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hwong 6

Lwa Chen Dang Ham S va
Kiém DPinh Pac Trueng MO Hinh

rong Chrong 4 va 5 chang tda nghién é¢u sr hoi qui béi trong do6 bién ph: thujc dang quan
tam (Y) quan & véi nhieu bién doc ldp (Xs). & lwa chon cac bén déc ldp & dira theo ly thust
kinh %, tric giac, kinh nghim qua kb, va nhizng nghién ¢u khac.pé tranh s thién Ech aia
bién ki logi bé nhr da thio ludn truéc day; nha nghiénu thwong thém vai tin gigi thich ma
ngo rang coanh hwong deén bién phu thugc. Tuy nhién; i quan I giiza Y va cac léin X nghién
citu chodén gio van gia s 1a tuyén tinh. bay hién nhién 1a rang bac nghiém ngt va khéng thc
té trén mpt mo hinh. Trongrng ding Phin 3.11, chiing tauu y rang biéu dé phan tan quan sat
duoc gita 9 liwong kin quyn phat hanh va chi phi nghiérke phat trin (Hinh 3.11) cho iy
moi quan ¢ theodwong cong. Ta thy rang gia thiét tuyén tinh @ cho dr dodn Xiu trong vai
nam. Bén gnh cac & viéc quan sat thc nghém aia deng nay, throng con cé niing ly & ly
thuyét tot cho viéc xem xét cacahg ham éng quat ¢a moi quan t# giira cac bén phy thugc va
déc lap. Vi dq, ly thuyét kinh € cho ching ta It rang dwong cong chi phi trung binh cag
chiz U, va do vy gid thiét tuyén tinh ladang ng néu ta mwn wéc eong dwong cong chi phi
trung binh.

Trong chrong nay, ching ta kdo sat nét cach chi tét dang I cac cach thanhdp vawdsc
lwong cac quan & phi tuyen. Hé co the vé cacdo thi, nhieu cach trinh bay chgidi quyét duy
nhdt mgt bién gidgi thich. Pay chi don thuin 1a mst pheong cach mang tinhusphgm. Trong cac
Vi du vaung dung ching ta&giam nhe rang bwc nay.

Chuong nay @ng thio lugn vai phrong phap t¥n hanh céac ldm dinh déic trieng md hinh
chinh thrc. Bdc biét, cac plvong phap “Bng quatdén don gian” va “ don gian dén tong quat”
dwoc dé cap trong Chrong 1 € duroc thdo ludn, va @i 1a thi tuc Ramsey’s RESET (1969).

On Lai Cac Ham Logarit va Ham Mi

Céac ham i va logarit 1a hai trongéscac hamtugc dung pld bién nhit trong Bp mé hinh. Vi ly
do nay, 8 hitu ich khi dn 4i nhitng tinh clit co ban caa cac ham nayusc khi sr dung ching.

Ham Y = & (a> 0) la mbt vi du caa mHt ham nii. Trong ham nay, a léo sb cia ham va X
la sb mia. Trong toan he, w sb théng thrdong nhit ding trong mt ham nii [a hing $ toan e e
dugc xacdinh boi

e= Iim(1+1J =2,71828..
n- oo n

Vay ham mii chuén cé ding Y = &, va ding duoc viét dudi dang exp(X). Ham ngich aia ham

mi goi la ham logarit. Logarit e sd a cho tedc (phai 14 $5 duong) aia mdt sb duoc dinh ngha

la khi liy thura logarit ¢ia o s s cho chinh 8§ d6. Ta vét X = logaY. Vi du, vi 32 = f logarit

co O 2 aia 32 la 5. Logarit€ so e dugc goi logarit tw nhién va ky héu la Y = InX, ma khéng
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can ghi rd @ 5. Luu y raing In 1 = 0 bi vi €® = 1. Mot s tinh cHit cia ham ni va logaritduoc
liét ké droi day.

Tinh chat 6.1
a. Ham logarit va hamira don diéu ting; ngha |, rtu a> b, thi f(a)> f(b), va ngroc lai.
b. Logarit @a tich hai 8 bing ©ng logarit; nglia 1, In(XY) = InX + InY. Ging iy, logarit aia
ty s6 14 hitu caa céac logarit. Wy, In(X/Y) = InX — InY. Theodé In(1/X) = — InX.
In(&) = XIn a. Theat6 & = &"?,
cda =d" va @) =4a".

oo

Khoéng nhr duong thing, c6do déc khdngddi, ham $ tong quat f(X), nlx ham nii va logarit, c6
do doc thayddi. Sy thayddi cua Y theo thayddi don vi cia X |a tacdong dn bién @a X 1én Y
va throng ky héu basi AY/AX (xem Hinh 2.A va pin thio luan lién quan). Mu sr thaydéi caa
X vé cuing nid, ta c6do doc aia tiép tuyén aia duong cong f(X) 4i diém X. Do doc gidi han nay
dugc xem ladao ham @a Y ddi véi X va dugc ky hidu bai dY/dX. Vay dao ham la tadong din
bién aia X 1én Y \6i sy thayddi rat nho caa X. D6 la mbt khai ném vé cung quan éing trong
kinh # luong, i vi ta luén i su thaydol ky vong aia bién phu thusc 1a gi khi ta thay‘,{ol gia
tri caa mdt bién doc 1ap voi mot lugng At nho. CAc tinh cht cia cdodao hamduoc tém &t trong
Tinh cHit 2.A.5 vadangdé nghién ¢u. Tinh cfat 6.2 liét ké bt it tinh chit cua ham nd va
logarit ma ét hitu ich trong kinhé luong. Hinh 6.1 minh éa king d6 thi hai ham & nay.

Tinh chat 6.2
a. Ham ni vai co sd e 6 tinh cht dic biét 1a nd Bing Wi dao ham @a chinh n6. Yy, réu Y =
", thi dY/dX = €.
b. Pao ham @a € 1a aé”.
c. Bao ham @a In X king 1/X.
d. Pao ham @a & biang &'n a. K&t qua nay céduoc tir co sv 1a & = €™ va tinh clit dao ham

cia €% = b,
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O Hinh 6.1 Do Thi cia Ham Mii va Logarit
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b. Pé thi cia Y = In(X)
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Khai Niém cia Py Co Gian

Logarit c6 trong quan it gan v6i khai niém acia d6 co gidnduoc dung trong kinh& Ta € thay
trong cac phn sau #ing khai ném nay ding duoc st dung ©ng rai trong kinh & lugng thrc
nghlem Theo that ngr don gian, d6 co glan @a Y ddi véi X duogc dinh ngha Iaphan tram thay
doi cua Y doi véi mét phan tram thaydsi ciia X cho nét thaydoi nho caa X. Vay néu AY 1 sr
thayddi cua Y, phin trim thayddi 1a 10QAY/Y. Twong tr, L0AX/X & phan traim thayddi cua X.
Ty s6 cua $ dau ddi vai sd sau 1ado co gidnbiéu nayduadén dinh ngha sau.

O Bing 6.1 Céac Tadong Can Bién vabg Co Gian aia cac lang Ham Khac Nhau

Tén Dang Ham Tacbhong Can Bién Po Co Gian
(dY/dX) [(X/Y)(@Y/dX)]

Tuyén tinh Y = By +BX B, B2XIY
Logarit — tuyn tinh Y =B, + B, InX B./X BoY
Nghich ddo Y =By + B (1/X) —BaIX? —B2/(XY)
Bac hai Y = By +BoX + BaX? Bz + PBsX (B2 + 2BX)XIY
Tuong tac Y = 31+ BoX + B3XZ Bz +BsZ (B2 + BsDXIY
Tuyén tinh-logarit INY = By + X BY B.X
Nghich d4o — logarit InY = By + B2 (L/X) —B2 YIX? —B2/X
Bac hai — logarit INY = By + BoX + BaX? Y(B, + 2B3X) X(B2 + 2BsX)
Log-hai &n InY =B + B InX BoY/X B,
(log-log)
Logistic InL } B, +B,X B.Y(1-Y) Bo(1-Y)X

PINH NGHIA 6.1
Do co gian éa Y dbi vai X (ky hiéu lan) 1a

_AY AX_XAY XY A tién Vi O, (6.1)

Y X YAX | YdX

Bang 6.1 co cac tagong ung én bién (dY/dX) yédc} co gian [(X/Y)(dY/dX)] aia mjt sd dang
ham c6 tk chon lya trong clrong nay. Lru y rang déi khi cac Kt qua nay phi thuoc vao X
va/haic Y. Pé tinh toan chang, ngi ta throng thay ti gia ti trung binhX va gia ti dy doan
tuongung Y .

0 6.2 Quan H Logarit-Tuy én Tinh

Trong ndt md hinh logarit-tuyén tinh, bién phu thusc khdngddi nhung bén doc lap thé hién
dudi dang logarit. Nhr vay,

Y =31 +B2AnX + u (6.2)
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Vi sb duong B1 vaBs, Hinh 6.2 minh hadd thi quan & nhr 1a mt ham phi tugn. Quan B nay
choAY/AX = BJ/X. Néu B2 >0, ar tang dn bién @a Y trong ing Wi su tang aia X la ndt ham
giam cia X. Talru y rang

AY = [32 AX _ B, [1OOAX} _ B2, thayddi phan trim caa X
100 X 100

T day € cho not diéu 1a thaydéi mot phan tram gid ti bién X 5 1am thaydéi Y, trung binh,
B./100don vi (khdng plai phan tram).

O Hinh 6.2 Dang Ham Logarit-Tuyén Tinh
Y

B1+B2InX

/

Vi dy, goi Y 1a sin lurong lla mi va X la& mau trong tiot. Vay AY/AX 1a sin lwong din
bién dia Mt mau trong trot thém. Ta gi thuyét rang sin lugng cin bién § giam khi dién tich
tang. Khi dién tich thip, ta k vong ring vingdit mau n& nhit 8 dugc trong trot trude tién. Khi
dién tich ting, nhing vung it mau & hon £ dugc dem sr dung; sin lwong c6 thémit nhiing
ving nay co th khéng cao nir sin lugng tir nhitng viingdat mau n& hon. Piéu naydua ra gi
thuyét sr giam sin luong cin bién @a dién tich IGa mi. Bp cdng thic logarit-tuyén tinh giap
chiing ta c6 thhiéu thiu mdi quan & nay.

Vi du khac, Gi Y la gia aia mot can nha va X la din tich sinh het. Xem xét 2 &n nha,
mot can voi dién tich sinh het 1a 1.300 b vuéng (square feet) vadincan khac i dién tich sinh
hoat 3.200 1§ vudng. Ta k vong ring pHin gia ting thém ma @it nguroi tiéu ding & sin sang t
cho 100 b vudng thém vao dn tich sinh hat s3 cao khi X = 1.300 én 1a khi X = 3.200Diéu
nay & i vi cin nha sawa ong €in, va ngdi mua co6 tk khdng mién tra thém nhéu dé ting
thém dén tich.Diéu nay c6 ngta ring tacdong cin bién @a SQFT (dén tich) 1én PRICE (gid)
ky vong € giam khi SQFT ing. Mot cachdé kiém dinh diéu nay ladiéu chinh mbt mé hinh
logarit-tuyén tinh va kém dinh g thuyét Ho: B2 = 0 d6i lai gia thuyét Hy: B2 > 0. Diéu nay §
dugc nhin nfin nhr 1& mot kiém dinh mot phia. Quyic ra quyt dinh & bac b Ho néu . >t 1
(0,05). Tatu y tir Bang 6.1 &ng trong md hinh nagd co gidn @a Y ddi voi X 1a Bo/Y. Ta co
thé tinh toandd co gidn 4i gia tri trung binh 138/ Y . Néu dir liéu 1a chi thoi gian, do co gian
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dang quan tamdn lado co gidn tongtng Wi quan sat gn day nhit — véi t = n. Do co gidn nay

Mac du nhiing vi dr minh hpa nay ¥in 1a cac dng m6 hinh Bi qui don gian, pran mo rong
thém cho trong hyp da bien la khong plic tap. Bon gian la phat ra cac logaritia cac bén giai
thich thich lop, gi chung la 4, Z, v.v... va i qui bién Y theo ndt hang $ va cac hin Z.

O BAI TOAN TH UC HANH 6.1 , ,
Tim biéu thirc d6 co gidn @a Y doi vai X trong cac mo hinh tén tinh va phi tugn va chirng
minh cac mc trong Bing 6.1.

O BAI TOAN TH UC HANH 6.2
V& db thi Phrong trinh (6.2) khp, < 0 (@é don gian gia s rang 81 = 0).

OViDUG6.1

Ta da udc luong mé hinh logarit-tudn tinh sr dung dr liéu gia nha trong Bng 4.1 (xem Pin
May Tinh Thrc Hanh 6.1 gii thiéu cach chy lai cac Kt qua cua vi di nay va kém tra nliing
khang dinhda thec hién ¢ day). Sr bién luan Vé s giam tacdong cin bién ap dng nhr nhau cho
s6 phong ng vad phong im. Vi vay tada phat ra cac Iogarlha cac bin SQFT, BEDRMS, va
BATHS va K tiép da hi qui bién PRICE theo it hing $ va nhing $ hang logarit nay. K dén
logarit cia BATHS va BEDRMSiuoc loai bo mdi 1an tirng bién mot bai vi hé sb caa chang 4t
khéng cé y ngta. M6 hinh “6t nhit” da dugc chon theo cac tiéu clim lya cton da thio luan
trong Chrong 4. Céc phong trinhuéc leong aia mé hinh tugn tinh 6t nhit va md hinh logarit-
tuyén tinh 6t nhit s3 duoc trinh bay #p sau, wi cac ti thong ké t trong ngic.

—
PRICE =52,351 + 0,139 SQFT

(1,4) (7,4)
R? = 0,806 d.f.=12
S
PRICE = -1.749,974 + 299,972 In(SQFT) — 145,09BHEIRMS)
(-6,8) (7,5) (-1,7)
R? =0,826 df. =11

Ta hru ¥ ring gia ti R?hoi cao fon d6i véi md hinh logarit-tugn tinh. M6 hinh naying
c6 cac tr thbng ké lra chpn mé hinh thp nHit. Tuy nhién, & s5 cho logarit éa BEDRMS chco
y ngha ¢ mac 11,48 phn tram. Néu & hang nay b loai bo, cac ti thong ké lra cton < Xau di
dang K, va dodé tada cton giit né ki. Hé sb hdi qui cho In(SQFT) ¢ y ndgh cao, gy ung h
cho gi thuyét ring tacdong cin bién @a dién tich sinh hat giam khi $ bo vudng ting. He s
cho logarit éa BEDRMS c6 gia trdm gbng nhr d6i vi md hinh tugn tinh, nleng tacdong aia
hé sb nay la y¥u vé mat théng ke.
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O BAI TOAN TH UC HANH 6.3

Tinh do co gidn tng ptin aia PRICEdGi voi SQFT cho cac mo hiniée lrgng logarit-tuyn
tinh va tugn tinh khi SQFT la 1.500, 2.000 va 2.500. Lagéritho ching so sankivnhau?

O Hinh 6.3 Quan H Nghich Pao

Y

S

0 6.3 Bién Péi Nghich Pao
Mot dang ham tlrong duoc st dung dé uéce leong duong cong nhu au 1a ham bn d6i nghich
dao:
1
Y =B, +Bz(§j+u

Bai vi duong cong nhu &u dic thu dic xudng, ta K vong B2 1a drong. Liru ¥ ring khi X ty nén
lon, Y tigm cin tién gan v6i B1 (xem Hinh 6.3). Bu vado Ion aia By st xacdinh duong cong cé
cat truc X hay khéng.

O BAI TOAN TH UC HANH 6.4
V& d6 thi ham nglich dao véi B, < 0,1 > 0.

0 6.4 Thich Hyp Pwong Congba Thirc

Céc nha nghiéniu rat thuong dung nit da thic dé lién he mot bién phu thude véi mot bién doc
lap. M hinh nay cé tla

Y =By + BoX + BaXZ+BaX3+ . . +PeX+ U

This tuc wéc hrong bao §m tao cac bén msi X2 X°, v.v... qua cac phép & doi va ké dén hoi
qui Y theo ndt s0 hang hang $, theo X, va theo céc &i da bien doi nay. Mac da thrc (k) bi
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rang bwc bai s6 quan sat. Bu k = 3, ta c6 quanghbac ba; va Bu k = 2, ta c6 cong te bac hai.
Céc cong thic bac hai throng duoc sr dung dé diéu chinh cac ham chi phi cédg chir U va cac
quan I¢ phi tuyn khac. Mt duong cong Bc ba throng duoc 1am thich bp ¢in ding Wi hinh
dang trong Hinh 6.9 (xem ph mé hinh logit). Nhin chungab da thirc I6n hon 2 nén tranh. Nk
trong cac ly do la tic ¥ méi sb hang da thic ddong ngha wi viéc mét di thém ndt bac tu do.
Nhu d&dé cap trong Clrong 3, & mat di bac tr do nghia 1a gim sr chinh xac ¢a cacuéc luong
cac thong & va gam kha nang aia cac kém dinh. Ging vy, tada thiy trong Chrong 5 &ing mbi
trong quan cao co &co gira X, X, va X lam cho cac &isd riéng & kém tin @y hon.

Sir dung céc tinh cht vé dao ham (xem Tinh c¢i 2.A.5), ta c6 th cho thiy ring tacdong
can bién @a X I1én Ydugc xacdinh bsi

dY/dX =B; + PaX + 3PaX? + . . . + B X ?
Mot treong hop dac biét cia chng hamda thrc la mé hinh Bc hai
Y :Bl+B2X + ngz+ u

Tac dong cin bién @a X 1én Y, nglta 1ado dbc cia quan B bac hai, duoc xacdinh hoi
dY/dX =B, + 2BsX. Luu y ring tAcdong cin bién @a X 1én Y phu thudc vao gia tr caa X ma ai
do6 ta tinh tactong dn bién. Mot gia ti pho bién duoc dung 1a gia frtrung binh,X . Nhu d& cho
thiy trong phi luc Chrong 2, khi dY/dX = 0, hamésss haic dat cuc dai hoic arc tiéu. Gia ti X
tai d6 xay radiéu nay § coduoc tir viéc gia diéu kien B2 + 2B3X = 0 khi Xo = 432/(2B3). Pé xéac
dinh xem hamdat cyc tiéu hay @c dai, ta din phai tinh dao ham tc hai, dY/dX? = 2Bs. Néu B3
<0, ham 8 s dat cuc dai tai Xo, va réu B3 dwong, hamdat cuc tiéu tai X, Tiép theo ta trinh bay
hai vi di: mot ham chi phi trung binh c6 quaa tang chr U (Hinh 6.4) va rat ham én xuit co
quan & dang duong cong di (hump-shaped) (Hinh 6.5).

OViDU6.2

DATA6-1 d4 mé & trong Pl luc D c6 dt liéu vé chi phidon vi (UNITCOST) dia mbt cong ty
san Xuat trén nt thoi doan 20 rim, mot chi s xudt lwong aia cdng ty (OUTPUT), va i chi s

chi phi nlip luong aia céng ty (INPCOST). Twoc hét ta ¢ binh phiong hai bén doc lap va K

dén hdi qui UNICOST theo rit hing $, OUTPUT, OUTPUT, INPCOST, va INPCOST (xem

Phin May Tinh Thrc Hanh 6.21é biét thém chi tt v& didu nay). Bi vi INPCOST c6 k¢ sb vo

cuing khéng c6 y ngh, né b loai bé va md hinhduoc wdc lwong li. Cac Kt qua dugc cho sau
day, wi cac ti théng két trong ngdc.

/\
UNITCOST = 10,522 — 0,175 OUTPUT + 0,000895 OUTBUT

(14,3) -9,7) (7,8)
+0,0202 INPCOST
(14,454)
R?=0,978 d.f.=16

Luu ¥y ring dbi véi mo hinh nayB,, B, > 0 vap, < 0, gai thich cho quan idang chir U. M6
hinh gii thich 97,8 phn tram sr thayddi trong chi phi trung binh. &dang cltng minh &ng tt
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ca cac & sb hdi qui déu vo cung cé y ngh. Luu ¥ ring nhing gi ta co trémtay 1a mt ho cac
duong cong chi phi trung binfroc di chuyn theo cac mic chi sb chi phi nfip lwong. Ging rt
hitu ich khi \& d6 thi ham chi phidon vi cho ndt chi phi nfp luong tiéu béu. Hinh 6.4 1a ham
chi phi trung binh céahg chir U udc lrong cho nét day xuit lwong va 3 nic chi phi nlip leong
khac nhau (80, 115, va 150). Chdtug gia ti nho nhét tai chi s xuat lwong c6 mirc 98 (hay xac
minh).

O Hinh 6.4 CA&c Ham Chi Phi Trung BinhU'éc Lwgng

UNITCOST
Lol
; INPCOST
&5 | 150
6 | 115
5.5
75 80
4.5 |
4 |
3.5
3 ' I T T— ! )OUTPUT
A0 60 80 100 120 140

o ViDu6.3
DATAG6-2 da mo & trong Pl luc D c6 dr lieu hang am Ve ViéC sin Xuit ca ngr trang (Thunnus

Alalunga) trong vung Basquei@ Tay Ban Nha. Bh xuit lugng (phi thuoc) la Bng $ meé ca
theodon vi ngan fin va bén nhap leong @oc 1ap) 1a d luc danh céadugc do luong king Bng $
ngaydanh cadon vi la ngan). M6 hintwéc lugng la (ti thong ké t trong ngac)

Catch = 1,642 Effort — 0,01653 Effdrt
(17,1) (-8,0)

R?=0,660 d.f. =32

Phin May Tinh Thic Hanh 6.3 c6 thduoc dungdé xac minhdiéu nay. lru y ring, boi vi mé ca
khéng tié coduoc khi khdng co & luc, B1 vé ly thuyét phai bing 0 cho mé hinh nay. Tdrhthdy
ring B, > 0 vaB,< 0; dodd, ham &n xut st c6dd thi nhu Hinh 6.5 i gia tri cuc dai dat dugc
khi nd luc la 50.

O BAI TOAN TH UC HANH 6.5"

Sir dung dr liéu gia nha, haydc lwong quan B bac hai sau dia gia va b vubng:

PRICE =B; + B,SQFT +B3SQFT + u

Bién dch: Thuc boan
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Bai doc Ch.6: lya chon dzng ham & va kém dinh dac trung
mo hinh

O Hinh 6.5 Ham Sin Xuit Uéc Lweng

CATCH
50
45

40 |

Dién giai vé mat kinh € cia gi thuyét B3 = 0 [a gi? Kém dinh g thuyét nay ddi lai véi gia
thuyét Hy: Bs < 0. Ban c6 Kt luan gi W tdcdong din bién @a SQFT Ién PRICE? So sanh md
hinh nay, theo céc tiéu chnulya chon, v6i md hinh logarit-tugn tinhduoc uéc lrong trong Vi
du 6.1 (xem Phn May Tinh Thric Hanh 6.4).

O BAI TOAN TH UC HANH 6.6

Hay uéc lwong mé hinh PRICE 8, + B2In SQFT +B3 BATHS + u, va so sanh caétiqua voi
cac ket qua trong Bing 4.2 va trong Bai Toan Ta Hanh 6.5.

O BAI TOAN TH UC HANH 6.7

Vi quan I8 Y = By + BoX + BaX?, hdy x4c minkid dc vado co gidn cho trong &g 6.1.

0 6.5 Cac $ Hang Twong Tac

Tacdong cin bién da mdt bién giai thich déi khi co thé phu thude vao ndt bién khac.Dé minh
hoa, Klein va Morgan (195134 dé& xuat mot gia thuyét vé sy twong tac éa thu nip va tai én
trong viéc xacdinh cac dng tiéu dung. K bién luan cho &ng xu hréng tiéu dung biérétcing $
phu thupc vao tai 8n — mdt ngudi giau hon co the co xu hrong bién & khacdé tiéu dung ngoai
khoan thu ntip. Dé thiy diéu nay, @i C = a + BY + u. Gi thuyét [a B, xu hréng tiéu dung bién
té, phu thuoc vao tai én (A). Mot cachdon gian cho phép tirc hién la gi sir rang B = 1 + B2A.
Thay tr¢ biéu thirc nay vao ham tiéu dung, ta thugc C =a + (31 + BA)Y + u. Diéu nay bén
d6i thanh mé hinh C = + B1Y + B2(AY) + u. S5 hang AY duoc xem lasé hang twong tac boi
vi n6 bao @p ar twong tac gira cac tadong aia thu np va tai én. Nhim muc dich uéc luong,
ta 010 ra nbt bién moi Z, bang wi tich aia Y va A, va k d&én hdi qui C theo nit hing 9, Y, va
Z. Néu B2 c6 y ngfia & mat théng ké, thi ¢ 8u hiéu vé sy tuong tac gira thu nip va tai én.
Luu y ring trong vi d nay, AC/AY = B; + B2A. Dé xacdinh tdcdong céin bién @a Y 1én C, ta
can c6 gia tf caa A.

Ramu Ramanathan 10 Bién dch: Thuc boan
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Bai doc Ch.6: lya chon dzng ham & va kém dinh dac trung
mo hinh

Vi du thir hai, xét quan &OE = o + BT + u, trongdd E 1a $ kilowatt giv tiéu thy dién va T
la nhigt d6 tai thoi diém t. Néu md hinh naytuoc udc lwong cho mia hé, taykvong B S8 duong
bai vi, khi nhiét 6 taing vao mua he, thi nhidwe dung maydnh € cao ton va dodd tiéu thi dién
s3 tang. Tuy nhién, ta cé éhgia thuyét rang tacdong cn bién @a T 1én E c6 th phu thuoc vao
giadién (R). Néu giadién la dat, ngroi tiéu dung c6 th hodn tt may knh hdic tit sém hon.
Mot cachdé kiém dinh tacdong nay la gi sir ring B = B1 + BoP:. Vay tadang gi S riang tac
dong cin bién @a nhit do 1én tiéu th dién phy thudc vao gia. Thay Bu thrc nay vao quand
ta co

E=a+ B +BP)Te+u=0a+ BT+ BoPTy) + U

Pé uéc lrong cac théngd ta cho Z= BT, va ki qui E theo nit hing &, T, va Z. & y ngha
cua B, 1a diu hiéu caia mdt tdc dong trong M gitta nhét do va gia. lru ¥ ring AE/AP = B,T;
ngHa 13, tdaiong éin bién déa P 1én E ph thudc vao nhét d6. Néu ta choa ciing phu thudc vao
P, mé hinh & thanh

B =0y +aoP + BaTe + Bo(PiTo) + U
Trong céc chong sau, ta co vai vivdvé cac taatong trong M nhu vay.
Phi Tuyén Gia Tao

Dé nhan biét sy phi tuyén co the co, ta c6 th thr vé d6 thi Y theo ndt bién doc 1ap ax thé (X) va
quan sat xem caysphi tuyén nao xy ra hay khongbay la thi tuc nguy hém boi vi n6 co the
dan dén dic treng sai mé hinh nghiémoaing. Vi di, gia sir rang Y 1a tuyén tinh \6i X, Z, va $
hang trong tac XZ, \dy ta co

Y =B+ BX+BsZ+Pa(XZ)+u  va  AY/AX =2 +BsZ

Trong tinh to&n tadong cin bién @a X 1én Y, ta xem Z lacdinh. Lrru y ring tAcdong cn bién
cua X |&én Y, nglia 1adé doc, phi thusc vao Z. Béu d6 phan tan quan satitb nghém, gira Y va
X ¢6 thé nhin gbng nhr Hinh 6.6, c6 ¥ nhu 14 quan B logarit-tuyén tinh gira Y va X. Trong
thue t, diéu nay la do hai quaréhuyén tinh gira Y va X \6i cac gia tf khac nhauwa Z (z va
Z,). Vay, thay vi & d6 thi thyc nghim quan sat Bh Y theo ndi bién X, ban nén é ging mé
hinh ho& qua trinh phatrdiéu (DGP) dung ly thut va tirc giac ¥ hanh vi @ ban va K dén
tién hanh kém dinh dic trung. Trong Phn 6.13, 6.14, va 6.15, tadh luin vai phrong phapdé
kiém dinh caadic trang hbi qui.
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O Hinh 6.6 Mat Vi Du ciia Phi Tuyén Gia Tao

Y 7
L =2
- O Q -
F Z]L CJ b J(—*
\.
) Q
(® / 2 ( ,Lf/\)
o 2o

0 6.6 Hiégn Twong Tré Trong Hanh Vi (Cac M6 Hinh Péng)

Cac taodong kinh € va cac bdn khac hém khi xiy ra trc thoi; phai tén thoi gian dé nguoi tiéu
dung, nha an xuit, va cac tac nhan kiné khac ptn ang. Ly thuyét kinh & vi md cho ta Hit
ring Hng gin luong qubc dan (GNP) canimg (Y) duoc xacdinh i mot sd bién ngai sinh, dic
biét, boi chi tiéu chinh ph (G), thié (T), cung tén (M), xuit khau (X) v.v.... Bsi vi hiéu ang can
bang cH giam dwoc sau mt khaang thyi gian, cac mé hinh kinkétlwong dung @& liéu dang
chudi thoi gian throng duoc thanh 4p Vi hién tweng tré trong hanh vi. Mot vi du cia mé hinh
nhu vay cho nhr sau:

Yi=B1+B2Gt + BsGra + BaMi + BsM1 + BeTt + BrTea + BaXt + PeXea + U

Thu tuc wéc lugng & day hoan toadon gian. Pon gian ta ko cac bén c6 hgu tng te Gy,
Me1, Ter VA X va 1o qui Y theo céc i naydung quan satit2 dén n Béi vi Gi.q va cac bin
khac khéngtuoc dinh nghia cho t = 1, ta &t quan séat thh nht trongudc lwong. Tuy nhién, rot
sb van dé phét sinh trong md hinh nagibvi cac bén doc lap trong quan i nhau va dng do
boi vi bac tr do ki mat khi c6 nhéu hiéu tng t@ hon thém vao. Niing vin dé nayduogc thao luan
chi tiét trong Chrong 10.

Hién trong té trong hanh vi cé thcd cing hién twong té trong bén phu thusc. M hinh
co thé c6 chng

Yi=B1+B2Yr1 + BaXt + PaXer + U

Vi du, goi Y la chi tiéu 4i thoi diém t va X la thu nip. Boi vi nguoi tiéu ding cé xu téng duy
tri mic tiéu chidn $Hng throng B, ta c6 th ky vong sr tiéu dung éa ho lién quan rat thiét voi
s tiéu dung trdc day aia hp. Vi vay, ching ta c6 thky vong 1a Y; ciing phi thudc vao ... Cu
thé hon, xem plxong trinh sau:
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Yi=B1+B2Ye1 + Ba(Xi — Xe1) + U

Vi “céc tip quan théi quen” nén néi chungudg tiéu ding mén ardng thaydéi 16i sbng aia h,
va dodd ching ta ¥k vong mrc tiéu thy tai thoi diém t (Yy) phu thudc vao nirc tiéu thi ¢ giai
doan truéc d6 (Ye1). Tuy nhién, Bu mac thu nlap (X, thayddi, nguoi tiéu dung 8 diéu chinh
hanh vi tiéu dungia hy trong tng Wi su taing haic giam thu nkp. Do \dy ching ta & dung
mo hinhdong duoc xay drng & trén va K vong ring it ca cac ¢ sb S8 ¢o gia ti duong.

O ViDU6.4

Tap dit lieu DATA6-3 (xem Ph lyc D) la dr liéu vé chi tiéu tiéu dung ca nhatiu ngroi cua
Vuong Quic Anh (C,do hing bing Anh) va thu néip tiy ding dau ngroi (nghia 1a, thu nap ca
nhan tir thué, ky hiéu 1a DI, va d¢ing dugc tinh theadon vi bang Anh). Bé diéu chinh tacdong
cua lam phat, @ hai bén nayduoc biéu dién theo gia tir thuc (coOndugc goi 1a gid khéngdai).
M6 hinhddong wdc lwong duge trinh bay déi day (xem PAn Thec Hanh May Tinh 6.5), i tri
théng ké t trong ngic don.

C,= -46,802 + 1,022G + 0,706 (Di— Dk.,)
(-2.07) (123.0) (9.93)

R*=0,998 df=38

Mic du mé hinhiat dugc sr thich hyp rat tt va caaréc lugng cé & hop ly, mé hinh nay cé o
sb trd ngai. Nhu 8 thdy & Chrong 10 va 13ing mé hinh nay vi pdm tinhdoc lap chibi cua
Gia thiét 3.6 va Ga thiét 3.4 1a cac Iin doc lap khdngduoc trong quan i cac $ hang sai 8.
bac trung sai nay &lam cho céac trudc lugng b thién Ech. Chiang ta&sxem xét 4i mo hinh
nay trong cac akong 10 va 13.

0 6.7Ung dung: Quan Hé Giira S Bang Sang CIit Va Chi Tiéu R&D (da duyét | ai)

Trong Pln 3.11, ching tda uéc luong mé hinh Bi quy tuyén tinhdon gita $ bang sang cé
va chi tiéu cho R&D va Bt ring md hinh nay 1a hoan toan khahgvi biéu d6 phan tan ¢a cac
gi4 ti quan sat cho fly mot quan i duong cong (Xem Hinh 3.11). Chung tang cH ra faing
c6 hién trong té gitra chi tiéu thrc cho hat dong nghién ¢u va phat tén va héu qua cia cac
chi tiéu nay ¢ mat sd bang sang cb O day ching ta&udc lwong méd hinh phi tuyén déng va
so sanh cacé qua. Tuy nhién, vi cha c6 ly thugt vé kinh t& hay cac ly thuét khac & sb nim
cua hién twong té nay hac vé dang ham é cin sr dung, nén Mt cach tay y ching ta chib tré
nay léndén 4 nim. Bbn bién tré dugc tao ra dm R&D(t-1), R&D(t-2), R&D(t-3), va R&D(t-4).
Céc bén nay sauté $ duoc binh plwong 18n va mt mé hinh Ac hai i tit ca cac bén duogc
udc luong.
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mo hinh

O Hinh 6.7 So Sanh Mé Hinhbéng va Md Hinh Tinh (dwong lién 1a md hinh finh, x la

gia tri quan sét thrc, va o 1a mé hinhdgng)
Bing sang clé

200

180 1

160 |-
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120 |- X 5
100 [0 _ & orX
L

— | - I 1 1 1 b

L J

100 110 120 130 140 150

160 170
Chi phi R&D

Vi vay, day la not bai tip “khdép duong cong” thidn tay thay vi 14 mt bai tip dga trén ly thugt
kinh t. B&o céo c6 chd gjiin ra tir may tinhd bang 6.2 én duoc tim héu ky ludng (xem Phn
Thuc Hanh May Tinh 6.@¢é chay lai bang 6.2). Hinh 6.7 & sb bang sang ch that, cac gia tr
gan tr md hinh inh & Chuong 3 @uong thing lién), va céc gia trtr mé hinhdong cui cung.
Chung ta nhn thiy ring mé hinhdong thé hién rat tot dién bién thuc t, ngay @ trong nhing
nam cac chi phi R&Dum lai va trong nliing rim tir 1988-1993 khi md hinh téw tinh hoan
toan khoéng th hién duoc. Dodd mé hinh phi tugn dong la ot dic treng Ht hon so \bi mé

hinh tinh tuyén tinhdon gian.

O Bing 6.2 Két Qua May Tinh C6 Kém Chu Giai Cho Phin Ung Dung ¢ Phan 6.7

MODEL 1: OLS estimates using the 34 observatior&018993
Dependent variable: PATENTS

VARIABLE COEFFICIENT STDERROR T STAT
0) const 34.5711 6.3579 5.438
3) R&D 0.7919 0.0567 13.966
Mean of dep. var. 119.238 S.D. of dep. variable
Error Sum of Sq (ESS) 3994.3003 Std Err of Resigm@hat)
Unadjusted R-squared 0.859 Adjusted R-squared
F-statistic (1, 32) 195.055 p-value for F()
Durbin-Watson stat. 0.234 First-order autocorr ficoe

MODEL SELECTION STATISTICS

SGMASQ 124.822 AIC 132.146 FPE
HQ 136.255 SCHWARZ 144.56 SHIBATA
GCV 132.623 RICE 133.143

O Bing 6.2 (tiép theo)

[phét cac bin tré]
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2Prob(t3T|)
0.000006 ***
0.000000 ***

3@8.
11.1724
0.855
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Bai doc Ch.6: Lira chyn dgng ham 8 va kém dinh déc trieng
mo hinh
R&D1 = R&D(-1) sq_R&D = (R&Df
R&D2 = R&D(-2) sq_R&Di = (R&Di)2
R&D3 = R&D(-3) for1=1,2,3,and 4

R&D4 = R&D(-4)

[Uéc legng m6 hinhdng quat i tat ca cac bén giai thich bing cach & dung cH cac quan satit1964-
1993, vi cac Ién tré khéngduoc dinh ngha trong giaidoan tir 1960-1963]

MODEL 2: OLS estimates using 30 observations 198431
Depedent variable: PATENTS

VARIABLE COEFFICIENT STDERROR T STAT 2Prob(t4T|)
0) const 85.3526 22.1027 3.862 0.001051*
3) R&D -0.0477 1.1251 -0.042 0.966638
4) R&D1 0.6033 2.0562 0.293 0.772387
5) R&D2 0.0001794 2.1850 0.000 0.999935
6) R&D3 -0.5869 2.0522 -0.286 0.777989
7) R&DA4 -0.1837 1.0994 -0.167 0.869055
8) sgq_R&D -0.0007326 0.0049 -0.150 0.882674
9) sg_R&D1 -0.0018 0.0089 -0.197 0.845884
10) sq_R&D2 0.0017 0.0098 0.177 0.861555
11) sq_R&D3 -0.0007564 0.0092 -0.082 0.935597
12) sq_R&D4 0.0071 0.0051 1.405 0.176209
Mean of dep. var. 123.330 S.D. of dep. variable 728.
Error Sum of Sq (ESS) 223.3789 Std Err of Resiginghat) 3.4288
Unadjusted R-squared 0.991 Adjusted R-squared 0.986
F-statistic (1, 32) 202.626 p-value for F() 0.00000
Durbin-Watson stat. 1.797 First-order autocorrficoe 0.101

MODEL SELECTION STATISTICS

SGMASQ 11.7568 AIC 15.5026 FPE 16.0676
HQ 18.2719 SCHWARZ 25.9139 SHIBATA 12.9063
GCV 18.5633 RICE 27.9224

Excluding the constant, p-value was highest foralde 5 (R&D2)

[Luu y ring c6 hén twong da @ng tuyén rt cao gira cac bén giai thich. CAc gia trhién hanh va & cua
chi phi R&D ding nhr R&D va cac binh pirong aia chdngduoc ky vong la trong quan chit véi nhau.
Nhu vay, khong c6 gi ngc nhién, tix sd hang hang 9, tit ca déu khong cé y ngla. Nhr da dé cap o
chrong tnrdc, diéu nay khong cé ngh rang cac ban nay la “khéng quan dng”, ma ch c6 ngha rang
hién twong da @ng tuyén co te [a nhirng bién an cin dugc dua vao md hinh. Theo phng phapdon gian
héa md hinh da trén d liéu, ching ta nén i cac bén thra. Burdc dau tién, chiing ta ko bo cac bén
V6i gid tri p-values trén 0,9P06 |a cac bin R&D, R&D2, va sq_R&D3.]

MODEL 3: OLS estimates using 30 observations 198431
O Bing 6.2 (tiep theo)

Depedent variable: PATENTS

VARIABLE COEFFICIENT STDERROR T STAT 2Prob(t4T|)
0) const 84.8409 19.0579 4.452 0.000200 ***
Ramu Ramanathan 15 Bién dch: Thuc boan
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Bai doc Ch.6: Lira chyn dgng ham 8 va kém dinh déc trieng
md hinh

4) R&D1 0.6043 0.6351 0.952 0.351669
6) R&D3 -0.7352 0.5233 -1.405 0.174012
7) R&D4 -0.0745 0.5134 -0.145 0.886004
8) sg_Ré&D -0.0009491 0.0012 -0.824 0.418554
9) sq_R&D1 -0.0017 0.0034 -0.496 0.624855
10) sq_R&D2 0.0016 0.0025 0.641 0.527835
12) sq_Ré&D4 0.0066 0.0020 3.364 0.002799 ***
Mean of dep. var. 123.330 S.D. of dep. variable 728.
Error Sum of Sq (ESS) 223.6243 Std Err of Resgim@hat) 3.1882
Unadjusted R-squared 0.991 Adjusted R-squared 0.988
F-statistic (1, 32) 334.799 p-value for F() 0.00000
MODEL SELECTION STATISTICS
SGMASQ 10.1647 AIC 12.7064 FPE 12.8753
HQ 14.3197 SCHWARZ 18.4628 SHIBATA 11.4297
GCV 13.861 RICE 15.9732

Excluding the constant, p-value was highest foialde 7 (R&D4).
Comparison of Model 2 and Model 3 is given belowiINiypothesis is: the regression parameters axefpe the

variables R&D, R&D2, and sq_R&D3.

Test statistic: F(3,19) = 0.006957, with p-valu@.899173
Of the 8 model selection statistics, 8 have impdove

[Trong kiém dinh F Wald cho céc én bi loai ra, p-valuedat gia ti cao cho thy ring chiing ta khéng éh
bac b gia thuyét khdng cho ang cac k& s5 cia cac bin nay ft ca déu bing khdng ngay ctai mac y
ngha caodén 0,9. Nhr véy, loai bo ching la bp ly. Hon nira, #t ci tam ti thong k& clon md hinhdéu
giam, didu d6 c6 nglia co not s cai thién v do thich kyp cia mé hinh. Mc du nhéu gia ti p-value
giam, ch c6 duy nldt mot gia ti da nho dé cé y nghia —d6 la gia ti caa bén & 12. Diéu nay cé ngta
phai loai bo thém. Tép theo, ching ta i bo bién R&D4, sq_R&D1, va sq_R&D2, cacdni naying Wi

gia ti p-value én hon 0,5]

MODEL 4: OLS estimates using 30 observations 198431

Depedent variable: PATENTS

VARIABLE = COEFFICIENT STDERROR T STAT 2Prob(t4T|)
0) const 82.8545 12.0355 6.884 0.000000*
4) R&D1 0.4771 0.3278 1.455 0.158001
6) R&D3 -0.6370 0.2388 -2.667 0.013227
8) Sg_R&D -0.0011 0.0010000 -1.146 0.262479
12) Sg_R&D4 0.0065 0.0006784 9.609 0.000008*

O Bing 6.2 (tiép theo)

Mean of dep. var. 123.330 S.D. of dep. variable 728.
Error Sum of Sq (ESS) 223.5118 Std Err of Resiginghat) 3.0562
Unadjusted R-squared 0.990 Adjusted R-squared 0.989
F-statistic (1, 32) 637.338 p-value for F() 0.00000
Durbin-Watson stat. 1.844 First-order autocorr ficoe 0.078

MODEL SELECTION STATISTICS
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Bai doc Ch.6: Lira chyn dgng ham 8 va kém dinh déc trieng
mo hinh
SGMASQ 9.34047 AIC 10.8631 FPE 10.8972
HQ 11.7057 SCHWARZ 13.7206 SHIBATA 10.3783
GCv 11.2086 RICE 11.6756

Excluding the constant, p-value was highest foralde 8 (sq_R&D).
Comparison of Model 3 and Model 4:

Null hypothesis is: the regression parameters are for the variables R&D4, sq_R&D1, and sq_R&D2.

Test statistic: F(3,22) = 0.324242, with p-valu@.807788
Of the 8 model selection statistics, 8 have impdove

[Trong trwong hyp nay ding \ay, trong kém dinh F Wald cho céac ém bi loai ra, p-valuedat gia ti cao
cho thiy ring chiing ta khéng éhbac 1 gia thuyét khéng cho #ng cac B sb caa cac bin nay #t ca déu
bang khéng ngayctai miac y ngha caodén 0,8. Vi iy, viéc loai bo ching la bp ly. Thém ia, it ca
tam ti thong ké& clon md hinhdéu giam, diéu d6 c6 nglia c6 ndt s cai thién vé do thich lyp cia md
hinh. Vdn con hai bin (sq_R&D va R&D1) c6 gia titrén 15%. Chung taép tuc loai bo cac bén nay,
nhung tirng bién mot, vadi dén mot md hinh cdi cung trongdé tit ca cac & sb cé y nglia & mirc dudi
206]

MODEL 5: OLS estimates using 30 observations 198431
Depedent variable: PATENTS

VARIABLE COEFFICIENT STDERROR T STAT 2Prob(t4T|)
0) const 91.3464 6.4046 14.263 0.000000*
6) R&D3 -0.2951 0.1175 -2.512 0.018288*
12) sg_R&D4 0.0059 0.0005486 10.675 0.000006*
Mean of dep. var. 123.330 S.D. of dep. variable 728.
Error Sum of Sq (ESS) 258.6727 Std Err of Resiginghat) 3.0952
Unadjusted R-squared 0.989 Adjusted R-squared 0.988
F-statistic (1, 32) 1241.43 p-value for F() 0.00000
Durbin-Watson stat. 1.665 First-order autocorrficoe 0.166

MODEL SELECTION STATISTICS

SGMASQ 9.58047 AIC 10.5315 FPE 10.5385
HQ 11.0143 SCHWARZ 12.1155 SHIBATA 10.3469
GCV 10.645 RICE 10.778

Of the 8 model selection statistics, 7 have impdove

O Bing 6.2 (tép theo) ,
[Tinh c&c ti du bao va saiGphan tram tuyét doi cho trng dr bao]

Obs R&D PATENT Predicted Prediction Absolute
S value error percent error
1964 76.83 93.2 93.1259 0.0740826 0.0794878
1965 80 100.4 93.8292 6.57081 6.54463
1966 84.82 93.5 94.8126 -1.31258 1.40383
1967 86.84 93 97.9126 -4.91264 5.28241
1968 88.81 98.7 102.306 -3.606 3.65394
1969 88.28 104.4 103.795 0.605085 0.579583
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1970 85.29 109.4 107.851 1.5492 1.41609
1971 83.18 111.1 109.3 1.80002 1.62018
1972 85.07 105.3 111.483 -6.1826 5.87141
1973 86.72 109.6 111.815 -2.21525 2.02121
1974 85.45 107.4 109.399 -1.99891 1.86118
1975 83.41 108 106.76 1.24028 1.14841
1976 87.44 110 108.135 1.86509 1.69554
1977 90.11 109 110.169 -1.16945 1.07289
1978 94.5 109.3 109.491 -0.191014 0.174761
1979 99.28 108.9 106.285 2.61523 2.4015
1980 103.64 113 109.529 3.4713 3.07194
1981 108.77 114.5 111.009 3.49072 3.04867
1982 113.96 118.4 114.344 4.05551 3.42526
1983 121.72 112.4 118.482 -6.0819 5.41094
1984 133.33 120.6 122.149 -1.54888 1.28431
1985 144.78 127.1 126.998 0.101834 0.0801211
1986 148.39 133 131.477 1.52261 1.14482
1987 150.9 139.8 138.761 1.03908 0.743265
1988 154.36 151.9 152.722 -0.821732 0.540969
1989 157.19 166.3 170.303 -4.00303 2.40711
1990 161.86 176.7 175.76 0.9403 0.532145
1991 164.54 178.4 179.138 -0.737635 0.413472
1992 166.7 187.2 184.487 2.71267 1.44908
1993 165.2 189.4 188.272 1.12779 0.595455

[Trir mot S5 ndm (1965, 1967, 1972 va 1983jt ti cac sai & phan tram tuyét déi déu nh hon 5 phin
tram. That ra, Fu het cac gia trnaydeu nho hon 2 phan tram. Ging nhr vy, so sanh & mo hinh tlong
ké tuyen tinh c6 R binh pkong hiéu chinh king 0,855, md hinh &i cung nay co gia irtuong tng la
0,988.]

O 6.8 Quan I¢ tuyén tinh-logarit (hay 1a mé hinh ban logarit)

Tat ca cac quan & phi tuyén duoc thao luan trude day c6 bén phu thudc Y xuit hién dudi dang
tuyén tinh. Ch c6 nhing bén doc lap phai trai qua i sy bién doi. Ciing € luu y 14, mic du
ching ta 8 dung log va binh piong aia cac bén doc lap, cdc mé hinkiéu tuyen tinh theo cac
hé s5. Bay gb, chiing ta kho sat ndt vai mé hinh trongté bién doc 1ap xuit hién & dang bién
ddi.

Gia sir chang ta c6 it bién P ting Wi mot téc do khéngddi. Cu thé hon, dat Pi=(1+Q)R
_1, V&I g 1a tc do tang tnrong khongddi gitra thyi doant —1 vat. P c6 tre la dan 6 vag la toc
do tang dan 8. Bang cach thay #lap lai ta cOP, = P (1+g)'. Sir dung di liéu V& P, ching ta
mudn uéc hrong Hc do tang treong g. Mdi quan ¢ nay khéng co ghg tuyén tinh thdn loi da
duoc dung trong cac ain trugc.  Tuy nhién, c6 lélchuyén quan B nay thanh ghg tuyén tinh
dugc. LAy logarit aia hai ¥ (va dung Tinh cit 6.1), ching ta c6 By = InPg +t In (1 +g). Pit
Y¢=InP, X;=t, B1=InPyvap,=In (1 +g). Khido, mji quan I¢ co the duoc viét lai nhu sau Y
=B; + B2X:. ViYvaXcéd k khong ttha man nét cach chinh xac fi quan 18, ching ta éng
thém ndt sb hang sai 8 u;, |am cho nbi quan & gibng wi md hinh Bi qui don gian aia Phrong
trinh (3.1). M6 hinh In d6i tré thanh

INP; = B1 + Bot + U (6.3)
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L4y ham $ mii pheong trinh ndy, ta c6 md hintbgla
Py =Pt B+l (6.4)
~ Phrong trinh (6.4) 1a rét quan 1 ham $ mi vaduoc minh hya trong Hinh 6.8. @ luu y
la  hang nhéu trong Plrong trinh (6.4) c6 thtang Ién gp nhiu lan. Phrong trinh (6.3) la
tuyén tinh khi bén phu thuoe ¢ dang logarit. \6i In P; thude truc tung, cong tic trc”yqthanh
phuong trinhduong thing. Brde dau tiéndé wdc lugng He do tang tnrong @) 1a chuyn cac

quan saPy, P, .. By bing cach 8 dung phép bin d6i logarit vi vy ching ta cér; = In P.. Ké
dén chung ta bi qU| Y, theo ndt s hang khéngddi va thi giant. Ching ta c6

/m: [gl va m=é2

Giai dugc g vaPy, ta co

Py =eb va  g=ék-1 (6.5)

O Hinh 6.8 Ham Dang Ham S Mii

Pe

Bat ky gia thuyét nao & g déu co tre thé hién ( c6 ndt sd ngaii 1¢ khongdang 1) thanh
mot gia thuyét tuong duong theof3,. Do bén phy thusc duoc bién d6i & dang log, mé hinh nay
dugc goi 1a mé hinh tuyén tinh-logarit, haic d6i khi con @i la mé hinh ban logarit Néu mo
hinh nayduoc viét dudi dang NP =B1+B2 X¢+u, Bz la tacdong bién & caa X 1én InP, khéng
phai Ién P,. B, dugc goi la tdc dd ting trwéng tirc thoi. Ly dao ham hai ¢ theo % (xem Tinh
chit 6.2 \& dao ham), ta co

_dnP) _1dP
Bo="ax, =P dx, (6.6)
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S6 hang dP/P; c6 tré duoc dién dich nhr lathaydsi caa P chia choP;. Khi nhan i 100, B, cho
phan tram thaydsi cua P, trén mbt don vi thaydoi cia %. Dé tinhdo co gidn @aP theoX, xem
Bang 6.1.

L4y gia ti ky vong aia hai \é pheong trinh (6.4), ta c6

E(R) =P+ Pt E(gi) (6.7)

C6 thé thiy la E@4) = e?/2 # 1, va dod6 néu ching ta d bao R bing cach dung Bu thic
eP+Bt gia ti du doan § thién kBch, khéng nt quan va khéng Bu qua. Biéu thic phu hop
trong tirong hop nay la

Py = expPs + Bot + (0%2)] (6.8)

vé6i 02 14 phrong sai ndu cia cac 6 hang sai 6 va exp 1a hamémi. R 1a mit uéc lwong nHit
quan @¢a E(R).

Can c6 mdt diéu chinh trong tr trong Plrong trinh (6.5) ViE(eR?) = &Pz * [Var @221 Do d6,
mot udc lugng khong thiéndch aiag duoc tinh ki

g= eXp[A32 ~ 1/2%ar éz)] -

Co th ccASdu’qc mot khoang dr bao héu chinh aia P, Trugce day, chL’mgAtaiédinh ngha;
= In (P). Pt Y; 1a dr bao @a In(P) trong mo hinh tun tinh logarit va s= s(v;) la sai $ chuan
dwoc wéc luong trong tng. VAy, khaing tin dy cia Y, 13 Y, + t's, voi t* ladiém trén phan phi t
sao cho R(>t) = mot nira aia mrc y nghia (tham kio Phin 3.9 \ cac khang tin @y cia dr
b&o). lay ham & mi (nghHa la ngroc voi lay log) va hgéu chinh dé thién Ech giﬁnAg nhr trong
Phrong trA‘lnh (6.8), chiing ta c6 kimeg tin @y hiéu chinh cho véc dr b4oP; 1a explY; +t's + (0
?I2)], véi 0 12 phrong sai ndu cia cac 6 hang sai 8. Cin chi ra Ia khang tin ciy nay € khong
dol xtng quaP; = expM + (02/2)] Tham kiao Nelson (1973, trang 161- 1656 thao luan thém
vé cac dr baodiém va cac khang tin dy caa ching khi lin pha thusc duoc bién doi sang log.

O ViDU6.5

M6 hinh tugn tinh-logaritduoc sr dung ©ng rai trong ly thugt vé von nhan frc trongdo Iy
thuyét cho &ng logarit @a thu nfip haic lrong duoc st dung nhr 1a mbt bién phy thuoc. Dé
phét trén ly thuyét nay, gi s 1a ty suat loi nhudn caa mbt nam hoc tip thém lar. Vay, doi véi
thoi doan thir nhat, luongws = (1 + rwo. DI v6i hai im hoc @p cong thirc nay law, = (1+
rwo. Di véi s nam, ching ta cévs = (1 + rfwo. LAy logarit, chiing ta c6 (tham kb Tinh ctit
6.1c).

In(ws) =sIn(1+ 1) + Infwo) =Pa + B2s

Vi vay chiing ta c6 @t quan 1§ tuyén tinh-logarit gira krong va $ nam hoc tp. Ging ly
luan trong tr doi véi so6 nam kinh nghém. Twi caa mit nhan vién c6 & nhe cd nHt loai tac
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dong khac. Chung taskvong thu nfp thap khi mdt nguoi con te, va krong € ting khi ngroi
nay twi cang bn hon, nhing thu nlp lai giam sau khi ¢ huu. Tuwong quan dng dudng cong
15i nay c6 tit dugc kiém dinh king mdt cong thirc bac hai Wi AGE va AGE. Dé tong quét hoa,
chang ta c6 timubn kiém dinh xem fc van va kinh nghim c6 cung mt dang tacdong kic hai
khéng. Viay, mot md hinh éng quéat c6 ang nhr sau:

IN(WAGE) = + B:EDUC +B:EXPER +B,AGE
+BsEDUC? + BEEXPER + B/AGE? +u (6.9)

DATA6-4 chia dr liéu V@ lwong thang, hc van tinh king $ nam sau &p tam, kinh nghim
tinh king $ nam va twi cua miu gdm 49 ca nhan. Twc tién ching targe luong mo hinh tu§n
tinh-logarit taeéc d6 nheng li tim duoc mit sd cac & sb hdi qui tuyén tinh khdng c6 y ngh.
Nhu truéc day, ching ta tinc hién viéc don gian héa ép dir liéu bing cach lai bo cac bén lan
lwot méi 1an mot bién (xem Bai Thrc hanh MAy tinh pin 6.7dé tinh ki cac Kt qua nay) dén
khi cac ti théng ké clon mé hinh té nén »u hon. Cac Kt qua md hinh céi cungdugc trinh
bayd day Wi tri thdng két trong diu ngdic.

/\
In(WAGE) = 7,023 + 0,005 EDUGF 0,024 EXPER (6.10)
(76,0) (4.3) (3,9

R*=0,33  d.f. =46

Ca trinh d6 hoc van binh plrong va kinh nghim déu rat cé y nghia & mic dusi 0,001. Y
ngha aia k¢ sd kinh nghém 0,024 13, gta hai nhan vién c6 cung triré hoc van, néu ngroi
nao c6 nhiu hon Mot nam kinh nghém so \6i nguoi con ki thi 8 dugc ky vong la cé frong cao
hon, trung binh khang 2,4 plan trim (xem Plrong trinh 6.6 cho pin dién dich nay). ru y la
EDUC c6 taaiong bic hai Wi tacdong bién & tang theo trinhio hoc van. Tuy nhién, khéng nén
quéa xem tsng cac Kt qua nay vi phépio do thich hyp kha thip ngay @ ddi véi tap di liéu chéo.
R® rang én thuc hién nhiéu cdng véc nira tege khi ching ta cdueoc nhitng con  chinh xac.
Chung ta & nhic lai mé hinh nay trong riing chrong sau va&cé nhiéu két qua dang tin @y
hon.

Tansel (1994) c6 6t ung ding ©©ng rai mo hinhdong daing logarit. Vi dy can nghién
citu mo hinh nayan than.

O BAI TAP THUC HANH 6.8

Str dung di liéu trong DATA6-4,u6cC lugng & mo hinh éng quat trong Pong trinh (6.9) va mo
hinh cwi cling trong Phiong trinh (6.10). Thc hien mot kiém dinh Wald & dung hai mé hinh
nay Hay phat Bu gid thuyet khdongva gi thuyét ngroc lai va két luan cia tan dudi dang vin
Viét.

Gia sir lwong duoc tinh king hang tim dola. Viéc nay € anh hrong dén cac 1§ 5 hoi qui
nhue the nao? Nu cé kit ky hé o nao thaydoi, hay vit lai cac gia tr mai trong Phrong trinh
(6.10)
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O BAI TAP THUC HANH 6.9
Tinh tacdong bién & (dY/dX) vado co gidn (X/Y)(dX/dY) @éa mé hinh i = By + BoX + BaX? +
u

O BAITAP THUC HANH 6.10
Tinh tacdong bién & vado co gidn cho md hinh ¥h= By + BoX + Ba(XZ) + u.

O BAITAP THUC HANH 6.11

Xét mo hinh tugn tinh logarit ItY = By + BoX + BsZ + BaX? + BsXZ + u, V6i X va Z 1a céc kin
giai thich. Tim ndt biéu thac dai sb caa do co gidn éa Y theo X. Hay trinh bay cactarb ar
dung kiém dinh Walddé kiém tra xem cacéshang phi tugn X? va XZ cé y ngia thing ké hay
khong.

0 6.9 So Sanh Céac Gia TirR? Giira Cac M6 Hinh

Trong Vi di 6.5, rfu ching tadd sr dung WAGES nlr bién phy thuc thay vi logarit éa bién

nay, R hiéu chinh 14 0,338. Vi R caa md hinh tu§n tinh-logarit 1a 0,333, nhvay c6é phii 1a

m6 hinh tugn tinh it nhéu 6t hon v& mirc do thich yp? CAu t 16i la chic chin khong, bi vi

that la khongding khi so sanh cac giad R* khi ma cac lin phu thuoc 1a khac nhau. Trong

truong hop tuyén tinh, mé hinh @i thich 33,8 phn trim thayddi cua Y, trong khi trong trong

hop tuyén tinh-logarit, mé hinh @i thich 33,3 phn trim thayddi trong In(Y). Dé sr so sanh la

hop ly, cac bén phu thusc phii gibng nhau.

Tuy nhién, c6 it cach so sandid thich lup bing céch tir sai. Céc kéin trong trong hop tuyén

tinh-logarit nfw sau:

Bwéc 1 Udc lwong mé hinh tugn tinh-logarit nlr cach lam théng tvng va tinhduoc gia ti
thich hyp cho mé hinh In(Y).

Buwéc 2 Tir nhitng gia ti nay, ko gia ti trung binhudc leong cho Y Bing cach phép tinh nigh
ciua logarit, va Bo dam la thién éch hiéu chinh nhr trong Phlrong trinh (6.8). \y,
chung ta&co

A N
Y; = exp[In(ry) + 0%/2)] (6.11)

Bugc 3 Tinh binh plrong aia trong quan diaY; vaY:.. Twong quan nay co thso sanhiugc
véi R? higu chinh aia mjt mo hinh tugn tinh. ‘ ‘ ,

Buwéc 4 Tinh ©Hng binh plrong sai § va phrong sai @a phin dr bang cach 8 dung cac ni
guan i§

A A ESS
ESS =2 (V; —Yt)2 vao? “n_k
Bwéc 5 Dung ESS, tinh cacitthbng ké lra clon md hinhddi véi mé hinh ndi. Cac ti thong

ké nay co th so sankiugc v6i cac ti thong ké @a mé hinh tugn tinh.
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O ViDU 6.6
Str dung di liéu trong DATAB-4 va m6 hinh téy tinh-logaritduoc uéc lugng trong Vi d 6.5,
chiing tadé tién hanh cac e nay vada tinhdai lwong R mai va céc t thbng ké lra clon mo
hinh (xem chi @t trong Bai thrc hanh may tinh 6.8). & qua tim duoc 1& R bang 0,37, &n hon
rat nhidu so \6i gia tri nay trong md hinh tén tinh. Tt ca cac ti théng ké lra clon md hinh
cia md hinh tugn tinh-logaritdéu thip hon so \6i md hinh tugn tinh. Vi \ay, theo céc tiéu
chuin nay, md hinh tudn tinh-logarit caru thé hon mot chat.

O 6.10 M6 hinh Log-hai &n (hay Log-Log)

M hinh Log-hai lan (hay Log-Log) rit pho bién tronguéc lrong cac haman XUAt cing nhr
ham nhu 8u. Néu Q 1a $ luong dau ra dia nt qua trinh 8n xuit, K 1a & lwvgng vbn dau vao
(so gio may), va L la 8 lugng laodong dau vao (@ gio nhén coéng ladong), thi trong quan dgia
dau ra vadau vao l1a plrong trinh ham an xuit viét nhu sau Q = F(K,L). Mt dac tru:ng chung
cua cang ham nay ldam sin xuit Cobb-Douglas rat ndi tiéng trong ly thugt kinh € vi mé.
Ham nay cé ehg Hng quat sau:

Q =cKL¥#

Vé6i ¢, @ va Bla nhing thdng & chra biét. Liy logarit hai ¥ (xem Tinh cht 6.1) va thém vaoss
hang sai 8, ching ta c@ugc ham kinh & lvong (1 = In ©):

INnQ=PR1+alnKi+BIn L+ u
Néu chuang ta chthaydéi K nhung giit L khéngddi, thi ching ta c6 (sdung Tinh clat 6.2c)

_A(nQ) _ (MQ)AQ _KAQ
“A(INK) T (1K) AK T QK

100A(INQ) = 10\Q/Q & pHin tram thayddi theoQ. Dodo, a la phin trim thaydéi cua Q chia
cho phin trim thaydéi caaK. Pay l1add co gidn da dau ra theo von. Twong tr nhu vay, B 1a
dd co gidn dia dau ra theo laoddng. Vi vay, cac & sb hdi qui trong md hinh log-hagh don
gian la caad¢ co gian trongung, co gia trkhdngddi. Luu y, vi tinh clat nay, cac gia trbang $
cua cac k& sb cua cac bin doc lap khac nhau thi c6 éhso sanhiugc trec tiép. Bang 6.3 tom it
din dich aia cac & sb hdi qui trong cac mé hinh c6 logarita cac bin.

O Bing 6.3 Dién dich Céac tacddng bién # trong cac md hinh lién quandén Logarit

M6 hinh Dang ham $ Tacdong bien € Dién dich

Tuyén tinh Y =By + BoX AY = B,AX Mot don vi thay doi
trong X € lamY thay
ddi B, don vi

Logarit-tuyén tinh Y =B, + BJnX B2 (. AX) Mot phin tram thay
AY‘100 100 doi trong X &£ lam Y
thayddi Bo/100don vi
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Tuyén tinh-logarit  InY =B, + X AX Mot don Vi thay doi
1007 = 10(BAX trong X € lam Y thay
‘ doi 100, phan tram
logarit-hai hn InY =R +BaAn X AY _ Mot phan tram thay
100 Y ~ doitrong X € lam Y
AX thaydoi B2 phan tram
32(1007) ydoi B2 p

~ Chung ta c6 thco duoc két qua thl i tir md hinh nay. Gisir s lugng Won va laodong
dau vao ing ¢ap d6i. Luc naydau ra la

Q. =c(2K)* (2L)P = 2*Q

Néu o + B=1,Q=2Q Viway, dau ra d¢ing $ ting gﬁp d6i néu a + B = 1. Pay ladiéu
kién rat pho bién Vé lgi nhuan khéng ddi theo qui md. Néu cacdo co gianuac lugng laP; =
exp[Yt + (02/2)] chang t# hién lgi nhuan ting theo qui mé, vaa + B < 1 cho tly lgi nhuin
giam theo qui ma Mot kiém dinh théng tlrong dbi véi loi nhuan khdngddi theo qui mé 4t thi
vi. Gia thuyet khoéngla Ho: o + B = 1 va gi thuyét d6i laHy: a + B # 1. Trong Phn 4.4, ching
ta phat trén ba kém dinh cho céac gi thuyét lién quandén t hop tuyén tinh @a cac & sb hoi
qui. Bé ap ding Phrong phap 2dinh nghiaf, =a + B — 1. Theaia thuyét khéng B, = 0. Gii
duoc B, ching tac® =3, + 1 —a. Thay vao mé hinh, ta cé

INQ; =B +alnK;+ B2+ 1—0a) InL; + u;
=B +a (InK; —InLy) + InL; + B2 InL; + u;

M6 hinh nay khong thudc lugng dugc nhr dang 6 trén vi $ hang InL; khong c6 B s5. Dé wéc
lugng, cac kin nhr vay phai dugc chuyn sang @ bén trai. Vi gy, ta co

LnQ; — InL; =B1 + a (INK; — InLy) + B2 InL; + u;
biat Y = InQ; — InLy, Xi1 = InK; — InLy, va X = InL;, m6 hinh t& thanh
Y =B1 + 0Xp + BoXp + U
D¢ uéc lugng mo hinh, chiing tadi doi cac bén bandau dé tao ra cac bin moi va saud6 hoi
qui Y; theo ndt s6 hang kh(“)r]gd()i, Xu \(a Xe. Kiem dinh dn doi vaéi lgi nhuan khéngdoi theo
qui mé chi don gian la mbt kiém dinht vé hé 6 cia Xe.
O BAI TAP THUC HANH 6.12°

M6 ta cac hrgc thuc hién mot kiém dinh trong tr sir dung Phrong phép 1 va @woc md & trong
Phin 4.4

O BAI TAP THUC HANH 6.13
Gia dinh ¢ loi nhuan khongddi theo qui m6 n dugc git; nghia laa + B = 1. Theo g thiét
nay, hdy moa bang cach nao c6 éhréc lvong dugc ham dn xuat Cobb-Douglas.
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Vi Dy Thyc Nghigm: Mgt Ham San Xuat Néng Nghiép

Carrasco-Tauber va Moffitt (199&3 u6c luong mot ham &n xut loai Cobb-Douglas lién &igia
tri ciia sin lugng ndng nghép (¢ dang log-hai iin) v6i lao dong, dat, nha, may moc tht bi, cac
dau vao khac, phan bon va thwtnr sdu. Sadé, hy da sr dung ham 8n xuit ugc luong dé tinh
san lugng bién € an (duoc danh gia Bng trung binh hinhdt) cia mbi loai dau vao ndng ngkp.
Dit liéu nim 1987 éa cac téu bangs My, trir Alaska va Hawaii. 3t ca cac bén tinh king hang
ngandéla mbi ndng tai, trir lao dong tinh Bng ngan ngay trén & ndng tai. Md hinhudc
lwong duoc chod day, Wi cAc ti thong két trong ngdc don.

1n Q= 4,461 + 0,227 In(ladong) + 0,159 In it & nha)
2.11)  (2.12) (2,01)
+ 0,274 In(may mac thi bi) + 0,402 In(cadau vao khac)
(2,42) (8,55)
+ 0,082 In(phan bon) + 0,136 In (fwitnr sau)
(0,85) (2,00)
Trir &6 co gidn @éa phan boén, cadau vao khac cé y ngh thing kéo mic 5 pHin tram.
Cac an pham bién & udc luong ddi véi cacdau vao 1a $44,54 Bi ngay ddi véi lao dong, $0,04
cho ndi ddladat va nha, $1,25 cho dhdéla may méc, $1,29 chodnddla aia cacdau vao khac,
$4,91 cho rdi d6la phan bon va $5,66 chadimidla thidc tnr sau. CAc tac gidd usc lugng mot
sd md hinh thay té bing cach & dung dang ham é khdngdugc thio luan trong clrong nay va
da thuduoc cacdai luong sin lwong bién & khac nhawtbi voi mot sb dau vao. Cadoc gia quan
tam co ti tham khio chi tét trong cac bai bacia nhirng tac gi nay.

0 6.11 Ung Dung: Uéc Lweng Pd Co Gidn Caa Giao Théng Bing Xe Buyt

Vi md hinh log-haidn cho cac &b hdi qui codd co gidn khongtdi, day 1a ndt ham ét théng
dung tronguéc lwong ham nhuau. Chang ta minhda md hinh log-haidh bing cach xemal
cac yu t quyét dinh aia giao théng #ng xe buytda tim héu trong Phn 4.6. Bp di liéu trong
tap tin DATA4-4, va Bai tixc hanh may tinh Bin 6.9 c6é lxéng din dé tinh toan cac & qua
dugc trinh bayo day.

M hinh cuing i tit ca cac bén giai thich € c6 ¢ sd khéng y nglia (@ mirc 10%)dbi vai logarit
cia FARE, GASPRICE, POP, DENSITY, va LAND AREA, trodg log aia hammdt dé dan so
it c6 y nghia nHit (ngha la c6 gia irp cao nft). Khi bién nayduoc loai bo ra ngoai va mé hinh
duoc wdc luong hi thi hé sd d6i véi ham INCOME, POP, va LANDAREA érnén c6 y ngta ¢
muc dudi 0,001. Nguyén nhan éhyéu vé mat ly thuyét cho sr thayddi nghiém tong nay 1a do
giam tinhda @ng tuyén va lam ing bic tr do két hop véi moét md hinh nb gon hon co tié cai
thién dugc do chinh xac aa cac k s6. Ching ta tip tuc loai bét nhitng bén khac ma & sb caa
chang khéng c6 y ngh chodén khi ch con hi nhitng ¢ s6 c6 y nghia ma théi. Nix trong
truong hop tuyén tinh, IN(FARE) @ng hi loai bo. M6 hinh sautay 1a mé hinh cbi ciing i sai
s chuan dé trong ngéc don (khdng gbng nhr tri théng két thdng throng):
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/\
IN(BUSTRAVL) = 45,846 — 4,730 In(INCOME) + 1,8260(POP)
(9,614)  (1,021) (0,236)

— 0,971 IN(LANDAREA)
(0,207)

R?=0,609 d.f=36

Mot cau i thi vi khacdugc néu ra 1a Bin du lich hing xe buytcé tinh clit co gian hay
khong co gian. BU gia ti bang $ ciado co gidn nay thp hon 1 (b qua du) thi chiing ta co6 th
két luan ring bén sz dung xe buyta khéng co gidn. b né cao bn 1 thi c6 ngta 14 bén c6 tinh
co gian.Gia thuyet khdngchinh thirc $ duoc 4p ding ddi véi hé sb nay va gi thuyét ngeoc lai
s3 ¢6 tinh hai phia. Tthéng ké kém dinh ddi véi mdi bién co gian la

4.73-1 182-1 0.971 -1
1021 -39 0236 — 347 0.207

=-0.14

Tur bang trat duoc trinh baye mat trong @a trang biatau, ching ta c6 gidittsi han Vi
bic tr do 36 va nic ¥ ngha 0,002 ¢6i voi kiém dinh hai phia) am gira 3,307 va 3,385. Viitr
théng ké tddi véi hé sb S cua bén thu nhip va dan $ tinh toanduoc cao fon khaing nay nén
chung ta c6 thkét luan ring tinh co gidnia cac bin £ trén la c6 y ngia. Tuy nhién, ngoc lai
thi he sb d6i véi bién dién tich dat 1a khong khac 1, ngayiossi muc 0,8 (gia i toi han ram
trong khang 0,225 va 0, 256 va gla tring $ cao fon gia ti quan satiugc). Trong trrong hop
nay, ching ta c6 &két luan rang bén di¢n tichdat co tinh clat co gidndon vi.

O BAI TAP THUC HANH 6.14
Thuc hién kiem dinh Wald trong tr nhue bai ép thuc hanh 6.8

O 6.12 Nhrng M6 Hinh Khac *

M6 Hinh Logit *

Trong vai tong hop, bién phu thuoc ¢ té nhan giatigitaOval. Vidtaco tie lién ke gitra
phan $ cua $ nguoi bo phiéu cho ndt vij tong th)ng naodo voi cac yu t quyét dinh aia no.
Mot cach khac, cé thlién r gitra phan é caa $ nguoi mua xe ki trong mbt thoi doan xacdinh
naodoé véi cac yu to quyét dinh aia n6. Neu mot md hinh i quy thong tlrong naodd duoc sr
dung trong nitng tnrong hop nhr vay thi khong c6 gi c6 thbao dam rang gia ti du doan tuéc
s3 nam trong khang 0 va 1.Dé bao dam khong xy ra nhing tnrong hop nhr vay, ngroi ta
thuong ap ding mdt dang ham nkr sau ¢uoc goi la dwong cong Logistig:

In{i}=cx+[3x+u
1-P
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trongd6 P gid ti cia bien phu thupc nim trong kheng 0 va 1. Md hinh nay tivng duoc goi la
moé hinh Logit. Rut Put phaong trinh trén (Bng cachdy ham ¢ mi lan thir nhat hai & phuong
trinh), ta c6

_ 1
T 1+ g @BXH)

D& dang n#in thiy rang, réu gia ti B > 0 thi P & tién dén gia ti 0 khi X - -0, va gi& ti 1
khi X - oo. Vi thé, gia ti P khdng bao @i vuot ra khoi pham vi [0, 1]. Puong cong Logistic &
c6 hinh dang nhtrinh bay trong hinh 6.9uong cong nay @&ng duoc sir dung dé khép voi dang
duong cong &ng trong. Vi du, doanh é ban hang @a mbt san pham moi (nhu tivi c6 do nét
cao) c6 th ting nhanh trong i gian dau nhrng saudé giam dan roi ngung hin. Mé hinh Logit
dugc uwdc luong dra trén cach tinhdi quy aia ham In[P/(1 - P)] theo b hing $ va bién X.
Nhitng md hinh déi dang nhr vay dugc mg rong va phan ticktay du hon ¢ cheong 12.

Phép bién d6i Box — Cox *

Trong md hinh saday, ngroi ta da sr dung phép bin déi dugc goi phép bén dbi Box — Cox
[xem Box and Cox (1964)]:

Yh -1 1

O Hinh 6.9P0 Thi Pwang Cong Logistic

I

0

C6 thé chirng minhduoc rang khi gia ti A = 0 thi md hinh c6 thrat gon bing dang log — haidn
InNY =a +BIn X + u. Trong tedng hop A = 1, ching ta cdugc mé hinh dng tuyén tinh Y — 1
—a+B(X-1)+uhayY =a +BX+u,trongdda =a-p+ 1. KhiA nhan cac gia trkhac,
chiing ta & c6 dugc md hinh phi tugn tinh. M6 hinh nay c6 thuéc lrong king thi tuc uéc
luong thich kyp nhat bang cach 8 dung chrong trinh 6i vu ho& phi tugn tinh.Do6 thi ham & ¢
c6 nhéu dang mjt cach linhdong, va ngoi ta cé tke kiém dinh wi A bing 0 hay bng 1, hay i
cac gia tr khac. Nu biét truge duoc pham vi gid ti caa tir —1dén +1, ching ta cé éhchon mot
gid ti choh va ding cac bibn msi 1a Y = (Y' = 1)A va X = (X* — 1)A. Saudé ching ta bi
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quy Y theo bén X* va theo cacéshang hing & va nhin dugc tbng binh plrong sai 8. Ching ta
lap lai quy trinh nay i cac gia tf khac nhauwaA va clon ra gia ti nho nhit trong $ cac Kt

qua tong binh plrong sai 8. Quy trinh do tim nay cé &thuc hién bang chrong trinh Bi quy

tuyén tinh ma khongam dén chmng trinh Bi quy phi tuyn tinh. PAn  mo rong cho plrong

phap nay lais dung dang thic X' = (X* — 1), thir két qua voi cac gia tr A vap (tr -1dén +1),

va cton ra t hop ma cho Kt qua tong binh plrong sai  ESS |a nb nhit.

Muén biét thém chi tét vé phép bén dbi Box — Cox, xin tham kio tac gi Kim va Hill (1993),
Showalter (1994) va tacgWooldridge (1992).

Tinh Phi Tuyén Trong Cac Thong $ * |
Chung tada xem xét nkiu phrong phap ma trongé tinh chit phi tuyén trong céac k&in co thé
giai quyét twong tr nhir trong tizong hop hdi quy tuyén tinh, tic 1a cac bin nay § duoc bién doi
mot cach thich bp, va nhr vay ching ta & c6 duoc mot md hinh tugn tinh i hé sb hdi quy
chua bét. Tuy nhién, dng cé nling tnrong hop ma cach tic trén khong th thuc hién duoc.
Ham Box — Cox la it vi du cho tirdng hyp ma ndi quan 1 1a phi tuyén tinh trong cac thondds
va ding khéng th bién dbi thanh dnh tuyén tinh ngai trir mot vai treong dac biét ké trén. Mot
vi du khac 1& hama xuit caa cac bién thay té c6 k¢ s6 co gidn khonglsi (CES),dugc cho nh
sau:

Q=y[dK™P +(1-3L "] V'Pe"(y>0,0<3<1,v>0,p=-1)

Trongdo thong 8 chra biéty, 8, v, vap c6 tinh clit phi tuyén. Chiing chco th xacdinh bing
thu tuc uéc legng thich lyp nhit haic bing cac plrong phap binh piong ©i thiéu phi tuyén.
Tuy nhién, trong trong hyp nay tdc dgi Kmenta (1986, trang 5158 4p ding céch tinh binh
phurong bic hai gin ding nhr sau:

INQ=Iny+ywInK+v(@1-93)InL —%pvé(l—é)[an -InL]* +u
=B, +B,InK+B,InL +B,(InK —InL)* +u

Gia ti woc lugng aia cac théng&bandau trong ham an xuat CES c6 th lay két qua tir gia ti
udc lwgng aia cacp.

Mic du c6 th d& dang bén dbi cac bén vadua ching vao trong md hinhug nén tranh
viéc ap aing cac pkrong phap in d6i ma khong phan Bt y ngha ung ding aia cac plrong
phap naybiéu cin thiét 1a hdy xem xét nimg diém ly thuyét co ban trong cac phép &n doi va
gitt cho mé hinh candon gian cang ét.

Phuong Phap M6 Hinh Hoa “Tir Tong Quéat Pén Pon Gian” Hendry/Lse

Nhu d& phét biu tree day, sr hinh thanh mé hinh kink teong mirc chip nhin duogc 14 ét can
thiét dbi v6i nhitng Kt luan rat ra &t mé hinhdé. Trong cac pin va chrong trée, ching tala
thao luan V& nhitng tiéu chén dungdé danh gia xem tbinao & nét md hinh “6t”. Qua trinhdau
tién hinh thanh m6 hinduoc dya trén Iy thugt kinh . Day 1a nliing kién thic riéng @a nha
nghién &u vé nhitng hanh vi 0 ban, V& nhirng nghién @u khac trong tr, ...v.v. Nha phan tich
ciing c6 tké c6 nhing y kién ting quan ¢ cac taaiong cé tié cua tinh clat ph| tuyén aing nhr s
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tuong tac gira cac bin. Vi khéng tlé c6 mdt pheong phép thng nHit chung trong \ic xacdinh
mbi quan ¢ giira bién phy thuoc va bén giai thich, nén nha nghiénra theong dua ra cac mo
hinh thay th khac va sado thuc hién hang lat cac kém dinh chin doan cac mé hinh nay.

Trong viéc danh gia xem @t mo hinh kinh & lugng coduoc chip nhin hay khéng thi &l
cua cac B b hdi quy uéc luong 1a ndt trong nhieng dai lwong fat quan tong, vadiéu cn thiét 1a
nha nghién €u phii cé duoc nhirng nhin dinh bandau vé cac gia tr ky vong € nhan duoc, it
nht 1a d6i véi nhitng bén quan tong. Vi di, gia sir chiing tadanguéc lwong cho ndi quan &
cua nhu du va Kt qua cddo co gidnudsc luong Ve gid 1a drong. Bay 1a ndt diu hiéu ré rang cho
nhitng dic treng sai cé th co trong thanh pin xacdinh haic ciu tric sai 8 (haic ci hai) va/
hoac phrong phap lén kinh € luong co bi sai. Mac di gia tr R?1a mot dai luong rat hiru dung
khi dungdé danh gia tinh thich ¢p, nheng tin trong vaodai luong nay qua rirc 1a mot diéu
khéng nén. Théng tting nhirng cwe nghién ¢u chéodéu cho Kt qua R? thiap hon so Wi cac
nghién ¢u theo chdi thoi gian, trongdd hau hét cac bén déu cho thy xu heéng va co i
tuong quan cao @& ching. Mc du gia tt R? thap s cho thy kha nang mbt sb bién bi loai bo
nhung ngroi ta aing khéng khugn khich clon lva mjt md hinh da trén tiéu chin arc dai gia
tri R?.

Trong chrong 4, chang taa dé cip dén 8 tiéu chén ctpn lva md hinh nh 1 nhing dai
lwong hitu ich dungié danh gia xem md hinh nay cétt hon mé hinh kia hay khéng. &t tiéu
chuin khac rira ding throng duoc dungdé danh gia mé hinh 1a khning dr bao gia tr bién pha
thuoc caa mé hinh. Nu gia ti du bao la nét trong nhlitng muc tiéu quan ng ddi véi nha kinh €
lwong thi khi ning dr bao @ia md hinh &n thiét phai duoc xem xét thn trong (xin xem thénd
chuong 11).

Trong céc phn wng ding va vi d vé tinh cHit phi tuyén va \& cac bén cddo tré trinh bay
trong chrong ndy, ching taa kit dau véi mét mé hinh khdng c6 gi han tong quat va sadoé
giam di bang cach lai dan tirng bén c6 K s y ngha thip nhit. Cach tép cin nay,duoc oi la
phuong phapdi “t i tong quéat dén don gian”, duoc tdc gh Hendry (1985) 4t tan thanh @ng
nhu nhiéu nha kinh & lugng khéac thac treong kinh € London (xin tham kio thémeo tac ga
Hendry va Richards, 1982, 1983; tag Giilbert, 1986, 1989). Céachéfi cin aia hp conduoc i
la phwong phap Hendry/ LSE Méc du tac gi Hendryda nkin manh dén viéc mé hinh hoa theo
chubi thoi gian nhrng nguyén ly @ng c6 tié &p ding trong tr trén dr liéu chéo. Y &r6ng @ ban
trong thudit ngir cua tac g Hendry 1a c6 rot quy trinh phat ra cac dir liéu (DGP) ndm an dudi
cac gia tf cua cac bin s vé kinh € va cong vc cia nha nghiéntw 1a dung céac ly thud kinh
té, kha nang trec quan, va kinh nghim cing nhr théng qua ot sb kiém dinh ¢danh gia mé hinh
dé xem mé hinh c6 thcai thién duogc hay khdngbé lam dugc diéu nay, nha nghiénio < bat
dau véi mot md hinhdong ©Hng quét cho phépohsir dung nhiéu tham s6 hen, ngha 1a c6 nhiu
d6 tré va bén (bao @m ¢ nhitng $ hang phi tuyn cé tté cé) hon nhing gi ma ngoi ta throng
tién hanh va sado, nha nghiéniw < thuc hién phép don gian hoa dra trén dir liéu bing
kiém dinh Wald va kim dinh t. Vi di 6.5 vaang ding trong pln 6.7 \& chi phi king sang che
va chi phi R&D 1a nhitng vi di cu thé cho phrong phap lén nay. Trong chong 7, 9, va 10,
chdng ta & c6 nhéu vi du hon vé pheong phap #p cin tir tong quétdén don gian. Sy don gian
hoa md hinh da trén d liéu din i két qua 1a moé hinhdd co cac dic treng xuc tich hon, ¢o
ngha |a mé hinh i it théng $ hon. Loi thé caa két qua xdc tich nay la (1)ahg d6 chinh xac
cho céc gia frude luong vida lam gim tinhda @ng tuyén, (2) c6 nhdu bac tr do hon va vi thé
ma gia ti woc lwong € dang tin @y hon, (3) ring luc kiém dinh € cao ton, va (4) md hinkion
gian hon, ngroi ta € dé dang inh hoi hon 1a mé hinh phic tap.
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0 6.14 M6 Hinh Hoa “Tir Pon Gian Pén Tong Quéat” Bang Cach Sk Dung Kiém Pinh Nhan Tir
Lagrange

V& mat nguyén ic thi ngroi ta Vvan ua thich cach &p cn tr tong quatdén chi tiet hon, nheng
nhitng tng ding thrc % thuan tay theo plrong phap nay co6 thdem ki mot sd phién toai. Vi dy,
viéc dua thém ndt vai bién moi c6 tinh chit tré so \6i cac bén hién tai trong mé hinh & khién
cho céac Win doc lap khac to nén trong quan i nhau cao bn. Nhr da trinh bay trong cac
chuong tnréc, khi mrc d6 twong quan & nén cao bn thi viéc do luong cacanh hrong riéng &
cua cac bin doc lap tré nén kho kiin haic khéng th dugc. Tuong tr, théng throng thi nha
nghién &u < tu tin hon vé6i mét moé hinhdac treng @ ban hon la viéc xay drng mjt md hinh
tong quatbé tranh nliing VAn dé trén, véc md hinh hodgh trén cach &p cin “tir don gian dén
téng quat” s3 duoc bit dau tir phia naroc lai véi dic treng @ ban V@ nhitng gi ma nha nghién
ciu cam thy ty tin va i cAu i dit ra 1a léu c6 néndua thém bin vao trong mé hinh hay
khong. Mt cong @ chan doan throng duoc cac nha nghiénio ar dung trong cach &b an nay
|a kiém dinh véi nhan tir Lagrange (LM). Tuy nhién, tedc khidi sau vao @n dé trén,diéu cin
thiét 1a phii c6 duoc cach nhindng quétday da vé nhitng phrong phap khac nhadbi véi kiém
dinh dac trang mo hinh.

C6 nhéu phrong phap chinh trc duoc ding trong Vic kiém dinh gi thuyét, nhung
pheong phéapdugc dung throng xuyén nt bao @m kiém dinh hing nhan & Lagrange (LM),
kiém dinh ty sb thich hep (LR), va kém dinh Wald. Trong cac gim duoc trinh bay teéc day
thi kiém dinh duoc sr dung nhBu nhit 14 kiém dinh Wald. Trong pin nay, ngoi ta < tap trung
vao kiém dinh LM nhr 1& mdt pheong &n thay té trong visc kiém dinh cacdic diém caa mé
hinh. Kém dinh LR $ duoc thao ludn thém trong pén phu luc. Trong #t ca cach tép cin trén,
nguoi ta da xay drng Ién hai mé hinlmdé hinh ghi han vamao hinh khéng gi han. M6 hinh géi
han duoc thiét 1ap bing cachdua cac gbi han tuyén tinh hac phi tuyén tinh vao trong cac théng
s cia md hinh vauong tng Wi gia thuyét khéng. Md hinh khong gi han la mot giai phap thay
thé khac. Trong cac atong trdce day, ching tald ding plrong phap Waldié kiém dinh gi
thuyét gitta md hinh khdng gi han va mé hinh dii han, trongdé chiing ta c6 thbo qua ndt sb
bién. Piéu nayduoc trinh bay nHiu trong caaing ding theo chéi thoi gian va chéo. Kim dinh
Wald hit dau voi mot pheong &n thay th (md hinh khéng @i han) vadua ra cau bi la gid
thuyet khéng(md hinh gbi han) cé duoc ua thich lon hay khéng. Kdm dinh ty s5 thich hop 1a
mot phép so sanhtec tiép gitra hai gi thuyét. Nguyén ly éa nhan Lagrange Bt dau voi gia
thuyet khéngva hoi xem cé & dich chugn V& huéng cac gii phapua thich lon. Hay noi cach
khac la thi tuc LM s& xacdinh duoc mot md hinhdon gian hon nhrng xuc tich kn va cau hi
dit ra la c6 én thlet phai thém bén mai hay khong. Vi gy ma chung tadhbat dau voi cach thét
lap oo ban va tén hanh kém dinh viéc thém cAc I8n mai thay vi kit dau véi mot mo hmhday da
va kiém dinh xem cé nén®bét di mot sb cac bén hay khéng. Riong phap LM thi khadng
quat nén cé thap ding vao trong niing tinh hidng khac &8 dugc md # trong cac chong sau.
Ca hai phrong phéap ¥ téng quatden don gian va tr don gian dén tong quat la niing phrong
phap At hitu dung va ngoi tadé nghi ring nén & dung ¢ hai phrong phapdé c6 dugc mot két
luan viing chic hon. ‘

C6 nhiu bai nghién ¢u d& cap dén kiém dinh LM nhr cua tac gi Aitcheson va Silvey
(1958), Silvey (1959), Berndt va Savin (1977), Gegf(1978), Buse (1982), vaix tac gi
Engle (1982, 1984).4F ca cac bai nghiéntw tréndoi hoi nguoi doc phai cé kién thic vé dai sb
tuyén tinh. Trong chong nay, ching taésiuoc trinh bay mt cach tomkgc cac lai kiém dinh
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cung Wi kha niang ung ding aia ching. Mt vai két qua ly thuyét khac ding € dugc tom &t
trong phﬁn phu luc aia chrong cung wi mot bang gii thich céac that ngi vé nhan r Lagrange
vaty so thich op. Mot s so sanh ba plong phap naywh trén ép $ nhan éing dugc dua thém
vao trong phn phu luc vaduoc dién giai bang vi di don gian. Trong clrong, ching ta&xac
dinh céc lrdc cn thiét d&é thuc hiegn mot kiém dinh LM vatng ding chiang i di liéu thuc .
Mac du kém dinh LM la kiem dinh trén ndu I6n, nhrng ngroi ta nhan thy né ding fat hixu ich
ngay @ trong turong hop 9 mau quan sat ahcd 30. Kiém dinh Wald ding c6 tt¢ 4p ding dol
v6i truong hop $ mau quan sat nh Kiém dinh ty s thich top doi khi dugc ap ding cho & mau
nho. Nhitng diém nay § duoc trinh bay chi 6t hon trong pfn phu luc.

Nhitng gi thuyét véi ngu y bac b bot cac bén 1a tirong hop dic biét caa gia thuyét 16ng
vao nhau O dang Ibng vao nhau, mé hinhdjihan tré thanh nét md hinh con ga mt mé hinh
khéng gbi han khac. Caaia thuyét khdng long vao nhaula nhiing méd hinh hoan toan khéac
nhau ma trongé mot mé hinh khong thtrsd thanh md hinh conia mit mé hinh khéac. Vi
viéc bac b mot sb bién va thém mt sb bién khac & hinh thanh nén md hinh khoéngny vao
nhau. Trong cén sach nay, ching taictip trung vao cac githuyét 1ong vao nhauboc gia co
quan tamién kiém dinh g thuyét khéng bng vao nhau cé ththam kho cac bai Wt cia tac gi
Davidson va MacKinnon (1981, 1982) wéacdMlackinnon (1983) ning chui y #ng chingioi hoi
phai c6 kién thirc V& dai sd tuyén tinh.

Ki ém Pinh Nhan Tir Lagrange Khi Thém Céac Bén

Thu tuc kiém dinh LM 8 dé hiéu hon trong tedng hyp nha phan tich kinh doanh hay kiréh t
mudn biét c6 néndua thém bin vao trong md hinh hay khéng (vi dua cac 6 hang phi tuyn
tinh va $ hang trong tac). Hay xem xét mé hinh khéngighan va gi han sauday:

(R) Y:Bl+[32X2+[33X3+...+[3me+U
(U) Y =B +BXo+ ... +BmXm + BmsXmer + ... +BXk +V

Trong mé hinh U, cok(— n) bién mdi Xm+1, Xme2, .. ., % (vi du, cac bén phi tuyén tinh)da duoc
thém vaoDiém thi \ ¢ gia thuyet khdngnay 1a 18 sd hdi quy cia cac bén thém vao la dng 0.
Cac hrge thec hién kiém dinh LM nhr sau:

Buéc 1l Ho: Busi = Bns2 = ... = B = 0. Hy: trong $ cac B trén Hn tai it nhat mot S khac
khoéng.

Buwéc 2 Udc lugng gia ti R aia md hinh ghi han

Bwéc 3 Thuduoc phin dr uéc lrong aia mé hinh nh sau

A

Ug =Y =B, =B X, =BX5 = =B X,

Gia s cacdic trung “dang” thuse vé md hinh U; trong trong hop nay thi nértua cac
bién Xm+1, Xm+2, ..., % vao trong mé hinh. C&mh hréng aia chiing & dugc quan sat
bing pHin dr G, . Vi vay, U,dugc xem nhr c6 lién ¢ véi nhitng bén bi loai bo. NOi
cach khac, éu ching ta i quy gia ti U, theo cac kin trén, ching taésco dugc sr
thich hyp tt, mot chi sb chang © rang it nhit cé Mot b bién trong $ Xms1, Xms2, -..
Xi néndugc dua thém vao trong mé hinh. Lyal nay din dén budc tiép theo.
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Buwéc 4 Hoi quy bién (.theo Hing $ va #t ca cac bén X, bao gm cac bén trong mé hinh
giéi han. Diéu nay cé ngta |a Wi quy theo ft ca cac bén doc lap trong mé hinh
khéng gbi han. Chiing ta & xem hréc hdi quy thr hai nay la Bi quy phi. Tac ga
Engle (1982)da chrng minh &ng, ddi véi cac miu quan séatdn, & mau (n) nhan i
gia ti R? khong héu chinh trong di quy phi nay € c6 phan phl Chi-square i bac
tw do wrong duong Wi S0 giéi han trong gii thuyét khong(dleu nayduoc trinh bay
trong phin phs luc 6.A.3ddi véi truong hop hoi quy don). Vi thé, trong bai toania

chung ta,nR? ~ x2_ . Ly dodua cac bin bandau vao trong bi quy phi la dé gia ti
thong ké kém dinh codugc dang thuin tien. Néu nR? >x 2. (a) thi vi tri cia mot
diém naod6 tréndd thi phan pbi x2_ ma dén tich bén phi diém d6 bang @), chinh
la mirc ¥ nghia ma ching taésbac 1 gia thuyet khéngcho Bing it ca hé s hdi quy
méi déu bang khong. Mt cach khac, chang t& sinh gia ti p = P(x2_,, > nR?) va bac
bo gia thuyét khong reu gia ti p thip hon mixc y nghia. N6i cach khac, chang ta c&th
két luan ring it nHit c6 mot = trong cac Wn méi nénduoc dua thém vao trong mo

hinh. Cac gia trp aia mdi hé sb riéng E ciing c6 tte két luan ring bién nao néniuoc
dua vao.

Sir Dung Héi Quy Phu Pé Xac Pinh Cac Bién Pwa Thém Vao Mé Hinh Go Ban

Hoi quy phu cung ép céc théng tin & nhitng bén msi dangduoc xem xét t& thanhdbi tuong

dua thém vao trong mé hintlv dan. Thee t, hé s6 wéc lwong va cac tr ss thong ké lién quan
dén céc bén msi sé duwoc dwa thém vao trongdi quy phe cia kiém dinh LM ding giong Wi cac

dai luong cOduoc tr md hinh khéng gi han hoan toan. Mé hinh khéngdgihan nay € duoc

bdt dau cung Wi phiwong phap & tong quétdén don gian. Piém nayda duoc ching minhdéy du

boi tAc gi Ramanathan (1986) vﬁmg duogc dién giai mot cach thrc nghém qua vid 6.7. Mic

du khéng c6 it husng din ly thuyét rd rang naalé cé tre chon ra cac kin tir danh sach@h quy

phu, nhrng ngroi ta c6 tié sir dung mot quy #ic don gian ladua nhirng bén nao cé & s hdi quy

hoic gia ti p nhd hon 0,5. Quy c nay ® ra hio tha hon quy &ic chi chon nhiing bén c6 y nglia

thuc ar. Nhu 3 trinh bay trong vi d 6.7 va 6.8, \ic sr dung tiéu chén mic y ngha mjt cach

nghiém ngt 5 c6 khuynh kxéng b qua cac k&in co tié cd y nghia so i nhitng bén c6 mic y

ngha i thiéu bi loai bo. Tha tuc nay trong dwong Wi viéc uéc lwong toan B mé hinh éng quat
roi loai bo tat ca cac bén co gia tf p trongung cao bn 0,5.

O Vi DU 6.7

Phrong phap kim dinh LM dugc dién gii trudc tién wi dit liéu dé uéc lwong nhu du s dung
truyén hinh cap trinh bay trong fm DATA4-8. Dix liéu nay thiéc dang dr liéu chéo thu thp tir
40 thanh ph (cac bén dugc dinh ngha sauday va € dugc moé # chi tiét hon trong plan phu luc
1).

sub = 8 nquoi dang ky trén mi hé théng (tinh Bing don vi ngan)
home = 8 luong nha ma &thdng di qua
inst = chi phidp dat tinh king do la
svc = chi phi ith w hang thang éa mdi hé thong tinh king d6 la
tv = $ luong tin héu truyén hiéu tai bai mdi hé théng cap
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age = tdi tho ciia mbi h¢ thong tinh theo am
air = $ luong tin héy truyén hinh tr do nran duoc
y = thu nAip tinh kBing do la trén ndi dau ngroi

Bang 6.4 trinh bay cacék qua may tinh riéng pdn c6 kém gii thich, choddc gia thiy cac hréc
vira mo &. Bé coduoc toan Iy két qua, hay thrc hanh baidp may tinh pan 6.10.

Mic du céc trthdng ké kém dinh LM cho trong vi d déu cho thiy cé y nglia, nhrng doi
khi phép kém dinh ding c6 tfé cho céac du trai ngroc. Biém nay § dugc trinh bay trong vig
tiep theo.

O Bang 6.4 Két Qua May Tinh Riéng Phan C6 Kém Giai Thich Trong Vi Du 6.7

[Truéc tién, hayroc legng mo hinh ¢ ban bing cach Bi quy bién sub theo i constant, home,
inst, svc, tv, age, air, vadn y. Sauté phat ra pn du u;. Hoi quy phu trinh bays day € hoi quy

phan dr u theo cAc Kin trong mé hinh € ban va ©ng it ca cac $ hang binh plrong aia cac
bién, biéu dién dudi dang sq_x (vi d sq_home = honfe]

Dependent variable: Ut

VARIABL COEFFICIENT STDERROR T STAT 2Prob(t >LTL)
E

0) const -481.4363 264.2862 -1.822 0.080496 *
2) home 0.0339 0.0839 0.404 0.689961

3) inst 0.9184 2.1242 0.432 0.669195

4) svc 10.1055 19.1942 0.526 0.603188

5) tv -1.4180 2.6542 -0.534 0.597895

6) age -2.5507 1.4623 -1.744 0.093391 *
7) air 23.8229 5.2392 4.547 0.000121 ***
8) y 0.0829 0.0526 1.576 0.127509

9) sg_home 0.0002207 0.0002839 0.778 0.444146
10) sq_inst -0.0210 0.0655 -0.321 0.750748
11) sg_svc -0.7790 1.2854 -0.606 0.549977
12) sq_tv 0.0484 0.1017 0.476 0.637925
13) sg_age 0.1393 0.0734 1.898 0.069252 *
14) sqg_air -1.5823 0.3732 -4.240 0.000267 ***
15) sq_y -4.547e-006 2.8346e-006 -1.604 0.121287
Unadjusted R-squared 0.550 Adjusted R-squared 80.29

[Tri théng ké LM = $ Ian quan sat nhansvgia tri chea hisu chinh R = 21,992652.]

Chi-square (7): area to right of 21.992652 = 0.@@&25

[Gia thuyét khongddi vai kiém dinh LM 1a ke b caa tit ca bay bién binh plrong duoc dua thém
vao mé hinh & bing 0] (vi Wy, bac tr do 1a 7). Gia frp bing 0,002548 cho fly ching ta “an
toan” khi quyét dinh bac b gid thuyét khéngva ket luan ring c6 it nfit mot vai trong  cac bén
dugc dwa thém vao théc v& md hinh. (& dung may tinh 8m taydé kiém tra ti thong ké kém
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dinh LM va thyc hign kiém dinh Chi-square dng cach & dung mic y ngha 1% \6i bang phéan
phoi Chi-square).

O Bang 6.4 (Tiép theo)

Hoi quy phu s8 gitip chiang ta quft dinh nhing bén moi nao € duoc dua thém vao trong
mo hinh. Tuy nhién, ngyi ta ding khéng cé nitng hréng din nao & mat ly thuyét ddi véi viéc
chon lya trong thre t. Vi thé, chiing ta & sir dung quy fic ty y ladwa nhing bién mai co gia ti
p nhd hon 0,5 vao trong mé hinhydéng duong Vi mic y nghia 50%. Quyic nay ko thi hon G
khi ta sr dung diém ngrong 10% ma ching tarsdung lau nay va néimg duoc thiét ké dé cuc
tiéu hod cac saiéth co tkt co tr cac bén bi bd qua i nguyén nhan khéndua da bién vao
trong mé hinh. Theo quyid “0,5”, tri binh phrong aia bién home age air, vay duoc dua thém
vao trong md hinhacban. Biéu nay § dugc thec hién tiép theoday. Cha y ing bién pha thuoc
hién tai 1& sub Ldi ma ngroi ta hay pam phai ¢ diém nay 1adiéu chinh bén u nhu 1a bién phu
thuoc haic dua bén nay vao trong nhém cacéhidoc lap. Diéu nay ré rang la sai va khéng co y
ngha.]

Dependent variable: sub

VARIABL COEFFICIENT STDERROR T STAT 2Prob(t >CTD)
E

0) const -407.0791 211.7804 -1.922 0.064813 *
2) home 0.4319 0.0792 5.451 0.000008  ***
3) inst -0.1821 0.3957 -0.460 0.648969
4) svc 0.2123 1.9666 0.108 0.914822
5) tv 0.6962 0.5292 1.315 0.199029
6) age -1.0718 1.2305 -0.871 0.391149
7 air 18.1986 4.8824 3.727 0.000868  ***
8) y 0.0757 0.0476 1.591 0.122767
9) sg_home 0.0002240 0.0002689 0.833 0.411944
13) sg_age 0.1174 0.0580 2.025 0.052478 *
14) sqg_air -1.5579 0.3383 -4.605 0.000082 ***
15) Sg_y -4.049e-006 2.5562e-006 -1.584 0.124383
Mean of dep. Var. 24.509 S.D. of dep. Variable 33.537
Error Sum of Sq (ESS) 2307.1870 Std Err of Resid. (sgmahat) 9.0774
Unadjusted R-squared 0.947 Adjusted R-squared 0.927
F-statistic(11,28) 45.8496 p-value for F() 0.000000
Durbin-Watson stat. 1.943 First-order autocorr. coeff 0.001

MODEL SELECTION STATISTICS

SGMASQ 82.3995 AIC 105.099 FPE 107.119
HQ 126.229 SCHWARZ 174.438 SHIBATA 92.2875
GCV 117.714 RICE 144.199

Excluding the constant, p-value was highest foialde 4 (svc)

[Phan cli cua thi tuc 1& [am @n md hinh da trén d liéu ma ching ta rim dugc truéc day.
Diéu nayduoc thyc hién bing cach lai bo lién tiép cac bén co gia ti p cao nht, nhung phii loai
bo tirng bién mot. Bé tranh hm 13n néu trinh bay qué nBiu két qua khéng @én thiét nén trén trang
tai liéu nay ch dwa ra mé hinh ahi ciing.]
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VARIABL COEFFICIENT
E

0) const -562.6761
2) home 0.4960
6) age -1.5575
7 air 17.3047
8) y 0.1108
13) sq_age 0.1392
14) sq_air -1.4177
15) sq_y -5.948e-006

Mean of dep. Var.
Error Sum of Sq (ESS)
Unadjusted R-squared
F-statistic(11,28)
Durbin-Watson stat.

Céac phrong phapdinh luong

Bai doc

STDERROR

158.0817
0.0283
0.9037
4.3410
0.0348
0.0438
0.2919
1.8798e-006

Nhap mon kinh té lugng véi cacing dung — 5" ed.
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T STAT

-3.559
17.525
-1.723

3.986
3.186

3.181

-4.856

-3.164

24.509 S.D. of dep. Variable

2521.9340 Std Err of Resid. (sgmahat)

0.943 Adjusted R-squared

74.9412 p-value for F()
2.069 First-order autocorr. coeff

MODEL SELECTION STATISTICS

SGMASQ 78.8104 AIC
HQ 106.275 SCHWARZ
GCV 98.513 RICE

94.0571 FPE
131.852 SHIBATA
105.081

mo hinh

2Prob(t >CTD)

0.001185 ***
0.000000 ***
0.094460 *
0.000364 ***
0.003215 ***
0.003251 ***
0.000030 ***
0.003399 **

33.537
8.8775
0.930
0.000000
-0.051

94.5725
88.2677

[Dé lam rd s twong phin giira phrong phéptir don gidn dén tong quatnay Wi phuong phap
Hendry/ LSE md hinh hotr tong quétdén don gian, ching ta & uéc lwong mé hinh dng quéat
nhit bao quatiuoc £ hang tuyén tinh va binh plrong kic hai. Mot chi y tha v 1a cac & s6 va
sai $ chuin aia binh plrong cac 8 hang thém vao @ing giong nhue cac $ hang trong Bi quy
phu trinh bayo trén. Mwn biét thém céach alng minh \& mat ly thuyét rang ti sao teong hop
nay luén luén #y ra, hay tham kio tc gi Ramanathan (1986).]

Dependent variable: sub

VARIABLE  COEFFICIENT

0) const -488.2440

2) home 0.4394

3) inst 0.3920

4) svC 12.1443
5) tv -0.6615
6) age -1.3571
7) air 18.7117
8) y 0.0845
9) sq_home 0.0002207
10) sq_inst -0.0210
11) sq_svc -0.7790
12) sq_tv 0.0484
13) sq_age 0.1393
14) sq_air -1.5823
15) sq_y -4.547e-006

Ramu Ramanathan
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STDERROR T STAT
264.2862 -1.847
0.0839 5.238
2.1242 0.185

19.1942 0.633
2.6542 -0.249
1.4623 -0.928
5.2392 3.572
0.0526 1.608
0.0002839 0.778
0.0655 -0.321
1.2854 -0.606
0.1017 0.476
0.0734 1.898
0.3732 -4.240
2.8346e-006 -1.604

2Prob(t >LCTC)

0.076556 *
0.000020 ***
0.855089
0.532671
0.805230
0.362229
0.001475 ***
0.120423
0.444146
0.750748
0.549977
0.637925
0.069252 *
0.000267 ***
0.121287
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Error Sum of Sq (ESS) 2216.6660 Std Err of R€sigimahat) 9.4163
Unadjusted R-squared 0.949 Adjusted R-squared .9210

[Theo chén lugc gian lwroc md hinh da trén d liéu, ching tadn luot loai bo cac bén co 1 sH
khéng y ngita. M6 hinh céi cingduoc xacdinh theo cach nay émg nhr mé hinh timduoc
truéc day theo plrong phap i don gian dén tng quat. Nir vdy, trong vi di nay, hai pkrong
phép la tong dwong. Vidiéu nay khdng phi lGc nay ding xay ra, nagroi ta dé ngh sir dung G
hai phrong phap va tic hién kiém tra chéo. Tuy nhiénén cin phii chon mdt trong hai cach
tiép can, cach #p cin Hendry/LSE throng dugc st dung hon vi bién phap t#p cin nay chic
chin hon va khéng ph thusc vao quy ic 0,5 chi quan khi chn cac ben tir viéc hoi quy phu.
Tuy nhién, trong dong 8, 9, va 10 ching t& $hiy ring kiém dinh LM [& mdt tha tuc kiém
dinh arc ky manh trong nkng tinh hiéng khac]

OBAI T AP THUC HANH 6.15

Trong vi di 6.7, chiing ta kg bo cac bén dwa trén nirc y nghia aia cac k sb hdi quy aia chang.
Bit dau tir md hinh éng quét nht theo plrong phap Hendry/LSE vadobo tirng bén mot nhu
trugc day, nhung gir lai bién thu nfip (income), phi th w hang thang (monthly service
charge), va phiip dat (installation fee) chdén cwi clng Wi vi chiing 1a cacédo vé thu ntp
va gia trong phong trinhdudng Giu va vi iy c6 y nghia vé mat ly thuyét So sanh mé hinh 6
cung thudwoc (V& mat tiéu chi cln lya va mirc y ngha aia cac & s5) véi mé hinh céi cingo
bang 6.4. Bn thy nhitng khac bit gi? Bin & dé ngh s dung md hinh nadé thuc hién dién
dich ci cung? Hay & dung mé hinhio dé dién dich cac Kt qua.

oViDU6.8

Vi du minh tpa thr hai nay 8 trinh bay céach tic 4p ding kiém dinh LM cho bai 4p duoc

nghién &u & vi du 6.5, nglia 1, trong mo hinh téy tinh 1dgarit ¢ tién lvong. Bing 6.5 trinh
bay Kt qua may tinh cé chi thichévtruong hop nay (xem chi ét ¢ Phan Thec Hanh May Tinh
6.11). Gia tr R? khong héu chinh aia hbi quy phi chi bing 0,079, i tri théng ké nR bing

3,86. Theo gi thuyét khong céc & hang bic hai c6 i s bang 0, gid ti nay tuan theo phan ph
Chi binh plwrong wi 3 bac tr do. Gia tr p-value iﬁng 0,28 cho tﬁy rang chung ta khong ébac
bo gia thuyét Ho mot cach an toanbiéu nay ham yémg khong not bién méi ndo co B s co y

nghia. Tuy nhién,du y ring gia ti p-value @a ke sb caa bién EDUC c6 y ngfia tai mac 7,33%,

day la mrc y nghia chip nhan dugc. Vi vdy, hoi quy phu dé nghi bién nayduoc dua vao md hinh
(quy tic p-value 0,5 #ng $ chon bién nay va lai tat ca cac bén con hi). Nguoc lai, kiém dinh

nR? cho thiy khong c6 bén nao én dwa vao md hinh. Ddo, kiém dinh LM dua ra cac & luan

trai ngroc nhau ¢ muc dé quan tong aia viéc thém nét bién méi vao mé hinh badau.
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O Bing 6.5 B4o Cao C6 Chu Gii Mgt Phan In Tir May Tinh Cho Vi Du 6.8

[Udc leong Hi quy phy]

VARIABLE COEFFICIENT STDERROR T STAT 2Prob(t4T|
0) const 0.4934 0.8092 0.610 0.545334
2) EDUC -0.1576 0.0864 -1.824 0.075224 *
3) EXPER -0.0088 0.0245 -0.361 0.719991
4) AGE -0.0008179 0.0338 -0.024 0.980822
7) sg_EDUC 0.0115 0.0063 1.837 0.073294 *
8) sq_EXPER 0.0004293 0.0011 0.384 0.703130
9) sg_AGE 0.0000211 0.0003814 0.055 0.956041
Unadjusted R-squared =0.079

Value of the LM statistic = 3.861657
Chi-square (3): area to the right of 3.861657 6726

[Luu y ring p-value cho Bt khéng i bac b gia thuyét khéng nheng h sb caa bén EDUC 6
y ngha tai mic y ngha 7,33%)]

Trong vi di nay, plwong phap tong quatden don gian < t6t hon vi $ tranhduoc ar mo hd.
Tuy nhién, Bu chang ta & dung quy fic p-value 0,5 trong ¥t clon bién, hai phrong phap la
nhue nhau.

Vi du trén gai thich ing, mic du kém dinh LM la mbt cdng @ chin doan heu ich trong véc
xay drng mdt khung phan tichutdon gian dén tong quét, trong @t sb truong hop tinh hru ich
cua ching bhan ct. Tuy nhién, ching ta8ghiy ¢ cac clrong 8, 9, va 10ang kiém dinh LM
rat manh trong nhdu tinh hing.

0 6.15 Thi Tuc RESET Ramseybé Xac Pinh Sai $ Piac Trung Hoi Quy

Ramsey (1969¢e ra mjt phuong phap khadé kiém dinh dic treng dia mé hinh. Nd@uoc goi
la RESET kiém dinh sai $ dic treng hoi quy). Viéc ap ding thi tuc nay @ing & dang nix
viéc ap ding kiém dinh LM duogc mé & ¢ phan trudéc. Cac lrdc caa thi tuc RESETduoc thuc
hién nhr sau:

Buwéc 1:  Udc lugng mo hinh theo thtuc OLS valru cac gia trduoc thich kyp ?t .

Buéc 2: Thém céac bn Y2, Y2, va Y, vao mé hinks budc 1 vausc luong md hinh ni

Bwéc 3:  Thuc hign kiém dinh F Wald cho \ic loai bo ba bén moi trong hréc 2. Neu gia
thuyet khongcho &ing cac ben msi khong c6 héu ang bi bac b, dé chinh la du hi¢u
cia sai 6 dic trung.

Co s5 cia thi tuc RESET Ramsey la cac gmhdur uée lugng (4i,) madai dién cho cac tadong
bién bi loai bo c6 the dugc tinh Xip xi bing © hop tuyén tinh @ia cac diy thira dia cac gia fr
duoc thich lop. Neu cac liy thira nay c6 cac tadong c6 y ngite, thi md hinh gc duoc coi nhw
da h diac trung sai. Tuy nhién, nlyc diem chinh @éa phrong phap RESET la &m dinh €
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khong chi raduoc loai dac trung sai va 8ng khong gi y dang ham thich op cﬁr] ar dung. Tuy
vay, kiém dinh nay l@ sung cho cé}c km dinh Wald va LMdugc tng ding @€ kiém dinh cac tac
dongdong va phi tugn dac thu. biém naydugc minh lva trong vi d dudi day.

O ViDU6.9

Trong vi di 6.2, ching taa sr dung @p dir liéu DATAG-1 dé uwéc lugng ham chi phi trung binh
cia mbt cong ty 4n xuat. Dau tién ching tatsdung thy tuc RESETdé kiém dinh xem quan &
tuyén tinhd& du thé hién ban chit bai toan chra (xem Phn Thyc Hanh May Tinh 6.12&cac
budc dé chay lai cac Kt qua cua vi di nay). Nhr vy, ching ta bi quy bién UNITCOST theo &
hang hing $, OUTPUT, va INPCOST, varli cac ti uéc luong aia Y (Y). Tiép theo ching ta
tién hanh Bi quy bién UNITCOST theo cac bn trén va thém cadiy thira aia ti wéc lwong Y
va thre hién kiém dinh F Wald cho cadiy thra aia Y. Tri théng ké tinh toan Fimg 3,7447, fr
nay, theo gi thuyét khdng 1a cac Bin duoc thém vao khong tadong dén UNITCOST, c6 phan
phdi F véi 3 bac tr dod tir sb va 14 (=20 — 6) 4x tr dod mau . Gia ti p-value trong tng 1a
0,036407, c6 ngh ring cac B sd cua cac bin dugc thém vao cé y ngh két hop dudi mic 5%.
NOi cach khéc, thtuc RESET chra ar dac trung sai mé hinh. Trong viudb.2, ching ta thém
vao $ hang bic haiddi véi bién OUTPUT va nhn thiy bién d6 c6 not tacdong c6 y nglie diéu
nay ding chang c6 gi ngc nhién i vi ly thuyét cho chang ta ty duong cong chi phi trung
binh c6 dng ©ng quat hinh o U). Diéu naydoi hoi trude tién phai hdi quy bién UNITCOST
theo ndt sb hang hing &, OUTPUT, INPCOST, va OUTPUTVa luu céc ti woc lugng Y nhr
truéc d6. Saudd thém iy thira aia ti Y wdc leong vao 1am Hin giai thich va & dung kiém dinh
F Waldddi véi cac bén dugc thém vao nay. Trhéng ké F 1a 0,48264i tri p-value ting 0,7.
Vi gia tri nay qué cao, ching ta khéng thac b gia thuyét khéng Eng cac bin dugc thém vao
khéng coanh hrong dén bién UNITCOST. Nhr vay, phrong phap RESET chaimg md hinh
cudi cung trong Vi d 6.2 c6 tik khéng b dic treng sai.

O BAI TAP THUC HANH 6.16 , ‘
Ap dung thi tuc RESET@dé kiém dinh dac trung sai trong mé hinh éucungaé phan bai ip vi da
6.7.

O BAI TAP THUC HANH 6.17
Lam trong tr cho m6 hinh cdi cung trong Vi d 6.5

Tom Tit

M6 hinh i quy tuyén tinhdon ding co the dwoc ar dungdé giai quyét cac quan &ikhdng tugn
tinh, véi diéu kién 1a md hinh tugn tinh trong cac thdngos CAc dng ham khac nhau ing
duoc sr dung 1& mé hinh ban l6garit hotuyén tinh-16garit, quanélégarit-tuyén tinh, mé hinh
|6garit hai &n, va phép iin doi nghich dao.

Binh phrong va liy thira cao bn cia cac bén doc Iap, hdic do tré cia cac bin, &€ dang
dugc xem xét trong mo hinimien la cac [# so hoi quy chra biet duwong nhe co ding tuyén tinh
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Chi can bién doi di liéu thich lyp vadua chidng vao trong mé hinh. Tdéng dn bién @a mot
bién c6 tt¢ duoc tao radé phu thusc vao ndt bién giai thich khac théng qua c&é sang trong
tac. Mot sO md hinh khdng thbién d6i dugc Vvé dang cé cac thdngdstuyén tinh. Trong nfing
truong hyp nhr vy, thi tyuc uéc leong bao ¢gm phrong phép binh plong nkd nhat phi tuyén
haoiac phrong phap thich ép arc dai.

Viéc so sanh gia tiR? cia cac md hinhaskhdngdung tir phi chiing cé cling cacdni phia
bén tay trai téa mo hinh. Mu cac bén phu thugc khac nhau, ching ta cééthir dung cac mo
hinh kh&adé du doan gia tr caa cung bén d6 va K d6 tinh 1 sb tuong quan aa cac gia irtién
dodn va quan satia bén nay. Cac &sd twong quan nay cé thdugc so sanh & nhau gira cac
mé hinh. Tuy nhiéndm lvu y ring cac @& bao ¢ mirc do caa bién doc lap duoc tao ra tr cac md
hinh tuyn tinh-1dgarit va l6garit hadm [a thién éch va khdng nét quan va an co k¢ sb hiéu
chinh.

Ba phrong phép throng duoc sr dung nhit trong kiém dinh gia thuyt long vao nhau
ngha 13, trong cac githuyét ma trongdo mé hinh ghi han la ip con @a mjt mo hinh khéng
giéi han t6ng quét lon. PO la cackiém dinh Wald kiém dinh t 6 thich hp (LR), vakiém dinh
nhan t¢ Lagrange(LM) Phrong phap Wald (coduzoc i la phrong phap4p mé hinht “tong
quadén don gian” Hendry/LSE) &p mo hinh i nhiéu bién doc lap va caads tré caa ching va
ké dén 5 hoi liéu ring c6 lai bét mot sb bién khong. Kém dinh LM lién quandén viéc lap mod
hinh @ ban va tép theo Ia IBu c6 nén thém Bh nao khac nao md hinh khéongay la phrong
phap “ir don gian dén tong quat”. G hai phrong phap 8 dung sr phandoan vadéu hiru dung,
tiy vao tinh héng. Kiém dinh LR xem hai mé hinhrbng dwong.

Mac du ndt cach m cach (ngta la, \6i c& mau I6n) ba kém dinh nay trong duong, kiém
dinh LM hitu dung trong cac tinh Hing ©Hng quat bon. N6 ding hru dung trong véc klem dinh
cac tacdong phi tu;en va s ton tai cia cac 8 hang trong tac. Kém dinh LM duogc tlen hanh
theo ba lréc: (1) i quy bién pha thusc theo not nhom bén doc 1ap oo ban, bao ém ca s6 hang
hang 9; (2) xacdinh cac phn dr tir tha tuc OLS duoc thec hién & Budc (1); va (3) i quy céac
phan du theo fit ca cac gia tr caa X trong Bréc (1), ding nhr cac bén mai (m vé sb Iu:ong) ma
c6 the gdm cac & hang phi tuyn haic tich chéo (binh ptong va trong tac) éa cac bén doc

lap.

Néu tich @ia @ mau (n) va R khong héu chinh tr phép Bi quy phu nay (nghia 1&, nR) 16n hon
X2m(@), diém rim trén phan pbi Chi binh phrong Wi m bac tr do, W phia pki sao cho phn
dién tich laa (mac y ngha), thigia thuyét khéngcho ng it ca m bién duoc thém vao c6 hisd
bang 0 b bac B. Néu gia thuyét bi bac W, tri t- values trong Boc (3) € gilip xacdinh cac bin
c6 the duoc thém ‘vao mo hinhocban. Ngay @ néu kiém dinh nR khdng bac b duoc gia thu;ét
khéngvé cac g sb bing 0, ti thong ké t @a phép Bi quy ph c6 tHé goi y rang mot s bién nén
duoc thém vao. Sado6 cac bén nay cé th duoc thém vao mé hinhocban dé thuc hién cac fp
wéc leong mii. Trong cac chong sau ching ta8ghdy ring cac nguyénit cia thi tuc kiém
dinh LM c6 tré ap ding dugc trong cac trong hop tong quat on. -
Kiém dinh sai § dic treng bi quy Ramsey (RESET)iag c6 tfé duoc sr dung dé kiém
dinh dic trang cia mé hinh.Pau tién md hinhtugc wéc lwong va céc irude luong aia Y (SA()
duoc lwu lai. Céc bén Y2, Y2, va Y} dugc thém vao md hinh vadh dinh F Kt hop duoc
thuc hién cho cac Bsh. Néu cac It sd 1a cé y ngita két hop, day < 1a diu hiéu caa dic trang sai
mé hinh. Tuy nhién, thtuc nay khdng xadinh ban chit cia dic trung sai. Du gy, phrong
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phap RESET c6 thla mot pheong phap b sung tiu ich cho kim dinh Wald, LM va LR ¢ dic

trung mo hinh.
Thuat ngir

Auxilary Regression

Base

Box — Cox transformation
Cobb — Douglas production function
Constant returns to scale
Data — based simplication
Data generation process
Decreasing returns to scale
Derivative

Double-log model

Dynamic model

Elasticity

Elasticity of output with respect to capital
Elasticity of output with respect to labor
Exponent

Exponential function
General to simple approach
Hendry/LSE approach
Increasing returns to scale
Instantaneous rate of growth
Interaction terms

Lagrange multiplier (LM) test
Lags in behavior

Likelihood ratio (LR) test
Linear-log model
Logarithmic function

Logistic curve

Logit model

Log-linear model

LSE approach

Marginal effect

Natural logarithm

Nested hypothesis
Nonlinearity in parameters
Nonested hypothesis
Overparametrized
Parsimonious specification
Polynomial curve-fitting
Reciprocal transformation

Regression specification error test (RESET)

Semilog model
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Hai quy ph
Co oo
Phép bén d6i Box — Cox
Ham gin xuit Cobb — Douglas
Loi nhuan khéngddi theo quy mé
bon gian héa dra trén dr liéu
Qua trinh phéat liéu
Loi nhuan giam dan theo quy mé
bao ham
M6 hinh l6garit hairl
M6 hinkiong
b6 co gian
Do co gidn éa sin luong theo vn
Do co gian @a sin luong theo laaiong
S mie
Hambsmii
RImg phap i tdng quatdén don gian
ktbrng phap Hendry/LSE
oilnhuan ting din theo quy mé
i [€ tang tnréng tirc thoi
&hang trong tac
Kim dinh nhant Lagrange (LM)
Do tré vé hanh vi
Kim dinh t b thich fop
M6 hinh l6garit-tég tinh
Ham légarit
buong cong Logistic
M6 hinh Logit
M6 hinh tuén tinh-l1dgarit
Rtvng phap LSE
Tadong cén bién
Légaritecsd e
&thuyét 16ng vao nhau
Tinh phi tnycia cac thong&s
Gihuyét khdng bng vao nhau
Qua rhi théng
bac trung xuc tich
Thichdp bing dudng congda thirc
Phégbidoi nghich dao
énKitinh sai § dic trung i quy
M6 hinh ban l6garit
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Simple to general approach RImg phap i don gian dén tong quat
Spurious nonlinearity Phi tép gia tao
Static model M6 hinhinh
Trend-fitting Thich lrp dwong xu hréng
Unitary elastic Co giadon vi

6.A PHU LUC

CHI TI ET VE CAC KI EM PINH LR, WALD VA LM

Phi luc nay cung &p cac chi #t ly thuyét vé kiém dinh Wald, t sd thich lyp va nhant
Lagrange. Tuy nhién,ttc khi xem plan nay fan néndoc phin 2.A.3 \& nguyén ic thich hp
cuc dai va ptin 3.A.5 & ting dung aia n6ddi voi md hinh Bi quy tuyén tinhdon. Mic du ba
kiém dinh nay c6 th ang ding trong nhiu tredng hop nhrng & day chdng ta &n nén ép trung
Va0 cac an dé hdi quy, dac biét 1A md hinh saday:

i =% + U (6.A.1)

Nhitng chir viét thuong thé hién cacdo léch aia cac bin so i gia tri trung binh tong tng.
Nhu d& trinh bay phin 4.A.1, bi ich aia cach #p cin nay Ia lai bo hing . Theo & gia dinh
nay, cac gia tru tuan theo phan i chuin cé trung binh 1a 0, plvng said? logarit @ia ham
thich hyp ddi vai tap hop cac quan satiyys, ..., yn va tham & £ chua biét dugc viét nhe sau
(qua trinh nayutong tr nhe qua trinh trong pin 3.A.5).

InL = —nlna—nln(@)—M (6.A.2)

2672

Gia thuyet khdngma ching tatang xem xét coahg B = 5 va gi thuyét nguoc lai 52 .
Khi 5= 0, diéu nay trong dwong Wi cau hoi liéu bién & x cé thwe v&é md hinh khéng. Nii thu
tuc kiém dinh dugc thao luan riéng &, va saud6 thec hién so sanh cac plong phap ¢ mét hinh
hoc. Xem hi chirng minh @a Buse (1982) va Engle (1983)ng nhr Ramanathan (1993§ biét
chi tiét hon vé ba kém dinh nay.

6.A.1 Kiém dinh Ti sb Thich Hop

Trong thong k&, thi tuc kiém dinh @ dién dya trénti s thich kyp, ma theo niing aim tir don
gian, ndéduoc dinh ngha nhr ti 0 cua gia ti I6n nhat caa ham thich dip voi gia thuyet khéngbi
chia i gia tri 16n nhit caa né khi khdng bgiéi han. Bac biét hon, cho,é la wéc lwong thich fvp
cuc dai ciia tham 8. Ham thich bip duoc danh gia tr nhiing gia ti nayduoc dién dat bdi L( ),

bo quad®. Haydat ham thich hp theo gi thuyét 8= 1a L(Bo). Ti s thich hyp dugc xacdinh
nhu sau:
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_ L(By)

L (B)

Bai vi miu & dwa trén md hinh khéng @ji han, nén gia frcia n6 khong té nho hon gia ti
cua tir sd. Vi thé, 0< A < 1. Néu gia thuyét naydang, king trec gide chang takvong A gan bing
1. Néu A céch xa 1 thi LR thegia thuyét khéngkhac 6i LR theo md hinh khéng i han, d6 1a
gia thuyét nguoc lai. Piéu nay cho thy ring chiing ta nén baolgid thuyet khéngnéu A quéa nio.
Kiém dinh LR dugc thanh 4p nhr 1a mot kiém dinh bac b gid thuyét khéngnéu A < K, véi K
duoc xacdinh hyi diéu kién, theogia thuyét khéng 0< A < K twong dwong Wi mirc y ngha @);
ngha la,P(0< A <K|8= /) =q.

Trong not s trudng hop, vang 6i han A < K c6 th chuyén sang mt hinh thic khac lién
quandén thdng ké miu phb bién nhr la thing két hayF. Trong nliing tinh héwng nay, kém dinh
LR giam xubng thanh kdm dinht-, F-, hayx®. Vi du cho nhing trwong hop ndy, ngoi doc tham
khao Mood, Graybill va Boes (1974) va ®amanathan (1993), @bng 9. Nhing kiém dinh
khac trinh bayy Chuong 2 c6 ti xuat phat fr nguyén ic ti 5 thich lyp. KhiA khong ti chuyen
sang dng thing ké khac co phanotpho blen thi phép th tién hanh trén bt lugng mau lon

thuong duoc sr dung. Diéu do cé th chi ra ing (xem Ramanthan. 1993, trang 228),vai kich
c& mau I6n, thing ké

LR =-2In=2In L()-2In L(,) (6.A.3)

c6 phan B chi-square §i bic tr do trong duong Vi s6 givi han, bic tx do king 1 nhr trong vi
du cia ching ta. Yuong dang sau kim dinh nay cd th dugc trinh bay nit cach hinh fc. O
hinh 6.A.1, logarit géa ham thich ép duoc V& khi chi c6 duy nlat mot tham & trong mo hinh.
Hinh \& nam bén adi truc boi vi log aia ham thich ép (n6 1a ndt mat @6 phan 16 nho hon 1) la
sb am.Diém g tuong tng Wi truong hyp khi ham thich bp dat gia ti cuc dai va A tong tng

vé6i gidg thuyét khong Kiém dinh LR dra trén hgu $ vé tungd¢, chinh la ing mbt nira LR. Neu
khoang céch theo tundo Ion, gia thuyet khéngbi bac k.
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(o) Hinh 6.A.1 Biéu dién hinh hoc cia cac kém dinh Wald, LR, va LM

InL(5)

Bo B B

InL(B)

InL(5)

ViDUG6.A.1

Nguyén dic kiém dinh t I¢ thich kyp duoc minh fva cho kém dinh gia thuyét 4= 0 trong plrong
trinh (6.A.1). Bing cach &n hanh nkr trong Plan 3.A.5 va & dung cha thich trong RBim 3.2,

chang tatu y ring ham thich &p khdng gbi han chi dat cuc dai khiﬁ = Sy/SxVa 6°=>07/n =
ESSh, trongd6 ESS ladng binh plrong sai 8. Gia ti cuc dai tuongung la

~ 1 " D A D 1 " -2
L= exd- ) u/(20°)|=| —— | €
(&\/277} F{ Z 3 )] (&\/277}
Theogid thuyét khdngS= 0, md hinh i thanhy, = u, va ham thich ép tro thanh

S G TR N A S proseon I G U LR A S AP
L(o )_(a\/ﬁJ exp[ > uiQo )] (aﬂ} exp[ > Yo )]

Ham nay ac dai khi 5°=% y?/n = TSSh, trongd6 TSS laéng binh plrong. Do \dy, gia ti cuc
dai theogia thuyét khéngduoc cho i

- 1 " -n/2
L= e
(5\/ 277)

Ti sb thich op 12 1 = L/L = (615)" = (6% &%)™. Tri thong ké kém dinh LR 1a
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LR=-2InA=-nIn(6%/G%)=-nIn (ESS/TSSF-nIn(1-R?)

trongdé R? 1a R chra hiéu chinh aia md hinh khéng gi han.

Déi véi nhitng mau 16n, LR c6 phan pbi chi-square i bac tr do 1a 1. Chlng taésbac b
gia thuyét khéngvsi S= 0 réu LR >K, trongd6 K 1a diém trén y2 ma ving bén pfi cia K la
muc y ngha.

6.A.2 KIEM PINH WALD

Khéng gbng nhr kiém dinh LR, sr dung hiéu $5 tungdé (xem hinh 6.A.1), Km dinh Wald &
dung phépdo binh plrong hiu & hoanhds. Bac biét, hiéu $5 hoanhds binh plrong (8- &)
dugc gan tong © béi ham angl( £), dugc st dung:

W =(f-5,)" 1(B) (6.A.4)
trongdo
_ 9%InL
1(B)= E{ o5 } (6.A.5)

la gia ti ky vong aia dao ham Hc hai @ia ham thich dp-logarit theof. Bé 1a mot phépdo do
cong @a ham thich bp-logarit. Haml dwgc biét nhu 1a ma trin théng tin Tha tuc tinh toanddi
vé6i kiém dinh nay cé th dugc tién hanh Bng cachudc lwong mé hinh gii han va md hinh
khéng gbi han, nhr d& dugc thec hién trong Clrong 4, va Bng cach xay dng mbt tri théng ké
F. Viéc chtng minh cé bai #n cho kém dinh naydoi hoi vé dai sd tuyén tinh. (xem
Ramanathan, 1993, trang 273-275).

O viDbysA2

Trong twong hyp hdi quy don, lwu ¥ rings tuan theo phan & NG, 0%/S). Vi thé,
2=(- B,)/(ol|/S,,) tuan theo phan gih chuén, va vi i 7% 1a chi-square i bac tr do king 1.
Vi vay, thdng ké kém dinh Wald trong tng Wi gid thuyet khong 8 = 0 duoc cho i
W = %S, /6%, Tir phuong trinh (3.12) ching ta c@Se=S,y. Chlng ta ng da tim ra 3
Sy=RSS, éng binh plrong i quy, trong PAn 3.A.1. St dung hai ¥ qua nay, ching ta cé

w = BS,) _nRSS_ nR’
ESSn  ESS 1-R?

Nhu trong trong hop kiém dinh LR, ham nay c6 phan @ihchi-squareddi voi mau Ion. Gia
thuyet khdngse bi bac Id neu W vuot qua gia tr toi han K dugc rat ra trong Vi d 6.A.1.
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6.A.3 KIEM PINH NHAN T U LAGRANGE

Kiém dinh LM trong Chrong 2 dra trén K thuat nhan & Lagrangedé toi wu hoa cac rang lbe.
M6 hinh gisi han céduoc bing cach &t diéu kién Bbang wi . Pidu nay @i y ring ching ta
t6i da hoa logarit ¢a ham thich ép theoS vad?, véi rang busc 8= . Nhu ching tada thiy ¢
Phin 2.A.2,diéu nay trong duong Wi cuc dai héa InL(B) — (B — R), trongdd u la nhan
LagrangeDiéu kién dao ham lc nhit cho vic arc dai hda la

6InL:
0

Néu gia thuyét khéng = [ la ding, udc lwong thich lyp arc dai giéi han s gan véi gia tr
wéc lugng khéng ghi han. Chiang ta #ing hru ¥ ring réu nhan i Lagrangey, la 0, thi plrong
trinh € cho gia t uvdc lugng thich lvp arc dai. Do d6, nhan i Lagrange c6 thduoc dién giai
nhu 14 “gia my” cua rang bac 8= K. Néu gia cao, rang e nén b bac B vi khdng nidt quéan
vé6i sb liéu. Biéu nay chinh lafong @ dan dén kiém dinh LM. Kiém dinh LM dya tréndao ham
riéng prn (B In L)/0B, duoc biét dén nhr ham gia tf diém va duoc md & boi S. Engle (1982),
c6 duoc tir thdng ké kém dinh cho md hinh & quy boi va cho thy ring kiém dinh co ti¢ duoc
thuc hién bing cach chy hdi quy phu trén cac pin dr uéc lwong aia md hinh gii han (ding cé
thé xem Ramanthan, 1993, trang 276-277). Géichlihuc hién duoc trinh bay trong Pim 6.14.
Théng ké kém dinh LM c6 ding

LM = S (&) 1(K)* (6.A.6)

Trong hinh 6.A.1, ham giaitdiém, dao ham riéng pin aia ham thich dp-logarit, chinh 1a
d6 dbc cna aiadd thi tai f. Gia thuyét ngroc lai tuong ang VWi S(B8) = 0: ¢6 nglia 1add doc gan
t6i 0. Vi thé, kiém dinh Wald dra trén héu 5 hoanhd¢ giitra va A trongdd thi, kiém dinh LR
dva trén hgu s tungdd, va kiem dinh LM dya tréndo doc ciaduong congf. Mdi kiém dinh la
phépdo hop ly vé khaang cach dgia gi thuyet khong va gi thuyét nguoc lai. Mot cachdoc lap
nhau, Engle (1982) va Buse (1988 chi ra 1ang khi ham thich ¢p-logarit [a ham &c hai (nhr
pheong trinh ¢ Pl‘ﬁn,G.A.Z),qth\I it ca ba thi tuc kiém dinh naydeu cho ket qua nhu nhau.boi
v6i mot mo hinh tugn tinh tng quat, cd s bat can xang \ rang béc gira ba tiéu chan kiem
dinh.bicu nayduoc thé hién nhr sau:

W2=LR=LM

Diéu d6 cé nghia la it cir khi ndo kém dinh LM béc 16 gia thuyét khéng \6i cac ¢ s zero,
thi cac kém dinh khac ang \ay. Tuong tr, bit cir khi nao kém dinh Wald khéng bac dgia
thuyét khdng thi cac Kim dinh khac @ng vay. N6i mot cach may moc, ki dinh LR thi wom ra
nhét, trir khi chuyén ddi sang kém dinht, F, hay kBm dinh 2. Hai cach Km dinh khacdon
gian hon, nhr da tké hién trong tai IBu.
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O ViDys6As3

Trong trdng hyp hoi qui don, ham gia irdiém duoc cho ki

_oInL _ D (Y- A% _ 2 XU,
op o’ o’
va phrong sai ¢a né 1854/ o* = Syl . Do do,

2% = S? :(Z‘,Xtut)z~ 2

“VarS) oS,

S

Do do, tri thng ké kém dinh LM duoc cho i

LM :M

~2
0°S,,

Hay xem xét Bi qui phu u, = % + vi. Lam theo cacisc giong nhr vi du 6.A.1, & dang c6
duoc cac plrong trinh sau:

. R —, D0

V= S ’ RS%ux:yzx’(ut’ 62 ==
XX n

R
Thay thé cac béu thic nay vao trthong ké kém dinh LM, ching ta c6

LM =n[Rss, /(> 62)|=n[RsS,,/TSS,,] =R,

Diéu nay to ra Kt qua da duoc cho trong tai Bu rang ti théng ké kém dinh LM bing $ quan
sat nhan ¢i R chra hiéu chinh aia hbi qui pha. Mic du chitng minh nay chcho trong hyp hoi
qui don dugc xem xét day, nhrng né éing ding cho mé hinhdi qui boi tdng quéat. Mén biét
thém chi tét, hdy xem Ramanathan (1993), trang 276-278.
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