Chuong trinh Giing cay Kinh t Fulbright Cac phrong phapdinh rong Nhap mén Kinh té lwgng véi caciing dung — 5" ed.
Nién khéa 2010-2012 Baidoc Ch. 3: M6 hinh Bi qui tuyén tinhdon

Chwong 3

Mo Hinh ’
Hoi Quy Tuyen Tinh Pon

3.1

O chiong 1 phat biu rang hedc dau tién trong phan tich kink twong 1a viéc thiét lgp
m6 hinh mdd duwec hanh vi éa cacdai luong kinh €. Tiép theodd nha phan tich kinh
té/ kinh doanh & thu thip nhing dz liéu thich tp vawsc lioc mé hinh nim b tro cho
viéc ra quyet dinh. Trong clrong nay ¢ gidi thiéu md hinhdon gidn nhit va phat trén
cac phrong phapudc lwong, phrong phap kém dinh gig thuyét va phrong phap @ bao.
M6 hinh naydé cip dén bién déc lap (Y) va mt bién phe thuge (X). P6 chinh 1a mé hinh
hoi quy tuyn tinhdon. Mdc duday 1a mst mé hinhdon gian, va vi tlé phi thec t2, nheng
viéc hiéu biét nhitng \éin dé co ban trong mé hinh nay ladn ting cho véc tim héu
nhizng mé hinh piic tap hon. Thee €, M6 hinh Ki quy don tuyén tinh cé tlé gidi thich
cho nhéu phrong phép kinhd liong. Trong chrong nay clidwa ra nhing ket lugn ain
ban vé mé hinh Bi quy tuyn tinhdon bién. Con nking phin khac va phin tinh toan &
duoc gisi thi¢u ¢ phan phy luc. Vi \dy, doi véi nguoi doc c6 nliing kién thirc ain bin vé
toan tvc, réu thich, cé th doc phin phy luc dé hiéu ré hon vé nhing ket qua ly thuyet.

M6 Hinh Co Ban

Chuong 1d4a trinh bay vi d vé md hinh bi quy don dé cap dén mbi lién h¢ giita gia ca
mot ngdi nha va din tich sr dung (xem Hinh 1.2). Gin treéc mot sH loai dién tich, va
saudo liét k& $ luong nha cé trongdhg thé twong tng Wi ting dién tichda chon. Sau
d6 tinh gia ban trung binhia mdi loai nha va @& d6 thi (quyudc cacdiém duoc biéu thi
1a X). Gia thuyét co ban trong md hinh &i quy tuyén tinhdon la cac tr trung binh nays
nam trén not duong thang (béu thi bing a + BSQFT), day laham héi quy caa tong the
va latrung binh cdadiéu kién (ky vong) aia GIA theo SQFTcho turoc. Cong tirc tong
quat @a mo hinh Bi quy tuyén tinhdon dra trén Ga thiét 3.1 € |a

GIA THIET 3.1 (Tinh Tuyén Tinh cia Md Hinh)

Y= a+ BX + 3.1)

trongdo, X, va Y, la tri quan séat it (t = 1dén n) aia bién doc lap va bén phu thuoc, tiép
theoa va B la cac tham&chua biét va € dugc uoc lugng; vaw la s hang sai 6 khong
guan sattugc vaduoc gia dinh l1a bén ngau nhién wi mot 6 dac tinh nhat dinh ma 8
dugc dé cap ky & phin sau.ava B duoc goi la hé sb hdi quy. (t thé hien thoi diém trong
chwi thoi gian hdic la ti quan sat trong &t chwi dir liéu chéo.)

Thuat ngir don trong mo hinh i quy tuyén tinhdon dugc st dung dé chi ring chi ¢c6
duy nrﬁt mot bién giai thich (X) duoc sr dung trong md hinh. Trong ang tiép theo khi
noi vé md Wi quy da bién s3 bd sung thém nlii blen giai thich khac. Thét ngi hoi quy
Xuat phat tr Fraccis Galton (1886), ngi dit ra mbi lién hé gitta chéu cao éa nam i
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chiéu cao @a ngroi cha va quan st gie nghém cho thiy c6 mjt xu hréng gira chéu
cao trung binhi@ nam i chiéu cao aa nrfrng ngml cha @a hy dé “hdi quy” (hoic di
chuyén) cho chéu cao trung binhia toan b tong thé. a + X, goi la phan xacdinh caa
mé hinh va l&rung binh c6 diéu kién cia Y theo X, d6 IAE(Y,0X) = a + B%. Thuat
ngit tuyén tinhdungdé chi rang kin chit cua cacthdng 8 cia tong thé a va SBla tuyn
tinh (kic nhat) chir kndng plai 1a X tuyén tinh Do d6, mo hinhy, = g + X 2 +u, van
dugc goi & hoi quy quyén tinh don mic dau c6 X binh phrong. Sauday la vi di vé
phuong trinhhdi quy phi tuyén tinh Y; = a + X# + u.. Trong cén sach nayaskhongdé
cap d&n mé hinh Bi quy phi tuyn tinh ma chtap trung vao nting ma hinh co6 thambs
c6 tinh tuygn tinh ma thdi. Ning md hinh tu§n tinh nay co6 thbao @m céc é hang phi
tuyén tinhddi vai bién giai thich (Chrong 6).Dé nghién ¢u sau lon vé mé hinh bi quy
phi tuyén tinh, c6 tk tham kho cac tai u: Greene (1997), Davidson va MacKinnon
(1993), va Griffths, Hill, va Judg (1993).

S6 hang sai 8 u (hay con @i la 6 hang ngdu nhiép |a thanh phn ndiu nhién khéng
quan sattuoc va la sai Hit giira Y; va pHin xacdinh a + 8X. Sauday nmbt t6 hop cia bbn
nguyén nhamdnh hxong khac nhau:

1. Bién bd sot.Gia sir mo hinh thrc ar la Y, = a + BX + yZ; +v; trongdo, Z; |a mot bién
giai thich khéc vay 1a $ hang sai 8 thuc ar, nheng réu ta s dung md hinh 1& = a
+ BX Ui thi Uy = JZ; +vi Vi the U bao ham & anh hrong aia bién Z bi bo sét Trong
vi du vé dia bc & phan trege, réu md hinh tiec ar bao @m c anh hréng aia phong
nga va phongm va ching tatéd b qua haianh hrong nay ma chxétdén dién tich
sir dung thi $ hang u s8 bao ham & anh hrong aia phong ng va phong im lén gia
ban nha.

2. Phi tuyn tinh.u, c6 thé bao @m anh hrong phi tuyn tinh trong mi quan 1§ giira Y
vaX. Vi thé, ibu mé hinh tec ar 12 Y, =a+ BX, + X2 +U, , nhing ki dugc gia dinh
bang phrong trinhY = a + BX +uy, thi anh hrong aia X s duoc bao ham trong..

3. Sai 9 do lwong. Sai $ trong vic do luong X va Y cé th duoc thé hién quau. Vi du,
gia sir Y; gia ti cua viéc xay drng msi va ta mén uéc luong hamY, = a + fr +v;
trong do r; 1a |4 suit no vay vav 1a sai $ that sr (¢ don gian, anh hrong aia thu
nhap va cac Win khac léndau tr déu duoc loai bo). Tuy nhién khi tire hién uéc
lwong, ching taai sir dung md hinhY; = a + BX +u trongdd X, = ry +Z; |a 1ai suit
cin ban. Nhr vay thi |4i suit dugc do leong trong sai & Z; thayr, = X; — Z vao phrong
trinh bandau, ta § duoc

= a+[X—2Z)+vi= a+ PXi— B+ = a+ BXit Uy
Can luén kru y rang tinh ngu nhién @a $ hang u bao dm sai $ khi do lrong &
Suit no vay mbt cach chinh xéac.

4. Nhifng dnh heong khong th di baa Du & ndt mé hinh kinh & lugng 6t ciing co tit
chiu nhing anh hrong n@u nhién khong th du baoduoc. Nhing anh hrong nay
ludn dugc thé hién qua é hang sai $ u..

Nhu da dé cap bandau, viéc thuc hign diéu tra toan b tong thé dé xacdinh ham i
quy aia Hng thé 1a khong thrc . Vi vay, trong thrc €, ngroi phan tich tieong chon
mot mau bao @m cac &n nha nat cach ndu nhién vado ludng cacdic tinh @a mu
naydé thiét 1ap ham héi quy cho miu. Bang 3.1 trinh bay @ liéu caa mbt mau gom 14
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nha ban trong khuuc San Diego. &liéu nay cé n trongdia mém v6i tén #p tin 1a
DATA3-1. Trong Hinh 3.1, cacip gia ti (X, Y;) duoc V& tréndd thi. D6 thi nay dugc
goi 1a @d thi phan tan adia miu cho cac @ liéu. Hinh 3.1 ¢ong tr nhr Hinh 1.2, nkeng
trong Hinh 1.2 Bt ké toan b cac gia tr (X, Y;) cia Hng thé, con trong Hinh 3.1 dHiét
ké dr liéu cia miu ma thoi. Gi sir, tai mot thoi diém, ta bét dugc gia ti cia a va g, Ta
c6 thé v& dugc duong thing a + BX trén béu d6. Pay chinh ladwong héi quy caa tong
thé. Khoang cach chiiu thing xudng tir gia thre (Yy) dén duong hdi quy a + BX 1a sai $
ngdu nhiénu. Do doc cia duong thing (H) ciing 1AAY/AX, 14 liwong thaydsi cia Y trén
mét don vi thaydoi cua X Vi vay B dugc dién dich laanh huwéng cén biénaia X IénY.
Do d6, réu 1a £ 1a 0.14,diéu d6 c6 nglia 1a mdt mét vudbng din tich ing thém & lam
tang gia ban nha Iéd;, mac trung binh, 0.14 ngaid la (kru y don vi tinh) hay 14Gi0 la.
Mot cach thrc t# hon, khi dién tich st dung nha ing thém 100 mét vudng thi hywg
rang gia ban trung binhia ngdi nha &ting thém $14.00@06 la. Mic dau a la tungdo
gbc va la gia tr cua tri trung binhY khi X bing 0, $ hang nay in khong ti duoc hiéu
nhu [& gid trung binhi@ mbt 16 dat tréng. Nguyén nhan la \d ciing an chia bén bo sot
va dodo6 khdng cé céch gii thich choa (diéu nayduoc dé cap ky hon trong Phn 4.5).

BANG 3.1  Gia tri trung binh wéc lweng va trung binh thwc té cia gia
nha va dién tich sir dung (mét vudng)

t SQFT Gia ban Gia trung binh

wéc hrong?

1 1.065 199,9 200,386
2 1.254 288 226,657
3 1.300 235 233,051
4 1.577 285 271,554
5 1.600 239 274,751
6 1.750 293 295,601
7 1.800 285 302,551
8 1.870 365 312,281
9 1.935 295 321,316
10 1.948 290 323,123
11 2.254 385 365,657
12 2.600 505 413,751
13 2.800 425 441,551
14 3.000 415 469,351

HINH 3.1 Biéu P6 Phan Tan Gia Mau Trinh Bay M éi Lién Hé Giira Gia va SQFT

1 Ppon vi tinh: 1.00036 la ‘
2 Phrong phéap tinh gia trung bintéc lugng € duoc trinh bays Phan 3.2
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a + BX (Hbi qui tdng thé)

a+pX, =E(Y,[X,)

Muc tiéudau tién d@ia mbt nha kinh é luvong 1a 1am saofrsdung dr liéu thu thp duoc
dé uac lwong ham Bi quy cia Hng the, do 1a, woc lrong tham 6 caa t6ng the avag. Ky
hiéua la usc Iu:ong mau qia a va ,6’ la uéc lwong mau caa B. Khi @6 mbi quan ¢ trung

binhudc luong la Y=6+ BX. Déydu:oc goi la ham héi quy caa mau. Ung wi mot gia

tri quan sat chowoct, ta € co Yt
cho tiréc 1aX. Lay gia ti quan sattugc Y; trir cho gia tf nay, ta 8 duoc udc luong aia

(X

+ th bay la gia tr du bado @iaY vai mét gia ti

U duoc goi 1a phin dw wéc lweng, haic don gian 1aphan du, va ky héu 1a U, vaduoc
thé hién trong plrong trinh sau:

Gt:Yt

Sap xép lai cac $ hang trén, ta c6

Yt [3Xt

! Mot b tac g va giing vién thich & dunga thay chad, b thay chofd vae, thay choli. Chiing ta dung diu higu
" theo quidinh trong ly thugt thong ké vi né gitp phan &ird rang gita gia ti that va gia tf uéc lugng va ding xac

dinh duoc théng § dangduoc uéc huong.
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Y, =4+ BX, +0, (3.3)

Viéc phan bit giita ham Wi quy aia tong thé Y = a + BX vaham i quy aia miu
Y, = ¢ + X la rat quan tong. Hinh 3.2 trinh bayédwaiduc‘mg va sai & va phin du (can

nghién &u ky van dé& nay). lru y rang u; 1a ky hiéu chi “sai 9", va l]t la ky hiéu ch

“phan du”.

BAITAP 3.1

Xem xét cac phong trinh sawday:
a. Y, =a+ pBX +uy,

b. Y, =d+pX +,

C. Y, =a+pX+y,

d. Y, =a+pX

e. Y, =a+pX+q,

f. Y, =d+pBX +0,

Giai thich ky tai sao phrong trinh (a) va (biing, ntung (c), (d), (e) va (f) sai. Hinh
3.2 fat ¢c6 ich trong \c tra loi cau i nay.

3.2 U'éc lwgng md hinh @ ban bing phweng phéap binh phreng téi thiéu thong thwong

Trong phin treée, dd néu rd mo hinhdi quy tuyén tinh @ ban va phan It giira bi quy
cua Hng thé va hbi quy cia mhu. Muc tiéu tép theo § la sr dung cac @ liéu X vay va
tim kiém woc leong “tot nhit” cua hai tham & cia ©ng thé 1a a va S. Trong kinh &
lwong, thi tuc uéc luong dugc dung plb bién nhit 1a phwong phap binh phreng téi
thiéu. Phrong phap nay tining duoc goi la binh phwong téi thiéu thong thwong, dé
phan bét véi nhitng phrong phéap binh prong ©i thiéu khac 8§ duoc thao luan trong cac
chuong sau. Ky Hu udc lwong aia a va S la a va ,5 phin dr wéc lwong thi king

0, =Y, —a’—,b’Xt. Tiéu chidn ti vu duoc sr dung hyi phuong phap binh plong Hi
thiéu 1a arc tiéu hdéa ham mc tiéu

Vi cac tham & chua biét 1a & va ,é . ESS ladng céc phn dr binh plrong va phrong
phap OLS gc tiéu tbng cac phn dr binh phrong?. Cin nén tru y ring ESS 1a khing

? Rat d& nham khi goi ESS la éng aia cac phn dr binh phrong, nhing ky hgu nayduoc si
dung ptd bién trong nhtu chrong trinh may tinh éi tiéng va co i tai lisu vé Phan tich piong
sai
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cach binh ptiong dugc do luong tr duong hbi quy. Sr dung khaing cachdo luong nay,
c6 thé néi ring phrong phap OLS la tilfuong thing “gan nhat” véi dix liéu tréndd thi.

Truc quan lon, gia St ta cton mot tap hop nhitng gia ti @ va,B, dé la mot duong
thing @—BX. Co te tinh duoc d6 léch aia Y, tir duong thing dugc chon theo phn cur
udc luong U, =Y, —& - X . Saud6 binh plrong gia ti nay va éng #t ca cac gia tr
binh phrong aia toan ¥ miu quan sat. dng cac phn du binh phrong aia cactr; quan
s&t[dugc xem nhx téng binh phwong sai $ (ESS] do d6 s bing ) (. Tuong iing Wi
mot diém trénduong thing € c6 bt mot trj tdng binh plrong sai 8. Phrong phéap binh
phrong Bi thidu chon nhiing giati @ va B sao cho ESS la pmhit.

“Viéc binh phrong sai § dat dugc haidiéu sau. Tk nhat, binh phrong gilp lai bo
dau dia sai 6 va dodd xem sai & duong va sai 8 am la nfx nhau. Tkt hai, binh plrong
tao ra sr bat loi cho sai 6 16n mot cachdang k. Vi du, gia sir phan due cia mau la 1, 2, —
1 va —2 da e sb hdi quy chon trege tri @ va [ chon trudc. So sénh cac giéi thay \oi
mot miu khac cé phn dur 1a -1, -1, -1 va 3.0hg gia ti sai $ tuyét ddi ¢ ca hai tirong
hop la nh;: nhau.’ Mic du nmiu chon th’x’ hai co sgi & tuyét doi thap hon tir 2 dén 1, dicu
nay din dén sai $ I6n khdng mong men |a 3. Neu ta tinh ESS choachai trong hop thi
ESS @a trong hop dau 14 10 (£ + 2+ 1%+ 2%, ESS cho trong hop sau & 12 @+ 1%+
1%+ 3. Phrong phap binh pkong i thiéu apdat s bt loi I6n cho sai & 16n va dodd

duong thang trong torong hyp dau s duge chon. PHin 3.3 § tiép tuc trinh bay nking dic
tinh dn thiét khac @a phrong phéap gc tiéu ESS.

Phwong Phap Thich Hyp Cuc Dai

Phin nay ch d& cap o vé pheong phap thich ép arc dai. Phrong phap nay&dugc
trinh bay chi #t ¢ phin 2.A.4. Plan 3.A.5 $ trinh bay nguyénit ap ding mé hinh Bi
quy tuyén tinhdon. Mic di phrong phéap thich ¢ép arc dai dua trén ndt tiéu chén toi
wu khéc, nleng céc théng&udc lwong Van gidng nhr cac théng & woc lugng & pheong
phap OLS. Noidon gian, phrong phap thich ép arc dai chon uéc lugng sao cho xac
SUit xay ra aia miu quan sat 1o nht.

Phin thao luan trede cho thy néu thuc hién hai plrong phapudc lwong a va S8 khac
nhau nét cach chinh xac thiéu din dén cung nét két qua. Nhu vay thi tai sao @n phii
xem xét @ hai phrong phép? Cauaroi la trong cac chiong sau, ta&sthdy rang khi mot
sd gia thiét ciaa md hinhduoc giam nke, thi thrc t#, hai phrong phapudsc lugng khéac
nhau § cho Kt qua khac nhau. Mt pheong phap khac cé écho Kt qua khac rira, do 1a

phuong phéap gc tiéu tong sai § tuyét doi Z]Gt‘ Nhung phrong phap nay khénduoc
dung pld bién trong kinh & lugng vi khé tinh toan.

Phwong Trinh Chuin

Trong phin 3.A.3 &ia phu luc, phrong phap OLStugc chinh thirc 4p ding. Phn nay cho
thdy rang diéu kién dé cuc tiéu ESS wi & va B s3 theo hai phong trinh sauiay, duoc
goi la phwong trinh chuin (khéng c6 lién & gi dén phan phi chuan).
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Y0, =0=) (%, ~d-BX)=Y.Y,~(nd)- B X (3.4)
3 (XG,) =D [X (Y, —d-BX)] =0 (3.5)

Trong Phrong trinh (3.4), &n leu ¥ ring 3" & =ng boi vi mdi s6 hang & c6 mt & va

c6n b hang. Chugn vé cac $ hang am trong Pitong trinh (3.4) sang @hva chia noi
so0 hang chon, tadugc

lzyt :mﬁlzxt (3.6)

n n
(1/n)3Y; 1a trung binh riu caa VY, ky hiéu 1a Y, va(1/n)2Y; la trung binh rau aia X,
ky hiéu 1aX . Sr dung k&t qua nay thay vao Riong trinh (3.6), taluoc phrong trinh sau
Y=a+&X (3.7)

Du:c‘mgothing a +|§x la duong woc luong va la duong héi quy cia Mau, haic
dwong thang thich hgp. C6 tre thay rang tr Phrong trinh (3.7)duong hoi quy aia mau
di quadiém trung binh()?,\?). Trong Bai #p 3.12c, ta &thiy rang tinh clat nay khong
dam bao trir khi 85 hang hing $ a c6 trong md hinh.

T Phrong trinh (3.5), 8ng #t ca theo fing $ hang, vadua & va S ra lam thira $
chung, taiuoc

Z(Xth)_dz X, _:éz th =0

SXY) =G> X+ B X2 (3.8)

hay

Loi Giai vé Phwong Trinh Chuén

D& thuan loi cho viéc dap &n ¢ hai phrong trinh chén, céc tinh cit sauday la ét can
thiet. Nhitng tinh clat nayduogc ching minh trong Pl luc Phan 3.A.2

TiNH CH AT 3.1
S = K — X2 = IXZ = X% = IXE (X2

TINH CH AT 3.2

Sxy = Z(Xt - )_()(Yt - v) = (ZXth) -Nn )_(?
=2 XY= [&Xe) = Yo /n]
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Tir Phrong trinh (3.7),
G=Y-K="YY -3, (3.9)

Thay & véo (3.8)

TXY = ALY [T X AT X
Nhém cac & hang co thra $ 3:

SH( o ISR e
Tim S tadugc
5 XY, - (thz(zzvt)

B=

Sir dung ky héu don gian da duoc gisi thiéu ¢ Tinh chit 3.1 va 3.2, c6 thduoc dién ta

nhu sau

- SXy

ﬂ:S (3.10)
trongdoé

2
X
S, =zxf—(zn‘) (3.11)

va

S, = z X.Y, _M (3.12)

n

Ky hiéu Sx va Sy co the duwoc nhs mot cach toc quan nikr sau, dinh ngha
x. =X, -X vay, =Y, -Y, trongdo6 ky hiéu thanh ngang dtrung binh ¢éa miu. Do
d6 x vay; ky hiu do léch gitaX vaY so wi gia tri X vaY trung binh. Kt qua sauday
dugc ching minhé phan Phi luc Phan 2.A.1 va 3.A.2.

22X =0

S =X X=X X7 =X X -2 (%] (313)
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S, =X X% = XX =00 V) = XY ~H(E X JE ) (3.14)

Sy la “tong cac gia frcaa x nhany; “. Tuong tr, S, “tong cac gia frcia x nhanx,
hay Hng adiax; binh phrong 9

Phrong trinh (3.9) va (3.10) lai giai cho phrong trinh chéan [(3.4) va (3.5)] va cho
tauoc lwong & va B cia mhu cho tham & a va B caa Hng the.

Can leu y raing khéng té x&c dinh dugc wdc lwgng aia B trong Phrong trinh (3.10)
néu S,=) X => (X -X)*=0. S« bing khong khi va chkhi moi x bing khong, c6
ngha la khi va chkhi moi X; bing nhaubiéu nay din dén gia thuyét sauday

GIA THIET 3.2 (Céc Gia T Quan Sat X La Khac Nhau)

Khong phii 1a tat ca gia ti X; 1a kang nhau. Ca6 it it mot gia ti X; khac so vi nhirng

gia ti con hi. Noi cach khac, pong sai @a mau vy (X) = LZ (X, -X)2khong
n-1

dugc bang khéng.

Pay l1a ndt gia thiét rat quan tong va luén ludn pii tuan theo bi vi néu khdng md
hinh khéng th udc luong duge. Mot cach tie quan, du X, khongddi, ta khong th giai
thich dugc tai saoY, thayddi. Hinh 3.3 minh ba gi thuyét trén king hinhanh. Trong vi
du vé diabc, gia sir thdng tin thu thp ch tap trung ndt vao lai nha cé dén tich st dung
la 1.500 mét vubngdd thi phan tan ¢a miu < duoc thé hién nhr ¢ Hinh 3.3. Tr db thi
c6 thé thiy rd rang dr liéu nay khéngtay du cho vic uéc lwong dudng hoi quy tng thé
a +pX.

HINH 3.3 Vi Du vé Gia Tri X Khong Ddi

Y

0 0O O O

00 O o

0 1,500

Theo thit ngit dugc ding pb bién trong kinh & luong, réu ta sr dung d liéu trong
Bang 3.1 va tirc hién “hdi quy Y (GIA) theo $ hang hing & va X (SQFT)”, ta c6 th
xac dinh dwoc mdi quan K usc lwong (hay ham héi quy cha miu) la

Yt =52351+0,1387535X,. Yt la giauéc lugng trung binh (ngaddé la) trong tng
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véi X. (xem Bing 3.1). K sb hdi quy aia X; la anh hréng cdn biénudc lwong aia dién

tich sr dung dén gia nhag mac trung binh. Do &y, réu dién tich sr dung ting I&n not

don vi, gia trung binhréc lugng ky vong € taing thém 0,13875 ngadd la ($138.75).
Mot céch thrc t€, cr mdi 100 mét vubnging thém din tich sr dung, gia banréc leong

duoc ky vong ting thém, nic trung binh, $ 13.875.

Ham i quy aia mau co6 the duoc dungdé uéc leong gia nha trung binhya trén dén
tich sr dung cho trege (Bang 3.1 c6 trinh bay gia trung bighcot cuoi.) Do d6, mot can
nha c6 din tich 1.800 mét vudng thi gia ban kong trung binh la $302.551[ = 52,351 +
(0,139x 1.800)]. Nhrng gia ban thc ar cia cén nha la $285.000. M6 hinté udc lwong
gi4 ban wot qua $17.551. Ngpc lai, di voi mot cin nha ¢ din tich sr dung 1a 2.600
mét vuong, gia ban trung binidc hrong la $413.751, tp hon gi& ban thc ar $505.000
mot cadchdang K. Sy khac bét nay co th xay ra bvi vi ching tadd b qua cac §u td anh
huang khac 18n gia ban nha. Vii,dmot ngdi nha c6 sanuon rong va/ hay b boi, s3 c6
gid cao lon gia trung binhDiéu nay nfin manh im quan tong trong véc nhan dién
dugc cac bén giai thich co tk anh hrong dén gia ti cua bén phu thuoc vadua cacanh
huong nay vao mé hintiuvgc thiét 1ap. Ngoa| ra, 4t can thiét trong viéc phan tichié tin
ciy cua cacudc lwong aia tungdo va ke sd do doc trong Plrong trinh (3.1), va ric do
“thich hop” caa mé hinhidi vai dit liéu thuc t.

BAITAP 3.2
Sao chép haiat sd liéu trong Bing 3.1 vao mt bang msi. Trong &t dau tién @a
bang tinh sao chép cac gia ¥ Y;(GIA) va X, (SQFT) trong ét tht hai. Sr dung may
tinh va tinh thém giaitcho hai ét khac. Binh phrong trng gia ti trong &t thir hai va
dién gia ti d6 vao &t thir ba (x). Nhanan luot tirng gia ti ¢ cot thir nhit véi gia tr
trong tng ¢ cot hai vadién két qua vao 6t thir tu (X.Y;). Tiép theo, tinhdng aia trng
cot vadanh gia cacing sauday:

Y X, =26.753 > X} =55.462.515

SV, = 4.444 9 > Y2 =9.095.985 5

B¢ tranh tinh tang qué nhiu va sai 6 lam tron, én s dung cang nfiu  thap phan
cang ot. Saudo, tinh S, tor Phrong trinh (3.12) vaS, tr Pheong trinh (3.11). Coi
cung, tinh B theo (3.10) va? theo (3.9) va Kim tra ki nhitng gia ti da trinh bay ban
dau.

Tinh chat cia cacwéc lwgng

Mac du phrong phap binh pkong cho ra kt qua usc luong v mdi quan & tuyén tinh
c6 tht phu lyp Véi dit liéu Sin cé, chiing tadm tra 1oi mot sb cau i sau. Vi di, Bac tinh

théng ké @a ¢ va ,8? Théng 8 naodugc dungdé do do tin cy cia & va ,8? Bing
cach naaié co thé sir dung & va B dé kidm dinh gia thuyét thdng ké va tiec hién du
b&o? Saudy ching ta&di vao thio luan timg Vin dé trén. $ rat hiru ich réu ban 6n hi
Phan 2.6, plan naydua ra tdm it vé nhirng tinh clat can thiét caa théng 8 udc hrong.
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Tinh cHit dau tién én xem xét 1&7¢ khdng thiéndch. Can lru y ring trong Phn 2.4
cac théng & uéc luong & va B2 tr than chidng 1a Bn ngiu nhién va dai6 tuan theo
phan pbi thdng ké&. Nguyén nhan |a vi @thg lan thir khac nhau @a mdt cusc nghién
ciru §§ cho céac Et qua uéc lrong thong 6 khac nhau . Bu chiing tadp lai nghién cu
véi sb 1an thir [on, ta c6 th dat duoc nhidu gia ti uéc lwong. Sautd chang ta co thtinh
ty b b 1an ma nlieng wéc lwong nay oi vao nmbt khoang gia ti xacdinh. Két qua 8 3
cho ra phan pi cia cacusc lwong aia mau. Phan pbi nay c6 gia tr trung binh va
pheong sai. Nu trung binh ¢a phan phi miu 1a théng & thuc sr (trong trdng hop nay
la o haic ), thiday laudc lugng khong thiéndch. B khong thiénédceh ro rang |atiéu
ludn dugc mong mén hoi vi, diéu dé céd ngfia la,& mirc trung binh, gia truéc luong <
bang wi gia tri thuc &, miac du trong Mt sb tredng hop ca bét thi diéu nay c6 th khong
ddng.

C6 thé noi rang théng 8 uéc lwong OLS @a a va S dua ra trong Pin 3.2 ¢6 tinh ciit
khong thién dch. Tuy nhiéndé ching minhdiéu nay, ching taam dit ra nbt s6 gia
thuyét bd sung & X;vau. Cin nhy rang, mic du Ga thiét 3.1 c6 ti vaduoc giam nhe ¢
phan sau, nbmg Gk thu;ét 3.2 va 3.3 |a lubn ludraa thiét va phii tuan theo. Saday |a
cac gh thiét bd sung @n thiét.

GIA THIET 3.3 (Sai $ Trung Binh bing Zero)
Moi l1a u mét bien ngau nhién i E(u) = 0

Trong Hinh 3.1 #n luu ¥ rang Mt sd diém quan sat am trénduong a + BX va mot
sb diém rdm dudi. Didu nay co ngta 1a cé ndt gia ti sai $ mang du du:ong va not b
sai $ mang du am. Doa + BX la duong trung binh, nén c6 éhgia dinh ring cac sai&
ngdu nhién trén & bi loai trir nhau,& mac trung binhtrong tong the. Vi thé, gia dinh
rang u la bién nciu nhién i gia tri ky vong king 0 1a hoan toan tiv t

GIA THIET 3.4 (Céc Gia Tii X Pwoc Cho Trwéc va Khéng Ndiu Nhién)

MJi gia tri X; duoc cho tirde va khdng la in ndiu nhién.Diéu nay ngm chi rang ddng
phuong sai @a Hng the gita X; va u, Cov(X;, u) = E(X%, ) — EQ)E(W) = XE(w) —
X{E(w) = 0. Do d6 giita X vau khéng cé ni trong quan (xeminh ngha 2.4 va 2.5).

Theo tirc giac, Bu X va u cé nbi tuong quan, thi khX thaydéi, u ding € thay doi.
Trong trong hop nay, gia trky vong aia Y s3 khdng ling a + BX. Néu gia ti X |a
khéng ngu nhién thi gia irky vong codiéu kién cia Y theo gia tr X 3 bing a + BX.
Két qua cua viéc vi pram Gia thiét 3.4 € duoc trinh bay trong pin sau,dic biét 1a khi
nghién ¢u mé hinh B pheong trinh (Clrong 13). Tinh cht 3.3 phat biu ring khi hai
gia thiét duoc bd sung, théng&udc lrong OLS la khong thiéréth.

TiNH CH AT 3.3
(P9 Khong Thién Léch)

Trong hai gh thiét b sung 3.3 va 3.4H(u) = 0, Covi, ) = 0], théng 8 udc luong,
théng  udc luong binh plrong $i thiéu @ va B l1a khéng thién dch; ngha la
E(@)=a, vaE(ﬁ’): B.
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CHUNG MINH  (Néu doc gia khdng quan tandén ching minh, c6 th bo
qua plan).

Tir Phrong trinh (3.10),E(8)= E(S,,/S,,). Nhung theo Gi thuyét 3.4,X; Ia khong ndu
nhién va daid S« ciing khong ndu qnhién.Diéu nay co ngta la khi tinh gia irky vong,
cac $ hang lién quandén X; co tke dugc dua ra ngoai gia irky vong. Vi Wy, ta co

E(,[?):Si E(Sxy). Trong Pleong trinh (3.12), thay; tr Phrong trinh (3.1) va tha)Za

XX

bangna .

s, =3 X, (a+ X, +ut)—[(Z Xt)(n“'iz X +Zut)} (3.15)

SR EIOREIRATLINS ﬂ{@:t] )( U)}
Az EAT g i)

=St
trongdo S dugc cho i Pheong trinh (3.13) va

5= X _w (3.16)
=Y XU - XY u =3 (X, - X)u,

X la trung binh riu cia X, X la khong ngu nhién, X Xuat hién & moi sb hang, va k¥
vong aia ©ng cac 6 hang thi king ©ng cac gia irky vong. Do \ay,

E(SXU)ZZE(XtUt)—)?Z E(ut):thE(ut)_)_(z E(ut):

theo Gi thiét 3.3. Dodo, E(Sy) = BSe, ngha la E(B)=E(S,)/S,, = B. Nhr vay Bla
udc lwong khéng thiéndch aia 5. Chang minh trong tr cho &. Can nhan thay rang viéc
ching minhdd khong thiéndch phu thuse chi yéu vao Ga thiét 3.4. Nbu E(Xuw) 2 0, 3
c6 tré bi thién Ech.

BAITAP 3.3 7 ‘
St dung Phrong trinh (3.9)d¢ chirng minh &ng @ la khong thiéndch. Néu rd cac gi
thuyét can thiet khi ching minh.
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Mac dau do khong thiéndch ludn la nét tinh chit luon dugc mong min, nhing tr
ban thand¢ khong thiéndch khong lam cho thong sréc lugng “tot”, va mot use lugng
khong thién éch khong chla treong hop ca bét. Hay xem xét vi d sau ¥ mot thong 6
wdc lwong khac 138 = (Ya — Y)/(Xo — X%). Luu y ring B don gian 1ado déc caa duong
thdng rbi hai diém (X4, Y1) va(Xo, Y2). Rét dé nhan thdy ring B 1a khong thiéndch

E: Y, Y, (a+ﬁ>(2+u2)_(a+ﬁ><l+ul):ﬁ+ U~ 4
X=Xy X=Xy X, =Xy

Nhu da ndi tuse day, cac gia irX 1a khong ndu nhién vaE(w) = E(u;) = 0. Dodo, £
la khéng thiéndch. Thrc ra, ta cé thxay drng mbt chubi vd han caa cac théng&udc
lwong khéng thiéndch nhr trén. Bi vi B loai bo cac gia tr quan satit 3 dén n, mot
cach trc quanday khong th 1a mot théng $ udc lwong “tét”. Trong Bai ip 3.6, fit ca
cac gia tr quan satiugc ar dung thé thiét 1ap cac théng &uéc lwong khéng thiéndch
khéac, nleng trong tr nhu trénday khéng phi 1a 1a thong 8 udc lwong khdng thiéndch
t6t nhat. Do d6, rt cin c6 nhiing tiéu chén bd sungdé danh gia 4o tot” caa mdt théng
sb u6c lwong.

Tiéu chuin thr hai én xem xét I&inh nhit quan day la nét tinh chit caa miu l6n da
duoc dinh ngha trong Phn 2.6 Pinh ngha 2.10). Gi s ta clon nciu nhién ndt mau c6
n phin tir vadi tim & va B . Saudé chon mot mau I6n hon vausc lugng lai cac théng
sb nay. Lap lai qué trinh nay nBu lan dé c6 dugc mot chudi nhitng théng 8 uéc heong.
Tinh nHit quan 1a tinh ct doi hoi cac thdng & uéc luong Van phul lvp khi 6 mau ting
lén vé han. Udc luong £ dugc trinh bays trén rd rang 1a khéndat duoc tinh ntit quan
boi vi khi ¢ mau ting Ién khonginh hrong gidén thong 8 nay. Tinh cht 3.4 phat biu
cacdiéu kién dé mot uoc leong ¢ tinh nht quan.

TINH CH AT 3.4
(Tinh Nhét Quén)

Theo Gi thiét (3.2), (3.3) va (3.4)uéc luong binh phrong i thieu co tinh cht nhat
quan. Dado, dieu kién dé dat duoc tinh nfat quan IaE(u) = 0, Cov(X;, W) = 0 va Va(X)
% 0.

CHUNG MINH  (Néu doc gia khéng quan tdm, c6 &tbo qua plan nay.)

Tu Phrong trinh (3.15) va (3.10)

(3.17)

Theo quy ldt b lon (Tinh chit 2.7a),S/n dong quy \6i ky vong aia chinh n6do 1a
Cov(X, u) Tuong tu, S/n dong quy \bi Var(X). Do vay dan ti dicu, reu n hi tu dén vo
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cung,p 5 déng quy i B + [Cou(X,u)Nar(X), va € bing £ néu CoWX,u)= 0 — nghia 1a
néu X va u khdngutong quan. Nbx vay, 3 1auéc luong nhit quan éa g

Mic du 3 1a khong thiéndch va nit quan, in cé nhiing tiéu chén cin bb sung i
dé co the xay dmg uoc lugng nhit quéan va khong thiéréth khac. Baiap 3.6 1a not vi
du Vvé loai uwéc lrong d6. Tiéu chédn sr dung tiép theo latinh hidu qui (dinh ngha trong
Phin 2.6). N6i ndt cachdon gian, uéc luong khong thiéndch cé tinh htu qua hon néu

udc luong nay cé phong sai nkd hon. Bé thiét 1ap tinh hu qua, cin c6 céc gi thiét sau
VE U.

GIA THIET 3.5 (Phrong sai dia sai $ khong doi)

Tat ca gia ti u dugc phan phi gibng nhau i cung phrong sai 6> sao cho
Var(u,) = E(utz): o’. Pidu nayduoc i 1a phrong sai @a sai  khongddi (phan tan
déu).

GIA THIET 3.6 (Pc Lap Theo Chubi)
Gid tii u duoc phan phi doc lap sao cho Cofur, W) = E(uus) = 0ddi voi moi t #s Day
duoc goi la chuwi doc lap.

Cac gh thiét trén ngm ch rang cac pbn dr phan cé phan gh gibng nhau va phan
phol doc lap (iid). Tu Hinh 1.2 ta thy ring ang V6i mot gia ti X 3 c6 mot gia ti phan
phdi Y dé xacdinh phan phi co dleu kien. Sai $ u; 1a do léch tir trung binh cadiéu kién
a + [X%. Gia thiét 3.5 ngm dinh raing phan phi cia u,cé cung plrong sai(d®) voi phan
phdi cua us cho mdt quan sat khas. Hinh 3.4a 1a it vi du vé phwong sai dia sai $
thay déi (hoic khdng phan tadéu) khi phrong sai thayddi ting theo gia irquan sai.
Gia thuyét 3.5dugc giam nhe trong Chrong 8. Pln 3.6 Pl chueong c6 trinh bay méat
ba chéu aia gi thuyét nay.

Gia thiét 3.6 ($ duoc giam nhe trong Chrong 9) ngm dinh ring lau, va us doc 1ap va
do vay khéng c6 ni twong quan. @ thé 13, cac sai&lién tiép nhau khdnguong quan
nhau va khongap trung. Hinh 3.4b |a ot vi du v& tw twong quan khi gia thuyét trén b
vi pham. Cha'y &ng khi cac gia frquan sat&tlep nhau dp trung hi, thi c6 khi nang cac
sai $ S8 ¢6 trong quan.

HINH 3.4 Vi Du vé Phirong Sai Gia Sai $ Thay Péi va Ty Hdi Quy

Y

a. Plrong sai ¢a sai § thaydoi
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Céac plwong phapdinh rgng
Baidoc

b. Tu hdi quy

TINH CHAT 3.5
(Hiéu qua, BLUE va Pinh ly Gauss-Markov)

3.4

Ramu Ramanathan

Theo Ga thiét 3.2 dén 3.6,udc lwong binh plrong ©i thiéu théng throng (OLS) laudc
lwong tuyén tinh khong thiénéch cé héu qua nhit trong caarsc lugng. Vi thé phrong
phap OLSdwa raU'éc Lugng Khdng Thién léch Tuyén Tinh Tét Nhat (BLUE).

Két qua nay @uoc ching minh trong Pin 3.A.4) duoc goi 1a Pinh ly Gauss—
Markov, theo ly thugt nayusc lugng OLS |1a BLUE; ngta 1a trong 4t ca cac 6 hop
tuyén tinh khong thiénéch aia Y, uéc luong OLS @ia a va 3 co phrong sai bé ndt.

Tom li, ap ding phrong phap binh pkong ©i thiéu (OLS)de wdc hrong R sd hoi
quy aia mit mé hinh mangal mét sb tinh chit mong mwn sau:udc luong la (1) khong
thién Bch, (2) c6 tinh nfit quan va (3) c6 Bu qua nhit. Bo khdng thiéndch va tinh nht
quéandoi hoi phai kém theo Gi thuyét E(w) = 0 va Co¥X;, ) = 0. Y&u éu \é tinh hiu
qua va BLUE, thi én cé thém gi thuyét, Var(u) = o va Co\u, U) = 0, Wi moi t Zs.

Do Chinh Xac aia Uéc Luwgng va Mirc P9 Thich Hop cia M6 Hinh

Sir dung céc d liéu trong vi di vé dia dc taudc lugng dugce thong 8 nhr saud =52.351
va 3=013875 Cau i co ban 1a caarse luong nay 6t nhr thé ndo va nic do thich p
cia ham Bi quy miu Y, =52,351+0,13875351X véi dit liéu ra sao. Pin nay § thao
luan phrong phap xadinh théng é do luong d6 chinh xac 6a cacuéc lugng ding nhr
do phu herp.

D) Chinh Xac aia CacUéc Lwgng

Tur ly thuyét x&c sit ta bét ring phrong sai @a mdt bién ndiu nhiéndo leong sr phan
tan xung quanh giaittrung binh. Phong sai cang beor mac trung binh, tng gia ti
riéng bét cang gn Voi gia tr trung binh. Trong tu, khi dé cap dén khaang tin ay, ta bét
ring phrong sai ¢a bén ndiu nhién cang ni khaing tin @y cua cac tham&cang bé.
Nhu vy, phrong sai @a mot uéc lwong 1a théng & dé chi d6 chinh xac ta mpt uéc

lugng. Dodé viéc tinh toan phong sai éa @ va 3 1a ludn én thiét.
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Do & vaj thupc vao cac gid irY, maY lai phu thudc vao cac lin ndiu nhiénuy, w,
..., Uy, Nén chinging 1a bén ndiu nhién i phan pldi twong tng. Sauday cac phrong
trinh duoc rat ra trong Pin 3.A.6¢ phan phu luc cia chrong nay.

var(p) = o= E[(,@’—,BH = g—z (3.18)
var(d) = g% = E[(c?—a)z]:%az (3.19)
Cov(d, p) = T, = E[(ﬁ —a)(ﬁ’ - )]: - 5 o? (3.20)

XX

trongdo S« dugc dinh nghia theo Phong trinh (3.11) v’ 1a phrong sai ¢a sai . Can
luu y ring réu S« tang, gia ti phuong sai vadong phrong sai (ti tuyét dol) sé glam
Diéu nay cho thy sy bién thiéng X cang cao va&mau cang én thi cang dt bai vi diéu
d6 cho ching 6 dg chinh @a cac théng é diroc wéc lwong.

Céc beu thic trén laphuoeng sai dia tong thé va laan s boi vi & laan $. Tuy
nhién, cac thongosnay c6 th duoc woc lwong ki vi & 6 th duoc woc Iu:ong dra trén
mau. Luu y ring Y 0/+,6>(t la duong thing uéc lugng. Dodé, G, —Y -a- ,GXt la mot

wéc lugng aia u, va laphan dr wéc liwong. Mot uéc lwong & thiy cia o 1a ZUt /n

nhung udc leong nay n@u‘nhién I thién Ech. Mot uéc lugng khac da o> dugc cho sau
day (xem cltng minh¢ Phan 3.A.7)

g2 o 20 (3.21)

Ly do chia r sb cho n — 2 thitong tr nhue truong hyp chia chi-square cho n — da
dugc thao luan trong Phn 2.7. n — Idugc 4p ding do Z(xi —X)co didu kién 1a bing 0.
D¢ 4p ding chia cho n — 2,4 ¢6 haidiéu kién bsi Phuong trinh (3.4) va (3.5). @ bic
hai a1a phrong saiuge lugng duoc goi 1a sai & chuin cia phan du haysai 9 chuan
cua hoi quy. Stir dung uéc legng nay, ta tinliwoc cacuéc lwong aia phrong sai vaiong
phuong sai ¢a & va 3. Cin bac hai gia phrong saiduoc goi 1a sai $ chuin cia hé b
hoi quy va ky hiéu s, va S; . Phrong saiudc lwong vaddng phrong sai éa ke sd hoi

quy uéc luong bing

» O
S5 = s (3.22)
RS
s = L g? 3.23
Yy (3.23)
" =—éa2 (3.24)
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Tom lai: Truéc tién, @n tinh & s5 hdi quy wéc lugng @ va B bing cach ap ghg
Phrong trinh (3.9) va (3.10). & qua cho cho mi quan & uéc lwong giraY vaX. saudé
tinh gia ti du bao @a Y; theo Y af+,6>(t Tir d6, ta c6 th tinh dugc phan dr G theo

Y, Y Saudé tinh toanudc lugng aia phrong sai @a u; dea theo Phong trinh (3.21).
Thay Kt qua vao Phrong trinh (3.18), (3.19) va (3.20), taroc gia ti phuong sai va
ddng phrong sai ¢a @ va ,8

Can luu y ring dé cong thirc tinh plrong sai @a pHin dr s* duoc cho trong Pliong
trinh 3.21 c6 y ngia, @n codiéu kien n > 2. Khong cd g thu;ét nay, phrong saidugc

woc lrong c6 thk khdong xaatinh dugc haic am.biéu kién tng quét lon dugc phat béu
trong Gk thuyét 3.7, va it buc phii tuan theo.

GIA THIET 3.7 (n > 2)
S6 lwong quan satn phai [6n hon 9 lugng céc B sd hdi quy dugc uée lwong (). Trong
truong hop hoi quy tuyén tinhdon bién, thidiéu kién n > 2 khéng co.

Sauday | sai & chuin trong vi di vé gia nha,
Sai $ chuin cia pindr=s=0 =39,023
Sai $ chuin cia @ = s, = 37,285

Sai $ chuin dia 8 ='s, =0,01873
Pdng phrong sai gira & va (= s,; = 0671
Thuc hanh may tinh Bin 3.1 ¢ia Phi chuong D € cho Kt qua twong tr.

Mic du c6 cadtai luong do ludng $ hoc vé d6 chinh xac @a cacudc leong, tr than
cacdo ludng nay khong s dung duoc boi vi cacdo luong nay cé th 16n haic nbd mot
cach tly #n bing cachdon gian 1a thayddi don vi do lwong (xem théms Phin 3.6). Cac
do leong nayduoc st dung chi yéu trong véc kiém dinh g thuyét, dé tai nay § duoc
thao luan chi tiét & Phan 3.5.

Po Thich Hop Téng Quat

Hinh 3.1 cho thy rd ring khéng c&uong thing nao hoan toan “thichop” véi cac dr
liéu boi vi c6 nhéu gia ti du b&o Wi duong thing cach xa @i gia tri thuc #. Dé co th
danh gia not mdi quan & tuyén tinh md 4 nhitng gia ti quan sat cédt hon mot méi
quan I tuyén tinh khac hay khéngae phii c6 mot do luong toan bc dd thich hop.
Phin nay § phét trén cac thdng&do luong do.

Khi thuc hién dr bao ¥ mot bién phu thusc Y, néu ta ch cé nhing thdng tin ¢ cac
gi4 ti quan satwa Y cé duoc tir mot s phan pldi xac sut, thi co B cach 6t nhat co the
la la wéc lugng gid ti trung binhY va phrong sai & dung 62 = [Z(Yt —V)ZI/(n—l).
Néu cin dy béo, ndt cachdon gian, ta co th sir dung gia ti trung binh bi vi khéng con
théng tin nao khac. Sab hi du bao quan sat tht bing Y, -Y . Binh phrong gia ti nay
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va tinh 6ng binh plrong cho fit ca mau, ta tinhduoc téng phwong saicia Y; so Wi Y 1a
Z(Y —\7)2. bay laténg binh phwong toan phin (TSS).D¢ léch chuin cia miu caa’Y
do lrong @6 phan tan ga Y;xung quanh gia irtrung binh déa, ndéi cach khac 1d6 phan
tan @a sai 6 khi st dung Y 1am bién dy bao, vaduoc cho nir saud, = TSS(n-1)

Gia sir ta cho &#ng Y c6 lién quantén mot bién X khac theo Plrong trinh (3.1). Ta ¢
thé hy vong fang biét truéc gia ti X 3 gitp dr baoY tét hon la ch dungY . Cu thé hon
1a, réu ta co caaroc lugng & va S va bit duoc gia ti caa X 1a X, nhr vay wéc luong
cuay; Iz‘ah?t :é'+,[3>(t. Sai $ ciaudc lwong nay lad, =Y, —\?t. Binh phrong gia ti sai
s6 nay va tinh dng cac sai & cho toan b mau, ta cédugc téng binh phwong sai $
(ESS),hayténg cac binh phreng phén dw, [a ESS =) (7. Sai $ chuin cia cac phn
du la 6 =JESEn-2) . Gia ti naydo ludng d6 phan tan ¢a sai 8 khi sr dung \?t lam
bién dr bao va tirong dugc so sanh & &, dugc chod tréndé xem xét nic do giam
xubng 1a bao nhiéu. & vi ESS cang ntcang ét, va mrc d6 giam xuéng cang ntu.
Trong vi di dua ra, g, =88498 va ¢ = 39,023, giam hon phan ia so i gia tri ban
dau.

Phrong phap nay khdng hoan toa Em, tuy nhién bi vi cac sai & chuan rat nhay
cam doi véi don vi do luong Y nén ét can c6 ndt thong  do luong khac khong nty
cam vaoi don vi do luong. Van dé nay € duoc dé cap sauday.

HINH 3.5 Cac Thanh Phin caa Y

Théng $ do luong Hng bén thién @a Y,so Wi Y (1a gia ti trung binh ¢a Y,) cho
toan mu la Z(\?t —\7)2 . Puoc gi la tong binh phwong héi quy (RSS). Phn 3.A.8 cho
thiy

S -Vf =2 -vf e (3.25)
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Do viy, TSS = RSS + ESSubi y ring (Y, =Y) = (Y, =Y) +{,. Hinh 3.5 minh ba cac
thanh pln trén. Plrong trinh (3.25) phét Bil ring cac thanh gim cing duoc binh
phuong. Neu moi quan ¢ gitra X va 'Y la “chat chg”, cacdiém phéan tarn(X;, Y, s£ nam
gan duong thing @ + BX . n6i cach khac ESS sang nb va RSS cangsh. Ty

RSS ESS

TSS TSS

duoc i la he sb xac dinh da bién va ky hiu 1a R%. Thuit ngir da bién khong ap dng
trong i quy don bién boi vi chi co duy niit mot bién phu doc lap X. Tuy nhién, do i
thirc R? trong Wi quy don bién ding gidng nhr trong hoi quy da bén néné day chiing ta
dung cung thét ngix

~2
u
20 S1-ESS_RSS R (3.26)

2-1- = =
Re=1 (Y, -Y) TSS TSS T

R® rang iing, R? nam giita khaing tr 0 dén 1. R? khong c6 tik nguyén vi é tr sb va
mau $H déu co cungdon Vvi. Piém quan sat cangag duong thing wdc luong, “d6 thich
hop” cang cao, ngl 1a ESS cang hvaR? cang bn. Do iy, R? la thdng 8 do luong do
thich hyp, R? cang cao candt ESS coniugc goi 1a bién thién khong gii thich dwec
boi vi G, laanh hrong aia nhing bén khac ngoak; va khéng cé trong mé hinh. RSS 1a
bién thién giai thich dwec. Nhu vay, TSS, laéng bién thién @a Y, c6 tié phan thanh
hai thanh phn: (1) RSS, la pdn giai thich duoc theoX; va (2) ESS, la gim khéng g
thich duoc. Gia ti R? nho nghia 1a c6 nhiu ar bién thiéno Y khong tte giai thich duoc
bang X. Ta dn phii thém vao nking bén khac cénh hrongdén Y.

Ngoai y ngfia | not ty & caa Hng bién thién @a Y duoc giai thich qua md hinhi?
con c6 ndt y nghia khacHé 1a théng & do lwong mdi twong quan gia gia ti quan sav;
va gia ti du baoy,(r, ;). Can xem hi phan trinh bay ¢ hé b twong quan ¢a mau va dia

téng thé & Phan 2.3 va 3.5. Pin 3.A.9 trinh bay

CoP (YY) _ RSS
ro' = S L =R’ (3.26a)
Var(Y,)Var(Y,) TSS

Nhu vy, binh plrong k¢ 5 twong quandon bién giita gia ti quan sav; va gia ti du
b&o Y, bing phrong trinh i quy thi  cho ra Kt qua bing wi gia tri R dugc dinh nghia
trong Plwong trinh (3.26a). Kt qua nay \in dung trong teong hop cé nhéu bién giai
thich, mien la trong oi quy c6 ngt s hang hzng 9. ‘ 7
~Co mot thic mic phd bién vé do thich hyp tong the,q do la “bang cach nadé¢ xacdinh
ring R? la cao hay thp?”. Khong c6 nit quydinh chuain hay nhanh chondg ket luan ve
R’ nhu thé nao la cao hay fip. Vi chudi dir ligu theo thyi gian, Kt qui R thuong I6n
bdi vi co nheu bien theo tidi gian chu anh hréng xu hréng va trong quan i nhau at
nhi¢u. Do do, gia ti quan saR’ thuong I6n hon 0.9.R? bé ton 0.6 va 0.Zuoc xem la
thap. Tuy nhiéndoi va6i dit liéu chéodai dién cho ding aia nit yéu t thaydoi vao nbt
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thoi diém naodd, thi R? thuong thip. Trong nhéu truong hop, R? bing 0.6 hégc 0.7 thi
chua han la Xdu. Bay don gian chi la théng 6 do leong é tinh day du caa mé hinhbiéu
quan tong hon 1a néndanh gia mé hinh xemad cia ¢ sb hdi quy cé phu bp voi cac ly
thuyét kinh t, truc giac va kinh ngléim caa ngroi nghién @u hay khéng.

| |
Trong bai #p Vé gia nha, TSS, ESS \Rf c6 cac gia irsau (xemdi két qua ¢ Phan thuc
hanh may tinh 3.1):

TSS =101.815 ESS =18.274 R® = 0,82052

Nhu vy, 82,1%d6 bién thién aa gié nha trong Au duoc giai thich i dién tich s
dung trong ttng. Trong clrong 4, § thay rang thém vao cac & giai thich khac, ntr s
lrgng phong ng va phongam < cai thién do thich kyp caa mo hinh.

Ki ém Pinh Gia Thuyét Théng Ké

Nhu d&dé luc dau, kiém dinh gi thuyét théng ké & nét trong nliing nhém vy chinh @a
nha kinh é luong. Trong md hinhdi quy (3.1), Bu Bbang 0, gia tr du bdo @aY sz doc
lap voi X, ngha laX khéng céanh hrong ddi vai Y. Do do, cin c6 gi thuyét S= 0, va ta
ky vong rang gi thuyét nay $ bi bac . Hé sb twong quan(o) giita hai bén X vayY do
ludng do terong tng gira hai bén. Uéc lwong miu cia o dugc cho trong Piiong trinh
(2.11). Néu o = 0, cac bén khdng c6wong quan nhau. Dd6 ding cin kiém dinh gi
thuyét o =0. Phin nay chi thao luan phrong phap kim dinh gi thuyét dol véi avapg.
Kiém dinh gi thuyét dbi v6i p & duogc trinh bayo phan sau. @Gn luu y ring, trdc khi
tiép tuc phan tiép theo, lan nén xemdi Phan 2.8 \& kiém dinh gi thuyét va Phin 2.7 &
cac lai phan ploi.

Kiém dinh gi thuyét bao @m ba hréc co ban sau: (1) thit lap hai gi thuyét trai
nguoc nhau (Gi thuyét khong va Gi thuyét ngroc lai), (2) dua ra kém dinh thong ké va
phan plbi xac st cho ga thuyet khong, va (3dua ra quy ldt ra quyet dinh dé¢ bac kb
hay chip nhin gia thuyét khéng. Trong vi d Vvé gi4 nha, Gi thuyét khong laH, : 5= 0.
Bai vi chang ta Ij? vong fang B 3 duong, Gh thuyét nguoc lai 1a Hy: B 20. Bé thuc hién
kiém dinh nay, ﬁ va sai 6 chuin uéc lwong sduoc sr dung dé dua ra ttong ké kém
dinh. Bé dua ra phan pbi mau choa va B, madiéu nayanh hréng gian tép dén céac 9
hang sai & ngau nhiénuy, W, ...k (xem Phrong trinh 3.15), &n bd sung ndt gia thuyet
vé phan pbi cuau.

GIA THIET 3.8 (Tinh Chuan Tic adia Sai 9)
Moi gid tri sai $ u; tuan theo phan phchuin N(0, 6% , ngha 1a mit do co didu kién cia
Y theoX tuan theo phan phN(a + BX, &).

Nhu vay, cac $ hang sai 6 uy, W, ...uduoc gia dinh ladoc 1ap va c6 phan phi chuin
giéng nhau vi gia ti trung binh Bng khdng va piiong sai ting ¢°. Gia thiét 3.8 1a gi
thiét can ban trong kém dinh gia thuyet thong ké. Bing 3.2 § trinh bay tdmat tat ca cac
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gia thiét da dugc dua ra. Niiing $ hang sai 6 thoa cac Gi thiét tir 3.2dén 3.8 thidugc
xem la sai & ngau nhién hay saiésdo nhéu trang.

BANG 3.2  Cé&c Gi Thiét cia Md Hinh Hdi Quy Tuyén Tinh Pon Bién

3.1 Mb hinh Ibi quy laduong thing Wi an 5 & cac 16 b ava g do la
Yt’: a+ﬁ>(t+ut,Vé’it:1, 2,3...,n ) )

3.2 Tat ca cac gia tr quan saX khéngduoc giong nhau; phi co it nkat mot gia ti khac
biét.

3.3 Sai $ u 1a bién ndiu nhién i trung binh lﬁng khong; ngta 1a,E(w) =

3.4 X dugc cho va khéng rigi nhién diéu nay ngm dinh ring khéng 11rong quan Gi U
nghia la Cov(X, u) = EXiuy) — EX)E(uy)= 0.

3.5 u; c6 phrong sai khéngiéi véi moi t; ngha la Var(y) = E(utz): o?

3.6 W vaus co phan pbi doc lap déi véi moi t #s, sao cho Cowg, Us) = E( U).

3.7 SO lwong quan sat (n) pinldn hon $ leong FE s6 hoi quy dugc udc lueong (@ day n
> 2).

3.8 u; tuan theo phan phchuin u; ~ N(0, 6°), nghia latng Wi gia tri X, cho tuée, Y, ~
N(a + BX, &).

X&c Pinh Tri Thong Ké Kiém Pinh

Phin nay clitng minh éng kiém dinh thong ké t_ :(ﬁ—ﬁo)/sﬁ tuan theo phan ph

Student, theo gi thuyét khéng, Wi bac tr do 1a n — 2 (bi vi tadangudéc luong hai tham
sb avap). Luu y ring Gk thuyét 3.7 it can dé chic chin rang bic tr do |a drong.

CHUNG MINH  (Poc gia khdng quan tandén ngwbn goc van dé, co tre bo
qua pln nay).

Trudc hét cAn xem xét cac tinh dhsau

TINH CH AT 3.6

& va B c6 phan pbi chuan.
(Z AZ) o’ [(n 2)6? J/a c6 phan phi chi-binh phrong Wi bac tr do n—2.
c. & va B duoc phan phi doc lap véi 672.

Tinh cHit 3.6a xdt phat tr thuc t& 1a & va 3 1a nhiing © hop tuyét tinh @ia u; vau, co
phan pldi chuan. Bé ching minh tinh cht b va c, nén tham Kb tai ligu Hogg va Graig
(1978, trang 296-298).4h dung cac kt quado taduoc

G~ N(@,02), B~N(B.52), LS

0'2
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trongdo o} va o?la phrong sai ¢a & va B theo Plrong trinh (3.18) va (3.19). g

cach chan héa phan phi cia thong 6 uéc hrong — ngfia Ia tir cho trung binh va chia
chodd léch chiin) — taduoc

5 - n-2)2
@-a)_ \ion F-05) \ (o ( 2)0 X2,
g ; JEA g

Trong phin 2.7, phan pbi t dugc dinh ngha 1a § sb caa $ chuin chuin héa trén in
bac hai @ia mot chi-squaredoc lap voi nd. Thay vao ch@ va ap dng phrong trinh
(3.18), (3.19) va (3.22), taroc

B B Vi
trongdoé
o = g _0 o _00;
£ Js.  o.S o

s; 1 sai § chuén uéc luong aia S theo Plrong trinh (3.22).

t duoc trinh bayo trén 1a ti thong ké kém dinh dra trén quy lat ra quiét dinh duoc thiét
lap sau nay. Kim dinh nayduoc goi la kiém dinht. Cac roc kiem dinh thong ké phan
ra trong hai trong hyp kiém dinh mdt phia va kém dinh hai phiatuoc trinh bay saday.

Quy Tic Ra Quyét Pinh
Ki ém dinh t-test mgt phia

BUOC 1 Ho: B =PBo Hi: B #Bo
BUOC 2  Kiém dinh thbng ké lat_ = ([3’—,80)/5[3 , dugc tinh dra trén ndu. Theo gi

thuyét khong, kém dinh thdng ké c6 phan g t vai bac tr do la n — 2. Mu
t. tinh duoc 1a “I6n”, ta cé tié nghi ngy rang B s& khéng ing . Piéu nay
dan dén budc tiép theo.
BUOC 3  Trong hing tra phan péi t & trang bia tréc cia sach, tra4c tr do 1a n — 2.
Va chon mic y ngha () va xacdinh diém t*,_y(a) sao chdP(t > t*) = a.
BUOC4  Bac b Ho néu t. > t*. Néu gia thuyét nguoc lai S < S, tiéu chdn kiém
dinh dé bac B Ho la réu t, < —t*.

Kiém dinh trénduoc minh va hing hinhanh qua Hinh 3.6 (ky B o dugc st dung
dé chi mic y nghia dé tranh nlam Ian voi a chi tungdd). Néu t. roi vao dén tich indam
trong hinh ¢ (duoc goi 1a ving téi han) ngha lat. >t*. Trong trong hyp do, gia thuyét
khéng € bi bac l» va kKt luan duoc ring B 16n hon B rit nhiéu.
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HINH 3.6 Ki ém Dinh Mgt Phia wi Ho: 8= S Hi B 2B

f(tr.2)

0 t*n—z(a) tn—2
<«——— Chip nhan Ho —————»<«—Bidc bé Ho—»>

Trong vi di vé gia nha, ta c@ = 0. Dodo, t, = ﬁ/s , 1a kiém dinh thbng kédon gian
va la ¥ s gitra k¢ sb hdi quy uéc luong trén sai & chuan. Ty sb duoc goi la tri théng ké
t. Cacudc lurong la 5= 013875, va theo vi d 3.2 ta bét s; =0,01873 Dodd, ti thong

ké tduoc tinh € lat, = 0,13875/0,01873 = 7.41481tx do bing n-2=14-2=12. Cho
muc y ngha 1a 1%, ngta laa = 1%. Tra Bng phan phi t, taduoc t*,_=2,681. Dot. >
t*, gia thuyét Ho bi bac B va Kt luan duoc ring B 16n hon zero nét cachdang € voéi
mtc y ngha 1%. liru ¥ ring F sb nay \an c6 y nglia trong tedng hop mic y ngha ch
1a 0,05% Ibi Vi t*1,(0,0005) = 4,318

Tri théng két d6i véi & duoc cho Wi t. = 52,351/37,285 = 1.404ho hon
t*1,(0,0005) = 1.782. Da@é khong tlé bac b Hy nhung thay vaadé co the co thé két
luan ring a khéng lén hon zeroxét vé mit théng ké voi mac y ngha 5%. Cadtiém &
khéng nglia ¢ haidiém sau. Tk nhit, X = 0 thi hoan toanam ngoai khéng miu va do
dé udce luong Y khi X =0 khéngdang tin @y (xem thém Pin 3.9). Thr nhi, ir Hinh
3.1 ¢6 tié thiy ring dic diém hai bén 1a khéngdy du dé giai thichdo bién thién gia aa
cac gia tr quan sat. Trong clong 4 € cho thy @ bao ham £anh hrong trung binh ¢a
bién bi bo so6t va tinh phi tudn, khi X bang 0. Cacinh hrong trén § lam choa khong
c6 y ngha.

Mot S6 Luwu Y khi Sir Dung Kiém Pinh t-Test

Mic du kém dinh t-test At hiru ich trong vic xacdinh y ngha thdng ké @a cac k <5,
tuy nhién ét d nham Ian gitta cac y ngta aia kiém dinh. Vi di, & Vi du 3.4 kiém dinht-
testddi véi a khong tit bac b gia thuyét khéng laa = 0. Nhr vay c6 phii kiém dinh nay
“ching minh” ing @ = 0 hay khéng? Cauddoi 1a khéng. C6 th chic chin ring, theo
tgp di# lieu va mé hinhfiwoc md 6, khéng c6é Bng ching nao cho thy a > 0. Trong
chuong 4, § dé cap kiém dinh t-test cho nku hé s hdi quy. Néu mot trong nhitng he s
nay khéng co y ngha (ngha |a, khong th bac b gia thuyét ring hé sd bang 0),diéu d6
khéng c6 ngta la bén twong tng khdng cénh hrong gidén bién phy thude haic bién
d6 khéng quan tng. Van dé nay € duoc thio luin diy du trong chrong sau. Trong
chuong 5 € thay ring khi md hinh thayéi, muc y ngha aia kg sd ciing thaydéi. Do do,
can thec hién ky cac kém dinh g thuyét dua ra va khéng nénovva két luan ma khéng
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xétdén mo hinh va ning phan tich thémavcac kém dinh chuin doan @n thiét dé dua
ra mot ket luan y ngha (On dinh theodac diem mo hinh).

Phwong Phapp-value trong Kiém Pinh Gia thuyét

Kiém dinh t-test c6 th duoc thyc hign theo nét phuong phép khacubng duong. Trée
tién tinh xac sét dé bién ngau nhiént I6n hon tri quan sat., ngha la

p-value= P(t>t. ) = P (sai bm loai I)

XAc suit nay @uoc goi la p-value) 1a ptan dién tich bén phi t. trong phan pbi t (xem
Hinh 3.7) va la xac g1 sai bm loai | — ngha |a xac sét loai bo gia thuyét Ho. Xac sit
nay cang cao cho 4l hau qua cia viéc loai bo sai Bm gia thuyét dang Ho cang nghiém
trong. p-value bé ngta 1a Hu qui caa viéc loai bo gia thuyét dingHo 1a khéng nghiém
trong (ngha 14, xac sét xay ra sai 4m loai | 1a thip) va dodo c6 tté yén tam khi bac®
Ho. Nhu vay, quy It ra quyét dinh lakhéng bac b Ho néu p ~value quadn, vi di: 16n
hon 0,1, 0,2, 0,3. N6i cach khadiup-value bn hon mirc y nghia a, c6 tt két luan ring
hé sb hoi quy khéng &n hon £ & mirc y nghia a. Néu p-value nlb hon a, gia thuyét Ho
bi bac B va Kt luan duoc rang B16n hon £ mot cachdang K.

bé thiy duoc ar twong duong aia hai plrong phéap, ku y ring trén Hinh 3.7 éu xac
Suit P(t>t. ) bé lon mirc y nghaa, thi diém trong ang lat. phai nam bén phi diém t* ..
o(@). NgHa lat. roi vao mén bac b. Tuong tr, néu xac sét P(t>t. ) 16n hon mac y
ngha a, thi diém tuong tng lat. phai nim bén traidiém t* (@) va dodo roi vao mén
chip nhin. Sauday la cac bée bd sung trong ptong phapp-value nhr sau:

HINH 3.7 Ki ém Dinh Gia thuyét theo Phwong Phapp-value

f(tn-2)

Béc bd Honéu
p- value<a

|
0 ot th-2

BUOC 3a Tinh xéac sét (ky hiéu p-value)dé t 16n hon t. , ngha la tinh phn dién tich
bén phi gia tn t..

BUOC 4a Béac b Ho va Kt luan ring k¢ sb c6 y nghia réu p-value bé bn mac y
ngha duoc chon.
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Tém lai, Sdugc xem la bn hon £ mot cachdang K néu tri thdng két 16n hayp-value
la bé, nirc d6 nhur thé ndo 1a bn va bé & duoc quyét dinh byi nguoi nghién du. Phrong
phap plb bién trong kém dinh gi thuyét la xacdinh gia ti moc t*. Tuy nhién theo
hwong phép tinkp-value, hi can tinh toan phn dién tich ndt dau ang woi gia tri tc cho
truéc. Ngay cang cé ndii prin mém may tinh tinh toanis p-value (chrong trinh
SHAZAM va ESL duoc gisi thiéu trong sach nay) va did phrong phap nay &ung
dung & dang. Tuy nhién,am cin than kiém tra hi gia tri p-value 1a dung cho km mot
phia hay kim dinh hai phia.

|
Dé ap ding phrong phapp-value cho vi d vé gia nha, ta tinh xac sudé t 16n hon gia ti
quan s = 7.41. & dung ESLdé tinh toan tatuoc p < 0,0001 (tham kio phin két qua
trong ptin Thec hanh may tinh 3.1Piéu d6 cé nglia 13, réu ta bac b gia thuyét khong,
thi oo hoi dé xay ra sai &m loai | bé fon 0,01%, va d@6 hoan toan yén tam khi baé b
Ho va Kt luan duoc rang S1én hon 0.D6i véi tham $ a, p-value king 0,093, ngta la
P(t>1,404) = 0,093. Bu Ho: @ = 0 bi bac b, xac st dé xay ra sai dm loai | 1a 9,3%,
lén hon 5%. Dodd, khong tk bac b Ho & mirc y nghia 5%, ngita 1a ta c6 cungét luan
nhu trong phrong phapdau, d6 1a 6 mac y ngha 5%,a khéng bn hon zero xét & mat
thong ké. Nhr vy pheong phapp-value c6 not uu diém 13, ta bét dugc chinh xac mc
domateshcoy nghia va c6 th danh gia xem niic y ngha naydu thip hay khongié
xem xét bac &Ho. Cwi cuing, khéng &n lo ling ddi véi cac gia tr 0,01, 0,05 va 0,1.

Ki ém Dinh t-test Hai Phia
Bao ¢m cac rdc sau:

BUOC1 HyfB=% Hi:pzb
BUOC 2  Kiém dinh thbng ké lat_ = ([3’—,80)/5[3 , dugc tinh dra trén ndu. Theo gi

thuyét khong, kém dinh thdng ké c6 phan @it la ta.o
BUOC 3  Trong king tra phan pbi t ¢ trang bia tréc aia sach, tra4r tr do lan — 2

va chon mic y ngha (a) va xacdinh diém t*,,_{a) sao chdP(t>t*) = a/2

(ph&n nira mrc y ngha).
BUOC 3a Ap dung phrong phape- value, tinh giéa irp

p-value = P(t>c haict <) =2P(t > £c )

do phan pht doi xurng.
BUOC 4  Bac b Hp néu . & t* va ket luan Skhac voi B mdt cach dang ké & mirc

y nghia a.
BUOC 4a BA&c b Ho néu p-value <a, & muc y nghia nay.

Kiém dinh trénduoc minh tva hing hinhanh qua Hinh 3.8. & tr do trong terong
hop nay Bing n—2. Nu tri théng ké t (. ) roi vao vung dén tichden, gi thuyét khdng b
bac B va Kt luan duoc ring S khac 6i K. gia ti t* = 2 duoc sr dung la quy ldt dé
danh gia nic y ngha aia tri théng két & mirc 5% (kiém dinh hai phia). Bi vi t* gan
bang 2 Wi bac tr do la 25.
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HINH 3.8 Ki ém Pinh Hai Phia wi Ho: 8= Hi 8%

f(tn2)

Dién tich a/2 Dién tich a/2

-t* h2(al2) 0, t*no(a/2) tp.
2 Ch4 n2( ) n-2

<«—Bicbd H—re—— . P ——>»<«—Bicbd Ho—»
nhan Ho

Theo cach tinh nay trong vi di gid nha c6 gia imhue cach tinh thead-test, ,[3 = 741va
@ =1.404. Tra king gia ti t, ta cot;, (0.005 = 3. 055 diéu nay c6 ngta la dén tich @ia
ca 2 phia tong tng Wi gia tri 3.055 14 0.01. Bi dbi véi Bthi t>t” dodo ta co th loai

gia thuyét Ho va Kt luan duoc rang B khac Wi ¢ mac y ngha 1%.Ddi véi @ thi

t1,(0.025)=2.1791¢n hon gia tii t.. Do d6 ta khéng th bac b gia thuyét Ho (luu ¥ rang
tadang dung Kim dinh gié ti a & mic y ngha 5%). Tr buéc 3a ta c6 th suy raduoc

gia ti p-valuedoi véi a = 2P(t >1.404) = 0.186 (lru y gia ti p-value trong tng Wi t;

trong trdng hop kiém dinh 2 phia & gip 2 kn gié ti caa n6 trong trong hop kiém dinh
1 phia). Do saiam loai | c6 gia tii 18.6% la khéng thchap nhin dugc nén ta khang th
bac ® gia thuyet Ho: a = 0.Dbiéu nay c6 ngta la a khdng c6 y ngfa & thong ké trong
khi Blai co.

BAITAP 3.4
Trong vi di gi4 nha, hay Km dinh gi thuyét Ho: 8= 0.1va g thuyét Hy: £ 70.114n
lwot & mirc y nghia 0.05 va 0.01.

BAITAP35 , ,
Ching minh Bang reu mot hé so6 co y ngliad mac 1% thi | s6 nay ding € cé y ngfia
& mirc cao lon.

BAITAP 3.6 o , ,
Hay ching minh &ng reu mot hé 6 khong c6 y ngfa ¢ mac 10% thi B 5 nay ding
s€ khéng c6 y ngta ¢ bat ky mirc y nghia nao thp hon 10%.

Kiém Pinh o2

Mic du tiong ké kém dinh mirc y ngha phrong sai sai &§6>khong plo bién nhrng Vin
dugc trinh bayday du trong plin nay. Kém dinh o2 gdm céc Ixc sau:
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BUOC1 Hg o?= g% Hy: 02 #Z 0%

"2
BUOC 2 Tri kiém dinh la Q. =(n- 2) . Saudé tra king phan phi Chi-square

vé6i bac tr do n-2. Nu Q c6 gia t[ “én” ta ¢ tit nghi ngy ring o® khéng
bang oo

BUOC 3 Trong king tra phan pbi Chi-squares trang bia e cia sach, tra giaitr
cuiaQ no(a) sao cho din tich bén phi banga.

BUOC4  Bac b Ho ¢ mic y ngha a néu Q> Q o).

Nguy&n nhandng quat lam cho km dinh nay khéng ph bién la do ngoi kiém dinh
khéng c6 théng tinescip bandau Vé gia ti cia o2 str dung trong ga thuyét Ho.

Ki ém Pinh P$ Thich Hep

Ta c6 tfé thuc hién kiém dinh do thich tup. Goi p la h¢ s6 trong quan dng thé gitra X va
Y dugc dinh nghia & Phrong tr‘mh (2.7). Theo ptong trinh (2.11), ta #y gia ti uéc
lwong p? dugc xacdinh boi r =S; y [(S5S,y) trong d6 S« va Sy dugc dinh nghia theo
Phrong trinh (3.8) va (3.9), va

, =D Y- {(ZY)T D (Y, -Y)?=TSS (3.27)

O Phin 3.A.10 ngoi ta dd ching minh ﬁng r2 v bang Wi R? (dleu nay ch dang trong
truong hop hoi qui don bién ma thdi).0 Phan kiém dinh gia thuyét 2.8 trinh bay phong
phap kém dinh gia thuyét cho &ing X va Y khong co i trong quan. Kém dinh nay @i
la kiém dinh F (F-test) Kiém dinh F-test §m cac rxdc sau:

BUOC1 Hg py=0 Hi gy #0

BUOC?2  Tr thong ké kém dinh laF¢ = R%(n — 2)/(1 - R). Fcciing co tht duoc tinh
theo cong thc sau k= RSS(n — 2)/ESS. Theoaghuyét Ho, tri thbng ké
nay tuan theo phan phF véi 1 bac tr do6 tir s6 va n — 2 B¢ ty do¢ mau
S0.

BUOC3 Trahing Ftheo 1#cty ¢ tir s van—2 Bc tr dod miu s tim gid ti F 1,
n—2(a) sao cho pin dién tich \& phia plai cua F laa, mic y ngha.

BUOC 4  Bac v gia thuyét Ho (tai mic y nghaa) ndu Fe > F.

Nén ku y rang gi thuyét Ho 6 trén € khong hop I¢ khi c6 nhéu gia ti X. Nhr s3
duoc trinh bayy chuong 4, kém dinh F \an duoc st dung nhrng Ho s8 khéc.

Trong vi di gid nhaR? = 0,82052F = 0,82052(14 — 2)/(1 — 0,82052) = 54,86. Theo Vi
du 3.5, ESS = 18.274, va RSS = TSS — ESS = 83.541vay/F. con c6 th duoc tinh
theo cong thc khac nlr & budc 2: Fe = 83.541 (14 — 2)/18.274 = 54,860y do dia tir
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sd a1, @ia miu 5 1a 12. \W6i muc ¥ nghaa = 5%, tra Bng A.4b tadugc F1 140.05) =
4,75. ViF. > F ching ta bac & (tai mic y ngha 5%) gi thuyét Ho cho Bing X va Y

khong trong quan. The ra, ViFe > F 1 140.01) (tra ling A.4a), gi thuyét Ho ciing hi

bac b tai mc y nghia 1%. Nhr vay, mic du gié tt R? kha nfe hon 1, n6 éing khac 0
mot dang K.

Trinh Bay Céac Két Qua Hdi Quy

Céac Kt qua cia phan tich & quy dugc trinh bay theo nBu cach. Theo cach thong
thuong, ngroi ta € viét phuong trinhudéc lwong kém i cac ti théng ké to dudi mdi hé
s hdi quy nhr sau:

— >~
GIA =52,351+0,13875SQFT
(1,404) (7,41)

R>=0821 df.=12 0=39.023
Mot cach khac ladién cac sai & chuan dudi cac F¢ b hdi quy:

— >
GIA =52,351+0,13875SQFT
(37.29)  (0.019)

Néu nhéu mé hinh Bi quy dugc uéc luong, viéc trinh bay Kt qua ¢ dang bing nhr
Bang 4.2 ¢ thuan tién hon.

Viéc tach 6ng cac binh piong toan phn ra thanh cac thanh f theong duoc tom
tit & dang bing Phan Tich Phrong Sai (ANOVA) Bang 3.3.

3.6 Thangbo vabon Vi bo

Gia sir chang tada tinh GIA theaton vi dong ddla thay vi theo ngaddng ddla. Gt GIA
& bang 3.1 § chira cac gia irnhe 199.900, 228.000, v.v. Nhgudéc luong aia hé sd hoi
quy, cac sai&chuin cia chingR?, v.v. € bi anh hréng nhr thé nao Wi su thayddi don
vi nay? Cau i nay € duoc khao séato day vi GIA va SQFTduoc tinhé cacdon vi khac
nhau. Pau tién ching ta ety lai md hinh.

GIA = a+ [SQFT +u

Goi GIA™ Ia gia tinh theal6 la throng. Nhr vay GIA™ = 1.000 GIA. Nhan wi sb
hang trong plxong trinh \6i 1.000 va thay GIAvao \é trai. Chung ta c6

GIA" = 1.00Qr + 1.00Q8SQFT + 1.000u = GIA= a + S SQFT +u’

Néu chang ta &p whg phrong phap OLS cho phyng trinh nay va ec tiéu han
(U)?, chung ta & tim dugc cac gia truge luong aiao’ vap'. D& dang nén thiy ring
cac ¢ sb hdi quy msi s biang cac B sd cii nhan i 1,000. Nhe vdy, thayd‘ol thangdo
cua chi bién phy thugc trong mé hinh &i quy lam cho thang'o cia moi he s hoi quy
thay déi theo trongitng. Vi u* = 1,000u, c4c gin du va sai § chuin aing € dugc nhan
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Ién 1.000. Bng cac binh plong € dwoc nhan thém 1 i1 (1.000 binh piong). Gin
luu y rang cac tr thong két, F, va R s3 khong b anh hréng vi ching 1a cad &5 trong
dé yeu t6 thangdo < triét tiéu.

BANG 3.3  Phan Tich Plwong Sai

Nguén Téng binh phwong  Béc tw do Binh F
(SS) (d.f.) phwong
trung binh
‘ (SS-d.f.)
Hoi quy (RSS) Z(Y( -Y)?=83541 1 83.541 RSZ(;S— 2) — 54.86
Sai $ (ESS) > G2 = 18.274 N-2=12 1.523

Tong (TSS) S(Y,-Y)’=101.815 N-1=13 7.832

Tac dong aia viéc thayddi thangdo caa mot bién déc ldp 5 ra sao? Gisr SQFT
duoc tinh theodon vi traim mét vudng thay vi theo mét vudng thongathg, nheng GIA
dugc tinh theadon vi ngandéla nhr truéc. Goi SQFT’ 1a bén tinh theo tim mét vuéng.
Vay SQFT= 100SQFT’. Thay vao pbng trinh bardau ta co:

GIA = a+ BLO00SQFT’ +u

RG rang theo piong trinh nay, éu cht]ng ta &i quy GIA theo not héng $ va SQFT’,
hé duy nHit 3 bi anh hrong 1a B sb cia SQFT. Nu S 1a b s cia SQFT’, thi
,8 —100,8. Sai $ chuin cia né éing € nhan Wi 100. Tuy nhién, it ci cac $ do khéac

— ESS, gia trthéng két, F, R ching han &8 khong b anh heéng. Tom ki, trong it mo
hinh ki quy tu;én tinh, rfu thangdo aia mgt bién dgc ldp thaydoi cac k¥ s5 hoi quy aia
né va cac saiéchuin twonging & thay doi twong ng nheng céc ti thong ké khac &
khéng thayioi.

C6 ly do chinhdangdé thayddi thangdo cia cac gia irsao cho cacéssau khi thay
ddi s& khéng bn ding khdng qué nhva trong tr véi cac gia tt cia cac bin khac. biéu
nay la vi cac & cé gia ti 16n s 1an &t cac saiéva cac 8 nho 8 gay ra sai&lam tron,
dic biét 1a khi tinh gia tr tong binh plrong, viéc nay § lamanh hrong xiu dén d6 chinh
xac aqia ket qua.

Dé hiéu mot cach thre # hau qua caa viéc thaydéi don vi, hdy Thre Hanh May Tinh
phan 3.26 phu luc D.

BAITAP 3.7 , ) ) ‘
Gia sir chling tadat mot biecn méi X' = SQFT — 1.000 (ngh 1a,X" la pran dign tich
vudng trén 1.000) vasc lwgng md hinh GIA = + bX + v. Giai thich hing cach nao
ban c6 tté tim duoc avab tr & va ,[? ma khoéng plii woc leonglai mé hinh rdi.

3.7 Ung dung: Uéc Lweng Puwong Engel Béu Dién Quan Hé Giira Chi Tiéu cho Chim Séc
Sirc Khée va Thu Nhap.
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Trong phin nay, chdng tagstrinh bay nét tng ding “tap duot” véi md hinh Bi quy hai
bién. Dir liéu duoc st dung 1a chidi dit liéu chéo cho 50 bang va apuColumbia (i =
51), dr liéu dugc thu thip tr cubn Tém lwoc Thong K& M ndm 1995 (Statistical
Abstract of the USIC4cgia tri cia dr liéu thuc coo tap tin DATA3-2. CAc bin la:

EXPHLTH = Chi tiéu éng hop (don vi ty d6la) cho clim séc &c khoe aia bang vao
nam 1993, Bng 153, trang 111, kldag tr 0,998-9,029.

INCOME = Thu nlip ca nhandon vi ty d6la) aia bang vao am 1993, Bng 712,
trang 460, khang tr 9,3-64,1.

M6 hinh ladudong Engel timduoc ¢ vi du 1.4 vaduoc 4p ding Wi téng chi tiéu cho
chim s6c &c khoe aia My 1a ham 6 theo 6ng thu nfip ca nhan. Pm Ung Dung May
Tinh 3.3 (xem ph luc bang D.1) trinh bay téng din dé tim ra Kt qua. Ban cha thich
cia bédo cao init may tinh, & dung chrong trinh ESL vadp tin PS3-3.ESLduoc trinh
bay & bang 3.4. PhAn dugc in dam | nHip lwong aia chrong trinh va cac g in
nghiéng 1a cac rim xét \& két qua. Ban nén tim hu cac chu thich nayin than va s
dung chrong trinh i quy ban c6dé chay lai cac Kt qua nay (8p tin PS3-3.SHZ ol
cac dongdnh dé sir dung ptin mém SHAZAM). Dudi day 1a mé hinhréc lugng cuing
véi tri thdng ké ndu t trong ngéc don, vap-value (gia tf xac sit p) trong ngdc vuéng:

- /\
EXPHLTH = 0,176496 +0,141652INCOME
(0.378) (49.272)
[0.707] [<0.0001]
R%?=0,98 d.f. =49 F=2428 § =2,547

M6 hinh fét thich bop voi sb liéu vi 98% s bién dbi cua chi tiéu cho cim séc gc
khoe duoc giai thich i bién thu nip. Nhr da gai thich & Bang 3.3, § hang hing $
khéng c6 y ngta v mat théng ké va phu bp véi tiéu chidin ly thuyét dé ra trong vi d
1.4, ch ra ing a = 0. Dé biét thém chi tét, xem cac chd thick Bang 3.4

Khoang Tin Cay

Nhu da dugc chi rag Phin 2.9, not cachdé xem xét tuc tiép dén viéc uéc lwong a vap
trongdicu kién khdng clic chin la x4cdinh khaing tin dy. Nhu vay, vi du, thay vi noi

[ = 0,139 chling ta c6 &maoi Bng wi muc xac sét cho tée, B 8 ndm trong khang
tir 0,09dén 0,17. Tr két qua cac gia trthong ké kém dinh ¢ phan 3.5 ta co:

G-a . B-B_,

Pit t ,.5(0,025) Iadiém name trén phan pht véi n-2 bic tr do sao chd(t>t) = 0,025.
Piéu nay trongdwong Wi P(- f st st') = 0,95. Nhr vay,

BANG 3.4 B&o Céo#r May Tinh Kém Theo Chi Giai cho Phan 3.7

Cac Enh ESLduoc indam va cac nln xétdugc in nghiéng.
Danh sach fén
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(0) Hing $ (1) exphlth (2) income

(D6 thi ciia mic chi tiéu theo thu nip cho thiy c6 $ quan I chit ché giza hai bign)

EXPHLTH
94,178 | 0
|
I
78,648 +
I
|
| 0
|
52,764  +
| 0
| o]
| 0
| 0 0
26,881 + 0
| o] 0
| 0
| 0 000
| o000 0
0,998 + 000
| 4 : : : : : :
9,3 income 683,5
U6c lwong OLS \6i 51 quan séat 1-51
Bién phy thuoc EXPHLTH
Bién He s5 Sai $ chuin T-stat 2 Prob(t *T0)
(0) hing 0,176496 0,467509 0,377525 0,707414
(1) income 0,141652 0,002875 49,271792 <0,0001

Gia tri wéc lwong aia hé 6 cia bién thu nhip 1a B = 0,141652 varsc lwong aia &5
hang hing 9 1a & = 0,176496. Tithong ké t (& so chia cho sai é chuin) cia bién thu
nhdp 1a 49,27179244ay la gia ti rat y ngha. 2Prob(t >0T ) la vang dén tich ¢ hai dau
phan pldi t chin béi gia tri kiem dinh t va |a gia tf p-value hdc xac sdt sai km logi |
(doi véi kiém dinh 2 phia). Mu p-value nb (trong tneong top nay, nis hon 0,0001),
ching ta “an toan” khi bac b gid thuyét Ho rang,B 0, va kt lugn rang hé s6 cua bién
thu nth la khac Odang k. Gia tri p-value @a s hang hing & bang 0,707414 gi y
rang réu chang ta bac b gia thuyét Ho cho eing a = 0, ching ta c6 thpham phii sai
lam logi | trong 70,7 % 8 lan. Vi mic sai bm nay gua cao, chung ta khong thac b
gia thuyet Ho. Nhr vdy chiing ta & ludn rang $ hang hing $ khéng khac @/ang k6.
Liwu y rang trong vi @ 1.4, véc suy dén ly thuyt ra dwong Engel &m chrang khéng co
so hang hing . $ hang hing $ khéng cé y ngla la phu lp Wi két qui theo ly
thuyét. Xu heéng chi tiéu @n bién cho vdc chim séc sc khve ldy tr thu nhip |a
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0,141652; ngfa 1a, Wi mdi khadn ting thu nkip 10046la, ching ta c6 #ky vong cac
ca nhan & chi trung binh 14,1d@bla cho clam soc gc khoe.

Gia tri R (R-square) chra rang 98% s bién ddi cua chi tiéuduoc gidi thich bsi bién
thu nhip. Sr khac nhau dia gia ti R Hiéu chinh va Khoéng hu chnh € duoc gidi
thich¢ chuwong 4 cling ¥i cac gia ti thong ké mu dé chpn mé hinh.

Gia tri thong ké rdu Durbin-Watson vahss twong quan chdi bdc nhit ¢ duroc gidi
thich ¢ chirong 9, nlam gidi quyét sy vi pham gia thiét 3.6 cho ting cac 8 hang sai §
cua hai quan sat 1a khéngetng quan. Gia trtrung binh @a bién phy thusc 1a Y va
S.D. lads léch chuin aia S,

Gia ti trung binh aa 15,068863 S.D.i@ bén phu thude 17,926636

bién phu thudc

Téng binh plrong sai 317,898611  Saiéschuén aia pHin du 2,547102

so (ESS)

R- binh phrongkhéng 0,980 R- hiéu chinh 0,980

hiéu chinh

Tri théng ké F 2427,709468 p-value = <0,0001
Prob(F>2427.709)

Tri théng ké Durbin- 2,209485 K s5 tr twong quan Bc -0,121

Watson nht

Gia tri thong ké miu dé chon md hinh

SGMASQ 6,487727 AIC 6,741876 FPE 6,742147
HQ 6,939901 SCHWARZ  7,272471 SHIBATA  6,722193
GCV 6,752532 RICE 6,7638

?genr ut=uhatfu cacuéc lirong phin de trong may vao u}

Generated var. no. 3 (ut)

?genr =exphlth-ut (gia tr; “thich hop” = exphlth quan sat t phin d)

Generated var. no. 4 (yhat)

?print —o exphlth yhat ut; (In gié tr; chi tiéu thec va dr bdo, gia ti phan die. Ddu hiéu
—0 chiin ra ¢ dgng hing)

bs exphlth yhat ut
1 0, 998 1, 493862 -0, 49586172
2 1,499 1, 763001 -0, 26400087
3 4,285 2,598749 1, 686251
4 1,573 2,131297 - 0, 55829655
5 2,021 1, 720505 0, 30049479
6 2,26 2,343775 -0, 08377483
7 1, 953 1, 989644 -0, 03664435
8 2,103 2,244618 -0, 1416183
9 3,428 3, 179523 0, 24847729
10 2,277 2,910384 -0, 63338356
11 3,452 3, 731965 -0, 27996523
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12 3, 485 4,057766 -0,57276526
13 3,433 3,476992 -0, 0439923
14 3,747 4,652705 -0, 90570543
15 4,4 4,666871 -0, 26687065
16 3,878 3,916114 -0, 03811407
17 5,197 4,341071 0, 85592937
18 4,118 4, 426062 -0, 30806194
19 6,111 5, 672601 0, 43839884
20 6, 903 7, 301601 -0, 39850129
21 6, 187 5, 686766 0, 50023362
22 7,341 7,485749 -0, 14474913
23 7,999 8, 533975 -0, 53497529
24 8,041 7,967367 0, 07353344
25 12, 216 13, 250993 -1, 034993
26 10, 066 11, 027054 -0, 96105374
27 9, 029 8, 84561 0, 1833899
28 10, 384 9, 256401 1,127599
29 10, 635 10, 276297 0, 35870284
30 12, 06 10, 318793 1, 741207
31 13,014 10, 276297 2,737703
32 14, 194 13, 619289 0,57471128
33 15, 154 16, 96228 -1, 80828
34 14, 502 14, 32755 0, 17445035
35 16, 203 13, 477637 2, 725363
36 15, 949 14, 68168 1, 26732
37 15, 129 16, 395672 -1, 256672
38 16, 401 15, 701576 0, 69942416
39 23,421 20, 985202 2,435798
40 6, 682 20, 036133 - 13, 354133
41 20, 104 19, 002072 1,101928
42 18, 241 18, 56295 -0, 32194997
43 25,741 30, 093438 -4, 352438
44 27,136 27, 756177 -0,62017675
45 33, 456 31, 042507 2,413493
46 34, 747 37,516012 -2,769012
47 41, 521 36, 439456 5, 081544
48 44,811 40, 320726 4,490274
49 49, 816 49, 0465 0, 7694999
50 67,033 64, 004971 3, 028029
51 94,178 96, 995765 -2,817765
P(—t*sa ast*):0.95:P(5r—t*sasasd+t*sa

a

Tur day ¢ tié rat ra fing khaing tin @y 95% @ia avaBlan luot la G +t's, va [+ t's,
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Trong vi di vé gid nha, saidchuin aia @ va B 1a s, = 37,285 vas, = 0,18373.Déng
thoi, tir bangt, ta cot 15(0,025) = 2,179. Ddé, khaing tin cy 95% I

Déi Vo @ 52,351+ (2,179x37,285) = (-28,893; 133,595)
Déi Véi 3 0,13875¢ (2,179x0,018373) = (0,099; 0,179)

Luu y ring cac khang tin cy nay la trong doi rong. Pay la diu hiéu cho thy mo
hinh Foi quy tuyén tinh thich bp rat kém i tap dix liéu. Mot mo hinh i quy thich lep
s& cho khang tin @y hep hon.

BAITAP 3.8
X&cdinh khaing tin dy cia a vaBtrong Ptin Ung Dung 3.7

3.9 DuwBéao

Nhu da dé cap trede day, mot trong caarng ding pho bién caa mé hinh hi quy ladé du
bao (chi dé& nay € duoc thao luan chi tiét hon & cheong 11). Trong vi d gia nha, chiing
ta c ti¢ dat cau loi gia ban d bao @a mdt ngdi nha cé din tich 2,000 mét vubngs a
bao nhiéu. M6 hinhd quy usc lugng 12 Y =52.351+0.13875X . Nhu vay, khi X =
2,000, gia tr du bao @aY 1a 52,351 + (2,000x0,13875) = 329,851. Vi di@c tinh theo
don vi ngandéla, gia ti du bao nay @ng codon vi nganddla. Vi \ay, theo mé hinh, gia
trung binhudc lwong aia mdt can h dién tich 2,000 mét vudng la 329.88kla. Mot
cach ﬁng quat, d dang nkn thiy néu X c6 gia ti X, thi gia ti du bdo @a Yo & 1a

Y a+,b§(0 Gia ti trung binh cdiéu kién caa bién dy doan Y cho tréc X = X la
E(Y|X = X,) = E(@) + X,E(B) = a + BX, = E(Y|X = X,)

Nhu vay \?0 la gia ti du bdo c&diéu kién khéng thiéndch aia gia ban trung binhitXo.
Khoang Tin Cay cho Gia Tri Dw B4o Trung Binh

Vi avaBdugc uéc lugng co sai §, gia ti du baoY, ciing chu sai $. Dé xétdén yéu tb
nay, chling ta tinh sabshuan va khang tin dy cho gia ti du bao trung binh. i day
la uwdc lwgng aia phrong sai @a gia ti duy bao (xem cing minhé Phan 3.A.11)

s, = 52{% + (XOS;X_)Z} (3.28)

XX

Khoang tin dy caa gia ti du bao trung binh la
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[YAO _t*SYAO ,YAO +t*SYAO]

trongd6 t 1a gi ti nqudng aia phan phi t. Luu y ring khiX, cang ch xa gia tr trung
binh X, thi 5, cang bn va khang tin dy twong ing cang #ng.Piéu nay co ngta ring
néu dr baoduoc thuc hién quéa xa kbi pham vi caa méu, do tin ciy caa dr bao § giam
di. Néu Xo= X, khaang tin dy st hep nhit. Hinh 3.9 cho y gim Vé “dai tin cay” voéi
cac gia tr Xo.

HINH 3.9 Dai Khoang Tin Cay caa Céc Gia Tri Dw Béo
& + BX + t=s;

Khoang Tin Cay cho Dy B4oPiém

Phrong sai niu trinh bayd phan treéc dingdé dy bao gia tr trung binh. Bénanh d6
chung ta @ng mwn tim phrong sai ¢a sai 8 du bao cho cac giaitthuc Yo twong ung
vai Xo. Cong thirc dudi day duoc lay tor Pha luc 3.A.12:

sﬁ =Var((,) = a{1+n+%} s% (3.29)

trongdé G, =Y, Y, la sai § cia dr baodiém. Khaing tin Gy dugc tinh theos, thay
vi s . Khicy mau lon, $ hang thir hai va thr bad trén € khongdang K so Wi s,
mot gi& ti gin bing & . Ngoai rat ciing gin bing 2 trong tedng hyp mic y ngha
95%. Nhr vy, khaing tin dy caa miu cé kich thoc Ion 12 Y, + 26
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Trong vi di gia nha, ching ta cééo = 111,555 véls§0 =1634,353 va khimg tin dy

twong tng khiXo = 2.000 § la (307, 353) va (242, 418). Kimg tin Ay véi ¢d mau lén
la (252,408). (Xem pgim Thyc Hanh May Tinh 3.4¢ chay lai két qua nay).

Chung ta nén an loai khoang tin dy ndo trong & hai laai trén? Vi quan tam chinh
la sai $ du baoddi véi gia tri thuc Yo, phrong trinh (3.29) thong duoc sr dung. Luu y
raing khaing tin dy theo plwong trinh nay éng hon nhiéu khaing tin @y dua trén
phuong trinh (3.28)

So Sanh Céc Gia Tt Dy Béo

Céc nha phan tich kinké ¥a kinh doanh tiong sr dung nhu hon mot md hinhdé du
b&o. Mt sd do thuong dingdé so sanh ing luc dr bdo @a cac mé hinh khac nhau la
sai $ binh phwong trung binh (haic d6i khi ngroi ta sr dung cin bic hai ¢ia né, va
duoc goi la cin bac hai sai $ binh phwong trung binh).

Goi Y\ la gia ti du bao @a bién phu thudc cho quan sét vaY; 1a gia ti thuc. Sai 6
binh phrong trung binkdugc tinh nhr sau:

f_ 2
MSE = Z(Yt—zY‘) RMSE =+VMSE
n-—

Néu hai mo6 hinhduoc s dung dé du b&o Y, m6 hinh nao cé MSE éithon & dugc
danh gia la mo hinkot hon cho nuc dich dr bao. ]
Mot so do hiru ich khac lasai $ phan tram tuyét doi trung binh (MAPE)

L0l Y
MAPE _EZ“loo‘T

t

S6 do nay chi c6 y nglia réu it ca cac gia ti Y déu drong (xem Phn Ung Dung
3.11). Mpt cach khac, chang ta cééthinh sai $ phan tram binh phwong trung binh
(MSPE) hoac can cia né

-2
Y -Y'
MSPE=12{100 ‘Y ‘} RMSPE =+MSPE

n t

Mot pheong phap khadé danh gia mé hinh vaing hrc dy bao @a no 1a thre hien dw
bao hu mau. Theo plrong phap nay, ngyi phan tich 8 khong & dung mot sd quan
sat cwi cung (cking han, 10% $ quan sat od cung) trong wWc usc lwong mo hinh,
nhung € s dung cacudc luong théng 8 tir tip quan sadau tiéndé du baoY; cho phin
mau dé danh. Saudi¢ ching ta cé thtinh MSE va MAPE cho giatoan hiu mau. M6
hinh nao c6 céac giditto lwong nay thp hon < t6t hon cho muc dich dr bao.

3.10 Tinh Nhan Qua trong Md Hinh Héi Quy

Khi dinh m6 hinhs dangY = '+ AX + u, chiing ta ngm gia dinh Bng X gay raY. Méc
du R? do do thich hyp, n6 khong th duoc ar dung dé xacdinh tinh nhan qé. N6i cach
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khac, véc X vaY tuong quan cht véi nhau khdng cé ngla rang ar thaydéi X dan dén ar
thaydol Y hay ngroc lai. Vi du, hé sd twong quan gra $ luong kinguru @ia Uc va éng
dan $ nudc nay co th |1a rit cao. Phi chang diéu nay c6 ngta ring sr thay doi mot
bién 5 lam cho bén kia thaydol’? R rang la khong, \& day chdng ta c6 6t truong hop
twong quan g tao. Néu chung ta bi quy mpt trong cac kin véi bién con hi, ching ta
s3 ¢6 gr héi qui gia tao. Liy mot vi du khac thrc € hon, gia s ching ta Bi quy
lugng wi trom trong ndt thanh plb véi s6 hang hing $ va 4 nhan vién énh sat K) va
saudo quan sat thy he sb gocudc lugng €o gia tr duong, co ngie faing co trong quan
thuan gitra X vayY. Phii chang diéu nay co ngta ring viéc ting $ luong cinh sat & lam
ting $ vu trom, dodd ngim kéo theo phi c6 chinh sach gm luc lrong cinh sat? RO
rang Kt luan nay 1a khéng thchip nhin duoc. Bidu xay ra cé i [& mbi quan & nhan
qua la ngroc lai, c6 ngha la thanh ph nén thué thémanh sat vi & vu trom ting 1én, va
nhu vay viéc hoi quy X theoY la hop ly hon. Tuy nhién, trong ke t, hai bén < duoc
xac dinh két hep va dodoé chang ta nédinh ré hai plrong trinh, nét véi Y theoX va
cac bén khac va phong trinh condi véi X theoY va cac bin khac. Véc xacdinh dong
thoi cac bén s duoc trinh bay chi it & chwong 13. Nhr s3 thdy ¢ cheong nay caarge
lugng thuduoc bing cach b qua tinhdong thyi s3 bi sai Ech va khong nit quéan. G@ing
co the 1a ar twong quan cao quan sdirgc gira X va'Y co thé hoan toan |a do cacdéni
khac va khong 6h ndo trong & chiing c6 tA truc tlep gay ra cac bn con hi. Nhing vi
du nay nin manh im quan tong aia viéc can nfic ky ludng ban chit co ché hanh vi
tiém an 1a gi, trc 13, qué trinh phat di liéu 1a gi (DGP), vadp mé hinh mt cach phu
hop. Ly thuyét kinh t, kién thic cia nha phan tichévcac hanh wtiém an, kinh nghém
qué khir, v.v. phii goi y md hinh nén pii dugc xacdinh nhr thé ndo. Tuy nhién, c6 é
kiém dinh phrong hréng aia sr nhan qa mot cach rd rang (chi &t s3 trinh bayo
chuong 10). Boc gia quan tamdén van dé nay cé thk tham khio bai viét cia Granger
(1969) va Sims (1972).

DPé minh hpa im quan tong aia viéc xacdinh chinh xacnhan qu, gia sr ching ta
dao ngroc vi tri ciaX vaY vaudc luong moé hinh:

Xi=a + BY + v (3.1)
Liéu ching ta cé thtim duoc duong thing gidng nhr trugc khéng? Cau drloi, noi
chung, & khoéng. Vi thtyc binh plrong nh nhit dugc ap ding cho plrong trinh (3.1)
& cyc tiéu hoa dng binh plrong aia cacds léch dung tir dwong thing (xem hinh 3.10).
Tréi lai, duong thing nghich arc tiéu héa éng binh plrong aia cacdd léch ngangw.
Tim Y, theoX;, Phrong trinh (3.1’) c6 th duoc viét lai nhu sau:

A fg e omns
B B B

Viéc axc tiéu hoa ) (7, lam trong tr nhu véi phuong trinh (3.1), vawc ticu héa ) ¥

s3 thuong cho ra cacét qua khac nhau. €thé hon, gia ti uéc lvong aia 8 3 khac i
gia ti St pheong trinh (3.1).

HINH 3.10 Cuec Tiéu Héa Tong Binh Phirong theo Truc Tung va Truc Hoanh
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Quan I uéc lugng khi Y (7 duoc are ticu hoa 1a (xem Pim Thyc Hanh May Tinh 3.5)

>

GIA = 52,351+ 0,13875SQFT
Khi quan ¢ nhan ga dugc dao ngroc va ) V¢ duoc oyc tiéu hoa, ching ta co

—

SQFT =33,385 +5,913666 GIA

5 Y =~
Nghichdao quan B uéc leong thr hai va béu dien GIA la ham aa SQFT, ta cé

3 33.385 1 _
GIA =- + SQFT =-5.645+0.169SQFT
5.913666 5.913666

Luu y ring diu aia $ hang hing $ bi nghich dao vado déc la hoan toan khac.

Nhu vay duéi didu kién gi thi haiduong uéc lugng € nhe nhau? Bé tra 16i cau i
nay,dau tién ap dng OLS cho phong trinh (3.1’); ngka 1a gc ticu h6ay V. Hoandoi
Xva trong plwong trinh 3.10, ta cé:

gr= 2m= 2
S B

yy
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va do dé S =S,/S,. Uéc lugng binh plrong nhd nhit lam arc tiu > G 1a
B =S,/S, . Dé BbingB, diéu kien la

S 2
Sy - Sy hoaéc Sy _ 1
S<x Sxy SXXSW

Nhung V trai aia phrong trinh thr hai la l;(y , binh ptwong aia k¢ sd hdi quy don gitra
Xvay (dinh ngha ¢ pheong trinh 2. 11). Nb vay, diéu kién cin 1a X va Y phi tuong
quan hoan éo. Tinh clat 2.4d néi &ng réu ©n tai sy trong quan hoando giita hai bén,
thi phai ton tai mot quan k& tuyén tinh chinh xac @ia chang. Vi gy, sr thich hyp gitta X
va Y phai hoan ho thi chiing ta i nhan dugc cung nét dudng hoi quy cho du ching ta
ap ding OLS cho phong trinh (3.1) hay (3.1"). Nhin chungy 8rong quan gra X vay
s¢ khong hoan #o, chinh vi gy chung ta 8 khong nfan dugc clng ngt duong thing Hoi
quy. Diéu nay nfin manh &m quan tong aia viec xacdinh dung hréng quan B nhan
qua thay vi vic chon thiéu suy xét bin X va Y.

Nhu d& dugc minh ha trrde day trong vi d vé toi pham, quan B nhan qa cé th
theo @ hai chéu, tinh hiéng nayduoc goi 1a phan héi. Quan & gira gia ban vaudong
ban ding la vi di cia hin tuong nay. Vi gia vadong bandugc xacdinh cung luc bi
quan ¢ twong tac gira cung va &u, cho nén céi nay cé&knh hrong cai kia. Trong tr,
hién trong phan hoi ciing duoc tim thiy trong quan & giita thu ntip tong hyp va tiéu
dung haydau tr. Nhitng tinh hidng nay § duoc trinh bayd cha & md hinh Bi quy he
phuong trinhé cheong 13.

3.11Ung Dung: Quan Hg giira Bing Sang CH va Chi Phi cho Hat Pong Nghién Giu
va Phat Trien (R&D)

Phan nay § trinh bay nt vi du “dién tip” khac \& phan tich Bi quy. Dir ligu dung trong
vi du nay¢ tap tin DATAS3.3, ma & dé cap dén cac ben sau:

PATENTS = $ tng dung hing sang chduoc ghi ntin, don vi ngan, giaalong tr 84,5 -
189,4

R&D = Chi phi cho nghiénuu va phat tédn, don Vi ti dola 1992,dugc xacdinh
bang i so gita chi phi theaidla hién hanh va chsd giam phat éng sin
pham quoc noi gop (GDP), giaaidong tir 57,94dén 166,7.

Dit liéu theo @m lay trong vong 34 #m tr 1960dén 1993 cho toan dnuéc MY.
Ngudn dugc trinh bayd phy luc D.

Néu mot quoc gia chi nhéu hon cho hat dong nghién Gu va phéat tén, ching ta c6
thé ky vong rang qubc gia nay & dat duoc nhidu cii tién duoc bao vé thong qua lat bang
sang ch hon. Dodo, chiing ta ¥ vong Hn tai mot quan |8 duong gira $ luong king
sang ch duoc ban b va chi tiéu cho R&D. Mc du héu qui cia hait dong nghién ¢u
va phat trén < tré vai ram sau khi @ anduoc bit dau, dé don gian hoa chang tadqua
hién trong nay. O nhitng chrong sau ching tadkhao sat héu tng té cia cac bin doc
lap va € quay hi vi du nay.
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M® hinh i quy tuyén tinhuéc lugng dugc trinh bay d6i day kém wi céc ti thong
ké mau t trong ngéc don (Ptan Thuc Hanh May Tinh 3.64tng chn cach 4p lai két qua
cia phan nay va Bng 3.5 trinh bay & qua.)

— =
SANGCHE =34,571+0,792R & D
5,44)  (13,97)
= 0,859 d.f. =32
F.(1,32) =195,055 6 =11172

Dé kiém dinh mé hinh @ sy y ngha ©ng thé, chidng ta & dung ti thng kéF, co gia
tri bing 195,055. Theo githuyét Ho thi $ bing sang céva chi phi cho R&D la khong
trong quanf. tuan theo phan g F véi bac tr dod tr sb 1a 1 va lac tv dod mau & 1a
32(==34-2). & bang A.4a (@ing ¢ trong bia sau) chdng ta coamhxét éng gia ti
ngudng F(1,32) & mac ¥ ngha 1% im gitra 7,31 va 7,56. V. cao kon nhiéu so i
gia ti nay chung tad luan rang 56 bing sang chva chi ph| cho R&D lautong quan
dang K. Két luan nayduoc ding & thém théng qua giaitthéng k& nmdu t. Kiém dinh
hai dau v6i mac y nghia 1%, fing t trong bia tréc aia quyén sach (hay Bng A.2) cho
thiy gi& ti ngudng VGi 32 bic tr do ram gira 2,704 va 2,75. Vi giaitguan satctcao
hon nhing gia ti nay nhéu ching ta & luan rang ¢ sH hang tungdd goc vadd doc co
gia ti khac 0 ndt cachdang K. O do do thich hop R? cho bét md hinh gii thich duoc
85,9% % bién doi cia bén phu thupe. Mic duday drong nhr la mot sir thich hyp tot,
tuy nhién chung ta fly tir hinh 3.11 ing mé hinh khéng hoan toaréthién ar bién doi
thuc & vé& 5 bang sach ch Duong thing bi quy laduong lién va né khongtai dién
day du ban chit duong cong @a dr li¢u quan sat. Chinh diéu ndy mé hinh&dy béao
rat kém $ luong bing sang cétai nhiéu nam.

Diém nayduoc néu ra rd bn ¢ Bang 3.5, ing nay c6 nkdu tri thdng ké hru ich khéac.

Cot thtr tu & gia ti trung binhuéc Iugng(\?t), oot nam |& gia ti phan dr duoc tinh king
gia ti quan sat fr di gia tri trung binhuée luong (l]t =Y, —\?t) va @t cwi cung la sai &
phan tram tuyet déi (APE), duoc tinh king 104G,|/Y,. Gia ti dy bao trinh bay bang
3.5dugc lam trondén 1 chr b thap phan. Vi @ ligu goc Ve O bing sang clichi co mot
s0 thap phan, nén ¥t o gang cOdugc cac gia trdu bao caio chinh xaaién hon mot s6
thap phan la khéng c6 y nidn

HINH 3.11 S6 Bang Sang CK Theo Chi Phi cho R&D dia Nuéc My

S6 bang sang clé

(ngan)
200
180 !—
160
140
120 -
100 - S
80 |-
i , ; Chi phi R&D
50 70 90 110 130 150 (t)’f)
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BANG 35 Bao Cao May Tinh c6 Chl Thich cho Fim Ung Dung dia
Phan 3.11.

Cac Enh ELSdugc indam va cacdi nhan xétduoc in nghiéng
Danh sach cac & ) )
(0) Hang © (1) Nam (2) R&D (3) PATENTS (SANG CH)

Thoi doan: 1, quan savh nhit: 34, plam vi quan sat: sit 1960-1993, K&in hanh 1960-
1993(Usc lwong md hinh theo OLS)

Uéc lwgng theo OLS sr dung 34 quan sat r 1960-1993
Bién phu thuoc — PATENTS

Bién H¢ sb Sai$ chuin T stat 2Prob(t >[T])

(0) Hing 34,571064 6,357873 5,437521 < 0,000

(2) R&D 0,791935 0,056704 13,966211 < 0,0001"

Gia ti trung binh aa 119,238235 S.D. aia bén phy 29,305827

bién phu thuoc thuoc

Téng binh plrong sai 3994,300257 Sai $ chuin cia pHin 11,172371

sb (ESS) du

R-binh phrong khéng 0,859 R- binh plrong hiu 0,855

hiéu chinh chinh

Tri théng ké F 195,055061p-value = <0,0001
Prob(F>2427.709)

Tri Durbin-Watson 0,233951Hé sb ty twong quan 0,945
bac nhit

Céc gié ti thdng kédé chon mé hinh

SGMASQ 124,821883 AIC 132,146377 FPE 132,164347
HQ 136,255226 SCHWARZ 144,560215 SHIBATA 131,300527
GCV 132,623251 RICE 133,143342

?genr ut=uhat (leu cacuedc lwong phin dir )

?genr temp = PATENTS -ut (tinh giéa ti “gan”)

genr fitted = int (0.5+ (10*temp))/10 (Iam trondén mpt s6 thip phan)

?genr error = PATENTS — fitted (tinh sai $ dir b&o) ’ ’
?genr abspcerr = int (0.5 + (1000*abs(error)/PATENB))/100(tinh sai $ % tuyét doi
va lam trondén hai chr so thgp phan)

?print —o R&D PATENTS fitted error abspcerr; (in c&c gia t¥ ¢ dang hing)
OBS R&D Pat ens Fited Error ABSPCERR
1960 57,94 84,5 80, 5 4,0 4,73
1961 60, 59 S6, 2 82,6 5,6 6, 35
1962 64, 44 90, 4 85, 6 4,8 5,31
1963 70, 66 91,1 90, 5 0,6 0, 66
1964 76, 83 93, 2 95,4 -2,2 2, 36
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1965 80, 00 100, 4 97,9 2,5 2,49
1966 84, 82 93, 5 101, 7 -8,2 8,77
1967 86, 84 93,0 103, 3 -10, 3 11, 08
1968 88, 81 98, 7 104, 9 -6, 2 6, 28
1969 88, 28 104, 4 104, 5 -0,1 0, 10
1970 85, 29 109, 4 102, 1 7,3 6, 67
1971 83, 18 111,1 100, 4 10, 7 9, 63
1972 85, 07 105, 3 101, 9 3,4 3,23
1973 86, 72 109, 6 103, 2 6, 4 5, 84
1974 85, 45 107, 4 102, 2 5,2 4,84
1975 83, 41 108, 0 100, 6 7,4 6, 85
1976 87, 44 110, 0 103, 8 6, 2 5, 64
1977 90, 11 109, 0 105, 9 3,1 2,84
1978 94, 50 109, 3 109, 4 -0,1 0, 09
1979 99, 28 108, 9 113, 2 -4, 3 3,95
1980 103, 64 113, 0 116, 6 -3,5 3,19
1981 108, 77 114, 5 120, 7 -6,2 5,41
1982 113, 96 118, 4 124, 8 -6,4 5,41
1983 121, 72 112, 4 131, 0 -18,5 16, 55
1984 133, 33 120, 6 140, 2 -19,6 - 16, 25
1985 144,78 127,1 149, 2 -22,1 17, 39
1986 148, 39 133, 0 152, 1 -19,1 14, 36
1987 150, 90 139, 8 154, 1 -14,3 10, 23
1988 154, 36 151, 9 156, 8 -4,9 3,23
1989 157, 19 166, 3 159,1 7,2 4,33
1990 161, 86 176, 7 162, 8 13,9 7,87
1991 164, 54 178, 4 164, 9 13,5 7,57
1992 166, 70 187, 2 166, 6 20,6 11, 00
1993 165, 20 189, 4 155,14 24,0 12, 67

Nhiéu gia ti APE In hon 5%, va trong @t s6 nam chdng wot qua 10%day l1a i 1é
kha kn. Chuing ta@ing quan sat tly ring cacdiém phan tan cown lai véi nhau trong
cac rim tr 1966-1977, chra Ang mot yéu t6 naodd khac fon la chi phi R&D gay raws
thay d6i vé sb bang sang c Do d6, quan sat & hon cac Kt qua chi cho thy sy xac
dinh sai mo hinh. Trong abng 6, chdng ta&dung fp di liéu naydé udc heong moé
hinh dudng cong va & xem xét xem Bu viéc xacdinh nay cé th hién t6t hon cac bén
ddi quan sattuoc vé b bang sang chkhong.

TOM TAT

Mic du mé hinh &i quy tuyén tinhdon hai bén duoc sr dung trong clrong nay, nieng
hiu hét cac khia enh @ ban cia viéc tién hanh phan tich tlt nghiém da dugc dé cap.
That hiru ich khi tém it lai cac Kt qua da duoc thao ludn tir dau dén gio.

Mot md hinh i quy tuyén tinhdon laY, = a+ B+ u (t=1, 2, ..., n). % vaY, la
quan sat th t 1an luot cua bén doc 1ap va bén phu thuoe, a va S1a cac théng&caa Hng
thé khéng bét s& duoc wdc luong tir dit liéu caa X vaY, y sb hang sai  khdng quan sat
dugc, day 1a cac Wn ndiu nhién i cac tinh cht dugc dé cap dudi day, n 1a éng 9
quan sat.bo déc (H) duoc dién dich laanh hrong din bién @a sr ting mdt don vi gia ti
X 1énY;, a+ BX latd trung binh cdiéu kién caaY cho tiréc X = X.

Tha tuc binh plrong nhd nhit thdng throng (OLS) are tiéu hda éng binh plrong sai
6 Y @ va tinh toan caadéc lugng (ky héud vaB) cia & hang tungdd goc o vado

Ramu Ramanathan 42 Nguoi dich: Thuic boan
Hiéu dinh: Cao Hao Thi



Chuong trinh Giing cay Kinh t Fulbright Cac phrong phapdinh rong Nhap mén Kinh té lwgng véi caciing dung — 5" ed.
Baidoc Ch. 3: M6 hinh Bi qui tuyén tinhdon

doc 8. Yéu @u duy nfat dé thuc hién viéc uéc lwong cac théngétheo OLS lan co gia
tri nho nhat bang 2 va it nht mot trong nhiing gia ti cia X la khac nhau — ngh la,
khong pfai tat ca cac gia trcia X la nhe nhau. N

Neéu u la bien ngiu nhién c6 gié trtrung binh Bng 0, va X cho tréc va khéng ndu
nhién, thi E() = 0 va EXw) = 0. Cac phong trinh chén 1a > G, =0 va ) X0, =0.
Loi giai cua cac plrong trinh nay chod qua 1a cacude luong theo OLS ga a vag. ’

Dudi cac ,gﬁ dinh vra néu ra, caadc qung theo OLS la khéng thiégdh va nlat
quan. & nhat quanduogc giit nguyén ngaynéu X, 1a ndiu nhién, mén 1a Cov, u) =
0va 0 < VarK) <O - ngha 1a, mén 1aX vau khong trong quan v khong la ing 9.

NEu cac gia tru tuan theo phan phdoc lap va trong tr nhau (iid) Wi mot phuong
sai xacdinh, @ va £ cing € la cacuéc lwong khong thiéndch tuyén tinh 6t nhit
(BLUE); tic 1, trong 8 tit ca t6 hop tuyén tinh khong thiénéch aia céc gia frcia Y,
@ va B c6 phrong sai nb nhat. Két qua nayduoc goi la dinh ly Gauss-Markov va c6
nghia ring, ngoai tinh cit khong thiéndch va nlt quan, caarée lwong theo OLS @ng
la cacudc lwong hiéu qua nhat. Néu cac gia trcaa u tuan theo phan phchuan doc lap
va trong tr nhau N(0,6%), cacude lugng theo OLS @ing 1a caardc lwong thich kyp nhit
(MLE).

T @ vag, gia ti du bao @a Y, (ky hiéu 1aY, ) thuduoc bingY, =& + X, , va phin
du dugc wéc luong king G, =Y, -Y,. Sai $ chiin cia cac phn dr la mot uéc lugng
cua do léch chuin o va duoc tinh theo cong it § = [Zl]f(n—Z)]llz. Tur cac Kt qua
nay, ta co thsuy ra saiéchuin cia @ va 3 (s, va s3). Cac sai & chuan cang nhb, do
chinh xac @a cacudc hrong aia cac thong&cang 6n. Sr bién doi cua X cang bn cang
tot vi dieu nay c6 khuynhinsng cii thién d6 chinh xac @a cacudc lugng riéng €.

Céc hrée tién hanh kém dinh déi thuyét mot dau vé B duogc tién hanh nix sau:

BUOC1 Ho B=/H Hi B>
BUGC 2  Tri thong ké kém dinh lat, = (,8—,80)/3 trongdé s, la sai $ chuin

uéc lugng aia . Theo gi thuyét Ho, gid ti nay tuan theo phan pht vsi
n — 2 kic tr do.

BUOC 3 Tra king t Wi gia tri tng Wi n — 2 Hic tr do va ndt mirc y nghia cho toge
(ching han a), va timdiém t (@) sao cho P(t> t) = a.

BUOC4  Bac b Hotai micc y ngha a néut. >t . Néu gia thuyét nguoc lai Hy 12 8
< [, Ho st bi bac b néut. < - t.

Kiém dinh c6 ti¢ dugc thuc hién theo nét cach trong duong. CAc kxdc 3 va 4duoc diéu
chinh nhr sau:

BU’("FC 3a Tinh xac sfit (ky hi¢u la p-value) sao chio> £/
BUOC 4a Bac b Ho va Kt luan 1a k¢ sb c6 y ngfia réu p-value nb hon mot mic y
nghia naodé (a).
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Céc hréc kiém dinh gi thuyét ngroc lai Hy ¢6 tinh hai phiguoc thee hién nhr sau:

BUOGC1 Ho B=/K H: BZ/
BUGC 2 Trj théng ké kém dinh lat, = (3 - 5,)/s;. Theo gi thuyét Ho, gid ti tuan
] theo phan pbi t véi n — 2 kic tr do.

BUOC 3 Tra king t Wi gia tri tng Wi n — 2 Hic tr do va ndt mirc y nghia cho tode
(chdng han a), va timdiém t .o(a/2) sao chadP(t> t') = af2 (Mot nita aia
muirc y ngha).

BUOC4  BA&c b Hotai mic y ngha a néu t/>t .

Céc hrée hiéu chinh dé thuc hién kiém dinh theo plrong phapp-value nhr sau:
BUOC 3a Tinhp-value =2P(t > £.).
BUOC 4a Béc b Hy néu p-value nfo hon mdt mirc y nghia naodé (a).

Tri théng kédo luong dd thich hyp cia mt md hinh 1a R= 1- (ESS/TSS), trondd
2
ESS=) G vaTss :Z(Yt —?j . RPco gia ti tr 0 dn 1. Gia tf nay cang cadd
thich hop cang ét. R? mang hai ¥ ngia: (1) n6 la 1¢ cia ©ng phrong sai éa Y ma mo

hinh gii thich, va (2) né la binh plong aia k¢ so twrong quan gia gia ti quan séatY;)
cia bén phy thupc va gia t du bao (Y[).

Kiém dinh & do thich hyp tong thé caa md hinh c6 thduoc thec hién bing cach &
dung gia ti R%. Céac e duoc tién hanh nir sau(gy la hé sb tuong quan ¢a Hng thé
cua hai bén X vaY):

BUOC1 Hopy=0 Hipy#0

BUOC 2  Tri thong ké kém dinh 1a k& = R¥(n — 2)/(1 — B). Theo gk thuyét Ho, tri
thong ké nay tuan theo phandstF voi 1 bac tr do o tr b va n — 2 BAc tr
dod mau 9.

BUOC 3  Trahing F theot sb 1 bic tr do va ndu s n — 2 lic tr do va not mac y
ngha cho trée (ching hana) tim gi ti F sao cho: P(F>F =a.

BUOC 4  Bac I gia thuyét Ho (tai mic y nghaa) néu . > F .

Khoang tin @y 95% aia 3 dugc xacdinh nhr sau:
(,B—t s/},,,B+t s[;)

Dy béo cadidu kien cia Y, cho tréc X bing Xo, 1Y =d+ BX,. Phrong sai ¢a n6
(phépdo do tin ciy cua dr bdo) t I¢ thuan véi khoang cich da X, so Wi gia tri trung
binh X . Nhur vay, X cang xa khi gia tri trung binh éa X, gia ti du bdo cang kém tin
cay.
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Thaydéi thangdo cia bién phy thuoc din dén thayddi twong tng thangio cia mbi hé
s hdi quy. Tuy nhién, cac giaitR® va ti thong ké t § khongdéi. Néu thangdo acia
mét bién doc 1ap thaydoi, hé sd hdi quy aia né va cachisai $ chuin twong ang hi thay
ddi cuing thangto, tuy nhién4t ca cac ti thong ké khac khéng thaibi.

Viéc xacdinh chinh xac quanéhnhan qu la Kt stc quan tong trong mé hinh &
quy. Gk thiét chuin 1a X gay ra Y. Tuy nhién,ém X va Y dugc tréoddi, va md hinh
duoc uge lwong King Xi = @ + BY; + v, duong thing hbi quy néi chung & khac \6i
duong dugc xacdinh tr mé hinhY; = a + X + u.

THUAT NGU’

Analysis of variance (ANOVA) Phan tich pbng sai

Best linear unbiased estimator (BLUE) Udc lwgng khong thiéndch tuyén tinh bt
nhat

Coefficient of multiple determination dsd xacdinh boi

Conditional mean of Y given X Giaitirung binhdiéu kién cia Y biét trude
X

Critical region Vung ngong (vung &i han)

Data-generating process (DGP) Qua trinh phdtéa

Engel curve buong cong Engel

Error sum of square (ESS) 6Ag binh plrong sai 6

Estimated residual Rh dr uoc leong

Explained variation ®bién ddi giai thich duoc

Feedback P i

Fitted straight line Puong thing thich kyp

F-test Kém dinh F

Gauss-Markov theorem binh ly Gauss-Markov

Goodness of fit b6 khop

Heteroscedasticity Riong sai ¢a sai § thaydoi

Homoscedasticity Pdng phrong sai sai & (tinh cHit pheong
sai dia sai § khong thayddi)

Joinly determined buoc xacdinh cung lac

Linear estimator U6c luong tuyén tinh

Marginal effect of X on Y Hiu tng cn bién ¢ia X Ién Y

Mean absolute percent error (MAPE) Sapkan tram tuyét ddi trung binh

Mean squared error (MSE) Sai lsinh phrong trung binh

Mean squared percentage error (MSPE)  &aihén traim binh plwong trung binh

Method of least square Rtng phap binh plong 6i thiéu

Nonlinear regression model M6 hinbi lquy phi tuyén

Normal equation Riong trinh chén

Ordinary least squares (OLS) Binhuphg ©i thiéu theong

Population parameters Thathaia tHng thé

Population regression function Hari lquy o1a ©ng thé

Population regression line Puong hHi quy cia Bng the

Population variance Riong sai ¢a tHng thé

Postsample forecast ubao Hu mau
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p-value

Regression coefficients
Regression sum of squares (RSS)
Residual

Root mean squared error

Sample estimate

Sample regression line

Sample regression function
Sample scatter diagram

Serial correlation

Serial independence
Significanly different from zero
Significanly greater from zero
Simple linear regression model
Spurious correlation

Spurious regression

Standard error of a regression
coefficient

Standard error of the regression
Standard error of the residuals
Statistically insignificant
Statistically not greater than zero
Statistically significant

Sum of squares of the residuals (ESS)
Total sum of squares (TSS)
Total variance

t-statistic

t-test

Unexplained variation
Well-behaved errors
White-noise errors

3.APHU LUC

Chang Minh Cac Phwong Trinh

Céac plwong phapdinh rgng

Nhap mén Kinh té lwgng véi caciing dung — 5" ed.
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Giadtrp
Céaé & hoi quy
6nd binh plrong i quy
PhN cr
AIChic hai dia sai $ binh phrong trung
binh
Uéc lrong aia mau
buong hbi quy c1a mau
Hari lquy aia mau
&idd phan tan ¢a miu
fong quan chbi
DPaoc lap chibi
Khac 0ghcachdang K
dn hon 0 mdt cachdang K
M6 hindi Quy tuyén tinhdon
dong quan gi tao
diquy gia tao
Sai $ chuin cia hé b hdi quy

Sackuin cia hi quy
Sachuin cia pHin de
Khoéng c6 y ngé théng ké
Khoog hon 0 & mat théng ké
C6 y n@h \é thong ké
4ngd binh plrong a1a cac phn dr
6y binh plrong toan phn
Pirong sai éng
Ti théng ké t
Kém dinh t
Bh d6i khong gii thich dugc
Sab shayddi ngdu nhién
Sabslo nhéu tring

O 3.A.1 Biéu dién 3 chiéu ctia mé hinh tuy én tinh don

Hinh 3.A.1 béu dién bing do thi cac gh thiét liét ké trong lang 3.2 cho wong hyp cia md hinh
héi qui 2 bién don. Truc X va Y dai dién cho céac gia trcia cac bin X va Y. Tuc Z 1a ham nat
do xéc st f(u) cua sai 6 ngiu nhién uBuong thing a + BX I trung binh cdiiéu kign cia Y
véi X cho trdce, duoc gia s 1a tuyén tinh. Cac phan p%lnthong kédugc V& xung quanhiuong
trung binh cho 3 glaltb(l, Xz va xg la cac phan pii co diéu kién trong trng. Nhr dadé cap
trong bai, gi thiét ring Var(u) = o® duoc goi 1a phwong sai dia sai $ khong ddi, cé nghia

“phan tan nkx nhau”. Hinh 3.A.1 méattinh Hit bién caa phrong sai @a sai $ cho it ca cac quan

sat. Nu cac plrong sai nay khonga bién ma thayddi theo t [nhr vay, Var(u) Zo?], ta c6
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phwong sai dia sai ,sé thay géi (phan tan khéng nhnhau). Hinh 3.A.2 minhda tnrong hop
phuong sai @a sai 6 thaydoi trongdd phrong sai &ng khi X &ing. Tirong hop naydugc xem
Xét chi tét hon trong clrong 8.

Biéu dién db thi cia Md hinh H6i Qui Tuyén Tinh Don

Y
’
f(u) - .
’ ,'
/’ ’
// '/ ’,
’ ,/ 4

// . ’/

72 , 4

, ,

’ ’ //

4

4
/
4

Minh hoa vé phwong sai cta sai sd khéng ddi

Y
f(u) ’

/

4 ’

’
4 ’
4 ’
4 ’
7’ P 4
7 4
, S/ ’
’ , ’
’
. z .
4
’ 7
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o+ X

N
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O 3.A.2 Cac Két Qua Chia Phép Tinh T éng
Céc tinh chit 3.1 va 3.2tugc ching minho day

TiINH CHAT 3.1

S, = 20 -X) =T X - = 2% - H(Tx )

Chipng minh
(X, -X) =Y X2 -2x X+ (X)?]= Y. X2 - Y 2XX, +Y(X)?

Nhu truée day, X nhe nhau Wi mdi gia tri t. Do \Ay, biéu thic trén =

> X; -2XY X, +n(X)* . Hon nita Y X, =nX. Dod6, biu thic tré thanh

> X? -2XnX +n(X)’. Két hop s hang thr hai va ba trong Bii thic taduoc phin thir
nhét caa tinh clat. Ta bét ring X = (XX,)/n. Thay vao, ta cé gh tht hai dia tinh cht.

TiINH CHAT 3.2

Sy = L X = X)(Y, - V)= Y XY, ~nXY = Y XY, - [ x,) (X Y. )/n|

Chirng minh
3 (X, - XY, - V) =X (XY, ~X,¥ - YK+ XV)
=Y XY, -YD X, -X> Y, +nXY
=> XY, ~YnX-XnY +nXY
=> XY, -nXY
Thay X =(D_X,)/n vaY =(D_Y,)/n, ta céding thic thi hai.
O 3.A.3 Chirng Minh Céc Ph wong Trinh Chu an Bang Phép Binh Ph wong Nhé Nhat
Trong ptin nay ta 4p ghg phrong phap binh piong ntd nhit, duoc trinh bay trong pin 3.2 va
chirng minh cac ptiong trinh chan (3.4) va (3.5). Tiéu ctam binh plrong nhd nhat la chon gia
tri cia & vap lam i thiéu tng binh plrong sai $:

ESS(G,B) =) & = (Y, -G -pX,)’
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Dé téi thidu ESS i G va B, ta chodao ham riéng (xem gim 2.A.3 \& dao ham riéngpESSH
& VAOESSH B bing 0 va gii phuong trinh nay. Ta c6

agss Za( ). =324, aut—zZu( 1) =23 (Y, -a-BX,)(-1)=0

OESS Za(u)_z . au

o5 a-BX)(=X,)=0

Tur d6 ta thuduoc cac plrong trinh sau:

(Y, -a-BX,)=0
Z(Yt _d _BXL)XI =0

LAy téng trng $ hang va lru y ring 6 va B khéng phi thupe vao t va la tha $ chung c6 th
dua ra ngoai cadng, tadugc

>'Y, =nd +p> X,
SYX =6 X, +p> X

Phrong trinhdau tién trong duong Wi phuong trinh (3.4) va plrong trinh thi 2 trong duong Voi
phuong trinh (3.5).

O 3.A.4 Uéc Lwong Khong Thién Léch Tuyén Tinh Tét Nhat (Blue) Va Pinh Ly Gauss-
Markov

Tur ly thuyét théng ké ta bt ring mbt trong nhiing tinh clat mong mén cho ndt woc luong la
wdc legng tuyén tinh khéng thiénéeh phrong sai nkb nhat (xemdinh nghia 2.8). N6i cach khac,
gitra cac & hop tuyén tinh @ia bién phy thuse khdng thiéndch, ta clon mot bién cé phrong sai
nho nhat. Pay lauéc luong khong thiéndch 6t nhit (BLUE). Trong phn nay ta cting minh
dinh ly Gauss-Markowtinh ly nay choangudc lrgng OLS rit ra trong gim 3.2 ding ¢6 tinh
chit BLUE.

PAu tién ku ¥ inguéc  OLS S thuc ar c6 thé dugc bidu dign nhr 12 © hop tuyén tinh
cua Y;. Dé thiy diéu nay, ta Wt lai phuong trinh (3.12) doi day.

(3.12) s, = [Z XY, - (ZX:I)I(ZYK)}

Luuy X =) X, /n, két qui nay c6 ti dugc biéu dién nhr

Ramu Ramanathan 49 Nguoi dich: Thuic boan
Hiéu dinh: Cao Hao Thi



Chuong trinh Giing cay Kinh t Fulbright Cac phrong phapdinh rong Nhép mon Kinh té lugng véi cacing dung — 5" ed.
Baidoc Ch. 3: M hinh hi qui tuyen tinhdon

XY -XDY, =) (X, -X)Y,

Vi B = Sy/S tir phrong trinh (3.10), ta c6

[—5’ = Z{Xé_x}Yt = Zthl

Pay la b hop tuyén tinh @ia Y; véi trong $ w, = {th_ X} phu thuoc vaoX.. Bay gbv xem tng

XX

t6 hop tuyén tinh @a cac gia ircia Y ¢ dingP = D aY,, véi & co tinh khdng nay nhién.Usc

lugng khong thiéndch $t nhét (BLUE) c6 2 tinh cht: (1) B khong thiéndch va (2) Var@3) Ia
nho nhat.

Chipng minh

Goi d; = a - wy 1 hitu & céc tong $ (luu ¥ rang d chi phu thude cac bén X va dodd duge xem
la khéng ngu nhién). \y a = w + d. Tiép theo la

B=2(w+d)Y, =B+XdY,
E(B) =B+ E(dY,) =B+ dE(Y) =B+ d (a+BX)
=B+a).d +By dX,
Pé co tinh khodng thiérsth, Kt qua nay phii bang B, diéu nay »y ra khi va chkhi
Zdt =0 va Ztht =0
Phrong sai daudc lugng Bdu:qc xacdinh ki Var[Y(ox + d)Y4]. Tt tinh chit 2.A.5¢, plrong
sai aia ng cac bin ndiu nhiéndoc 1ap 1a Bng cac phrong sai (tinhioc 1ap dugc dam bao boi
gia thiet 3.6). Hbn nira, do ga thiet 3.5 & phueong sai Ga sai  khéngdoi, u; va do iy Y, co
phuong sai khéngibi 0. Tur d6 ta cé

Var(B) = 0% (w + d)? = 02X wh + 025 d% + 20°Tadk

X, -X

S6 hang thr 3 bing 0 viYwd = Z( jdl =0, do cAddiéu kién & tinh khéng thiéndch

>di = 0 vaXdiX; = 0 lam cho i sb hang trong éng king 0. Trong biu thic trén & phuong sai
cua B, 9 hangdau doc 1ap voi cac bén chon d. Bai vi sé hang thi hai 14 tng cac binh plrong,
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chi c6 cach duy ndt dé tdi thiéu 5 hang nay la chn mdi gia tri cia ds Bing 0.Diéu nay lam cho
& = ux va dodo E = Q nhr vay y noi ring udc leong OLS thre ar 1a BLUE va do gy s ¢6 hiu
qua nhit. Biéu nay xac minkiinh Iy Gauss-Markov. @ihg nénu y rang viéc ching minhdinh
ly can den cac gi thict 3.5 va 3.6 ¥ phrong sai ¢a sai 8 khongddi va tinhdgc lap theo chai.
Néu mot trong 2 ga thiét nay kb vi pham, thi phrong phap OLS khéng chejc luong hiéu qua.

0 3.A.5 UWéc Lwong Thich H op Nhat

Ly do aia phrong phapudc lugng thich fop nhit duoc dién ta chi tiét trong ptan 2.A.4. Bin doc
c6 tht xem phan d6 trede khi bit dau phan nay. Trong pn dé, phrong phap naleadu:oc ap
dung cho trong hop wdc legng gid ti trung binh va phiong sai @a mdt phan pldi chuan. O day
ta 4p aing ky thudt twong tr vao bai toan &i qui. Bsi vi nguyén ly thich bp nhit doi hoi kién
thirc vé cac phan péi trong bai toan, nén taie gia thiét 3.7. Cac bdc dé xacdinh mjt uéc
lwong thich lp nhit rat dé hiéu. Tredce tién, Bp ham thich bip lién k&t ham it d6 cua cac quan
sat wi cac thong & chua biét. Pé cyc dai ham nay, dy vi phan riéng pin logarit @ia ham thich
hop cho ndi thong $ chura biét va cho ling 0. K& dén giai cacdiéu kién bac nhit dé tim cacudc
lwong thich kyp nht. Ham mit d6 cia uduoc xacdinh theo [xem pliong trinh (2.4)]

_ 1 —u?/20?
= o

Bai vi cac quan sat ldoc lap nhau, ham thichdp cia w, Ww,...,u, 1a
L(at, B, 0%) = f(uy) f(up) f(us).. .. ..f(wy)

— ; e—zu3 (26%)
(ov2m)"

1 e -¥(Y,—a-BX,)* /(26%)

" (o2m)

Thuc hién arc dai hoa logarit @a ham thich ép thi & hon, gia ti cuc dai s& bang Wi gia tri 16n
nhét L bai vi loga c6 tinh cht ting déu; ngha la réu ab, thi In(apin(b).

INL = -nIno —nIn(/2m) - Z{(Y a- BX)}

= —nlno - nin(/2m) - 228

Trongdé SSE =% (Y - a -BX¢)% a vap chi xuét hién trong $ hang SSE. Dal6, InL 16n nhit
bang wi SEE nhb nhit (boi vi c6 diu &m trrdc SSE). Nieng SSE nh nhit nghia 1a caaréc
lwong binh plrong nk nhit. Do do, cacudc luong binh plrong nho nhit ciing 1a MLE \6i diéu
kién cac sai& cua u tuan theo phan pihN(0,07). Béi vi cacudce lwgng thich kyp nhit 1A ddng
nhat va hiu qua mot cach t8m can, nén caadc luong OLS ding \Ay.
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Pé c6 MLE aiao?, lay vi phan riéng pin InL theoo va cho Bng 0. Ta c6

o(InL) _ _n  SEE _
00 o o

0

Giai phuong trinh timo? taduoc 0 = SSE/n. Nirng SSE ph thudc vaoa vap. Tuy nhién, ta c6
thé diing caaréc lurong aia chiingd va B. Dodo ta thudwoc MLE caa phrong sai éa y bing
v6i 67 =X 02 /n . Nhua d4 phéat bdu treée d6, gia ti nay khong thiénéch. Mot wac lugng khdng
thién kch c6 tit tim duoc bing cach chia)_a; cho n-2 va dung’ d& xacdinh trong phrong
trinh (3.21) Piéu kién khdng thiéndch dugc ching minh trong phc luc phin 3.A.7.

O 3.A.6 Tim Cac Phwong Sai Cua Cac Uéc Lwong

Tu pheong trinh (3.10), ta Ccﬁ: Sq/Skx. Vi X 14 khong ndu nhién theo githiét 3.4, S« ciing
khong ngu nhién va daié Var(B) = Var(Sy)Sxx. T phuong trinh (3.15), § = BSx + Swu va
dod6 Var(Sy) = Var(Sw). Tir phrong trinh (3.16) tadu ¥ ring Su = Y (X, = X)u,. Tinh chit

2.A.5¢ cho thy phrong sai @ ong cac bén ngiu nhién laéng aia cac phrong sai i diéu kign
dong phrong sai (covariance) caé sang king 0. Theo di thiét 3.6, y va u la khéng trong quan
véi moi t£s vadong phrong sai ting 0. Dodo,

Var(S,,) = Var[ Y (X, - X)u,|= Y Var[(X, -X)u, ] = 3 (X, -X)* Var(u,)
Vi gia thiét 3.5, Var(y) = 0°. Dodo, Var(Sy) = 0° Y (X, = X)’ =0°Sy. Tir d6 < c6

~ Var(S,) 0°S, o2
Var(B) = 3 Y = 3 =_

Vay tada ching minh plrong trinh (3.18). Th tuc dé ching minh cac phong trinh (3.19) va (3.20)iag

twong tr va € la bai ip cho lan doc.

0 3.A.7 Wéc Lwong Khong Thién L éch Cua Phwong Sai C tla Sé Hang Sai Sé

Theo phrong trinh (3.21), 5= 6° = (D 4;)/(n —2) 1a mot uéc lugng khong thiéndch aia o”.
Piéu nayduoc chrng minh nhr sau.

ﬁl = Yl -a _BXl = Y[ _(Y_BY)_BXt
Dung phrong trinh (3.9) chad . Vi Y, dugc xacdinh i phuong trinh (3.1),Y =a +BX + 1 voi

1 bing Yu/n. Dodo, nhom fit ca cac $ hang B ta ¢,
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8, = (a+PBX, +u,) - (o +pX +1) +fX -BX,
=(u, -~ 0 -B-P)X, -X)

Tong binh plrong aia o, dugc xacdinh theo
Saz=> (u -+ BB (X, - X)* 2B -B) > (X, ~ X)(u, — W)
=S, +(B-P)’S, —2(B-P)S,,

Dung ky héu trong tr nhue trong phrong trinh (3.11) va (3.16).Wphuong trinh (3.15), = Sy -
BS« = S«(P - PB). Thay Kt qua nay vao phong trinh trén va & hop cac $ hang thr hai va ba ta
co

> =8, -(B-B)’s,
Dé tinh gia ti ky vong aia Bng binh plrong a1a sai §, ta dn E(Sva E[( - B)3. Tur tinh chit
2.11b tatu y ring
E(Sw) = (n-1)Var(u) = (n-19% Hon nira,
~ ~ 0'2
E[(B - B)?] = Var(B) =g

XX

T pheong trinh (3.18)Dit tat ca cac Kt qua, ta c6
B(X62)=E(s,,) - S.El(B-P)*] = (n-1)0> -0 = (n-2)0?
Chia chon-2ta c6 Kt qua mong min

E(&%) =E{—Zﬁt ] =g’

n—-2

Vay, 6%lausc lwong khong thiéndch aia 6.
O 3.A.8 Chirng Minh Ph wong Trinh 3.25
Gia tri tong binh plrong duoc viét lai nhu sau:
Y, -Y) =D (Y, - Y, +Y, -Y)
= Z(Yt _Y[)Z +Z(Yt _?)2 +ZZ(Yt _Yt)(Yt _Y)
V6i G, =Y, - Y,, hai $ hangdau tién 1a hai & hang cé trong phiong trinh (3.25). Bay gitat ca
diéu ta én 1a phii chang minh ng " (Y, - Y,)(Y, - Y)=> 4,(Y, - Y) =0.
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S, -Y) =Y 8@ +BX, -Y)=6> 4, +B> 0,X, YD 4,
Tur pheong trinh chén dau tién (3.4),> 4, =Y (Y, - @ -BX,) = 0. Tir phuong trinh (3.5),
daX, =) (Y, -d -BX,)X, =0, vay két qua duoc ching minh.
O 3.A.9 Chrng Minh Ph wong Trinh 3.26a

. . . —~
bé chitng minh plrong trinh (3.26a), troc tién ta timdong phrong sai nau (ky hiéu bai Cov)
gittaY; va Y,. Tu pheong trinh (2.10),

/\
Cov (Y, Y,) = —Z(Y -Y)(Y, -Y)

Luu ¥ ring trung binh ¢a Y, ciing 12 Y bsi vi 6 +pX =Y . Vay,

Y -Y=(Y, -Y)+(Y, -Y) =8, +(Y, -Y)
Do d6,

m_Zu (Y1 Y) Z(Y 1Y)
I _

Phin truéc da cho tiy sb hang thr nhét bing 0. Do vy, ddng phrong sai éa Y;va Y, bing Wi
s hang thr hai, & RSS/(n-1);

—— == RSS

Cov (Y, Y,) = p—
Ta ding cO
Var(Yy) = TSS{ va Var(Yt) = z( " V) RSSl
n-— n-— -

Tur pheong trinh (2.7) ta ndlai binh phrong aia k¢ sb trong quandon giita Y; va \?t duoc xac
dinh hoi
/Z\A
, _ Covi(Y,,Y)
Iye = J—

—
Var(Y,)Var(Y,)
Thay th dong phrong sai va phong sai tr biéu thirc vira rit ra va b n-1, ta c6
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, _ RSS* _RSS _,
o, = = =R
TSSRSS TSS

Vay, binh plrong aia trong quanion gitra gia ti quan sav;va gia ti \?t duoc du bao ki moé
hinh Ri qui 1& nhr nhau va la Rduoc dinh nghia trong plrong trinh (3.26).

O 3.A.10 Chirng Minh R ang r?, = R* Cho M6 Hinh H 6i Qui Bon

Trong phin nay ta & chirng minh &ng trong tedng hyp mé hinh Bi qui don, R ciing hing Wi
binh phrong aia trong quardon giira X va Y. Tr phuong trinh (2.11), %y = S%/(SxSy)- Sy
bang Wi tong binh plrong TSS. kn nia, RSS :z (?I -Y)2. Vi SA([ =4 +BX, va

Y=G+pX,tacoY, -Y =B(X, -X). Dodo,
RSS =Y (Y, -Y)* =B’ X (X, - X)* =p’S,,
Tur phuong trinh (3.10),(3 = Sy/Sw. Thay It qua nay cho mt sb hang f% o trén, ta thutuoc

S,
S

XX

RSS = f{ J(SXJ =ps,,

Thay tré S,, tir két qua nay vairu y ring Sy = TSS, ta c6

2

, N
Sy _ S.S, _BS,

2 Xy ~ Xy
I

¥ S§.S. S_TSS TSS

xxDyy
Két qua da dugc ching minh.

O 3.A.11 Chtrng Minh Ph wong Trinh 3.28

var(¥,) =E[Y, ~E(¥[x,)]’
=E[a +BX, —a-pX,] "= E[(6 -a) +X,(B-p)]’
= Var(@) + X2 Var(B) +2X,Cov(&, )

Trong phép Hin ddi trén, tada dung tinh cft 2.4a. Thayit pheong trinh (3.18), (3.19) va (3.20),
taduogc

2 —

- X 1 X X
Var(Y,) =0’ 2X, +X2 —-2°0
nSXX SXX SXX
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Vé6i S = ) X7 —nX®. Luu y ring D X? =S, +nX’va thay vao lu thic phrong sai, tatuoc

- X2+X2-2X X X, -X)?
Var(Y,) =0’ l+ 0 07 1 =g2 1+M
n S n S

XX XX

Két qua nay |a plrong trinh (3.28).
3.A.12 Chirng minh phwong trinh 3.29

Goi 8, =Y, - Y, 12 sai $ tai diém dy bao @a Yo, véi Y, = +BX,1a gia ti dw bao @a trung
binh. Dodoé ta co

Var(fi,) = Var(Y,) + Var(Y,) —2Cov(Y,,Y,)

Vi Yo=a +BXo+ W, Var(Yo) = 6% Mat khac, Var(SA{O) dugc x4cdinh hoi phuong trinh (3.26).
Cubi cling, Cov(¥%, Y,) = 0, bsi vi up khong trong quan i cac $ du khac va daié khong trong
quan i G vap. Vayta co
. X, - X)?
Var(t,) =0{1+l+—( 0 = X) }
n

XX
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Cau Heéi Ly Thuy ét

3.1.

3.2.

3.3.

3.4.

3.5.

Tat ci cac 6ng & bon bicu thirc duéi day duoc diingdé tinh cacdiz liéu miu, khong
phai danh cho & hop hoan cinh. Hay cl ra nfirng bieu thirc sai vadung. Gii
thich ti sao nlitng bieu thirc d6 dang hay sai.

n N —
a. = Uy = 0
b. Xy XU, =0

o

n —
t=1 ut - O

d. 2 X U =0

C6 g khac bét gi gita $ hang sai § va pHin du? Hay gai thich sr khac bét gitra u,
va E(). Saudd, hdy clking minh &ng E(G,) = 0. Va gai thich gia tf ky vong
ngha |a gi éing nhr néu ra nking gi thiét cin thiét & ching minh béu thac trén.
Cho mé hinh tén tinh don bién Y, =a + BX, +u,, hdy cling minh &ng dréi
nhitng gi thiét nhat dinh, phrong phapuéc lwrong OLS cho kt qua cacudéc luong

khéng cléch? C6 ngta la én phii ching minh &ng E(Y, = E(Y,). Hay néu ra

nhitng gi thiét can thiét cho visc ching minhdé.

Néu ra niing gi thiét can thiét cho ndi phat béu sau. bong thyi giai thich ly do i

sao nfiing gia thiét nay én cho phat Kiu dé.

e. Péudc lugnga vap bang phrong phap OLS

f. Bé ching minh Eng cacuéc lugng aia cac thong&theo plrong phap OLS la
khéng cléch va nlat quan.

g. Dé chang minh &ng cacuéc luong theo plrong phap OLS la ku qua

h. Dé thuc hién kiém dinht vaF

NHrng cau bi sau lading hay sai? Bu nhing cau bi nay ch ding ndt phan, ban

hay ch ra ptin dungdo Giii thich ly do &i sao nliing cau (phn) d6 dung

i. Cacudc lugng he sd goc theo ptiong phap OLS&chinh xac bn néu cac gia tr
X gan vai tri trung binh rdu cia chang bn.

j.  Néu X vau tuong quan, caadc lugng Vin < khéng cléch.

k. Cacudc lrong khéng th 1a uéc lwong khdng éch tuyén tinh 6t nhit (BLUE) trir
phi tit ca cac gia tr u;tuan theo phandchun.

l.  Néu céc é hang sai § khong tuan theo phan firchuin thi cac kém dinh t va F
khéng tt¢ dugc thuc hién.

m. Néu phrong sai @a ut bn thi cac khang tin iy caa cacuéc lwgng < 16n (rOng)

hon.

Néu phrong sai @a X I6n thi cac khang tin @y uéc lugng € hep hon.

Khi tri b p-value bn thi k¢ sb 5 khac 0 nat cachdang €.

p. Néu ban chon mot mic y ngha cao ln thi k& s hdi qui & cé kha ning c6 y
ngha hon.

© >
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