay khién cho chung tré thanh nhitng mé hinh hoi
quy bdi. Nhan day, luu ¥ rang néu X; duoc gia thiét 1a c¢6 dinh hodc khong ngau nhién, cac sb
hang liiy thira ctia X; ciing trd thanh c¢d dinh hoic khong ngiu nhién.

Nhirng mé hinh nay c6 giy ra van dé khé khan dic biét nao vé udc lugng khéng‘7 Béi vi da
thire béc hai (7.11.2) hay da thtre bac k (7.11.3) 1a tuyén tinh theo cac thong sb B, _ching ¢c6 thé
dugc ude lugng bang cac OLS thong thuong hay phuwong phap ML. Nhung con vé van dé cong
tuyén thi sao? Chang 1& cac X khac nhau nay khong co twong quan cao sao, boi vi tit ca chiing
déu 1a lily thira ciia X? C6, nhung nh¢ ring cac s6 hang nhu X% X3, X*, v.v. déu 12 ham khong
tuyén tinh ctia X va vi vay, n6i mdt cach chat ché, chung khong vi pham gid dinh vé phi da cong
tuyén.?® Tém lai, cac md hinh hdi quy da thire c6 thé duge udc luong bang cac ky thuat di duogc
trinh bay trong chuong nay va khong gy ra mot van dé méi nao vé uéc luong.

Vi du 7.4: Uéc lwgng Ham Téng Chi phi

Dé minh hoa mot vi du vé hdi quy da thirc, hiy xem xét cac dir lidu trong Bang 7.4 vé san lugng va
tong chi phi san xuat ngan han cua mdt loai sdn pham. Loai mé hinh héi quy nao s€ thich hop voi
cac dir liéu? Deé thyc hién muc dich nay, trudce hét ching ta hay v& mdt do thi phéan tan, nhu trong
hinh 7.5.

Bang 7.4
Tong chi phi (Y) va san luwgng (X)

San lugng Tong chi phi

193
226
240
244
257
260
274
297
350
0 420

P OO ~NO UL, WN P

% Chung ta s& xem van dé'nély mdt lan nita & Chuwong 10. G Chuong 10 chiing ta s& ban thao mot cach ky ludng tat ca
cac van dé ve da cong tuyen.
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Tir hinh nay 13 rang 1a quan hé giira tong chi phi va san luong tuong tu nhu mot duong cong
hinh chir S kéo dai; luu ¥ duong tdng chi phi lac dau gia ting tir tir va sau d6 ting nhanh, nhu quy
luat ndi tiéng vé sinh lpi gidm dan da du bao. Dang hinh chit S ndy cua duong tong chi phi c6 thé
dugc thé hién boi da thire bdc ba sau:

q Yi=Bo + BaXi + B2Xi? + BaXi® + uj (7.11.4)
trong d6 Y = tong chi phi va X = san luong.

400

T

Total cost of production

Output

HINH 7.5
Duong tong chi phi

V6i cac dir liéu dé cho trong Bang 7.4, chung ta c6 thé ap dung phuong phap OLS dé udc
luong cac thong s6 cua (7.11.4). Nhung trudce khi tién hanh, chung ta hay tim xem ly thuyet kinh
té noi gi vé ham chi phi bac ba ngan han (7.11.4) nay. Ly thuyet vé gia co s& cho thay rang cac
duong chi phi san xuat bién té ngan han (MC) va chi phi san xuét trung binh (AC) c6 dang dién
hinh hinh chit U—ban dau, khi san luong gia tang ca MC va AC giam, nhung 6 mét muc san
luong nhat dinh ching s& quay 1én trén, mot lan nita day 1a két qua cua quy luat sinh loi giam dan.
C6 thé thay diéu nay trong hinh 7.6 (d6ng thoi xem hinh 7.4). Va béi vi cac duong MC va AC la
duoc suy ra tu duong tong chi phi, ban chat hinh chit U cta nhimg duong nay dat mot s6 han che
1én cac thong s6 cia duong tong chi phi (7.11.4). Su that 1a co the cho thay rang cic cac thong sd
ctia (7.11.4) phai thoa min nhitng han ché sau néu chiing ta muén quan sat cac dudng chi phi trung
binh va chi phi bién té ngan han c6 dang dién hinh hinh chir uU;®

1. Bo, B]_ va B3 >0
2. Bz <0
3. B2 < 3B1Ps (7.11.5)

% Xem Alpha C.Chiang, Fundamental Methods of Mathematical Economics (Cac Phuong phdp Can ban cua Kinh té
hoc Toan hoc), an ban lan 3, McGraw-Hill, New York, 1984, tr.250-252.
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Cost

Output

MC

AC

Cost

Output

Hinh 76
Cac ham chi phi ngan han

Tat ca nhimng ban luan 1y thuyét nay c6 vé nhu hoi té nhat. Nhung kién thirc nay 1a vo cung hitu
dung khi chung ta xem xét cac két qua thuc nghiém, boi vi néu cac két qua thuc nghiém khong phu
hop véi cac ky vong tién nghiém, khi d6 gia dinh rang ching ta chuwa hé pham mot sai sé dic trung
nao (vi du nhu chon mo hinh sai), ching ta s& phai sira d6i 1y thuyét ctia chung ta hodc phai di tim
mot 1y thuyét méi va bat dau lai cong cudce truy tim thuc nghiém lai tir ddu. Nhung nhiing chung ta
da luu y trong Phan Gi6i Thiéu, day 1a ban chat ciia bat ky mot cudc diéu tra thuc nghiém nao.

Cic Két qua Thye nghiém

Khi hoi quy da thirc bac ba thich hop véi cac dit liéu ciia Bang 7.4, chiing ta thu dugc nhimng két
qua sau:

Y; = 141.7667 + 63.4776X; -12.9615X;?> + 0.9396X%;
(6.3753) (4.7787) (0.9857) (0.0591) (7.11.6)
R%=0.9983

(Luu ¥: Céc con sd trong ngodc la cac sai s6 chuan uéc lugng.) Mic du chung ta s€ xem xét y
nghia thong ké ctia nhiing két qua nay trong chuong sau, cac ban doc c6 thé kiém chimng rang
chung tuan theo dung véi nhitng ky vong 1y thuyet da liét ke trong (7.11.5). Chung t61 dé van dé
nay lai cho nguoi doc coi nhur 1a mot bai tap dé cac ban giai thich hoi quy (7.11.6).
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7.12 TOM TAT VA KET KUAN

1. Chuwong nay gidi thiéu mé hinh hdi quy tuyén tinh bdi don gian nhit c6 thé c6, tirc m6 hinh hoi
quy ba bién. Hiéu rang thuat ngit fuyén tinh co nghia 1a tuyén tinh theo thong sé va khong nhat
thiét theo cac bién.

2. Mic du mé hinh hoi quy ba bién trén nhiéu phuong di¢n 1a sy m¢ rong cua mo hinh hai bién,
nhung van c¢6 nhiéu khai niém méi c6 lién quan,vi du nhu hé sé hoi quy riéng phan, hé sé twong
quan riéng phan, hé sé twong quan béi, R? ¢é hiéu chinh va khéng hiéu chinh (ddi véi cac béac tir
do), da cong tuyén, VA thién léch dic trung.

3. Chuwong 7 nay con xem xét dang ham sé cua mé hinh hdi quy boi, vi du nhu hdm sdn xudt
Cobb-Douglas va mé hinh héi quy da thirc.

4. Mic dit R? vd R? ¢6 hiéu chinh 1a nhimg dai lwong téng quat cho biét mot mo hinh da dugc
chon lya thich hop nhu thé nao voi mot tap hop dir liéu di cho, chung ta khong nén nhén manh qua
mirc tim quan trong cua ching. Bleu quan trong la cac ky vong ly thuyét nén tang vé mo hinh
theo cac dau tién nghiém cua cac h¢ sd clia cac bién tham gia vao trong mé hinh va, nhu s& duoc
trinh bay trong chuong ké tiép, y nghia thong ké cta chung.

5. Cac két qua da trinh bay trong chuong nay c6 thé dé dang duoc khai quat hoa cho mot mo6 hinh
hdi quy tuyén tinh bdi v6i mot luong bién hoi quy doc lap bat ky. Nhung céac phép toan dai sO tro
nén vo cing budn té. Co thé tranh khéi sy budn té nay bang cach dung dén dai s6 ma tran. Pbi
v6i cac ban doc co quan tim, viéc mé rong sang mo hinh hoi quy k-bién dung dai s ma tran s&
dugc trinh bay & Chuong 9, 1a chuong tily y chon lya. Nhung céc ban doc néi chung c6 thé doc
cac chuong con lai cta tap sach nay ma khong can phai biét gi nhiéu vé dai sé ma tran.

BAI TAP

Cau hoi
7.1. Xem xét cac dir li€u sau:

Y X2 X3

1 1 2

3 2 1

8 3 -3

Dua trén nhitng dif liéu nay, udc lwong cac hdi quy sau:
Yi= o+ op Xoi + U (1)
Yi=A1+ A2 Xzi + Uyj (2)
Yi=B1+ B2 Xai + B3 Xai + Usi (3)

Luu ¥: Chi wéc luong cac hé s6, khong ude lugng cac sai s6 chuan.

a) oy = P2? Tai sao bang hoic khong bang?

b) Az =3 ? Tai sao bang hoic khong bang?

Cac Anh / Chj rat ra dugc nhirng két ludn quan trong gi tir bai tip nay?

7.2. Tu nhitng dit liéu sau hay wéc luong cac hé s6 hdi quy riéng phan, cac sai sé chuan cta ching
va cac gia tri R? c6 hidu chinh va khong hiéu chinh:

Y =367.693 X, = 402.760 X, =80
(Y, - V)" =66042.269 >(X, — X,)° =84855096
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> (X4 — X)* =280.000 (Y, ~Y)(Xy — X, ) = 74778:346
DY -Y)(Xy — X;)=4250900  D(X, — X, )( Xy — X;) =4796.000
n=15
7.3. Chtng minh rang (7.9.1) va (7.9.2) 1a twong duong.

7.4. Chimg minh rang a, = 0 trong phuong trinh (7.3.5). (Got1 y: nh¢ lai rang tong cac phan du
binh phuong t6i thiéu bang khong, gia dinh rang tung do gbe ¢ hién dién trong mé hinh.)

7.5. Chimg minh rang (7.4.7) con c6 thé dugc biéu dién nhu sau

ﬁ B ZYi(Xzi —Dy%)
2 Z(Xzi _b23X3i)2

= bién thién d6ng thoi rong (clia x3) gitra y va x; bién
thién rong (cta x3) trong X

trong d6 b,z 13 hé s6 do ddc trong hdi quy ciia X theo Xs nhu trong (7.3.2). (Goi ¥: Nhé lai rang
bas = ZXZi Xsi /ZX; )
7.6. Chimg minh rang r2, = (R? -r3)/(-r3) va dién giai phuong trinh nay.

7.7. Néu quan hé¢ oy X3 + o Xz + o3 X3 =0 1a ding ddi vai tat ca cac gia tri cia X, Xz va Xz, tim
cac gia tri cua ba h¢ so twong quan ri€ng phan nay.

7.8. Liéu co thé c6 duoc nhitng két qua sau tir mot tap hop dir liéu khong?

a) rh,3=0.9r3=-02,r,=0.8

b) ri»=0.6, lh3= -0.9, 31 = -0.5

C) r,1=0.01,r13=0.06,r,3=-0.7

©7.9. NéuZ = ax +by va W = cX - dY, va néu hé s trong quan giira X va Y la r nhung Z va Y
khong tuong quan, chimg minh ring o,0,, = (a2 +b?)o,0, (1-r?)"2, trong 46 o,,0,,0,Vva oy 1
d6 léch chuan cua bon bién va trong d6 a, b, ¢ va d 1a cac hang s6.

7.10. Chirng minh rang B2 va B3 trong (7.10.2) that sy cho biét d6 co dan theo san lugng cua lao
dong va von. (Co thé tra 10i cau hoi nay duge ma khong dung toi toan cao cap; chi can nhé dinh
nghia cta hé s6 co dan va nhé rang thay doi trong logarit ctia mot bién 1a mot thay déi tuong doi,
gia dinh rang nhitng thay do1 l1a kha nho.)

7.11. Néu X3 = a, X, +a,X,,trong d6 a, va a, nhiing hang s6, chimg minh rang gia tri bang sb
ctia ba twong quan riéng phan nay la bang 1, ry3 » mang diu ciia a,, vary31mang dau cua a,, va
rsotrai ddu véi a,/a,.

7.12. Mot cach tdng quat, R? # r2 +r2, nhung diéu nay chi dung khi néu r, 3= 0. Cho nhéan xét
va chi ra y nghia ctia phat hién nay. [Goi y: Xem phuong trinh (7.9.6).]

7.13. Trong diéu kién nao thi B, = by » trong d6 by » 1a hé sb d6 dbc trong hdi quy ctia Y theo X
chi nhu trong truong hop dugc trinh bay ¢ (7.7.1)?

7.14. Xem xét nhitng mé hinh sau.”

“ Ty ¥ Iya chon
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MO hinh Ar Y, =, + a, X, + @3 Xy + Uy,
M6 hinh B: (Yt - th) =131 +ﬂ2x2t +ﬂ3X3t + Uy
a) Cac udc lugng OLS cuia ay VA B c6 gidng nhau khong? Tai sao?
b) Cac wéc luong OLS clia oz va B3 6 gidng nhau khong? Tai sao?
c) Gitlra o va  c6 quan hé gi?
d) Céc ban c6 thé so sanh cac sé hang R? ctia hai md hinh khong? Tai sao ¢6 hodc tai sao khong?

7.15. Gia sir cac ban wéc luong ham san xuét®
Yi= o+ 02X + Uy
va ham tiét kiém
Zi=P1+ PoXi + Uzi .
trong d6 Y = ti€u dung, Z = tiét ki€ém, X = thu nhap, va X =Y + Z, ¢6 nghia la thu nhdp bang voi
tiéu dung cong vai tiét kiém.
a) Modi quan hé giita o Va B2, néu cé, 1a mdi quan hé gi? Trinh bay cac tinh toan cila cac ban.
b) Tong cac binh phuong phan du, RSS, cta hai mé hinh ¢ bang nhau khong? Giai thich.
¢) Cac ban co thé so sanh céc s6 hang R? ctia hai md hinh hay khong? Tai sao c6 hodc tai sao
khong?
7.16. Gia sir cac ban biéu dién mé hinh Cobb-Douglas di cho trong (7.10.1) nhu sau:
Yi = A1 X5 X450,

Néu cac ban bién d6i logarit cia mo hinh nay, cac ban s€ c6 Inu; 1a sb hang nhiéu bén vé bén phai.
a) Cac ban phai dit ra nhitng gia dinh thong ké nao vé In u; dé c6 thé ap dung mé hinh héi quy

tuyén tinh chuan c6 dien(CNLRM)? Lam cach niao dé c6 thé kiém dinh diéu nay véi cac dir

li¢u cho trong Bang 7.3?
b) Cac gia dinh giéng nhau c6 ap dung dugc cho u; khong? Tai sao c6 hodc tai sao khéng?
7.17. Hoi quy qua mé hinh géc toa dé. Xem xét hdi quy sau day qua gbc toa do:

Y =B, Xy + B3 X5+,

a) Lam cach nao chung ta udc lugng dugc cac dai luong chua biét?
b) Trong mé hinh nay Zﬁi c6 bang zero khong? Tai sao ¢ hoic tai sao khong?

c) Trong md hinhnay D 0, X, = > G,X; =07

d) Khi nao thi chiing ta s& str dung mot mo hinh nhu véy? ’

e) Cac ban c6 thé khai quat hoa cac két qua cua minh cho m6 hinh k-bién khong?
(Goi y: Lam theo nhu phan thdo luén vé truong hop hai-bién trong chuong 6.)

¥ C6 sira ddi tir Wojciech W. Charemza va Derek F. Deadman, Econometric Practice (Thuc hanh Kinh té lugng): T
1ap md hinh tong quat dén cu thé, Pong tich phan va Tu hoi quy vecto, Edward Elgar, Brookfield, Vermont, 1992,
tr.18.

® C6 sira doi tir Peter Kennedy, A4 Guide to Econometrics, (Huwéng dan Kinh té hrong), 4n ban lan 3, The MIT Press,
Cambridge, Massachusetts, 1992,tr.308, Bai tip #9.
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Bai tap. _
7.18. Bang dudi day cho ta dir liéu vé tong san lugng thyc, nhap luong lao dong va nhap luong
von thuc trong khu vuc san xuat cong nghi€p cua Pai Loan.

Tong san lwong thue  Ngay lao dong Nhap lwgng von thue
Nam (triéu NT $)*, Y (tinh trén 1000 nguoi), (triéu NT §), X3
X2
1958 8911.4 2815 120,753
1959 10,873.2 284.4 122,242
1960 11,132.5 289.0 125,263
1961 12,086.5 375.8 128,539
1962 12,767.5 375.2 131,427
1963 16,347.1 402.5 134,267
1964 19,542.7 478.0 139,038
1965 21,075.9 553.4 146,450
1966 23,052.0 616.7 153,714
1967 26,128.2 695.7 164,783
1968 29,563.7 790.3 176,864
1969 33,376.6 816.0 188,146
1970 38,354.3 848.4 205,841
1971 46,868.3 873.1 221,748
1972 54,308.0 999.2 239,715

*Pola Dai Loan méi

Nguén: Thomas Pei-Fan Chen. "Economic growth and Structural change in Taiwan (Tang trudng Kinh té va Thay d6i
Céu trac & Pai Loan)—1952-1972, A Production Function Approach,(Mot phuong phép ham san xuat)", luan vin tién
si khong xuat ban, Khoa Kinh té, Graduate Center; City University of New York, June 1976, Bang II.

a) Ap dung cdc mé hinh sau dé lam thich hop véi cac dir liu & trén:

Yo =B+ B, Xy + B3 Xy +U,
InY, =a, +a, In X, + a3 X, +Uu,
b) Mo hinh nao cho ta do thich hop t6t hon va tai sao?
¢) Dbi véi mo hinh hoi quy tuyen tinh - logarit, az va oz cho biét cac d6 co dan twong g theo
san lugng cua lao dong va von. Lam cach nao dé tinh duogc cac do co dan twong ty cho mo
hinh tuyén tinh?
d) Lam cach nao dé so sanh cac gia tri R? cta hai mé hinh? (Trinh bay cac tinh toan cua cac ban.)
e) Cac két qua cua khu vyc san xuat cong nghiép khac véi cac két qua ciia khu vuc nong nghiép
da cho trong Bang 7.3 nhu thé nao?
f) Nhing gia thiét nao da duoc gia dinh vé s6 hang nhiéu trong mé hinh tuyén tinh - logarit?
Lam cach nao dé kiém dinh nhimng gia thiét nay?

7.19. Xem lai cac dir lidu ciia Vuong quc Anh vé thay d6i phan trim cta lwong va ti 18 that
nghiép da cho trong bang 6.4. Sir dung nhiing dit liéu nay, xem xét xem céc dang bién doi sau cta
duong cong Phillips c6 d6 thich v6i hop cac dir liéu cua Vuong quc Anh khong:

Yo =B+ B, Xy +ﬂ3X:§t +U
trong d6 Y = thay d6i phan tram hang nam trong ti 18 tién luong va X = ti 1¢ that nghiép.
a) Giai thich cac két qua cuia ban.
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b) Co so dé dua binh phuong ti 16 that nghiép vao mé hinh nay la gi? Mot tién nghiém, ban c6 ky
vong rang B3 sé 1a am hay duong?

¢) M5 hinh nay c6 that sy phai la mot mé hinh héi quy boi khong boi vi chi c6 mot bién giai
thich, tic ti 18 that nghi¢p, c6 mat trong mo hinh?

d) Cac két qua cua ban so sanh véi cac két qua thu duoc trong (6.6.2) va trong bai tap 6.20 ra sao?

e) Ban c6 thé so sanh cac sb hang R? cua cac mé hinh khac nhau khong? Tai sao?

f) Bansé chon m6 hinh nao: mé hinh bac hai ¢ day, m6 hinh nghich dao trong (6.6.2) hay mo
hinh tuyén tinh trong bai tap 6.20? Ban sir dung nhitng tiéu chuan nao?

7.20. Nhu cau vé hoa héng.* Bang dudi ddy cho dit liéu hang quy vé nhitng bién sau:

Y =56 lugng hoa héng ban duogc, theo ta

X, = gia ban si trung binh cta hoa hong , $/ta

X3 = gia ban si trung binh ctia hoa cAm chudng, $/ta

X4 = thu nhap kha dung trung binh hang tuan cta gia dinh, $/tuan

Xs = bién xu hudng c6 cac gia trj 1, 2 va tiép tuc, trong giai doan 1971-I1I cho dén 1975-1I tai khu
vuc trung tam Detroit.

Nam va
quy Y Xo X3 X4 X5
1971 - 11,484 2.26 3.49 158.11 1
Il
-1V 9,348 2.54 2.85 173.36 2
1972 - | 8,429 3.07 4.06 165.26 3
-1l 10,079 2.91 3.64 172.92 4
- 1 9,240 2.73 3.21 178.46 5
-1V 8,862 2.77 3.66 198.62 6
1973 - | 6,216 3.59 3.76 186.28 7
-1 8,253 3.23 3.49 188.98 8
- 11 8,038 2.60 3.13 180.49 9
-1V 7,476 2.89 3.20 183.33 10
1974 - | 5911 3.77 3.65 181.87 11
-1l 7,950 3.64 3.60 185.00 12
- 6,134 2.82 2.94 184.00 13
-1V 5,868 2.96 3.12 188.20 14
1975 - | 3,160 4.24 3.58 175.67 15
-1l 5,872 3.69 3.53 188.00 16

Ban duogc yéu cau xem xét cac ham nhu cau sau:
Yo =0 +a, Xy +ay Xy +ay Xy + a5 X + Uy
INY, =B, + B, In Xy + B Xy + By In Xy + s X + U,
a) Ubc lugng cac thong s6 ctia md hinh tuyén tinh va giai thich cac két qua.
b) Udc luong cac thong sb ciia mo hinh tuyén tinh - logarit va giai thich cac két qua.
¢) P2, B3 Vva Bs lan luot cho biét gia riéng, gia chéo, va do co dan theo thu nhdp cia cau. Dau tién
nghiém cua cac hé s6 1a gi ? Cac két qua co gidng nhu cac ky vong tién nghiém khong?

“ T6i biét on Joe Walsh vi da thu thap nhitng dit liéu nay tir mot nha buén si 16n & khu vye trung tam Detroit va tiép d6
da xu ly nhiing dir liu nay.
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d) Lam cach nao dé tinh gia riéng, gia chéo, va d6 co din thu nhap cho mé hinh tuyén tinh nay?
e) Dua trén cac phan tich cua ban, ban sé chon mo hinh nao va cho biét tai sao?

1.21. Hoat dong khoan tham do dau. Céc giéng khoan tham do dau 1a cac gléng duoc khoan nhim
tim va san xuat dau lira va/hay khi dbt _trong mot khu vue dugc nang cap hay nham mo rong pham
vi cua mot ngudn du trir khi dot hay dau lira d3 biét: Bang sau cho ta cac dir liéu vé nhitng bién

nay:
Ngan giéng Gia moi San lwgng GNP, hﬁng s6
khoan thim do  thung, hing  qudc ndi (triéu Ti$, (Xs) Thoi diém (Xs)
diu, (Y) 56 $, (X2) thiung mbi
ngay), (Xs)
8.01 4.89 5.52 487.67 1948 =1
9.06 4.83 5.05 490.59 1949 =2
10.31 4.68 5.41 533.55 1950 =3
11.76 4.42 6.16 576.57 1951 =4
12.43 4.36 6.26 598.62 1952 =5
13.31 4.55 6.34 621.77 1953 =6
13.10 4.66 6.81 613.67 1954 =7
14.94 4.54 7.15 654.80 1955 =8
16.17 4.44 7.17 668.84 1956 =9
14.71 4.75 6.71 681.02 1957 = 10
13.20 4.56 7.05 679.53 1958 = 11
13.19 4.29 7.04 720.53 1959 = 12
11.70 4.19 7.18 736.86 1960 = 13
10.99 4.17 7.33 755.34 1961 = 14
10.80 4.11 7.54 799.15 1962 = 15
10.66 4.04 7.61 830.70 1963 = 16
10.75 3.96 7.80 874.29 1964 = 17
9.47 3.85 8.30 925.86 1965 = 18
10.31 3.75 8.81 980.98 1966 = 19
8.88 3.69 8.66 1,007.72 1967 = 20
8.88 3.56 8.78 1,051.83 1968 = 21
9.70 3.56 0.18 1,078.76 1969 = 22
7.69 3.48 9.03 1,075.31 1970 = 23
6.92 3.53 9.00 1,107.48 1971 =24
7.54 3.39 8.78 1,171.10 1972 =25
7.47 3.68 8.38 1,234.97 1973 =26
8.63 5.92 8.01 1,217.81 1974 = 27
9.21 6.03 7.78 1,202.36 1975 = 28
9.23 6.12 7.88 1,271.01 1976 = 29
9.96 6.05 7.88 1,332.67 1977 =30
10.78 5.89 8.67 1,385.10 1978 = 31

Nguon: Bo Thong tin Nang lugng, Bado cao 1978cho Quoc hoi.

“ T6i mang on Raymond Savino vi da thu thap va xir I nhiing dir liéu nay.
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Y = s6 luong céac giéng khoan tham do
X3 = chi phi trén mdi ngudn khoan trong giai doan trudc
(tinh bang gia d6la khong dbi, 1972 = 100)
X3 = san luong qudc noi
X4= GNP d6la khong d6i (1972 = 100)
Xs = bién xu hudng, 1984=1,1949=2,. . . . . , 1978 = 31
Xem xem mo hinh sau c6 thich hop véi céac dir 1i€u khong:
Yo =B+ B Xo + B In Xy + By Xy + 4,
a) Ban c6 thé dua ra mot co s& hop Iy tién nghiém cho mé hinh nay khong?
b) Gia thiét raing mé hinh nay chip nhan duoc, hiy udc lugng cac théng sb ciia mo hinh va céc sai
s6 chuan cua ching, va tinh R va R?.
¢) Nhan xét cac két qua thu dugc theo nhirng ky vong tién nghiém.
d) Ban sé& c6 dé nghi ddc trung nao khac khong dé giai thich hoat dong khoan tham do dau? Tai
sao?

7.22. Chi tiéu ngdn sach quéc phong My, 1962-1981. Dé giai thich ngan sach qudc phong My,
ngudi ta yéu cau ban xem xét mo hinh sau:
Yo =B+ By Xy + BoIn Xy + B, X, + U,

trong d6 Y, = Chi tiéu ngan sach quéc phong ctia nam t, $/ti

Xot = GNP cta nam t, $/ti

Xat = doanh s ban hang quan sy My/vién trg trong nam t, $/ti

X4t = doanh s cong nghiép hang khong/vién tro trong nam t, $/ti

Xst = cac xung dot quan su phai sir dung trén 100, 000 linh. Bién nay c6 gia trj bang 1
khi phai huy dong 100, 000 linh hay nhiéu hon nhung bang 0 khi 6 luong linh dudi 100,000.

bé kiém dinh mo6 hinh nay, cac ban c6 cac dir li¢u sau:

a) Udc luong cac thong sd ciia md hinh nay va cac sai s6 chuan va tinh R?, R? ¢6 hiéu chinh va
ﬁZ

b) Nhan xét vé cac két qua, luu ¥ dén bat ky ky vong tién nghiém nao cia ban vé quan hé gitta Y
va céac bien X khac nhau.

¢) Ban c6 thé muon dua thém (nhitng) bién nao khac vao trong mo hinh va cho biét tai sao?

Chi tiéu Doanh so ban Doanh so
ngan sach hang quan sy  cong nghiép Cac cudc
quoc GNP, My / vién trg, hang khong, xung dot

Nam ph(‘)ng, Y Xs X3 Xa 100,000 +, X5
1962 51.1 560.3 0.6 16.0 0
1963 52.3 590.5 0.9 16.4 0
1964 53.6 632.4 1.1 16.7 0
1965 49.6 684.9 1.4 17.0 1
1966 56.8 749.9 1.6 20.2 1
1967 70.1 793.9 1.0 23.4 1
1968 80.5 865.0 0.8 25.6 1
1969 81.2 931.4 1.5 24.6 1
1970 80.3 992.7 1.0 24.8 1
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1971 7.7 1,077.6 1.5 21.7 1
1972 78.3 1,185.9 2.95 21.5 1
1973 74.5 1,326.4 4.8 24.3 0
1974 77.8 1,434.2 10.3 26.8 0
1975 85.6 1,549.2 16.0 29.5 0
1976 89.4 1,718.0 14.7 30.4 0
1977 97.5 1,918.3 8.3 33.3 0
1978 105.2 2,163.9 11.0 38.0 0
1979 117.7 2,417.8 13.0 46.2 0
1980 135.9 2,633.1 15.3 57.6 0
1981 162.1 2,937.7 18.0 68.9 0

Nguon: Cac dit liéu duge Albert Lucchino thu thap tir cac an ban khac nhau cua chinh phu.

7.23. Nhu cau vé thit ga 6 My, 1960-1982. Dé nghién ctru vé tiéu thy thit ga binh quan dau nguoi
0 My, ban c¢6 dugc nhitng dir li¢u sau:
trong d6 Y = tiéu thu thit ga binh quan d4u ngudi, cAn Anh

X = thu nhap kha dung thyc binh quan dau nguoi, dola

X3 = gid ban 1¢ thuc thit ga tinh trén mdi can Anh, xu

X4 = gia ban 1& thyc thit heo tinh trén mdi can Anh, xu

Xs = gid ban 1¢ thuc thit bo tinh trén mdi can Anh, xu

Xs = gia thuc da hop cua cic san pham thay thé cho thit ga tinh trén mdi cdn Anh, xu, day
1a trung binh c6 trong sb cua cac gia ban 1¢é thuc trén mot pao cua thit heo va thit bo, céc trong
lugng 1a mirc tiéu thy thit bo va thit heo tuong ddi tinh trong tong tiéu thy thit heo va thit bo.

Bay gio hay xem xét cac ham nhu cau sau day:

InY, =, +a,In X,, + a,In X, +y, Q)
InY, =y, +y,In Xy +y5In Xy +y,In X, +y, 2
InY, =4, + 4, In X, + 4, In X, + 4, In X, +u, 3
InY, =6, +6,InX,, +6,InX;, +6,In X, +6;In X, +, (4)
InY, =B+ B, In X, + B In Xy + B, In X, + 1, (5)

Nam Y X2 X3 X4 X5 X6

1960 27.8 397.5 42.2 50.7 78.3 65.8

1961 29.9 413.3 38.1 52.0 79.2 66.9

1962 29.8 439.2 40.3 54.0 79.2 67.8

1963 30.8 459.7 39.5 55.3 79.2 69.6

1964 31.2 492.9 37.3 54.7 17.4 68.7

1965 33.3 528.6 38.1 63.7 80.2 73.6

1966 35.6 560.3 39.3 69.8 80.4 76.3

1967 36.4 624.6 37.8 65.9 83.9 77.2

1968 36.7 666.4 38.4 64.5 85.5 78.1

1969 38.4 717.8 40.1 70.0 93.7 84.7

1970 40.4 768.2 38.6 73.2 106.1 93.3

1971 40.3 843.3 39.8 67.8 104.8 89.7

1972 41.8 911.6 39.7 79.1 114.0 100.7

1973 40.4 931.1 52.1 95.4 124.1 113.5
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1974 40.7 1,021.5 48.9 94.2 127.6 115.3
1975 40.1 1,165.9 58.3 123.5 142.9 136.7
1976 42.7 1,349.6 57.9 129.9 143.6 139.2
1977 441 1,449.4 56.5 117.6 139.2 132.0
1978 46.7 1,575.5 63.7 130.9 165.5 132.1
1979 50.6 1,759.1 61.6 129.8 203.3 154.4
1980 50.1 1,994.2 58.9 128.0 219.6 174.9
1981 51.7 2,258.1 66.4 141.0 221.6 180.8
1982 52.9 2,478.7 70.4 168.2 232.6 189.4

Nguén: Dit liéu vé Y dugc lay rat ra tir Citibase va di lidu vé X, cho dén X, 14 tir B nong nghiép M§. Toi mang on
Robert J.Fisher vi da thu thap nhitng dir liéu ndy va nhiing phan tich thong ké.

Ttr 1y thuyét kinh t& vi mé ta biét duoc rang nhu cau vé mot hang hoa thudng phu thude vao thu

nhép thyc ciia nguoi tiéu dung, gia ca thuc cua hang hda, va gia ca thyc cua cac hang hoa canh

tranh hay hd trg. Chu ¥ nhitng diéu can nhic nay va tra 1i cac cau hoi sau

a) Cé&c ban s& chon ham nhu cu nao trong sd nhitng ham cho & trén, va cho biét tai sao?

b) Cac ban giai thich cac hé s6 ctia InXy va InXa; trong nhitng mé hinh nay nhu thé nao?

¢) Céc dic trung trong (2) va (4) khac nhau & chd nao?

d) Néu chon dic trung (4) cac ban c6 du doan dugc trude nhimng van dé gi? (Goi y: Gia cia ca
thit heo va thit bo tinh theo gia thit ga.)

e) Boi vi dic trung (5) bao gdm gia da hop cia thit heo va thit bo, cac ban ¢ nghi rang ham nhu
cau (5) tot hon (4) khong? Tai sao?

f) Thit heo va/hay thit bo c6 phai 1a cdc san pham canh tranh hay hd trg cua thit ga khong? Lam
sao cac ban biét?

g) Gia thiét rang ham (5) 12 ham nhu cau "ding". Hay udc luong cc thong s ctia mé hinh nay,
tinh céc sai s6 chuén cua chung, R*, R? va R? ¢6 hiéu chinh. Giai thich cac két qua nay.

h) Bay gio gia sir ban tién hanh mo hinh (2) "khong dung". Hay danh gia cc hau qua cta viéc
xé4c dinh dic trung sai ndy bang cach xem xét cic gia trj yo VA y3 so vai P2 VA Ba tuong Gng.
(Goi y: Chu ¥ dén phan thao luan trong Phan 7.7).

7.24. Trong mét cugc nghién ciru vé su ludn 9huyén cong nhén trén thi truong lao dong, James F.
Ragan, Jr., thu dugc nhitng két qua sau cho nén kinh t€ My trong giai doan 1950-I cho dén 1979-

IV.” (Cac con s trong ngodc 1a céc tri thong ké t wéc luong.)

INYi= 447 -034InXy + 1.221In Xz +1.221In Xy

(4.28) (-5.31) (3.46) (3.10)
+0.80In X5 -0.0054InXs  R?=0.5370
(1.10) (-3.09)

Luu ¥: Chung ta s& thao luan céc tri thong ké t trong chuong toi.

Trong d6 Y = ti 1€ nghi viéc trong khu vuc san xuét, duoc dinh nghia la ) luong nguoi
tu 101 bo cong vige tinh trén 100 cong nhan
X, =mot bién cong cu hay thay thé cho ti 1¢ that nghiép ctia nam da truéng thanh
X3 = phan trim céng nhan tré hon 25 tudi

“ Nguon: Xem bai viét cia Ragan, "Ti 1é thay ddi cong nhan trén thi truong lao dong: Nghién ciru vé Ti 16 thay va tiét
kiém thai cong nhan," Bao Economic Review, Ngan hang Dy trit Lién Bang ctia thanh pho Kansas, thang Nam 1981,
tr.13-22.

Damodar N. Gujarati 37 Bién dich: Thach Quan
Hiéu dinh: Cao Hao Thi



Chuong trinh Giang day Kinh t& Fulbright Céc phuong phap dinh lugng _ Kinh té lwgng co'sé' - 3" ed.
Bai doc Ch 7: Phan tich hoi quy bgi: Van de vé ucc lwong

X4 = Nt.1/Ni4 = ti 1€ thau dung nhan cong trong quy (t-1) so vdi quy (t-4)
Xs = phan trim nit cong nhan
Xe = xu hudng theo thoi gian (1950-1 = 1)
a) Giai thich cac két qua & trén.
b) Quan hé nghich bién quan sat duoc giita cac logarit ciia Y va X, ¢6 1a mot tién nghiém dung
dan khong?
¢) Tai sao hé s cua In X5 duong?
d) Boivihé s6 xu hudéng l1a s6 am, ti 18 nghi viéc giam dai han la béng bao nhiéu va tai sao lai co
su suy giam nay?
e) R? c6 "qua" thap khong?
f) Banco thé uéc lugng cac sai s6 chudn cua cac hé sd hdi quy tur cac dir liéu da cho khong? Tai
sao c6 hodc tai sao khong?

7.25. Xem xét ham nhu cau don cho tién té sau:
M, = :BoYtﬂlrtﬁzeU[
trong d6 M; = tcfmg can can tién mat thuec tai thoi diérp t
Y= tong thu nhép quoc gia thyc tai thoi diém t
r. = muec lai suat dai han

a) Vi cac dir liéu sau, udc luong do co dan ctia tong can can tién mat thuc so voi tong thu nhap
thue va mure 1ai suat dai han.

b) Néu thay vi ap dung ham nhu ciu & trén, cac ban phai 4p dung mé hinh (M/Y), = ap, cc
ban sé& giai thich cac két qua nhu thé nao? Trinh bay cac phép tinh can thiét.

Luu y: bé chuyén ddi cac dai l}ang danh nghia thanh cac dai luong thuc, chia cac dai lugng danh
nghia cho hé s6 giam phat gié an.

Thu nhép
Tién danh rong danh
nghia, crores or nghia, trén 100  Hg¢ s6 giam Mirc lii suat
Nim rupees crores of phat gia an dai han, %
rupees

1948 - 1949 1,898.69 86.5 100.00 3.03
1949 - 1950 1,880.29 90.1 102.15 3.07
1950 - 1951 1,979.49 95.3 107.68 3.15
1951 - 1952 1,803.79 99.7 109.56 341
1952 - 1953 1,764.71 98.2 103.81 3.66
1953 - 1954 1,793.97 104.8 104.49 3.64
1954 - 1955 1,920.63 96.1 93.48 3.70
1955 - 1956 2,216.95 99.8 95.23 3.74
1956 - 1957 2,341.89 113.1 102.82 3.99
1957 - 1958 2,413.16 113.9 104.59 4.18
1958 - 1959 2,526.02 126.9 108.15 4.13
1959 - 1960 2,720.22 129.5 109.19 4.05
1960 - 1961 2,868.61 141.4 111.19 4.06
1961 - 1962 3,045.82 148.0 113.32 4.16
1962 - 1963 3,309.98 154.0 115.70 4.49
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1963 - 1964 3,752.12 172.1 123.19 4.66
1964 - 1965 4,080.06 200.1 132.96 4.80

PHU LUC 7A

7A.1 NGUON GOC CUA CAC HAM UOC LUQNG CHO TRONG CAC PHUONG
TRINH (7.4.3) CHO DPEN (7.4.5)
Lay dao ham riéng phan cua phuong trinh

N =Z(Yi = B1— B2 X —ﬁsxai)z (7.4.2)

theo 3 bién chwa biét va cho phuong trinh thu dugc vé khong, ta c6

&Z =23 (Vi = By = B X~ Bs X |- =0

5202 =237 (Vi = 1~ B X = B3 X [ ~Xzi) = O

G2
aﬂ3 _ZZ(Y ,31 ﬂzxzu ,33X3,)( ') 0

Ruat gon nhirng phuong trinh nay lai, chung ta thu dugc cac phuong trinh (7.4.3) cho dén (7.4.5).
Nhan tién, luu ¥ rang ba phuong trinh trén ciing c6 thé duoc viét thanh

> G =0

Zlﬁi X, =0 (Taisao?)

D0 Xy =0
cho thay rang cac déc tinh cua binh phuong toi thi€u la thich hop, tirc tong cac phan du bang
khong, va chiing khong tuong quan vai cac bién giai thich X, va Xs.

Nhan day, luu y ré“mg dé c6 dugc cac ham udce lugng OLS cua md hinh hoi quy tuyén tinh k-bién
(7.4.20) ching ta tién hanh tuwong ty. Nhu vay, dau tién chung ta viét

Zai2=Z(Yi _:Bl_ﬁzxzi_ """ _ﬁkxki)z

Lay dao ham riéng phan ctia biéu thirc nay theo mdi bién trong k bién chwa biét, cho cac phuong
trinh thu dugc bang khong, va chuyén vé cac so hang, chung ta thu dugc k phuong trinh chuan sau
theo k bién chua biét:

ZYI :nlbl"'ﬁzzxzi +:bszxsi +”"+lbkzxki
ZYI X, :ﬁlzxzi +ﬁZZX22i +ﬁszX2iX3i +'”'+ﬁkzxzixki
ZYI X :ﬁlz Xs +:bzzxzix3i +ﬁsz X32i +""+lbkzxzixki

ZYI Xyi :ﬂlzxki +IBZZX2iin +ﬂazx3ixki +- +IBkZX

Hay, chuyén sang cic mau ty viét thuong, nhitng phuong trinh nay c6 thé duge biéu dién nhu sau
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ZYixzi :ﬁzzxzzi +ﬁBZX2iX3i +""+ﬁkzxzixki
ZinSi :léZZXZiXSi +ﬁszX§i +""+lékzx3ixki

Zyixki :Ibzzxzixki +:bszxsixki +""+ﬁklefi

Can luu ¥ thém nita 13 m6 hinh k-bién ciing con théa man nhirng phuong trinh sau:

Zaixzi = Zaix3i :"'+zaixki =0

7.2A  PONG PANG THUC GIUA a, CUA (7.3.5) VA ,CUA(7.4.7)
Céc ham uéc lugng OLS cua a, la
z (0y - El)(GZi - 62)
a = N N2
D (i —Gy)
:Z%%
L

Boi vi G, =0, = 0, phuong trinh (7.3.1) va (7.3.2) ¢6 thé dugc viét thanh
Yi =DbiXy +0y
Xoi = bze,’xsi + Uy i
trong d6 cdc mau tu viét thuong, nhu thuong 1€, biéu thi cho cac do 1€ch so véi céc gia tri trung

binh.

boivilG,=0,=0  (Taisao?)

Thay 0, va U, trong phuong trinh trén vao phuong trinh cua a,, ta co
a, = Z(Yi _b13xl3)(X2i _:)23X3i)
D (X —byXy)
_ Z YiXai —b23z YiXai —bya Z X2i X3 + blsbzsz X5
Z X22i + b223z Xez,i - 2bzsz X2i X3i
Luu y rang by =D Xy Xy /D X5 va by =D yiXy /D X5, ban doc ¢ thé d& dang kiém ching
duoc rang a, ¢ trén that su duogc rat gon thanh B, cho trong (7.4.7).

7A.3 NGUON GOC CUA PHUONG TRINH 7.4.19

Nh6 lai rang
Gi =Yi = B1— B2 Xy — B3 Xy
con c6 thé duoc viet thanh
U =Y; = BoXai — BaXs
trong d6 cadc mau ty viet thuong, nhu thuong 1€, biéu thi cho cac d6 1éch so vdi cac gia tri trung
binh.
Bay gio thi
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Zaiz = Z(Giai) . .
= Zai (yi _:szi _ﬁ3x3i)
= Zaiyi

trong d6 chung ta st dung tinh chét 1a D Gixg = Y Gixgz =0. (Tai sao?) Pong thoi

ZGiYi ZZYiOi ZZYi v _b(2i _ﬁsxsi)

Zaiz ZZYi _ﬁzzinZi _ﬁszyixﬁ

day chinh 1a két qua chiing ta mong mudn.

cO nghia la,

7.4A UOC LUQNG THiCH HQP TOI PA CUA PHUONG TRINH HOI QUY BOI

Mo rong cac y tudng da gidi thiéu trong Chuong 4, Phu luc 4A, ching ta c6 thé viét ham thich
hop-logarit cho md hinh hoi quy tuyén tinh k-bién (7.4.29) thanh

Y — B, — B Xy == X )
InL:—ElnGZ—EM(Zﬁ—%Z( =P b 4 BiXii)
o
Lay dao ham riéng phan cta ham nay theo Bi1, B2, ....... Bk va o, ching ta thu dugc cac phuong
trinh (K+1) sau

2inL 1

é’ﬁl :_?Z(X _ﬁl_ﬁzxzi_'“_ﬁkxki)(_l) (1)
2inL 1

0",32 :—?Z(Yl _ﬂl_ﬁZXZi_"'_ﬂkai)(_XZi) (2)
onL 1 A o _ (K)
P, = O_zZ(Yi Bi— B Xy~ ﬂkxki)( in)

olinL n 1 )

oo’ 267 26° 2 (Y =B =B Xoi— =B Xy) (K+1)

Cho cac phuong trinh nay bang khong (diéu kién bac nhét cho téi wu hoa) va dit B, 5, ..... B, Va
52 tugng trung cho cac ham udc lwong ML, sau nhitng phép bién doi dai s don gian chung ta thu
duoc

ZYi =np, +ﬂzz Xoj #0004+ By z X

ZYi X =Blz Xai +Bzzxzzi +"'+Bkzxzi Xyi

zYi X :Blz X +Bzz Xai Xy +"'+Bkz lei
day chinh 1a nhimg phuong trinh chuan cua 1y thuyét binh phuong tdi thiéu thong thudng, nhu ban
c6 thé théy tr Phu luc 7A, Phan 7A.1. Do dé, cac ham uéc lugng ML, cac g, twong tu nhu cac
ham udc lugng OLS, céc ,b , da cho trudc day. Nhung nhu da luu y trong Chuong 4, Phu luc 4A
su bang nhau nay khong phai 12 ngiu nhién.
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Thay cac ham udc luong ML (=OLS) vao phuong trinh thar (K+1) vira ¢6 & trén, chung ta
thu duoc sau khi da rat gon, ham uéc lugng ML cua o2 sau

- 1 ~ o~ ~
o’ = HZ(Yi_ﬂl_ﬂZXZi_"'_ﬁkai)z
- Iy
n

Nhu da duogc luu y trong bai doc, ham udc lugng nay khac véi ham udc luong OLS
6% = ZG,Z /(n—Kk). Vabdi vi ham ude lugng OLS la mdt udc luong khong thién 1éch cua o2,
két ludn nay c6 nghia 13 ham u6c lwong ML &2 1a mot ham u6e lugng thién 1éch. Nhung nhu
ching ta co thé d& dang kiém ching mot cach gan dung, &2 ciing 1a khong thién 1éch.

7A.5 CHUNG MINH RANG E(b; 2) = B+ Babs (PHUONG TRINH 7.7.4)
Duéi dang d6 1éch mo hinh hdi quy tong thé ba bién c6 thé dugc viét thanh

. Yi = BoXoi + BoXq + (U — 1) i 1)
DPau tién nhan vdi x; va sau d6 nhan véi x3, cac phuong trinh chuén thong thuong tré thanh

ZYixzi =ﬂZZX22i +ﬂ3ZX2iX3i +ZX2i (u —1) 2

ZinSi :ﬁszZixsi +ﬂ32X32i +zx3i (U —1) 3)

Chia (2) cho Z X2 & hai vé, chung ta dugc

zyi X2i ZX2|X3| ZX2| (U 4
S A5 zxz. @

Z YiXyi
b. =
12 z X 22i
Z Xi X3
b,, = =————
32 Z X 22i
Phuong trinh (4) ¢6 thé dugc viét thanh

b12 =P, +,83b32 +% (%)

=P+

Bay gio nhd rang

Lay gia tri ky vong ctia (5) & hai vé, cudi cung ta duoc

E(b,) =B, + B3bs, ) 3 (6) )
trong d6 chuing ta ap dung nhiing dac tinh (a) do1 vd1 mdt mau da cho, b, 3 1a mot dai lugng cd dinh
da biét, (b) B2 va Bz 1a hang so, va (¢) uj khong twong quan véi Xy (cling nhu voi Xs;).

Khong nhing bs, thién léch, ma phuong sai cua nd ciing c6 nhiéu kha ning 1a thién léch. C6 thé
chtirng minh di€u nay nhu sau. Theo dinh nghia,
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var(b,,) = E[b, — E(b,,)]? (7)

Thay (5) va (6) vao (7) va rt gon, chiing ta c6 thé chimg minh ring
2

A
D%
trong khi d6 tir (7.4.12) chung ta biét rang
2
- O
var = 7.4.12
ST 449

R rang 13, (8) va (7.4.12) 1a khéng giéng nhau. Luu ¥ mot kham pha tha vi rang mic du by, 1a

(8)

var(b,,) =

mot ham wdc luong thién 1éch, phuong sai cia nd c6 thé nhé hon phuong sai cia ﬁz néu o uéc
lirong trong hai mo hinh khong khac nhau qua nhiéu. Trong trudng hop d6, phuong sai cua by, €6
thé nho hon nhiéu so véi phuong sai clia ﬁz néu rj 16n (tai sao?). Di nhién, rat c6 thé 1a udc
luong cua o trong mé hinh c¢6 déc trung sai c6 thé 16n hon udc lugng cua o thu dugc m6 hinh c6
dac trung dang, trong truong hop d6 phuong sai cua b1z c6 thé khong nhat thiét phai nho hon

phuong sai cua f3, .
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