Chuong 7. Hoi quy trong sinh thdi QXTV

7.1. Dat van dé

7.1.1. Muc dich va @ng dung hoi quy

v Trong sinh thdi hoc (QXTV, Canh quan, Con tring, Bénh
cdy..), ching ta can phdi phan tich moi lién hé gifta céc
loai v6i cdc y€u td mdi trudng, dva trén nhitng quan sat
loai va cdc bi€n modi trudng & mot chudi 1ap dia nao do.
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Chwong 7. Hoi quy trong sinh thai QXTV

v" Khi phan tich mdi lién hé gifta cac loai véi
cdc y€u tO moi trudng, loai dudc ghi nhin &
dang do phong phu (Abundences) hodc chi
don gian la su c6 mit loai.
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Chuong 7. Hoi quy trong sinh thdi QXTV

v Trong phan tich hoi quy, ching ta chi c6
thé phan tich sd liéu trén tirng lodi riéng
biét.

v" MJdi hdi quy nhim vio mdt lodi cu thé va
xem xét lodi ndy c¢6 moi quan hé v4i moi
trudng nhu thé nao.
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Chwong 7. Hoi quy trong sinh thai QXTV

= Trong phan tich hoi quy:

v" D06 phong phu hodc su ¢c6 mit cua loai la
bién phan hoi;

v Cdc bién moi trudng 1a cdc bién gidi thich.
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Chwong 7. Hoi quy trong sinh thai QXTV

v Thuit ngit “bi€n phdn hoi” xuit phat tir y
tudng cho ring, cdc loai phdn tng lai hodc
phdn hoi lai nhitng tdc dong clia moi trudng
(bi€n moi trudng) theo cdch thitc nhan qua
nao do.
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Chwong 7. Hoi quy trong sinh thai QXTV

= Tu phan tich hoi quy, nha nghién ctfu c6
thé tim ra nguyén nhan giy ra phan hdi cia
loa1 v61 mo1 trudng hay khong?

= Tra 16i: Khong
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Chwong 7. Hoi quy trong sinh thai QXTV

= Vay phan tich hoi quy chi trd 161 dugc ciu
hoi nao?

= P6 1a ciu hoi: Loai ¢6 quan hé véi bién
(y€u t0) moi trudng trong chudi 14p dia nay
hay khong?

v Khi md6 hinh ton tai, ching ta néi “Loai c6
moOi lién hé v4i bién modi trudng trong
chudi 14p dia nay”.

11/11/2009 PGS. TS. Nguyen Van Them 7



Chwong 7. Hoi quy trong sinh thai QXTV

=  Muc dich ctia phan tich hoi quy 13 gi?

v' Muc dich clda phan tich hdoi quy 12 md ta
bi€n phdn hoi nhu 12 mot ham s6 cua mot
hoic nhiéu bién gidi thich.

v Bang cach phan tich hoi quy, chdng ta cd
ging tao ra sai s6 nhé nhat.

v (i tri dv dodn bang ham phdn hoi 12 phin
hoi ky vong — d6 1a phdn hoi véGi sai sO
trung binh nhd nhat.
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Chwong 7. Hoi quy trong sinh thai QXTV

= Trongsinh thai hoc,, phan tich hoi quy dugc st dung dé
gidi quy&t nhitng van dé gi?

a. Udc lugng cic tham so sinh thii. Vi du: Bién d¢ t8i uu sinh
thai va bién do sinh thai cua loai.

b. Danh gia nhirng bi€n moi tru’o’ng nao dong gop chu y€u vao
phin hoi cia loai va bi€n méi trudng nao xuit hién khong
quan trong. Viéc dianh gia dugc thuc hién thong qua kiém
dinh muc y nghla

c. Du doan nhifng phan hoi ciaa loai (d¢ phong phu hodc su co
mdt — ving mdt) ¢ chudi lap dia t nhitng gia tri thu thap cua
mét hoiic nhiéu bi€n moi tru’o’ng

d. Du doan nhirng gla tri cua mot hoic nhleu bi€n mdi trudng
¢ chudi lap dia t nhitng gia tri thu thap ciia mot hoac nhiéu
loai. Nhu’ng du doan nay dugc goi la chian doan
(Calibration).
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Chwong 7. Hoi quy trong sinh thai QXTV

7.1.2. M6 hinh phdn hdi va ki€u bi€n phdn hoi

= MO0 hinh phdn hoi bao gdm hai thanh phan:
hé thong va sai so.
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Chwong 7. Hoi quy trong sinh thai QXTV

v Thanh phan hé thdng md td cdch thic ma
bi€n phdn hoi phu thudc vao bién gidi
thich. Thanh phan hé thong chi rd bing mot
ham hoi quy.

v' Thanh phan sai s6 md td cdch thdc ma
phdn hoi quan sdt sai 1éch véi phan hoi ky
vong. Thanh phan sai s6 c¢6 thé dién ta
bing phin bo cua sai s0.
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Chwong 7. Hoi quy trong sinh thai QXTV

Vi du:

v Khi lam phu hgp mdt duong thang véi s6 liéu, mé hinh
phan hoi c6 dang:

y=b,+bx+¢ (7.1)

trong do:

vy = bi€n phan hoi

v' x = bi€n giai thich

v g=sais0

v b, va b, = hé & (b, = di€m chiin, b, = do déc)
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Chwong 7. Hoi quy trong sinh thai QXTV

1 2 X

[ o " Hinh 7.1. M6 hinh phdn ho6i § dang tuy€n tinh
172
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Chwong 7. Hoi quy trong sinh thai QXTV

= Muc dich phan tich hdoi quy trong sinh thdi
hocla gi ?

v D6 1a xdc dinh thanh phan hé thoéng va
thinh phan sai s6 cia md hinh tir toan bo
sO li€u quan s4t.
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Chwong 7. Hoi quy trong sinh thai QXTV

v O dang chung nhat, cdc tham s6 hdi quy (b,
va b,) dudgc xac dinh theo nguyén ly
“Min{Sum (y* - y)?}™

v Phan b0 cia sai s ¢ dudc gid dinh 1a phan
bo ngiu nhién chuin.
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Chwong 7. Hoi quy trong sinh thai QXTV

=  Po phong phi ciia loai phan bd theo ki€u nio?

v" D6 1a phan bo 1éch.
v Phan bo léch clia dd phong phi bi€u hién & chd,

nhitng gid tri nhd thi nhi€u, con gid tri 16n thi it.

v Dang phin b6 léch cia do phong phu xuat hién
ngay cd & nhitng ndi c¢6 di€u kién mdi trudng kha
thuin nhat.
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Chwong 7. Hoi quy trong sinh thai QXTV

v Phan bo léch cia do phong phd cé thé md td
bing phan bo log-normal.
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Chwong 7. Hoi quy trong sinh thai QXTV

= Phan bo log-normal ¢6 dang:

1 (Inx - ;,t)2

F
(X)
xoV2n) P 26

F(x) =

L va ¢ =tuong ung la ky vong todn va
dd léch chudn trung binh cla bién da X
dudc bién d6i Y
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Chwong 7. Hoi quy trong sinh thai QXTV

= Khi bi€n doi dd phong phd bing cich 1dy
logrit ¢d so tu nhién (log.), thi phdn bd cia
ching s& trd thanh phin bd chuin
(Williamson, 1972).
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Chwong 7. Hoi quy trong sinh thai QXTV

v Do d6, khi phan tich nhitng gid tri d0 phong phu bing
hoi quy binh phuong nhd nhit, thi viéc bién doi dod
phong phi bing cdch 14y logarit 1 can thiét.

= Khi d® phong phu 1dy gid tri zero, thi logarit cia zero
la khong xac dinh.

v' Do d6, @61 v6i do phong phu do dac & dang “c6 mit
loai = 1”7 va “viang mit loai = 0” thi k§ thuit phan
tich hdi quy thich hop 1a hoi quy logit.
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Chwong 7. Hoi quy trong sinh thai QXTV

v Hoi quy logit bi€u thi xdc suat bit gip loai la
mOt ham s6 ctia bién doc 1ap (bién gidi thich,
bi€n moi trudng).
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Chwong 7. Hoi quy trong sinh thai QXTV

7.1.3. Nhitng ki€u bi€n gidi thich vid nhiing
ki€u dudng cong phdn hoi

Bi€n gidi thich ¢ 3 ki€u:

Bién dinh danh (Nominal variable)
Bién c6 thit bac (Ordinal variable)
Bién dinh lugng (Quantitative variable)

AN
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Chwong 7. Hoi quy trong sinh thai QXTV

v K§ thuit phan tich hoi quy ¢6 thé thuc hién
dé dang d6i v6i nhitng bi€n moi trudng
dinh lugng va dinh danh, nhung khong thé
gidi quy€t dugc doi v4i bién c6 thit bac.
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Chwong 7. Hoi quy trong sinh thai QXTV

v' D01 v4i nhitng bién ¢6 thd bac nhd, cdch
gidi quyét 12 chuyén thanh bién dinh danh.

v' D061 v6i nhitng bi€n ¢6 thtt bic 16n, cich
gidi quyé&t 1a chuyén thanh bién dinh lugng.

v' Hoi quy doi véi mot bién gidi thich dinh
[Uong bao gom viéc 1am phi hdp so liéu
v61 mot duéng cong.
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Chwong 7. Hoi quy trong sinh thai QXTV

v" P& md td quan hé gifta cdc bién phdn hoi véi cic
bién gidi thich, ching ta can chon dang dudng
cong nao 12 thich hop vdi so liéu?

v Nhirng cach thitc ndo cho phép tim ki€m mo hinh
phan hoi thich hgp?

o St dung do thi phan tdn.

o Dua theo 1y thuyét.
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Chwong 7. Hoi quy trong sinh thai QXTV

Nhirng ki€u dudng cong phan hdi

Dang dudng thing
Ey
Dang hiing sfi
“
\
a X b c d
Dang Sigmoid tang Dang Sigmoid giam
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Chwong 7. Hoi quy trong sinh thai QXTV

‘ DPudng cong Gauss

Puong cong 2 dinh

Dang parabol DPudng cong léch
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Chwong 7. Hoi quy trong sinh thai QXTV

Chuong 7 giGi thiéu 2 van dé chinh:

1. K§ thuat hoi quy diung trong phan tich so liéu
dang bit gip loai (ki hiéu 1) & khong bit gip
loa1 (ki hiéu 0).

2. K§ thuit hoi quy dung trong phan tich so liéu do
phong phu dinh Iugng (hoi quy binh phudng nhd
nhat).
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Chwong 7. Hoi quy trong sinh thai QXTV

< Trong cd hai phan, tru6c hét gidi thiéu
nhitng mo hinh ma bién gidi thich 1a bién
dinh danh (dinh tinh), k€ dén 14 nhitng mo6
hinh v&i bi€n gidi thich dinh lugng.

L)
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Chwong 7. Hoi quy trong sinh thai QXTV

< D061 v6i dir liéu do phong phu, ching ta
nhin dudc cac duéng cong:
v' dang mi

v' dang Gauss
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Chwong 7. Hoi quy trong sinh thai QXTV

= D061 v6i dir liéu dang bit gdp — khong bit
gdap loai, ching ta nhan dugc cac dudng
cong:

v Sigmoid

Logit Gauss

AN
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Chwong 7. Hoi quy trong sinh thai QXTV

* DulGng cong parabol cho phép uGc lugng:
v Gi4 tri chi thi (t61 vu) cua loai.
v Bién d0 sinh thai (tinh chdng chiu) cta loai.
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Chwong 7. Hoi quy trong sinh thai QXTV

= Hoi quy da bi€n c6é thé dudc van dung dé
nghién cfu Anh hudng ctia nhiéu bi€n modi
trudng (cd bién dinh lugng lan bién dinh
tinh) d€n bién phdn hoi cla loai.
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Chwong 7. Hoi quy trong sinh thai QXTV

7.2. Hoi quy déi véGi s6 liéu dinh lugng
7.2.1. Thuit toan phan tich hoi quy

= Thuit todn phin tich hdi quy bao gbébm
nhirng budc nao?

= (C6 5budc cd ban:

11/11/2009 PGS. TS. Nguyen Van Them 34



3.

Chwong 7. Hoi quy trong sinh thai QXTV

Ué6c luong cic tham s6 cua mo hinh bing
phudng phdp binh phudng nhd nhat.

Tinh cac thong ké md ta (trung binh, sai
tiéu chuin, khoang tin cay ).

Ki€m dinh sy ton tai cGa moé hinh bing
thong ké t hoic F (phan tich ANOVA).

Uéc lu’dng khoang tin cdy 95% cua cac
tham sO (p han hoi ky Vong) va khoang du
dodn 95% cla nhitng phan hoi mdi.

Tinh hé s0 twong quan.
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Chwong 7. Hoi quy trong sinh thai QXTV

7.2.2. Pudng thing

v' MObi quan hé giita d0 phong phd cua loai
cAy v6i d0 Am mdi trudng dat (bién gidi
thich tinh theo phan trim) cé thé & dang
dudng thang.
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Chwong 7. Hoi quy trong sinh thai QXTV

= MO hinh phdn hoi ctia loai cé dang:
Ey=b,+bx+¢ (7.2)

v Ey = bi€n phdn hoi ky vong
v x = bi€n gidi thich
v’ b, va b, =hé& s0 can tim.
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Chwong 7. Hoi quy trong sinh thai QXTV

Log,(dd che phu) Do che phu (%)

Dang Dang % |

logarit

Po am (%)

Hinh 7.5. Quan hé gifta do phong phi clia loai véi dd 4m da't
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Chwong 7. Hoi quy trong sinh thai QXTV

= X&c dinh nhirng tham s6 cia mé hinh

v Céc tham s0 b, va b, clia ham hdi quy
woc lwong duwoc xac dinh bang phwong
phap binh phwong nhé nhat.
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Chwong 7. Hoi quy trong sinh thai QXTV

v Ban chat ciia phwong phap binh phwong
nhé nhat 1a ldm nhd nhat tdng binh
phwong cac sai léch gilra gia tri cha bién
y: Va gia tri wéc lwong clha bien vy,

v Tiéu chuan binh phwong nhd: min
Sum(y; - y; %

v D& Sum(y; — y')2 nhd nhét, thi b, va b,
dwoc tinh theo cong thire:
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Chwong 7. Hoi quy trong sinh thai QXTV

_ 2(Xi - Xpg) (Vi - Yio)
Z(Xi - th)g

by

bu — ¥og - blqu (7.3}3)

n=tdng sd quan sat
%, = gi4 tri cha bién ddc lap twong ing v&i

quan sat 1
v, = gia tri cha bién phu thudce twong img véi

quan sat 1
%q = gla tri trung binh cta bién ddc lap
Vi = gla tr1 trung binh cua bién phu thude.
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Chwong 7. Hoi quy trong sinh thai QXTV

7.2.3. Puong cong Parabol va duong cong Gauss

(1) Puong cong Parabol

Ey = b, + b;x + b,x? (7.4)

Trong do:

v Ey = bi€n phan hoi ky vong

v’ x = Dbié€n gidi thich

v’ by, b, va b, = cdc hé s6 can tim.
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Chwong 7. Hoi quy trong sinh thai QXTV

(2) Puong cong Gauss

= Khi lam phu hdp mot parabol vG1 d6 phong

p.
hung ta lam phu hdp mdt dudng cong

i da chuyén sang dang logarit, thuc t&

hdn hoi Gauss doi v6i sO liéu do phong

C
phan h
phu gdc (tinh theo %).
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Chwong 7. Hoi quy trong sinh thai QXTV

=  Pudng cong phan hoi Gauss c6 dang:

z = c*exp[-0,5(x — u)?/t?] (7.5)

7z = gi4 tri d0 phong phd ban dau (%)

¢ = d0 phong phu 16n nhat cta loai

u = optimum (gid tri x cho do phong phu 16n nhat)
t = tinh chong chiu sinh thdi (s6 do bién do sinh
thai cua loai).

SN X KX
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Chwong 7. Hoi quy trong sinh thai QXTV

v Né€u lay logarit cd sO ty nhién hai v€ ctia phuong
trinh 7.4, chung ta thu dudc:

log.(z) =log.(c) — 0,5(x — u)*/t?

Hay log.(z) = b, + b;x + b,x? (7.6)
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Chwong 7. Hoi quy trong sinh thai QXTV

= Khai tri€n cdc thinh phan cia him 7.6 nhu

sau:
v (X —-1u)?=x?-2ux + u?
v' b, =log.(c) — u?/(2t?)
v’ b, =u/t’;
v b, =-1/28). (7.7)
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Chwong 7. Hoi quy trong sinh thai QXTV

= Bing viéc lam phi hgp Parabol véi log (d6
phong phu), chang ta thu dugc cac udc
lugng binh phudng nhd nhit b, b, va b,.
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Chwong 7. Hoi quy trong sinh thai QXTV

Tu do chung ta cling thu dugc cac udc
lugng sau day:

t01 uu: u = -b,/(2b,) (7.8a)
tinh chdng chiu: t = 1/7/(-2b,) (7.8b)
I6n nhat: ¢ = exp(b, + b,u + b,u,) (7.8¢)
hay ¢ = -(b,? — 4b,b,)/4b?

N X X X
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Chwong 7. Hoi quy trong sinh thai QXTV

Tinh chong chiu sinh thai (1).

D6 phong phu (%)

Max =c

Pham vi xuit hién cla loai 13 4t

[
: EEEEEEEEEEE(EEEEEEREEEEEEEEE

Optimum=u_~ Do dm (%)

Hinh 7.6. Pudng cong phdn hdi Gauss v6i cdc tham sd sinh thdi
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Chwong 7. Hoi quy trong sinh thai QXTV

< Mot sO luu :

1. To6i vu sinh thdi (u) 12 gid tri ciia bi€n gidi
thich dam bao cho loai xuat hién nhi€u
nhat.

2. Tinh chéng chiu sinh thdi (t) 12 s0 do bién
d0 sinh thai cua loai.

3. D0 phong phu 16n nhit (¢) nhidn dudc tucng
Ung vGi to1 uu sinh thai (u).
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Chwong 7. Hoi quy trong sinh thai QXTV

4. Cédc ham 7.8 ¢6 hé s6 b, < 0.

5. Néu udc lugng b, > 0, thi dudng cong c6 mdt
cuc ti€u thay vi mdt cuc dai.

6. Cic tham s6 by, b, va b, ¢6 thé xdc dinh dé
dang nhS cdc phan mém thong ké (Minitab,
Statgraphics va SPSS...).
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Chwong 7. Hoi quy trong sinh thai QXTV

" Vidu:

= Gilra tong sinh khoi kho (SKK, g/cay) clia gb
do 6 thang tudi véi ham lwgng phan tong hop
NPK (X,%) ton tai quan hé rat chat ché (R? =
99,2%) dwdi dang ham bac 2.
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Chwong 7. Hoi quy trong sinh thai QXTV

=  Phuwong trinh mdi quan hé cé dang:
SKK = 70,4119 + 22,7107*X - 2,0583*X2  (**)

v R2=99,2%:
v S=12538;
v Sai sb tuyét dbi trung binh = 1,64

11/11/2009 PGS. TS. Nguyen Van Them 53



Chwong 7. Hoi quy trong sinh thai QXTV

SKK, gfcay
152
SKKypax
=133,1_-I32.__
gfcay
112
Bién 46 NPK dim
bio cho G& 35 hivh
thiarh sizh khdi khs
92 i’,! Elﬂﬂ}ﬁ
72 N
o 1 2 3 4 51

NPK Ubiwn = 3,2%

Quan hé giita sinh khéi khé (SKK, g/cdy) clia G6 d6 6
thang tudi v6i ham lwong phin NPK,%

11/11/2009 PGS. TS. Nguyen Van Them 54



Chwong 7. Hoi quy trong sinh thai QXTV

Khai trién ham (**) c6 thé xac dinh:

U=25,5%
t=0,5%
Uxtt=5%-6%
Ux4t=[3,5-7,9]
C =133,1 g/cay

N XN X X X
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Chwong 7. Hoi quy trong sinh thai QXTV

7.3. HOI QUY DBOI VOI DU LIEU CO — KHONG
CO: hoi quy logit
7.3.1. Nhitng bié€n gidi thich dinh danh: ki€m dinh 2

v' Bdng 7.1 chi ra s6 lugng dong co bit gip va
khong bat gdp loai cay Achillea ptarmica.

v Pong ¢é dugc chia thanh 4 cap (A, B, C, D) tuy
theo bié€n phap st dung.
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Chwong 7. Hoi quy trong sinh thai QXTV

Bang 7.1. S6 lugng dong cé bat giap loai cay Achillea ptarmica

Pong co6
Loai cay A B C D Tong
Cé 37 40 27 9 113
Khong 109 356 402 558 1425
Tong 146 396 429 567 1538
TAn so 0,254 0,101 0,063 0,016 0,073
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Chwong 7. Hoi quy trong sinh thai QXTV

= Vindé ditra d day:

= Tan sO xuat hién lodi cy Achillea ptarmica
c6 phu thudc cidn ban vao bién phap su
dung dat hay khong?

= Hay bién phdp st dung at c6 dnh hudng
dén loai cay Achillea ptarmica hay khong?
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Chwong 7. Hoi quy trong sinh thai QXTV

v Khi bi€n phan hdi ducc ghi 1 1 (c6 mit) va 0
(ving mit), thi phdn hoi k¥ vong Ey 12 tan so ky
vong hay 1a xdc suat xuat hién loai ciy Achillea
ptarmica.

v' Ne€u xdc suat xuat hién loai ciy Achillea ptarmica
giong nhau & cd 4 cép, thi sy xuat hi€én cla loai
khong phu thudc vao bién phidp st dung dong co.
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Chwong 7. Hoi quy trong sinh thai QXTV

= Vi th€, ching ta dit gid thuy€t H,*:

v X4c sudt xudt hién loai ciy Achillea ptarmica 1a
gidng nhau & ci 4 ki€u st dung dong co.

v' Hay 4 ki€u st dung dong cé khdong dnh hudng
dén su xudt hién loai cAy Achillea ptarmica.

v’ D01 thuyét Hy. Su xudt hién cta loai phu thudc
vao bién phdp st dung dong cd.

= Gid thuyét H, dudc kiém dinh biing thong ké 2.
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Chwong 7. Hoi quy trong sinh thai QXTV

= Nhifng luu ¥ doi véi ki€m dinh y2

a. Kiém dinh y2 13 ki€ém dinh tinh phl hop.

b. Ki€m dinh y2 chi thich hgp véi mot tip dir liéu
16n.

C. Ki/é?m dinh %2 rdt nhay cdm v&i hai dudi cua phan
bo.

d. Ki€m dinh %> chi dugc st dung khi 75% s6 6 cla
bang R*C c6 tan s6 16n hon 5.
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Chwong 7. Hoi quy trong sinh thai QXTV

= Thu tuc ki€m dinh %2

v Gia thuyé&t H,:

v (1) Su xuit hién cda loai 1a ddc 1ap vé6i viéc su
dung dat.

v' (2) Bién phdp st dung dat khdc nhau cé anh
hudng gidng nhau dén sy xuat hién cua loai.
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Chwong 7. Hoi quy trong sinh thai QXTV

v Quy tic quyét dinh:

= N&u %2> %%0.05 hay 0.01) hodc P < 0,05 (0,01) thi Hy
= Né&u %% < %%0.05 hay 0.01) hodc P> 0,05 (0,01) thi Hy*
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Chwong 7. Hoi quy trong sinh thai QXTV

7.3.2. Pudng cong sigmoid

= Bay gi10 chung ta x¢t truong hop sau day:

v' Bién phan hoi (y) 1a bién dinh danh khong co tht
bac hon kem (dang 1 va 0).

AN

Bién giai thich (x) 1a bién dinh luong.

AN

S6 liéu & dang nay chi ra ¢ hinh 7.7.
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Chwong 7. Hoi quy trong sinh thai QXTV

0.5

3 g 3 B 7 3 pH

Hinh 7.7. Butng cong biéu dién xéc sudt (p) xudt hién lod
trong quan hé vé1 pH mé1 trwing
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Chwong 7. Hoi quy trong sinh thai QXTV

= Khac véi trwdng hop & muc 7.3.1, trong
trwdng hop nay bién phan hoi ky vong la xac
suat xuat hién loai & mot 1ap dia twong ng voi
mo&t bién mdi trwdrng dinh lwong nhat dinh.
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Chwong 7. Hoi quy trong sinh thai QXTV

=  Xac suat nay dwoc md td bang mét dwdng
cong.
= X&c suat lay gié tri gitva 0 va 1.
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Chwong 7. Hoi quy trong sinh thai QXTV

= S0 liéu trén day co thé mé ta bang ham
dwong thang hay khong?

Ey = by + b,x (7.9)
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Chwong 7. Hoi quy trong sinh thai QXTV

= Cau tra I&i: Khdng
= Bé&i vi ham dwdng thang cling co thé lay
gia tri am.
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Chwong 7. Hoi quy trong sinh thai QXTV

- Pé Ey > 0, chung ta c6 thé lam phu hop
sO lieéu voi ham s6 ma?

Ey = exp(b, + b,X) (7.10)
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Chwong 7. Hoi quy trong sinh thai QXTV

v' Ham s6 mi clng khéng phu hop, béi vi
Ey c6 thé nhan gid tri I&n hon 1.
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Chwong 7. Hoi quy trong sinh thai QXTV

« Do dé, dé Ey nhan gia tri tv 0 — 1, chung ta
bién ddi ham 7.10 thanh dwérng cong sigmoid
nhuw sau:

By — exp(by + bix)
YTPT 4 exp (by + bx)

(7.11)
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Chwong 7. Hoi quy trong sinh thai QXTV

= Cac duwong cong 7.9 - 7.11 dwoc chi ra & hinh
/.8; trong d6 ham 7.11 la mot dwong cong

sigmoid.
= Ey=Db,+Dbx (7.9)
= Ey=-exp(by+ bx) (7.10)

By — exp(by + bix)
YTPT 4 exp (by + bx)

(7.11)

11/11/2009 PGS. TS. Nguyen Van Them 73



Chwong 7. Hoi quy trong sinh thai QXTV

Duimg thing Puimg cong dang mi3

Ey Ey Ey |
a b Yy

Puimg cong sigmoid

o L e L e L LT E-i

/

Hinh 7.8. Puong thing (a), dudng cong ham s6 mii (b) va dudng
cong sigmoid (c¢) twong tng véi cac ham 7.9 — 7.11.
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Chwong 7. Hoi quy trong sinh thai QXTV

v Pudng cong sigmoid (ham 7.11) thda di€u kién 12
“TAt cd gid tri nhan dudc d€u nim trong khodng
gitta 0 va 17

v Nhitng dudng cong sigmoid ting déu hoic gidm
déu va c6 hai tham s6 b, va b,.

v" Thanh phan b, + b,x bi€u thi du doin dudng
thang.

v' D061 vbi xdc suat, ching ta st dung ki hiéu p thay
cho Ey.
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Chwong 7. Hoi quy trong sinh thai QXTV

v D061 v61i ham 7.11, khi uc lugng tham so tir
s6 liéu, chiing ta khong thé st dung hoi quy
binh phuong nhé nhat, ma phdi sit dung hoi
quy logit.
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Chwong 7. Hoi quy trong sinh thai QXTV

v" Thuit ngir logit xuat phdt tir bi€n doi logit,
d6 1a bién doi cla p:

log [p/(1-p)] = b, + b,x (7.12)

~exp(by + b;x)
P™ 1+ exp (bg + bx)

(7.13)
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Chwong 7. Hoi quy trong sinh thai QXTV

 Ham logit con dwgrc goi la ham logistic.

«  Trong md hinh tuyén tinh tdng quat, cac tham
s6 dwoc woc lwong theo nguyén ly hop Iy toi
da.

« Ngay nay nhirng tham sb cla ham logistic
dwoc xac dinh dé dang bang cac phan mém
thong ké SPSS va Statgraphics...
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Chwong 7. Hoi quy trong sinh thai QXTV

7.3.3. DPuong cong logit Gauss

v" Khi thay th€ thanh phan du dodn tuyén tinh trong
ham 7.11 bang ham parabol, ching ta thu dudgc
dudng cong logit Gauss:

_exp(by + bix + bx*)
P= 4 exp (by + bix + bx)

H _ c*exp[- 0.5(x — ll:]zﬁft?]
WP 1+ c*exp(— 0.5(x — W)/

(7.14)
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Chwong 7. Hoi quy trong sinh thai QXTV

= MObi lién hé gitra parabol, dwdng cong Gauss
va dwdng cong logit Gauss dwoc chi ra & hinh
7.9.
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Chwong 7. Hoi quy trong sinh thai QXTV

Ey = b, + b;x + b,x? log.(z) = b, + b;x + b,x?

Ey|Parabol Gauss | ogit Gauss

0/ — - -

p = [exp(b, + b;x + b,x?)|/[1 + exp(b, + b;x + byx?)]

Hinh 7.9. Pudng parabol (a), duong cong Gauss (b) va dudng cong
Logit Gauss (¢) tuong ing véi cac ham 7.4, 7.5 va 7.14.
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Chwong 7. Hoi quy trong sinh thai QXTV

= Puwdong cong logit Gauss ¢6 dinh bet hon
dwong cong Gauss.

* Nhwng khi maximum cua dwdng cong
logit Gauss lay gia tri nho (< 0.5), thi sw
khac biét gilra chung khong Ion.
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Chwong 7. Hoi quy trong sinh thai QXTV

= Vidu 1: M6 ta quan hé gitta dd phong phu
cua loai véi pH dat & hinh 7.7.

0.5

3 g 3 B 7 3 pH

Hinh 7.7. Butng cong biéu dién xéc sudt (p) xudt hién lod
trong quan hé vé1 pH mé1 trwing

11/11/2009 PGS. TS. Nguyen Van Them 83



Chwong 7. Hoi quy trong sinh thai QXTV

= Bay gio' thir mé ta bai toan nay bang hai dang:
v" Pwong cong sigmoid
v" Puong cong logit Gauss
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Chwong 7. Hoi quy trong sinh thai QXTV

v' Bdng 7.2. Pudng cong sigmoid: Tham s0 udc
lugng va bang sai tiéu chuan do6i véi dir liéu dang
bit gip — khong bat giap loai.

Tham so Uéc Iugng Sai s6 t
Hiing so bo 2.03 1.98 1.03
pH bi -0.484 0.357 11.36
d.f Sai léch Sai 1éch trung binh
Sai léch 33 43.02 1.304
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=  Bdng 7.3. Pudng cong logit Gauss: Tham s uGc

Chwong 7. Hoi quy trong sinh thai QXTV

lugng va bang sai tiéu chuin do1 vé6i dit liéu dang
bit gip — khong bat giap loai.

Tham so Uéc Iugng Sai s6 t
H:ing so bo -128.8 51.1 -2.52
pH b1 49.4 19.8 2.5
pH’ b2 4.68 1.9 2.47
d.f Sai léch Sai l1éch trung binh
Sai léch 32 23.17 0.724
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Chwong 7. Hoi quy trong sinh thai QXTV

Ey = b, + b;x + b,x? log.(z) = b, + b;x + b,x?

Ey|Parabol Gauss | ogit Gauss

0/ — - -

p = [exp(b, + b;x + b,x?)|/[1 + exp(b, + b;x + byx?)]

Hinh 7.9. Pudng parabol (a), duong cong Gauss (b) va dudng cong
Logit Gauss (¢) tuong ing véi cac ham 7.4, 7.5 va 7.14.
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Chwong 7. Hoi quy trong sinh thai QXTV

= Bi€u dién dudng cong logit Gauss tir vi du 1
bing do thi

Hinh 7.10. Puwéong cong logit Gauss 1am phi hop bang héi quy
logit dé xac dinh xac suat bat gap (tar p = 1) va khong bat gép
(tar p= 0) loa1 cay twong ¥ng vér pH khac nhau.
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Chwong 7. Hoi quy trong sinh thai QXTV

= Ti vidu I, ching ta thu dudc cdc tham sO
sinh thai sau day:

u =b,/(2b,) = 5,28. Khoang tin ciy: [5,0 — 5,8]
t = 1/N(-2b,) = 0,327.

Bi€n d0 sinh thai véipH: u £t =1[4,9 — 5,6 |
P_.. =0,858.

X X X
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Chwong 7. Hoi quy trong sinh thai QXTV

v" So v6i moé hinh sigmoid (bidng 7.2), md
hinh logit Gauss (bang 7.3) thich hgp hon

(43,02 — 23,17 = 19,85) >> 320,05(1) = 3,84
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Chwong 7. Hoi quy trong sinh thai QXTV

7.4. HOI QUY BOI VOI DO PHONG PHU NHAN
NHIEU GIA TR| ZERO

= Po6 phong phu cua Ipéi nhan nhiéu gia tri zero
ludn ludén co phan bo Iéch.

= Vi thé, trudc khi phan tich chung bang héi quy
binh phwong nhd nhat, ching ta can phai bién
dbi sb liéu ban dau.
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Chwong 7. Hoi quy trong sinh thai QXTV

= Khi d6 phong phu cua Ioéi, nhan r)hiéu
gia tri zero, chung ta phai bién doi so liéu
nhw thé nao?
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Chwong 7. Hoi quy trong sinh thai QXTV

(1) S&r dung phép tinh logarit d6 phong phu?

= Cach bién ddi nay la khéng phu hop, béi vi
phép tinh logarit d6 phong phu v&i nhirng s6
zero thi khong xac dinh.
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Chwong 7. Hoi quy trong sinh thai QXTV

(2) Bién ddi bang cach thém mét gia tri nho
vao do phong phu quan sat?

= Cach lam nay cling khong phu hop.

= BO&i vi, néu ching ta thém vao do phong phu
guan sat nhirng gia tri kh‘éC nhau, thi két qua
phan tl'CIj di* lieu co nhiéu sO zero s€ nhan
nhirng két qua khac nhau.

= Ngoai ra, md hinh cé thé nhan nhirng gia tri 36
phong phu am.
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Chwong 7. Hoi quy trong sinh thai QXTV

(3) Nhirng céch bién dbi khac ciing khdng
thwe hién duworc.
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Chwong 7. Hoi quy trong sinh thai QXTV

= M6t phan bd xac suat cho phép giai
quyét doi v&i nhivng gid tri zero 1a phan
bd Poisson.

= Nhirng quan sat xuat hién ti¢ phan bb
Poisson ¢6 thé nhan nhing gia tri
nguyén 0, 1, 2, 3...k va phwong sai thi
bang sb trung binh.
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Chwong 7. Hoi quy trong sinh thai QXTV

= SO cay bat gap trong 6 tiéu chuan dat trong
mot quan xa thwe vat chi lay nhirng gia tri
nguyén.

= Khi gid dinh phan bd sb cay trong 6 tiéu chuan
tudn theo phan bd Poisson, thi dwdng cong
phan hoi khédng nhan gia tri am, nhwng nd cé
thé l1&éch vé phia gia tri 1.
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Chwong 7. Hoi quy trong sinh thai QXTV

= Vi thé, khi sO liéu d0 phong phu nhan
nhirng gia tri zero, chung ta co the sw
dung cach bién doi theo luat s6 ma.
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Chwong 7. Hoi quy trong sinh thai QXTV

= Ham sd mi c6 dang:

Ey = exp(b, + b,x)
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Chwong 7. Hoi quy trong sinh thai QXTV

= Duong cong theo luat s6 ma c6 thé lam
phu hop sO lieu bang hoi quy log-tuyén
tinh.
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Chwong 7. Hoi quy trong sinh thai QXTV

= Hoi quy log-tuyén tinh ¢ dang:

log . (Ey) = b, + b,X (7.15)
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Chwong 7. Hoi quy trong sinh thai QXTV

= T phwong trinh 7.15, néu thay thé

» loge(Ey) = by + byx
= loge(EY) = by + byx + byx*

thi chung ta lai nhan dwoc duwong cong logit
Gauss voi b, < 0.
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Chwong 7. Hoi quy trong sinh thai QXTV

=  Nhw vay, khi st dung hoi quy log — tuyen
tinh, chung ta da tranh duoc van dé phai
lay logarit nhirng s zero.

= Pong thoi tir nhirvng gia tri by, b, va b,
chung ta lai nhan dwgc nhirng thong tin
vé optimum (u), tinh chdng chiu sinh thai
(t) va dd phong pht I&n nhat (p,..., ).
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Chwong 7. Hoi quy trong sinh thai QXTV

7.5. HOI QUY PA BIEN SO

= Phan trén ching ta da nghién ciu phan hoi
cua loai v&i mot bien giai thich (maéi tredng).

= Nhung trong nhiéu trudng hop, chdng ta can
phai nghién clru phan héi cua loai véi nhiéu
hon mét bién giai thich.

=  Pé dat dwoc muc dich nay, ching ta can dén
phan tich héi quy da bién so.
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Chwong 7. Hoi quy trong sinh thai QXTV

= Trong phan tich hoi quy da bién s0, bién
phan hoi 1 mot ham sb cua hai hay nhiéu
bién gidi thich (phan tich mat phan hoi).
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Chwong 7. Hoi quy trong sinh thai QXTV

* Phan tich riéng ré phan hoi doi voi moi
bien moi trvong khong thé thay the dwoc
phan tich phan hdi da bién sé.

= /| sao?
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Chwong 7. Hoi quy trong sinh thai QXTV

= Nguyén nhan:

v Bién méi trwdng nay cd thé cod quan hé
chat ché v&i mét bién méi trwdng khac.

v Nhiéu bién c6 anh hwédng twong tac lan
nhau, nghia Ia anh huwdng cla bién nay
lai phu thudc vao bién khac.
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Chwong 7. Hoi quy trong sinh thai QXTV

= Trong phan tich hdi quy da bién sb, so liéu
phai tuan theo nhirng gia dinh sau day:

a. Twng bién giai thich phai cé quan hé v&i bién
phan hoi.

b. Cac bién giai thich phai déc lap v&i nhau hay
khong co quan hé chat ché v&i nhau.

c. Phwong sai cia cac bién gidi thich 1a bang
nhau.
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Chwong 7. Hoi quy trong sinh thai QXTV

= Trong phan nay chidng ta xem xét hai
van deé:

v' Phan tich hoi quy da bién so bang
nguyén ly binh phuwong nho nhat.

v HOi quy logit da bién so doi véi nhirng
bién dinh lwong va céa bién dinh danh.
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Chwong 7. Hoi quy trong sinh thai QXTV

7.5.1. Hoi quy binh phuong nhé nhat da bién

(1) Khi ¢6 hai bién giai thich

Ey =b,+ b,x, + b,X, (7.16)
v trong d6:

+ X, va X, = hai bién gidi thich

+ by.b,, b, = hé s6 hdi quy phdi tim
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Chwong 7. Hoi quy trong sinh thai QXTV

(2) Khi mé rong hoi quy bac 2, ching ta nhin dudc
mat bac hai nhu sau:

Ey = b, + b;x, + b,x,% + b;x, + b,x,> (7.17)

v’ trong do:
+ X, va X, = hai bién gidi thich

+by,b;, by, by, b, = hé s8 hdi quy phdi tim
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Chwong 7. Hoi quy trong sinh thai QXTV

= Hoi quy doi voi hai bién giai thich la mét
mat phang (hinh 7.11).

Hinh 7.11. Hinh chiéu 3 chigu cda m#t

mit phing dwoc lam phi hop bing hai

quy binh phwong nhd nhét véi 2 bién ]
X] va X2

£2
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Chwong 7. Hoi quy trong sinh thai QXTV

= Ti ham 7.17, ching ta ¢ thé tinh dugc
nhitng thong tin vé t61 wu (u) va stc chong
cl}iu sinh thai (t) cua loai d,C)'i vGi bién x,
bang viéc thém cac tham s6 b, va b, vao
phwong trinh 7.8(a,b).

- t6i wu: u =-b,/(2b,) (7.8a)
- tinh chéng chiu: t = 1/\(-2b,) (7.8b)
- 16n nhat: ¢ = exp(b, + b,u + b,u?) (7.8¢)
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Chwong 7. Hoi quy trong sinh thai QXTV

«  Twong tw, doi voi bién x,:

v t=1(-2b,)
v' ¢ = exp(b, + bu + b,u?)
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Chwong 7. Hoi quy trong sinh thai QXTV

Tha tuc phan tich hoi quy da bién:

v Kiém dinh nhitng gid thuyét cla phan
tich hoi quy da bién.

v Uéc lwong cac tham so by, b, va b, bang
nguyén ly binh phwong nho nhat.
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Chwong 7. Hoi quy trong sinh thai QXTV

v Klem dinh sy ton tai cua mo6 hinh hay sw
ton tai cua cac hé sO hoi quy (by, b, va
b,) bang thong ké t.

Tinh sai sO chuan wdc lvong.
inh hé sb xac dinh.
* Ngay nay tat cd nhirng thu tuc phan tich

hoi quy da bién dwoc giai quyét dé dang
bang cac phan mém thong ké Minitab,

SPSS va Statgraphics...

v
v
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Chwong 7. Hoi quy trong sinh thai QXTV

= Khi Ey trong m6 hinh 7.17 (Ey =b, + b,x, +
b,x,? + byx, + b,x,?) l1a logarit d6 phong phu
(log.[p/(1-p)]), chung ta lam phu hgp mat
phdn hoi Gauss hai bién bing hoi quy da
bi€n d6i v6i dd0 phong phi quan sit; trong
d6 hé s6 b, va b, 14y gid tri Am.

11/11/2009 PGS. TS. Nguyen Van Them 117



Chwong 7. Hoi quy trong sinh thai QXTV

7.5.3. Hoi quy logit da bién: miit logit va miit logit
Gauss

(1) Hoi quy logit da bién

=  Hoi quy logit thu dugc tir hdi quy binh phudng
nhé nhat bing viéc thay th& Ey = log [p/(1-p)].
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Chuong 7. Hoi quy trong sinh thai QXTV

(2) Mit phang logit:

log.[p/(1-p)] = by + byx; + byX, (7.19)

Hay exp(by + bix; + byx;)

P 1 + cXp (bu + blxl + ngg)
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Chwong 7. Hoi quy trong sinh thai QXTV

(3) Mt logit Gauss 2 bién s6

_ exp(bo + bix; + byx,” + b3xy + byxy?)
P™ 11 + exp (bo + bi1x; + byx;” + bsx, + byx,”)]

trong dé hai tham s6 b, va b, nhin gia tri Am.
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Chwong 7. Hoi quy trong sinh thai QXTV

v’ Mit logit Gauss 2 bi€n s6 c¢6 dang élip
(dudng vién quanh cho biét x4c suit bing
nhau) v{1 cac truc chinh song song v3i truc
X, Va X, (hinh 7.14b).
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Chwong 7. Hoi quy trong sinh thai QXTV

Hinh 7.14b. Xac suét xuét hién lodi (P)
dwoc vE trong mit phs::ng cua hai bién
giai thich %] va 2. M&t truc ellip song
song vé x), truc kia song song vdt x2.

11/11/2009 PGS. TS. Nguyen Van Them 122



Chwong 7. Hoi quy trong sinh thai QXTV

v’ Céc tham s6 cia md hinh bic 2 dudc udc

luong theo nguyén 1y GLM (General linear
model).

v Nhirng phan tich khédc cling dugc thuc hién
nhu ham 7.17, ngoai trir ki€ém dinh F phai
thay bing ki€m dinh sai 1éch.
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Chwong 7. Hoi quy trong sinh thai QXTV

7.5.4. Su’ tuong tac giita cac bié€n giai thich

v" Hai bi€n giai thich c6 dnh hudng tucng tic
vGi nhau, n€u dnh hudng ctia bi€n nay phu
thudc vao gid tri ciia bi€n khic.

v" Ching ta c6 thé ki€ém dinh dnh hudng
twong tic bing cdch md rong phucng trinh
hoi quy vdi tich sO (x,*x,).
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Chwong 7. Hoi quy trong sinh thai QXTV

v' Bing cdch md rong ham 2 bi€n s6 (ham
7.16), chung ta co:

Ey = by + b;x; + b,X, + b;Xx,:X,

Hay Ey = (b, + b,X,) + (b, + b;X,)x, (7.20)
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Chwong 7. Hoi quy trong sinh thai QXTV

v Biéu thdc (7.20) cho bi€ét mdi lién hé gifra
Ey v6i x, trong md hinh nay van 1a mot
dang tuyén tinh, nhung di€m chin (b, +
b,x,) va do doc (b, + bsx,) va c¢d dnh hudng
ctia x; d€u phu thudc x,.

v" Ngudc lai, anh huéng cia x, chi phu thudc
vao gia tri x,.
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Chwong 7. Hoi quy trong sinh thai QXTV

v Tham s6 b,, b, va b, trong ham (7.20) ¢6
thé uSc lugng bing thi tuc hdi quy da bién;
trong do dat x; = X,.X,.

v Tuong tdc c6 thé ki€m dinh bing thong ké
t.

11/11/2009 PGS. TS. Nguyen Van Them 127



Chwong 7. Hoi quy trong sinh thai QXTV

Bing viec mé rong mo hinh Gauss cia ham 7.17 véi
mdt tich s6, ching ta thu dugc trong trudng hgp logit:

log.[p/(1-p)] = by + byx; + b,x,* + b;X, + b,Xx,% + b.x;x, (7.21)
trong do:

v X, va X, = hai bi€n giai thich

v by, by, by, by, by = cdc hé so hoi quy
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Chwong 7. Hoi quy trong sinh thai QXTV

v' " Né€ub, + b, <0 va 4b,b, — b.? > 0, thi phwong trinh 7.21
12 mét miit phang véi dudng vién ellipsoid (hinh 7.14b).

x2

Hinh 7.14b. J4c suft xuit hién lok ()
dwoc vE trong mit phing cta hai bién
gia thich x) va x2. M&t truc ellip song
song vé&1 X, truc kia song song vén x2.
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Chwong 7. Hoi quy trong sinh thai QXTV

v Néu mot trong nhitng di€u kién nay khong
thoa man, thi phuong trinh 7.21 md ta mot
mit v6i mot toi thi€u hoic mot diém 16m
(Carroll, 1972).
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Chuong 7. Hoi quy trong sinh thdi QXTV

v Khi bé mit 13 phang, t6i vu (u,, u,) c6 thé
dugc tinh tir hé sO6 cua ham 7.21 nhu sau:

u, = (b:bs — 2b,b,)/d (7.22a)
u, = (b.b, — 2b,b,)/d (7.22b)
d =4b,b, - b (7.22¢)
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Chuong 7. Hoi quy trong sinh thdi QXTV

v Toéi vu doi v6i X, tuong ng vSi X, nhat
dinh dugc tinh theo cong thic:

u, = —(b; + bx,)/(2b,)
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Chwong 7. Hoi quy trong sinh thai QXTV

v Né€u b: # 0, thi t6i wu d6i v6i X, phu thudc
vao X,, va hai bi€n tuong tac vGi nhau.

v Diéu kién nay dudc ki€m dinh bing thdng
ké t.
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Chwong 7. Hoi quy trong sinh thai QXTV

v" D06 thi mo td sy tuong tdc gitta x, vdi x, nhu
sau (hinh 7.15):

A E ]

Hinh 7.15. Tuong tac trong mé hinh loglt Gauss
Buing vien ellip bigu thi xdc sudt xuit hién (p) 461 véi cdc bién gid
thich x) v x3 Cédc truc chinh cUa ellip khing song song wit hai truc x)
Va %z wa vaug la optimum ﬂoiv&ixjmcrngfmg Vol mac x1= AvVin =
E.
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Chwong 7. Hoi quy trong sinh thai QXTV

7.5.5. Céac bién gidi thich dinh danh

v' Hoi quy da bié€n cling dudc st dung dé
nghién ctu anh hudng cua cdc bi€n gidi
thich (mo1 truéng) dinh danh (dinh tinh)
hodc cd hai bi€én moi trudng dinh danh va
dinh lugng.
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Chwong 7. Hoi quy trong sinh thai QXTV

= Gi3 st bién dinh danh “ki€u dat” cé ba
cap:

N

Pat sét
P4t than bun
Pat cat

N X
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Chwong 7. Hoi quy trong sinh thai QXTV

= Gia st dat sét 1a bi€n ki€m tra.

= B&i vi loai dat bao gom ba muic (sét,
than bun va céat); do d6 chung ta can cé
3 - 1 =2 bién gid dé chi cac loai dat dem
so sanh (dat than bun va cat).
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Chwong 7. Hoi quy trong sinh thai QXTV

M&i bién gid dwoc dinh nghia nhw sau:

X, = 0 néu loai dat |a sét va cat

X, = 1 néu loai dat la than bun

X, = 1 néu loai dat la cat

X, = 0 néu loai dat la sét va than bln

XN X X
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Chwong 7. Hoi quy trong sinh thai QXTV

 Theo dinh nghia nhw trén, chung ta co
cac gia tri x, va x5 nhw sau:

Loai dat X, X

sét 0O O
1 0
0 1

3

than bun

1 4

cat

ENERNERN
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Chwong 7. Hoi quy trong sinh thai QXTV

* Cach ma hoa nay cho phép so sanh
tU’ng,Cép bién phén le] tré‘n dat thgn bun
va dat cat v&i bién phan hoi trén dat sét.

11/11/2009 PGS. TS. Nguyen Van Them 140



Chwong 7. Hoi quy trong sinh thai QXTV

v Ham hoi quy bi€u thi quan hé giita bi€n
phdn hoi (Ey) v6i 2 bi€n gid dudc vi€t dudi
dang sau day:

E(y) =b; + b,X; + b3X; (*)
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Chuong 7. Hoi quy trong sinh thdi QXTV

= DE gidi thich cdc tham sd b,, b, va b,
chiing ta xem x€ét ba bi€n dong cia 3 ham
hoi quy (*) nhu sau:
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Chuong 7. Hoi quy trong sinh thdi QXTV

v’ DOoi véi dat sét:

E(y/dat sét) = b, + b,(0) + b,(0) = b,

v' Gia tri b, 1a ky vong cda bién phan hoi trén loai
dat set.
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Chuong 7. Hoi quy trong sinh thdi QXTV

v' DOi véi dat than bun:

E(y/dat than bun) = b, + b,y(1) + by(0) =b, + b,

v Gia tri b, + b, la ky vong cla bién phan hoi
trén loai dat than bun.

v Tham s0 b, la su khac biét trung binh cla bién
phan hoi trén loai dat sét va dat than bun.
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Chuong 7. Hoi quy trong sinh thdi QXTV

v’ Do6i vai Llat cat:

E(y/dat cdt) = b, + by(0) + by(1) = b, + b,

v Gia trj by + by la ky vong cla bién phan hoi
trén loal dat cat.

v Tham s0 b, la sy khac biét trung binh cla bién
phan héi trén loai dat sét va dat cat.
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Chwong 7. Hoi quy trong sinh thai QXTV

= Nhuw vay, so v&i bién phan héi trung binh
trén dat sét (b,), bién phan héi trung binh
trén dat than bun va dat cat khac nhau
twong ng la b, va bs.
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Chwong 7. Hoi quy trong sinh thai QXTV

= Lwu vy rang, cac hé s6 b,, b, va b, cling
duvoc woc lwong theo nguyén ly binh
phwong nho nhat.
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Chwong 7. Hoi quy trong sinh thai QXTV

"  Vidu:

v Nghién cttu anh hudng cua tinh dan dién
(EC, mSm!) ctia ba loai dat (sét, than bun
va cdt) dén d0 phong phu cua loai
Equisetum fluviatile bing hoi quy logit.
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Chwong 7. Hoi quy trong sinh thai QXTV

= O day do phong pht cda loai dwoc do
bang 2 dau hiéu:

v’ Bat gap loai = 1
v Khdng bat gap loai = 0.

11/11/2009 PGS. TS. Nguyen Van Them 149



Chwong 7. Hoi quy trong sinh thai QXTV

= MO hinh hoi quy logit ¢6 dang:

loge(p/( 1 _p)) —

=by+ b,X; + b,x;2+ byx, + byx;  (7.23)
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Chuong 7. Hoi quy trong sinh thdi QXTV

B CXp(bO T b1X1 + b2X12 + b3X2 + b4X3)
p= [1+exp (b + bix; + byx;” + bsx, + byxs)]

=  trong do

v x, =logarit cia d) dan dién

v X, va x, = hai bi€n gia

v b, va b, = anh huéng cua loai dat
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Chuong 7. Hoi quy trong sinh thdi QXTV

v' Heé s0 b, 12 sy khdc biét giita logit 16n nhat
cia dudng cong doi v4i dat than bun va dat
sét.

v Hé s0 b, 1a sy khac biét gitra logit 16n nhat
cia duong cong doi v4i dat cat va dat sét.
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Chwong 7. Hoi quy trong sinh thai QXTV

= Tirham 7.23, ching ta cé thé tinh dugc t61 wu sinh
thai va tinh chong chiu sinh thdi cta loai.

"  Vidu:

v' Bai tdp 3.6.Phan tich quan xa\Bai tap PT

QXSVat\Baitap 3.5 va 3.6\Bai tap 3.6. Hoi quy
logit da bien.xls
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Chwong 7. Hoi quy trong sinh thai QXTV

v" Hinh 7.16 m6 ta ba dudng cong vGi 3 cuc dai khac
nhau, nhung t01 vu sinh thdi va tinh chong chiu 1a
gidng nhau.

- N+
[Tinh chong chiuJ/

0

2 22 24 2.6 HID&EC

Hinh 7.16. Pudng cong phan héi db phong phi cua loa
Eqmsemrn fluviatile duge lam phu hop bing hdi quy logit da
11/11/2009 bién véi logarit d6 din dién cia 3 loai dit (log EC).



Chwong 7. Hoi quy trong sinh thai QXTV

= S khac biét gilra cac cwc dai cua ba
dwdng cong nay dwoc kiém dinh bang
cach so sanh sai Iéch cua mdé hinh bao
gom bién x, va x,2v&i sai léch cla ham
7.23.

= Néu kiéu dat khdng cd anh hwdng dén
s phan bo cua loai, thi sw khac biét 1a
v2 v&i 2 do tw do.
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Chuong 7. Hoi quy trong sinh thdi QXTV

= P& tinh toi wu sinh thai va tinh chdng
chiu sinh thai & ham 7.23, chung ta su
dung ham 7.8.
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Chuong 7. Hoi quy trong sinh thdi QXTV

7.6. CHON MO HINH VA PHEP CHUAN DOAN HOI QUY

= C6 nhiéu nguyén nhan lam sai léch két qua
phan tich hoi quy.

= Chang han:

v Chon Iwa khong chinh xac kiéu dwdng cong
phan héi va phan bd sai s6.

v Sy xuat hién nhitng s6 ngoai lai lam anh
huwdng dén hoi quy.
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Chuong 7. Hoi quy trong sinh thdi QXTV

= Do do, phat hién chinh xac nhirng sai
lAm ay & muc dich cla chuan doan hoi
quy (Belsley et al., 1980; Cook va
Weisberg, 1982).
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Chuong 7. Hoi quy trong sinh thdi QXTV

= Co s6 chon lya kiéu dwong cong phan
hoi:

v' Quan sat hinh dang cua dwong cong
bang cach xay dwng do thi phan tan.

v Duwa trén co s@ ly thuyét sinh thai va sinh
ly cay — con.

v" Nhirng kinh nghiém cua cac nha nghién
clru...
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Chuong 7. Hoi quy trong sinh thdi QXTV

v Néu chwa hiéu rd hinh thai dwdng cong
phan hoi, ching ta co6 thé phan chia nhé
blen moi trwong dinh lvgng thanh nhleu
cap va tim tan so6 xuat hién cho méi cap.
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Chuong 7. Hoi quy trong sinh thdi QXTV

= Nhirng diéu can lwu y khi chon mé hinh
dwdng cong phan hoi:

(1) D& tranh viéc chon sai moO hinh phan
phan hoi, nha nghlen clru can phai lwu y
den tinh dm xtrng cua dwdng cong phan
hoi.

v Khi duwdng cong phan hoi 1a bat doi
xwng, thi viéc bién doi blen giai thich
bang cach lay lograrit 1a can thiét.
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Chuong 7. Hoi quy trong sinh thdi QXTV

v' Mubn biét cach bién ddi sb liéu co phu
hop hay khong, chung ta thwc hién so
sanh sai léech trwdc va sau khi chuyén

ddi so liéu.
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Chuong 7. Hoi quy trong sinh thdi QXTV

v Ghi nhan lai sai léch tr dwdng cong
phan hoi gid dinh co thé gitp xac dinh
quan hé cua loai v&i mdi trwedng va cho
phép bat dau moét qua trinh tim kiém mot
mo hinh khac.
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Chuong 7. Hoi quy trong sinh thdi QXTV

(2) Khi nghién ctru do phong phu cua loai &
dang c6 mat hay vang mat, chung ta can
chu y phat hién dung nhirng diém so liéu
ngoai lai.

= Ba&i vi, nhirng sb ngoai lai cé thé l1am sai
léch dwdng cong phan hoi.
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Chuong 7. Hoi quy trong sinh thdi QXTV

(3) Chung ta ciing can chl y dén viéc phan
cap cac bién moi truong.

= Viéc phan cap khéng hop ly cac bién moi
trwdng sé& lam thay ddi hinh thai dwong
cong phan hai.

11/11/2009 PGS. TS. Nguyen Van Them 165



Chuong 7. Hoi quy trong sinh thdi QXTV

= NOoi chung, dé phat hién nhirng sai
lam trong phan tich hoi quy, chung
ta c6 thé thwc hién nhirng thu tuc
sau day:

v (1) Xay dwng dod thj sai léch dbi v&i bién
doc lap x.

v (2) Xay dwng db thj sai lach déi voi bién

dy doany.

11/11/2009 PGS. TS. Nguyen Van Them 166



Chuong 7. Hoi quy trong sinh thdi QXTV

v (3)

v' (4) Xay dwng d0 thi xac suat chuan.

v (5) Kiém tra sO ngoai lai theo s6 do
khoang cach cua Cook va Mahalanobis.
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Chuong 7. Hoi quy trong sinh thdi QXTV

7.7. PHUONG PHAP TRUNG BINH TRONG SO

= Phan nay chung ta xem xét cach xac
dinh gia tri chi thi cua loai bang phwong
phap trung binh trong so.
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Chuong 7. Hoi quy trong sinh thdi QXTV

= Trong thuat nglr dwdng cong phan hoi,
chung ta can dinh nghia hai gia tri chi thi
cua loai.

v' M6t 1a t6i wu sinh thai.

v’ Hai la trung tdm dwong cong phan hoi
cua loai.

= Néu dudng cong phan hdi cé dang dbi
xrng, thi hai gia tri nay Ia giéng nhau.
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Chuong 7. Hoi quy trong sinh thdi QXTV

= TJrong muc 7.2.3 va 7.5.2, chung ta da
thay toi wu sinh thai co thé dwoc woc
lwong bang hai cach:

AN

(1) Lam phu hop so liéu véi mot dwdng cong.
(2) Lam phu hop s0 liéu v&i mdt mat phan hoi.

AN
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Chuong 7. Hoi quy trong sinh thdi QXTV

= Lwu y rang, t6i wu va tinh chdng chiu
sinh thai cua loai chi dwoc xac dinh bang
phwong phap hdi quy khi bién phan hoi
tuadn theo mét dwdng cong nhat dinh.
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Chuong 7. Hoi quy trong sinh thdi QXTV

= Nhwng trwdc day cac nha sinh thai dinh
lwgng da xac dinh nhirng gia tri chi thi
cla lodi bang phwong phap trung binh
trong so (Ellenberg, 1948; 1979).
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Chuong 7. Hoi quy trong sinh thdi QXTV

= Khi phan bd cla loai theo yéu tO0 mdi
trwdng c6 dang dwdng cong mbt dinh,
thi lodi thwdng xuat hién nhiéu nhat &
khu vwe gan véi toi wu clia dwdng cong.
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Chuong 7. Hoi quy trong sinh thdi QXTV

= Vi thé, khi wéc lwong gid tri chi thi cla
lodi, ching ta c6 thé lay trung binh
nhirng giad tri cla bién modi trwong &
nhrng noi ma loai xuat hién.
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Chuong 7. Hoi quy trong sinh thdi QXTV

» DO4i v6i s liéu do phong phu cla loai,
trung binh trong s6 duwoc tinh theo cong
thwre:

s _ Xt yaxet Lt YieXn)
(yity:+ ...t yn)

u (7.24)
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Chuong 7. Hoi quy trong sinh thdi QXTV

Trong do:
u* = trung binh trong s6
Y1, ¥o...¥, = dO phong phu cua loai

X4, Xo...X, = gia tri cha bién moi trwdrng & mau
1, 2...n.

X X
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Chuong 7. Hoi quy trong sinh thdi QXTV

= T cong thirc 7.24 cho thay:

v' Trung binh trong s6 khdng chd y dén sy
vang mat cla loai.

v" Trung binh trong s phu thudc vao phan
bd cua bién mdi trudng.
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Chuong 7. Hoi quy trong sinh thdi QXTV

= Theo Braak va Looman (1986), phwong phap
trung binh trong sO coO hiéu lyc twong tw nhw
phwong phap hoi quy logit Gauss khi:

(1) loai hiém gap;

(2) loai ¢6 vung phan bd hep;

(3) phan bo clia bien méi trwong twong doi
dong nhat trén nhirng noi loai xuat hién trong
moi triro'ng nay.

SN X X
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Chuong 7. Hoi quy trong sinh thdi QXTV

= Mot s6 nha nghién ctru cho rang, trung
binh trong s6 cling c6 thé cho két qua sai
|éch.
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Chuong 7. Hoi quy trong sinh thdi QXTV

= DPoi voi so liéu dinh lvong, wée lwong toi wu
sinh thai bang phwong phap trung binh trong
s chi cho két qua giong v&i phwong phap hoi
quy logit Gauss khi:

v’ Dd phong phu cla loai phan bd theo luét
Poisson.

v Lap dia dac trwng cho ,toén bd bién d6 sinh
thai cua loai la thuan nhat.
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Chuong 7. Hoi quy trong sinh thdi QXTV

7.9. MO HINH LOGISTIC
7.9.1. Gidi thiéu hoi quy logistic

= Phan tich hoi quy logistic 1a ky thuat thong
dung nhat d& md hinh héa nhirng bién phu
thudéc nhi phan (nhan hai gia tri hoac 0 hoac

1).
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Chuong 7. Hoi quy trong sinh thdi QXTV

= Hoi quy logistic m6 t& mdi quan hé gitra
bi@n phu thudoc nhi phan (Y) v&i mot so
bién dy doan (X, X,,..., X,).
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Chuong 7. Hoi quy trong sinh thdi QXTV

= MO hinh logistic co dang nhw sau:

1
1 + exp[-(by + ijlkbjxj)]

E(Y) = (7.29)
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Chuong 7. Hoi quy trong sinh thdi QXTV

* Dai v6i cac bién ngau nhién Y nhan hai
gia tr1 1 va 0, E(Y) twong dong vOi xac
suat p(Y =1).

1
1+ exp[-(by + Yj=1 bX))]

p(Y=1)=
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Chuong 7. Hoi quy trong sinh thdi QXTV

7.9.2. U&c lwong ty 18 khac nhau bang hoi
quy logistic
= Trong mé hinh 7.30, hé so b, mé ta moi

quan hé gira Y vOiI cac blen dy doan

(X).

* Mo hinh logistic xac dinh moi quan hé
bao gdbm mét tham s6 dwoc goi la ty [é
sal khac (odds ratio).
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Chuong 7. Hoi quy trong sinh thdi QXTV

= Chang han:

v' Trong lam nghiép ty Ié sai khac do dac
anh hwong cua cac yéu t6 mdi trvdng
dén sw xuat hién loai cay nao do.
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Chuong 7. Hoi quy trong sinh thdi QXTV

= Bang céch do dac anh hwong, chung ta
ngu y mot so do so sanh hai hay nhieu
nhom trong viéc dw doan bién phu thudc.
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Chuong 7. Hoi quy trong sinh thdi QXTV

= Dé mo ta ty Ié sai khac, trwéc hét ching
ta can dinh nghia s sai khac (Odds).

v Sy sai khac la ty s6 giva xac suat ma
mC)’t SO sw kié,n xuat hién chia cho,xéc
suat khong xuat hién nhirng sw kién ay.
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Chuong 7. Hoi quy trong sinh thdi QXTV

= Nhw vay, s sai khac (Odds) doi v&i mot
sO suw kién D dworce tinh theo céng thire:

p(D)
1 -p(D)

Odds(D) =
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Chuong 7. Hoi quy trong sinh thdi QXTV

 Vidu:

v Khi p(D) = 0,25, thi odds(D) = 0,25/(1-
0,25) = 1/3.

v Diéu do cb nghia la xac suat xuat hién
s kién D bang 1/3 so véi xac suat
khdng xuat hién su kién D.
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Chuong 7. Hoi quy trong sinh thdi QXTV

= Ty |é sai khac (odds ratio = OR) la ty Ié
cua hai suw sai khac.

= Ty Ié cua hai sy sai khac (OR, ) duoc
tinh theo cong thurc:

_P(Ds) , p(Dp)

OR(a5) = 0dds(D4)/Odds(Dg) = 7 p(Dy) 1 - p(Dg)
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Chuong 7. Hoi quy trong sinh thdi QXTV

= O day A va B 1a hai nhom (d6i twong
nghién ctru) dem so sanh.
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Chuong 7. Hoi quy trong sinh thdi QXTV

= Vidu:

v Khi so sanh nguy co phéat trién bénh vang 1a
gi’ta hai nhém cay duwoc bon phan chudng
hoai (PC) va khéng dwoc bén phan chudng
hoai (NPC), thi Dy m6 ta nhirng cay dwoc
bon phan chudng hoai phat trién bénh vang I3,
cOn Dype MO ta s6 cay khong dwoc bon phan
chudng hoai phat trién bénh vang Ia.
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Chuong 7. Hoi quy trong sinh thdi QXTV

= Vidu:

v Néu pppc) = 0,10 va ppnec) = 0,25, thi
OR so sanh ty 1& bénh vang Ia & nhirng
cdy dwoc bon phan chudng hoai vOi
nhirtng cay khong dwgc bon phan
chudng hoai.
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Chuong 7. Hoi quy trong sinh thdi QXTV

v T sé liéu trén ta co:
OR ppepe) = (0,25/1 - 0,25)/(0,10/1 - 0,10) =

v Diéu dod cho thay, so v&i nhirng cay dwoc bon
phan chudng hoai, nhirng cay khéng dwoc bén
phan chudng hoai cd nguy co mac bénh vang
14 cao hon 3 lan.
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Chuong 7. Hoi quy trong sinh thdi QXTV

v Neu ORnpcpey = 1, thi hai nhém cé nguy co
mac benh vang la ngang nhau.

= Két qua nghién ctu da chirng té diéu gi?
v' Bénh vang la khong c6 quan hé voi viéc bon
phan chudng.
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Chuong 7. Hoi quy trong sinh thdi QXTV

= Lam phu hop ham logistic

v Dé lam phu hop ham logistic, ngudi ta
str dung dang logit cua mé hinh.

v' Logit 1a sy bién dbi xac suat p(Y = 1); dé
la logarit co’ s6 neper clia odds(D), nghia
la In[Odds(D)].
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Chuong 7. Hoi quy trong sinh thdi QXTV

= Noi khac di

logit[p(Y=1)] = In[odds(Y=1)] = In[ If(;;gl)] (7.31)
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Chuong 7. Hoi quy trong sinh thdi QXTV

= Twham 7.30 va 7.31

o ! ;
P DT T expl-(oo + 20 %)] o

logit[p(Y=1)] = In[odds(Y=1)] = In[; If(;:,g)] (7.31)
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Chuong 7. Hoi quy trong sinh thdi QXTV

sau khi bién doi chung ta co:

logit[p(Y=1)] = by + ¥ = ;b;X; (7.

Y
-
S

Y=1
Hay In[ {20 5] = by + X bX
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Chuong 7. Hoi quy trong sinh thdi QXTV

= Ham 7.32 la dang logit cia mé hinh hoi
quy logistic.
= Dang logit & mdt ham tuyén tinh.
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Chuong 7. Hoi quy trong sinh thdi QXTV

* Gia s chi xem xét anh huwdng cua viéc
bén phan chuéng (X,) dén sw phat trién
bénh vang 14, chung ta co6 thé viét
phwong trinh logit nhuw sau:

In[OddS(bén phan chuéng)] = by + by X,

Hay In(p/1-p) = by + b, X,

11/11/2009 PGS. TS. Nguyen Van Them 202



Chuong 7. Hoi quy trong sinh thdi QXTV

P& thu dwoc bidu thirc déi voi ty 18 sai
khac tr mdé hinh logistic, chung ta phai
so sanh sw sai khac gitra hai nhom cay.

= O vidu trén c6 hai nhdm so sanh:

v Nhém cay dwoc bén phan chudng hoai
(X=1);

v Nhom cay khdng dwoc bon phan chuéng
hoai (X, = 0).
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Chuong 7. Hoi quy trong sinh thdi QXTV

« Tl d6 chung ta co thé viét

v In[0ddS 1,6, phan chusng)] = Po + B4™1 =Dy + by,

v In[0ddS 16ng bon phan chusng)] = Po T b,*0 = b,
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Chuong 7. Hoi quy trong sinh thdi QXTV

= Ty 1é sai khac vé bénh vang 14

(b0 + bl)

€ b1
OR(PC-NT’C) — OddS(PC)dedS(NPC) - E’bu - €
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Chuong 7. Hoi quy trong sinh thdi QXTV

= Nhw vay, néu chi si¢ dung mét bién dw
doan nhan hai gia tri O va 1, thi viéc so
sanh ty |é sai khac cua hai nhdm duoc thuwc
hién bang cach lay s6 mi co sd neper cla
hé sb cla bién dw doan trong mé hinh.

= NO&i chung, khi so sanh ty |é sai khac,
chung ta c6 thé dinh nghia hai nhom.
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Chuong 7. Hoi quy trong sinh thdi QXTV

=  Hai nhdm SO sanh voi nhau dwa trén mot tap
hop cac bién dyw doan X, X,,..., X..

AN

NROmM A: X, = (Xaq, Xngseees Xap)-
Nhom B: Xg = (Xaq, Xeaor-. s Xay).

AN
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Chuong 7. Hoi quy trong sinh thdi QXTV

= Vidu:

= Khi st dung ba bién dw doan (k = 3), trong dé:
v X; = bon phan chudng (1 = bén phan chuong,
0 = khéng bon phan chubng);

X, = tudi cay;

X, = dong (1 = dong mién Bac, 0 = dong mién
Nam)

N X
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Chuong 7. Hoi quy trong sinh thdi QXTV

thi chung ta xay dwng mo hinh logit nhw sau:
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Chuong 7. Hoi quy trong sinh thdi QXTV

= Ty lé sai khac gilra hai nhdm cay (bon phan
chudng va khdng bén phan chuéng) dwoc
tinh theo cong thwrc:

v OR(x4.xp) = 0dds xayodssm) = explby + Ekj=1ijA)/ exp(by + ij=1ij5)

v Hay ORxs.z) = exp[3. =1(Xa — Xp)b] (7.33)
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Chuong 7. Hoi quy trong sinh thdi QXTV

= Vidu:

= So sanh bénh vang la & nhédm cay dwoc bon
phan chudng (1) va nhom cay khéng dwoc bon
phan chudng (0), cay 5 thang tudi va dong
mién Bac (1), chung ta viét nhw sau:

v X,=(1,5,1)
X, = (0, 5, 1)

AN

11/11/2009 PGS. TS. Nguyen Van Them 211



Chuong 7. Hoi quy trong sinh thdi QXTV

= Tw cong thire (7.33), chung ta tinh ty 1é
sal khac gitra hai nhom cay nhw sau:

V' ORxaxg) = €xp(1-0)by+ (5 -5)b, + (1-1)bg

Hay OR xa.xg) = €xp(b;)
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Chuong 7. Hoi quy trong sinh thdi QXTV

= Néu so sanh X, = (0, 4, 1) v&i Xz = (1, 2,
1), chung ta tinh ty Ié sai khac gitra hai
nhém cay nhw sau:

v ORxaxp) = €xp(0 - 1)by + (4 - 2)b, + (1-1)b,

Hay OR xa.xg) = €xp(-by) + 2b,
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Chuong 7. Hoi quy trong sinh thdi QXTV

= Néu can xem xét anh hwéng twong tac
cua cac bién trong mdé hinh logit, chung
ta co thé viet mo hinh nhuw sau:

IOgjtﬂ]rfl-]]) = bg + b1X1 + ngg + b3X3 + qul*Xg + bﬁXl*Xj
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Chuong 7. Hoi quy trong sinh thdi QXTV

= Lwu y rang, gid str chlng ta can xem xét
ty 1&€ sai khac vé bénh vang la cua hai
nhém cay; bién xem xét bao gom:

AN

pH = X,
Hai bién kiém tra: tudi (X,) va dong (X,).

AN
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Chuong 7. Hoi quy trong sinh thdi QXTV

= Chung ta viét md hinh logit nhw sau:
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Chuong 7. Hoi quy trong sinh thdi QXTV

MO hinh twong tac c6 dang:

v logit(p/1-p) = by + b X, + b,X, + b,X, +
b, X" X, + bsX ™ X5
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Chuong 7. Hoi quy trong sinh thdi QXTV

v Khi so sanh tinh trang bénh cua nhém cay
song & mdi trwdng ¢ d6 pH = 6 va 4, tr cong
thtre (7.33) chung ta viet OR nhw sau:

OR(}:-H=6—}:|H=i1|tuSL dong) - E){p(6 i 4)bl - (tllﬁl'tllﬁl)bg T (dbng i déng}b3 - ehp(Zbl)

11/11/2009 PGS. TS. Nguyen Van Them 218



Chuong 7. Hoi quy trong sinh thdi QXTV

= N6i chung, néu chi dinh so sanh pH 1a pH, va
pH,, thi ty Ié sai khac (OR) dwgc viét nhw sau:

OR(pI—Il-pI—IO | tudi, dong) — exp|(pH;-pHo)b, |
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Chuong 7. Hoi quy trong sinh thdi QXTV

« Khoang tin cdy cia OR = e dwoc tinh
theo cong thirc:

Exp(b; + Z1.51) (7.34)

trong do

v by laude lwong cia hé sé b,
v Sy lasaisécaab,

v 1 - ala mice tin cdy.
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Chuong 7. Hoi quy trong sinh thdi QXTV

7.10. PHAN BO POISSON
7.10.1. Gid@i thiéu chung

= Hoi quy Poisson gia thiét rang, bién phan
hoi Y co phan bo Poisson.
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Chuong 7. Hoi quy trong sinh thdi QXTV

= Phan bd xac suat Poisson véi tham sb
dwoc tinh theo cong thire:

Fe'I»L

P(Y: L{.:J=%,véiY= 1.2, o (7

(2D
-
o
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Chuong 7. Hoi quy trong sinh thdi QXTV

= Phan bd Poisson dwoc si¢ dung nham
muc dich gi?

v' MO td suw xuat hién cha nhirng sw kién
hiém.
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Chuong 7. Hoi quy trong sinh thdi QXTV

= Chang han:

v" M0 ta sO cay tai sinh cia mét loai ndo dé
xuat hién trong 6 dang ban.

v M0 ta sO cay dat dén mét Ip chiéu cao
sau k nam.

v Mo ta s cay cua mot loai nao d6 bj bénh
rong rudt @ moét I&p tudi hay I&p D nao
do...
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Chuong 7. Hoi quy trong sinh thdi QXTV

7.10.2. Vi du vé phan bo Poisson

= Pé minh hoa tinh *ng dung cua phan
tich héi quy Poisson, ching ta xem xét
sO lieu so sanh sb ca thé cla loai sao
den thudc nhirng cap kinh khac nhau bi
bénh réng rudt & ving A va vung B
(bang 7.6).
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Chuong 7. Hoi quy trong sinh thdi QXTV

Bang 7.6. So sanh 6 cdy sao den bi bénh réng rudt ¢ ving A va B

Cip vung A Ving B .
o em[ Vo T G | 2w | Yo | 0o | 2m | 0
D@ | & @] 6 |60 & |6

1 10-20 2 5.500 | 0,00036 5 2.500 | 0,00200 3.5
2 21-30 4 6.000 | 0,00067 3 4.500 | 0,00178 2,7
3 31-40 5 8.500 | 0,00059 12 12.000 | 0,00100 1,7
4 41-50 3 10.000 | 0,00080 20 6.850 | 0,00292 3.6
5 51-60 10 9.500 | 0,00105 25 5.800 | 0,00431 4,1
6 61-70 11 5.500 | 0,00200 28 4.500 | 0,00622 3,1
7 71-80 12 4.550 | 0,00264 22 3.000 | 0,00733 2.8
8 = 81 6 10.000 | 0,00060 15 3.500 | 0,00176 2.9

11/11/2009

(*) Nhém A duoce sir dung lam déi tugng so sénh
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Chuong 7. Hoi quy trong sinh thdi QXTV

= O vi du nay, bién phu thudc Y 1a sb cay
sao den bi bénh rong rudt (cot 3 va 6).

= Vi c6 tdm cap kinh va 2 dia phwong
dwoc xem xét, chung ta ki hiéu:
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Chuong 7. Hoi quy trong sinh thdi QXTV

v Y, = s0 cay sao den bj bénh & cap kinh i
thudc dia phwong |;

v |; = kich thwéc quan thé sao den duwoc
nghién ctru bénh rong rudt & cap kinh |
thudc vung j;

v i=1,2,...,8;
v' ]=0(vang A);
v =1 (vung B).
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Chuong 7. Hoi quy trong sinh thdi QXTV

= Muc dich cua nghién ctru nay la xac dinh
sw rdi ro doi v&i bénh rong rudt & nhirng
cay sao den thudc nhirng cap kinh khac
nhau moc & vung A cé I&n hon vung B
hay khong.

= Thuéat ngl radi ro biéu thi xac suat phat
trién bénh réng rudt & cay sao den.
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Chuong 7. Hoi quy trong sinh thdi QXTV

= Goi A;la ty 1& rdi ro thuc té cla quan thé
sao den & cap kinh i thuéc vung j.

= Giatriy;=Y,/l; (cotSva8bang 7.6)
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Chuong 7. Hoi quy trong sinh thdi QXTV

= Pé so sanh sw khac nhau vé ty & sao
den bi bénh rong ruét & ving B so vo&i
vung A, chung ta str dung cbéng thurc:

== (7.36)
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Chuong 7. Hoi quy trong sinh thdi QXTV

= T cong thirc 7.36 cho thay:

v Néu RR; = 1, thi tinh trang sao den bj rong ruét
¢ hai vung la bang nhau.

v Néu RR. > 1, thi ty |1& cay sao den bj bénh rong
ruét & vung B cao hon vung A.

v Néu RR, < 1, thi ty I& cay sao den bi bénh réng
ruét & vung B nho hon vung A.
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Bang 7.6. So sanh s6 cdy sao den bi bénh réng rudt ¢ ving A va B

Cip vung A Ving B .

T p em Yie | (i) P, Ye | (p) Aip R
| @ (3) “) & 6) 7) @ ©)
1 10-20 2 5.500 | 0,00036 3 2.500 | 0,00200 | 5.5
2 | 21-30 4 6.000 | 0,00067 (] 4.500 | 0,00178| 2,7
3 |31-40| 5 | 8500 |0,00059| 12 |12.000|0,00100| 1.7
4 | 41-50 8 10.000 | 0,00080 | 20 6.850 | 0,00292| 3.6
5 | 51-60 10 9.500 | 0,00105 25 5.800 | 0,00431| 4.1
6 | 61-70 11 5.500 | 0,00200 | 28 4.500 | 0,00622| 3.1
7 | 71-80 12 4.550 | 0,00264 | 22 3.000 | 0,00733| 2.8
8 > 81 6 10.000 | 0,00060 15 8.500 | 0,00176 | 2,9

(*) Nhém A dugc sir dung lam déi teong so sanh

- S0 liéu (RR)) & cot 9 da chirng t6 sO cay sao den & ving B bi
bénh rong rudt cao hon so voi vung A.
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Chuong 7. Hoi quy trong sinh thdi QXTV

= Muc tiéu st dung phan tich hoi quy Poisson &
vi du nay la gi?

v Lam phu hop hoi quy Poisson vai so liéu.

v Slr dung md hinh hoi quy Poisson dé woc
lwong ty 1€ cay sao den bi bénh rong ruét cho
tat ca cac cap kinh ¢ hai dia phwvong A va B.

v’ Xac dinh sy sai khac vé ty & cay sao den bi

bénh rong rudt cho tat cd cac cap kinh & hai
dia phwvong A va B.
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Chuong 7. Hoi quy trong sinh thdi QXTV

= lLwuy rang Y; la bién sO6 nhi thirc co
phan bd ngau nhlen VoI trung binh ; =
™Ay
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Chuong 7. Hoi quy trong sinh thdi QXTV

= Dé phat trién mé hinh hoi quy Poisson,
chung ta goi E(Y;) la sO Ky vong cua
nhi*ng cay bi bénh réng rudt & cap kinh i
thuodc vung j.

= O day co hai bién quan tam la cap kinh
va dia phwong.
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Chuong 7. Hoi quy trong sinh thdi QXTV

= Vi cap kinh dwoc phan thanh 8, IO’p, nén
chung ta s&r dung 8 - 1 = 7 bién gia de
chi dinh cho bién cap kinh.

= Bién dia phwong la 2, ching ta sé su
dung mét bién gia.
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Chuong 7. Hoi quy trong sinh thdi QXTV

=  Nhw vay, md hinh,biéu thi sO cay sao den bi
bénh rong rudt & cap kinh i dwoc viét nhw sau:

E(Y,) =y = l*As V611 =1, 2,0, 8; =0, 1.
In(Ay) = o + > e105Ux + bE (7.37)

Hay X;; = exp(a + Z7k=1a.kUk + bE)
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Chuong 7. Hoi quy trong sinh thdi QXTV

trong do:

U, =1néuk=i

U, =0nduk#iveik=1,2,.7
E=1néuj=1 (vung B)
E=0néuj=0 (vung A)

NN X X
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Chuong 7. Hoi quy trong sinh thdi QXTV

= Khi st dung mé hinh 7.37, chung ta co
thé viét sw rii ro A; 0 dang tham sO a. va
b dé thu dworc:
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Chuong 7. Hoi quy trong sinh thdi QXTV

v ]JIO\“]) =0+
InN)=at+ot+bveii=1,2,....7 (7.38a)

v Khi 1= 8, thi In(As) = @
v In(A\g)=a+Db (7.38b)
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Chuong 7. Hoi quy trong sinh thdi QXTV

vV Khik=1=8 thi U, =0

/ Do do, In(*,) - In(*Ng) = (@ + o+ b) - (@ + @) =

v ]Il(*?\gl) . ]ﬂ(*}\m) =a¢tb-a=b (738[}]
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Chuong 7. Hoi quy trong sinh thdi QXTV

Mit khac, RR; = N _ exp|[In( Ny )]
)\i' >\iﬂ

exp|In( Q—; )] = exp[ln(Aq) - In(Ng)] = exp[b] = ¢

véii=1,2,....8.
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Chuong 7. Hoi quy trong sinh thdi QXTV

= Nhuw vay, khi st dung mé hinh Poisson,
chung ta co6 thé wéc lwong ty 1& cay sao
den bi bénh réng rudt cho bat ky cap
kinh nao bang cach:

v Trwdce hét, lam phu hop mé hinh va wéce
lwong hé sd b cua bién E.

v' Sau do, tinh e®.
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Chuong 7. Hoi quy trong sinh thdi QXTV

= ity lé cay bi bénh rong rudt (e) la doc
lap v&i i, nén e’ la wéc lvong ty 1€ cay bi
réng rudt cua tat ca cac cap kinh (hay
toan bd doi twong nghién clru) & hai
vung A va B.
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Chuong 7. Hoi quy trong sinh thdi QXTV

= Lwuy

v' Vidu trén day minh hoa ki‘éu mo hinh dwoc str
dung dé mé ta phan tich héi quy Poisson.

v Trong thuc té,,chu,ng ta c6 thé st dung khéng
chi hai bién s6 (cap kinh va dia phwong), ma
con nhiéu hon hai bién s6 (k bién) dw doan
(X4, X,,..., X,) d& nghién ciru.
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Chuong 7. Hoi quy trong sinh thdi QXTV

7.10.3. HOi quy Poisson

=  Pé phan tich héi quy Poisson, chung ta
goi Y 1a bién phu thudc.

= Vi du sd cay bi bénh réng ruét thu dwoc
tr mot nhom cay dwoc mé td bang tap
bién dw doan X,, X,,..., X,.
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Chuong 7. Hoi quy trong sinh thdi QXTV

= Poi v&i nhomi (i=1, 2,..., n), ching ta goi:

Y, =sb cay b1 bénh rgng rudt;

l; = tong s6 cdy cia mdi cap kinh dwge nghién ctru
bénh rgng rudt;

— X; = (Xi1, Xjpo,..., Xix) = tap hop cac gia tr1 cua X,
Xs,..., X cua cép kinh 1;

b = (bg, by...., b) = tap hop nhiing tham s6 chua biét:
A(X; b) = ham s6 dic trung doi véi X; va by nghia la

I

l

l

A, b) = exp(by + Y =1 biXa).
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Chuong 7. Hoi quy trong sinh thdi QXTV

= Ham A(x, b) mo ta ty I& cay bi bénh rong rudt &
nhom |.
= Khi do so cay bi bénh réng rudt trong nhém i 13

E(Y) = w = lAlx;, b)  (7.39)

v o i=1,2,...,n;
Y. = bién ngau nhién c6 phan bb Poisson.
v Didu kién A(x, b) > 0.

AN
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Chuong 7. Hoi quy trong sinh thdi QXTV

% Khi Y; c6 phin b6 Poisson véi trung binh 1, thi

i
v P(Yi;p,i)z""Yi i=12..n (7.40)

11/11/2009 PGS. TS. Nguyen Van Them 250



o Tw739

v E(Y) = W = LM, b) (7.39)
va 7.40

yi_ -
v OP(Yi )= “"Yﬁ i=1.2..n (7.40)

ching ta co:

li?b(Xi b)yie-lil(}(i, b)
Y;!

v P(Y;b)= (7.41)
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Chuong 7. Hoi quy trong sinh thdi QXTV

v' Trong céng thirc 7.41,Y.=0,1, ..., cvai =1,
2,...,N.

v Vidu & bang 7.6 Y; chi s6 cay bi bénh réng
ruét @ nhirng cap kinh va dia phwong khac
nhau.
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Chuong 7. Hoi quy trong sinh thdi QXTV

= Duwdi day chung ta thtr xay dwng mot so
mé hinh biéu dién anh hwdng cla cap
Kinh (i =1, 2,.., n) va dia phwong (j = 0
vaj = 1) dén ty I& bénh réng rudt & loai
sao den.
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Chuong 7. Hoi quy trong sinh thdi QXTV

= M6 hinh tht 1: M6 ta ty 1& bénh rong rudt &
loai sao den phu thubéc vao cap kinh (U) va dia
phuwong (E).

v' S0 cay bi bénh rong rudt: E(Y;) = p; = |;*A,

voi ln(?(.l]) =+ 271{:1(11{[]'}{ + bE (7.42)
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Chuong 7. Hoi quy trong sinh thdi QXTV

= Trong cong thuc 7.42

v U, = bién gia nhan hai gia tri 0 va 1 dé biéu thi
nhom cap kinh:;

v E = bién gid nhan gia tri 0 va 1 dé mé ta dia
phuwong (vung A =0, vung B =1).
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Chuong 7. Hoi quy trong sinh thdi QXTV

= Cac tham sb ciia mé hinh 7.42 dwoc xac
dinh bang nguyén ly hop ly toi da.

= Tinh phu hop clia md hinh héi quy
Poisson ciing dwoc kiém dinh bang
thong ké Chi-square.
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Chuong 7. Hoi quy trong sinh thdi QXTV

= T mé hinh Poisson, ching ta c6 thé tinh dwoc ty 18
cay bi bénh rong rudt chung ¢ tat ca cac cap dwdng
Kinh theo cong thurc:

ANy
RR; =" =¢" (7.43)
10

v Khoang tin cdy 95% ctia mau 16n doi véi ¢’ duoc tinh theo cong thirc:
Exp[b £ Se(sy)] (7.44)
trong do

v' b = giatri woe luong ca hé s6 b;
v Sysy = sai 80 chudn ctia hé s6 udce lugng b .
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Chuong 7. Hoi quy trong sinh thdi QXTV

* Viée kiém dinh gia thuyét Hy: b = 0, d61 thuyét Hy: b # 0 ¢6
thé dugc thuc hién dua trén thong ké Wald:

b -0 e
/= g (7.45)
e(Sb™)

& day Z 6 phan bd N(0,1) dudi gia thuyét Hy: b =0,
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Chuong 7. Hoi quy trong sinh thdi QXTV

= T vi du & bang 7.6, bang thuat toan thong ké
chung ta c6 thé xac dinh dwoc md hinh
Poisson biéu thij ty 1& cay sao den bj bénh réng
rudt tiy thudc vao cap dwong kinh va dia
phwong (bang 7.7 — 7.9).
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Chuong 7. Hoi quy trong sinh thdi QXTV

Bang 7.7. M6 hinh hdi quy Poisson wéc lwong,

Tham s6 Udc lwong | Sai s6 chuan| RRi‘’
Hang s -7,46934 0,24666
Ving 1,14918 0,15785 3,16
Cép kinh: 1 -0,08693 0,43698 0,92
Cap kinh: 2 0,04080 0,36189 1,04
Cép kinh: 3 -0,44180 0,32655 0,64
Cép kinh: 4 0,44010 0,28876 1,55
Cap kinh: 5 0,79180 0,27625 2,21
Cép kinh: 6 1,24452 0,27067 3,47
Cép kinh: 7 1,44770 0,27767 4,25

(**) Nhom A duge st dung 1am ddi twong so sanh
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Chuong 7. Hoi quy trong sinh thdi QXTV

Béng 7.8. Phan tich bién dong’

Nguon Bién dong df P
M& hinh 126,871 8 0,0000
Sai léch 2,5459 7 0,9236
Téong 129417 15
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Chuong 7. Hoi quy trong sinh thdi QXTV

Bang 7.9. Kiém dinh Likelihood Ratio

Yéu to v df P
Vung 58,69 1 0,0000
Cipkinh | 7572 7 10,0000
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Chuong 7. Hoi quy trong sinh thdi QXTV

= Két qua & bang 7.7 cho thay mé hinh Poisson
biéu thi ty 1€ cay sao den bi bénh rong ruét &
cac cap kinh nhw sau:

VI hj = exp(-7,46934 + 1,14918%ving -
0,08693*D=1 + 0,0408*D=2 — 0,4418*D=3 +
0,4401*D=4 + 0,7918*D=5 + 1,2445*D=6 +

1,4477*D = 7) (md hinh 1)
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Chuong 7. Hoi quy trong sinh thdi QXTV

= Khi st dung mé hinh (1) dé duw doan sb
cay sao den bi bénh réng rudt (Y,) & 8
cap kinh thuéc hai vang A va B, thi két
qua nhan dwoc nhw bang 7.10.
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Chuong 7. Hoi quy trong sinh thdi QXTV

Bang 7.10. Két qua du dodn s6 cdy sao den bi bénh rong rudt & ving A va B

Cap

Ving A

Vung B

(*)

'I'I‘ D,em | Yiy | () g, Yp | (p) Jip R
Q)] @ [ G ) & 6) (7) (8 )
1 10-20 | 2.9 5.500 [0,00052 | 4.1 2.500 [ 0,00165| 3.2
2 [ 2130 3,5 6.000 | 0,00055| 8.4 4.500 {0,00187 | 34
3 [ 3140 3.1 8.500 [0,00037 | 13,9 |12.000|0,00116| 3,2
4 | 41-50 | 8,9 |10.000 |0,00089| 19,1 | 6.850 | 0,00280 | 3,2
5 | 51-60 | 12,0 | 9.500 |0,00126 | 23,0 | 5.800 |0,00397 | 3,2
6 | 61-70 | 109 | 5.500 |0,00198 | 28,1 | 4.500 | 0,00625| 3,2
7 | 71-80 | 11,0 | 4.550 [0,00243 | 23,0 | 3.000 | 0,00766 | 3,2
8 | >8 | 57 [10.000|000057| 153 | 8.500 |0,00180 | 3.2

(*) Nhém A dwoc sit dung lam d6i twong so sénh
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Chuong 7. Hoi quy trong sinh thdi QXTV

= Lwuyrang
v' Cac gia tri ;& c6t 5 va 8 cua bang 7.10
duwoc tinh tr cong thire 7.38(a,b).

() =atava i) =atetb viii=12,...,7 (7.38)
v Khi1=8, chiing ta 6 In(Agg) = o vé In(hg)) =+ b (7.38D)
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Chuong 7. Hoi quy trong sinh thdi QXTV

= Két qua tinh toan cho thay, ty 1& bénh rong ruét
& cac cap kinh nhuw sau:

+ DPd1 vor vung A

Ao = exp(-7,46934 — 0,08693*1) = exp(-7,55627)
oo = exp(-7,46934 + 0,0408*1) = exp(-7,51014)
Nos = exp(-7,46934 — 0,4418*1) = exp(-7.91114)
N = exp(-7,46934 + 0,4401*1) = exp(-7,02924)
N = exp(-7,46934 + 0,7918*1) = exp(-6,67754)
oo = exp(-7,46934 + 1,2445*]) = exp(-6,22484)
N7s = exp(-7,46934 + 1,4477*1) = exp(-6,02164)
Nss = exp(-7,46934)
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Chuong 7. Hoi quy trong sinh thdi QXTV

+ D1 vor vang B

Jue = exp(-7,46934 +1,14918*1 — 0,08693*1)
Joe = exp(-7,46934 +1,14918*1 + 0,0408*1)
Jap = exp(-7,46934 +1,14918*1 — 0,4418*1)
e = exp(-7,46934 +1,14918*1 + 0,4401*1)
hsp = exp(-7,46934 +1,14918*1 + 0,7918*1)
hep = exp(-7,46934 +1,14918*1 +1,2445%*1)
doe = exp(-7,46934 +1,14918*1 +1,4477*1)
hep = exp(-7,46934 +1,14918*1)

11/11/2009 PGS. TS. Nguyen Van Them 268



Chuong 7. Hoi quy trong sinh thdi QXTV

= O vi du trén day hé s6 wéc lwong biéu thi anh
hwdng cla vung sinh thai dén ty 1& cay sao
den bj bénh rong rudt 1a bA = 1,14918, v&i sai
sO Se(s,) = 0,15785.

= Gia thuyét H,: b = 0 bj bac bo, boi vi Z = 7,28
voi P <0,01.
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Chuong 7. Hoi quy trong sinh thdi QXTV

= Do do, wéc lwong ty 1& sai khac vé bénh rong
ruét & sao den gilta hai vung RRi = eb” =
e1,14918 = 3 16.

= Khoang tin cdy 95% cua e = exp[b”
1,96*Se(s.)] = exp(1,14918 + 1,96*0,15785)
(2,32; 4.30).

I+
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Chuong 7. Hoi quy trong sinh thdi QXTV

= Bay gi& chung ta xem xét hai cau hoi khac
nhuw sau:

1. Ty |& cay sao den bi bénh rong rudt & nhirng
cap kinh khac nhau cua hai vung c6 khac nhau
hay khong?

2. Neéu ty 1& cay sao den bj bénh réng rudt &
nhirtng cap kinh khac nhau cua hai vung la
khdng khac nhau, thi chung ta c6 can phai
xem xét anh hwdng cua cap kinh hay khéng?
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Chuong 7. Hoi quy trong sinh thdi QXTV

= Pé trd 1&1 cau hdi 1, chung ta xay dwng mé
hinh 2 bang cach dwa thém thanh phan twong
tac gitra cap kinh v&i dia phwong (U, *E) vao
mO hinh 1.

= MO hinh 2 co dang:

In(h) = o0+ 3 10U + BEHY (eiS(Ue*E)|  (7.46)
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Chuong 7. Hoi quy trong sinh thdi QXTV

= O mbd hinh 2, y nghia cla twong tac gitva cap
kinh v&i dia phwong dwoc kiém dinh théng
qua gia thuyét Hy: 8, =8, = ... 8,= 0.

=  Kiém dinh nay dwoc thwe hién bang thong ké
Chi-Square véi dé tw do bang sd cap kinh &
hai vang trir di sO tham sb trong mé hinh.
Trong trwdng hop cua vi du & bang 7.6, db tw
do=16-9=7.
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Chuong 7. Hoi quy trong sinh thdi QXTV

= Pé trd 1o cau hdi 2, chung ta xay dwng
mé hinh 3 bang cach bd thanh phan cap
duwong kinh @ mé hinh 1.
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Chuong 7. Hoi quy trong sinh thdi QXTV

= MO hinh 3 co dang:

llflO\ij) = o+ bE (747)
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Chuong 7. Hoi quy trong sinh thdi QXTV

= Néu bd yéu to cap dwdng kinh, chung ta
can phai xem xét hé s b* hoac e thay
ddi co y nghia hay khéng.

= Néu x&* ly md hinh 3 theo sb liéu cua
bang 7.6, ching ta s& nhan duwoc két
qua sau day:
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Chuong 7. Hoi quy trong sinh thdi QXTV

1Il()\ij) =-6,9341 + 1,0678*meg

Hay Aj; = exp(-6,9341 + 1,0678*vung)
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Chuong 7. Hoi quy trong sinh thdi QXTV

AN NI

Khi x& ly v&i mé hinh 1: = Khix ly v&i mo hinh 3:

Hé sb b"=1,14918
Se(sp.) = 0,15785
RR. = eb exp(1,14918) = RR. = eb" = 10678 = 2 91

3,16
o . i Khodng tin cay 95% cua
Khoang tin cay 95% cua eb" = (2,14: 3.95)

eb" = (2,32; 4.30)

Hé sb b” = 1,0678
S.(sy.) = 0,1570

XN X X
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Chuong 7. Hoi quy trong sinh thdi QXTV

= Nhuw vay, so v&éi md hinh 1, hé s b* &
mé hinh 3 thay doi dang ké.

= Piéu doé chng t6 rang, dé dw doan ty I&
bénh r6n9 rut & sao den chung ta
khéng thé bd qua yéu td6 cap dudng
Kinh.

= Nhan dinh nay c6 phu hop véi ly thuyét
hay khéng?
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Chuong 7. Hoi quy trong sinh thdi QXTV

= Bay gio chung ta xem xet m6 hinh 4 Chl
bao gdm anh hwdng tuyén tinh cla yéu
td dwdrng kinh, khdng co twong tac gitra

duwong kinh véi vung (E).

11/11/2009 PGS. TS. Nguyen Van Them 280



Chuong 7. Hoi quy trong sinh thdi QXTV

MO hinh 4 ¢6 dang:

InA%; = a + 6%InD, + bE (7.48)
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Chuong 7. Hoi quy trong sinh thdi QXTV

v' Trong d6 D, dugc bién doi nhu sau:

. - [Gid tri giffa ca cap dudng kinh thi i] - 10
- 35

voi1=1,2,.,8
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Chuong 7. Hoi quy trong sinh thdi QXTV

T sO liéu clia bang 7.6, sau khi tinh toan chung ta cé
(bang 7.11):

Bang 7.11. Gia tri Inky va In2y duogc bién déi tiv s6 liéu & bang 7.6

Cap D, cm | Giira cip D Di InDi Iniy Ini;

(1) 2) 3) 4 (5) (6)
10-20 15 0,14286 | -1,9459 | -7,9194 | -6,2146
21-30 25 0,42857 | -0,8473 | -7,3132 | -6,3324
31-40 35 0,71429 | -0,3365 | -7,4384 | -6,9078
41-50 45 1,00000 | 0,0000 | -7,1309 | -5,8363
51-60 55 1,28571 | 0,2513 | -6,8565 | -5.,4467
61-70 65 1,57143 | 0,4520 | -6,2146 | -5,0796
71-80 75 1,85714 | 0,6190 -5,938 | -4,9153
> g1 85 2,14286 | 0.7621 | -7.4186 | -6,3398
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Chuong 7. Hoi quy trong sinh thdi QXTV

= M6 hinh 4 cho biét:

v o = "Dy’
v Ay = e"D%
)\.
v RRi=~- =¢
10
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Chuong 7. Hoi quy trong sinh thdi QXTV

Khi1=4 (D, =1)vaj=0, ching ta ¢6:
)\40 - ean — ea(l)e - GDL

Inhyp = «
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Chuong 7. Hoi quy trong sinh thdi QXTV

= Do dd o (diém chan trong mo hinh 4) I3
logarit co' s6 neper cua ty 1& bénh rong
rudt thude nhom tudi 41-50.
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Chuong 7. Hoi quy trong sinh thdi QXTV

= T s0 liéu & bang 7.6 va 7.11, chung ta
nhan duwoc két qua nhw sau (bang 7.12-
7.14):
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Chuong 7. Hoi quy trong sinh thdi QXTV

Bang 7.12. M6 hinh héi quy Poisson wdc lrgng

Tham S0 UGc lugng | Sai sochuan| RRi
Hang s6 -6,97112 0,13327
Ving, 1,06251 0,15700 2,89361
InT; 0,50885 0,12541 1,66337
Bing 7.14. Kiém dinh Likelihood Ratio
Yéu to e df P
, Ving 50,632 1 0,0000
Bang 7.13. Phén tich bién déng Cép kinh 18,866 1 0,0000
Ngudn Bién déng df P
M6 hinh 70,0166 2 0,0000
Sai léch 59,4001 13 0,0000
Tong 13
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Chuong 7. Hoi quy trong sinh thdi QXTV

« M6 hinh héi quy wéc lvong:

Y;; = exp(-6,97112 + 1,06251*vung + 0,50885%InTi)
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Chuong 7. Hoi quy trong sinh thdi QXTV

= Do do, wéce lwong ty 1& sai khac vé bénh
rong rudt & loai sao den moc & hai vung
sinh thai khac nhau la

RRi = e = exp(1,06251) = 2,809.
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Chuong 7. Hoi quy trong sinh thdi QXTV

= Khoang tin cay 95% cula e®":

eb” = exp[b” + 1,96*Se(s?")]
= exp(1,06251 + 1,96*0,157)

= (2,13; 3,94).
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Chuong 7. Hoi quy trong sinh thdi QXTV

= Nhw vay, sir dung mo hinh 4 ciing dan
dén cau tra 1&i twong tw nhw mé hinh 1,
nhwng do tin cay cao hon (b&i vi khoang
tin cay cua mo hinh 4 hep hon).
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Chuong 7. Hoi quy trong sinh thdi QXTV

= S0 voi mO hinh 1, m6 hinh 4 c6 nhirng
wu diém gi?

v DPon gidn hon, vi cha it tham so hon.

v' C6 hiéu luwc cao hon, bdi vi m6é hinh 4
chi mo ta anh hwdng tuyén tinh cua tudi.
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Chuong 7. Hoi quy trong sinh thdi QXTV

= Vi thé, md hinh 4 dwoc chon dé mo ta ty
|& bénh rong rudt & loai sao den moc &
hai dia phwong khac nhau.
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Hét chuong 7
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