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LOI NOI PAU

Hién nay c6 rat nhiéu tai liéu vé i thuyét xac suat va thong ké toan hoc mg dung trong
céc nghién ctru 14m nghiép va nhiéu linh vuc khoa hoc khac. Nhiing tai liéu nay d trinh bay kha
day du vé Ii thuyét xac suat va thdng ké dya trén nén toan hoc. Chung thyc sy 14 nhitng tai liéu bd
ich cho nhing ai quan tdm dén i thuyét x4c suat va thong ké toan hoc. Nhung noi chung nhing
tai liéu ndy van chi di sau vé mot sé khia canh va coi nhe nhing phan khac, dic biét nhimng khia
canh mang tinh dac thu cua 1am nghiép. Dleu nay da dem dén khong it kho khan cho nhirng can
bd va sinh vién 14am nghiép c¢6 mong mudn tng dung i thuyét xac sudt va thong ké dé xur Ii va
phan tich cic thong tin trong 1am nghiép. Trudc tinh hinh d6, cudn sach “Hudng dan sir dung
Statgraphics Plus Version 3.0 & 5.1 dé xir |i va phan tich cdc théng tin trong ldm hoc” dugc bién
soan nhu 1a mot tai liéu thuc hanh nham trg gitp cho nhiing ai c6 mong mudn tng dung I thuyét
thong ké dé xir I va phan tich cac thong tin trong 1am nghiép. Sach duoc bd cuc thanh 8 chuong.
NO0i dung cua sach trinh bay nhimg céach thue va phuong phép xur Ii va phan tich cac s6 liéu trong
1am nghiép voi sy trg' gitip cua thong ké toan hoc va phan meém Statgraphics Plus Version 3.0 &
5.1. Cubn sach nay khong trinh bay sau vé Ii thuyet thdng ké toan hoc va nhiing linh vuc khoa
hoc khac trong 1am nghi€p, ma chi gidi han ¢ phan thyc hanh nhimg van dé co lién quan dén linh
vuc lam hoc va mdt s6 khoa hoc khdc trong 1am nghiép. Mac du vy, nhiéu ndi dung cua cubn
sach nay van co thé ung dung cho cac linh vyc khoa hoc khac nhau (ndng hoc, chan nuéi, thi y,
kinh té, y hoc...).

Dé gitip ban doc d& dang umg dung Ii thuyét thong ké dé xu Ii cac thong tin trong 1am
hoc, & mdi chuong, trude hét tac gia dua ra mot s6 van dé ma nha 1am hoc can quan tam nghién
ctru. Ké dén dén ra nhing vi du cu thé. Sau d6 hudng dan st dung Statgraphics Plus Version 3.0
& 5.1 dé xir Ii va phan tich cac théng tin trong 1am hoc. Vi sach chi trinh bay nhitng vn dé thuc
hanh, do d6 mudn hiéu sau tung vén dé, ban doc can doc thém nhitng tai li€u khac ¢ lién quan,
dic biét 1a thong ké toan hoc. Tac gia ciing luu y rang, nhimg dit liéu cia cac vi du dan ra trong
cudn sach nay chi 1a nhitng dir 1i€u gia dinh. Mt phﬁn dit liéu duoc trich dan tir cac tai liéu tham
khao sb 5, 6, 10, 11...Dé tién cho viéc thuc hanh va kiém tra két qua tinh toan, mot s6 dir licu
dung trong phan tich phuong sai, hiép phuwong sai va phan tich mdi quan hé giira cac dai luong co
thang do khac nhau (Chang han: Sy két nhom giita céc loai sinh vat) dugc ghi lai & phan phu luc.
Tét ca cac vi du dan ra trong tai liéu nay chi nham muc dich huéng dan cach thirc tmg dung li
thuyét théng ké voi su tro giup ciia phan mém Statgraphics Plus Version 3.0 & 5.1 dé xu Ii va
phan tich cac thong tin trong 1am hoc. Hién nay phan mém Statgraphics di dugc nang cp thanh
nhiéu phién ban cao hon. Tuy vay, ban doc van c6 thé sir dung nhitg hwong dan trong cudn sach
nay dé xur Ii va phan tich cac thong tin trong 1am hoc.

Nhan day tac gia ciing xin tran trong cam on TS. Nguyén Ngoc Kiéng (Giang vién chinh
- Khoa 1am nghiép — Truong PHNL Tp. HCM) da cho phép tac gia sir dung nhiing s6 lidu ctia
minh dé 1am vi du minh hoa. Sau cung, tac gia cling nhan théy réng viéc bién soan mot tai liéu
v6i nhitng ndi dung c6 lién quan dén nhiéu linh vuc khoa hoc khac nhau s& khong thé tranh khoi
nhitng thiéu sot. Tac gia rat mong nhan dugc nhitng trao d6i va v kién gop ¥ chan tinh cta ban
doc. Nhitng ¥ kién déng gop va trao doi xin goi vé dia chi: PGS. TS. Nguyén Vian Thém, DT:
0918.204.950; Email: nvthem2009@gmail.com.

Tp. H6 Chi Minh, thang 09/2010
Tac gia

Nguyéw Vin Thém
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Chuwong I

CACH NHAP SO LIEU VAO BANG TiNH
1.1. CAC THANG PO

Dé dé dang tinh toan, phan tich va trinh bay két qua nghién ctru, trudc hét chung
ta xem xét nhirng thuat ngir quan trong sau day.

1. Cac quan sat. Thuit ngir ndy biéu thi cac trudng hop hay chu thé. Mot trudng
hop bao gdm nhiéu thong tin cua mét dai luong nghién ciru. Vi du: Bu0n§ kinh than cay
o vi tri 1.3 m (D13, cm), chiéu cao than cay (H, m), trir luong rung (M, m~/ha), tinh trang
sinh lyc cta cay...Dd la nhitng dai lugng quan sat trong khi mo ta tham thyc vat ring.

2. Céc bién? hay tiéu thirc. Thudt ngir biéu thi cac thong tin hay dic diém cia
timg truong hop hay chu thé. Vi du: Buo’ng kinh than cdy ¢ vi tri 1.3 m (Dy3, cm), chiéu
cao than cay (H, m), trtr luong rimg (M, m /ha) tinh trang sinh lyc cta cdy... Mdi bién
dwoc dit mot tén bién® cu thé. D& mo ta tén diy di ciia mot bién, nguorl ta dung nhan
bién*. Mdi gia tri cua mot bién cling co thé duoc diat mot nhan gia tn . Vi du: B0 che phu
ctia tham co6 1a mot bién sd. Gia sir bién nay c6 tén 1a DCP véi nhan day du 1a “Do che
phti ctia tham c6”. Mdi biéu hién cua bién PCP c¢6 thé dugce chi dinh béng mot gia tri bién
nhu sau: 6 = Soc, 5 = Cops, 4 = Cop,, 3 =Copy, 2=Sol, 1 =Spva 0 = Un. Viéc quy dinh
dat tén bién, nhin bién va nhin gia tri nhu trén 1a tao thuén loi cho viée xtr 1i va téng hop
s liéu bang toan hoc.

3. Cac thang do. Nhiing gia tri ctia bién dugc xac dinh bang mot thang do nao
d6. Co 4 loai thang do duoc dung pho bién trong cac nghién ctru khoa hoc: dinh danh,
thtr bac, khoang va ti I€.

a. Thang do dinh danh®. Thang do dinh danh la thang do duoc danh sO hay gan
chudi dang ngan gon cho nhing biéu hién cua mot bién sb. Vi thé, nguoi ta goi bién s6
nay 1a bién s6 dinh danh’. Nhiing tri s6 cta bién dinh danh chi thé hién cdc nhém phan
loai khong c6 thtr bac hon kém®. Néu bién dinh danh duoc do dac béng nhitng con s6 thi
giita nhitng con sb nay khong c6 quan hé hon kém. Vi thé, chung ta khong thé xir Ii
chung béng cac phép tinh dai s6. Vi du: (1) Hai biéu hién cua bién “do bat gdp” mot loai
cdy nao d6 thudng dugc ghi bang sé nhu sau: 1 = ¢d cdy quan tdm va 0 = khong c6 cay
quan tam; (2) hai biéu hién cta bién bénh cay dugc danh s61a1=coébénhva2= khong
c6 bénh.

b. Thang do thw b@cg. Do 1a mot thang do dinh danh, trong do6 céc tri s6 cua bién
s6 ¢6 thir bac hon kém. Vi du 1: Khi diéu tra mot loai bénh ciy nao do, ching ta co thé
ghi nhu sau: 1 = bénh rat nang, 2 = bénh ning, 3 = bénh trung binh, 4 = bénh nhe va 5 =
khong co bénh. Vi du 2: Khi nghién ctru quan h¢ gitra nang sut rung trong voi cap dat,
thi cac biéu hién ciia bién cip dat co thé dugc ghi bang cac tri sé nhu: 1 = cép dat I, 2 =

! Case

2 \ariables

% Variable name

* Variable label

® Value label
 Nominal

" Nominal variable

& Unordered categories
® Ordinal
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cap dat IT, 3 = cAp dat III, 4 = cap dat IV va 5 = cap dat V. Can luu ¥ rdng cac con s co
tri s6 cao hon khéng c6 nghia 1a chung ludn & bac cao hon va nguoc lai. Viéc gan cac con
s6 nhu vdy chi mang ¥ nghia quy udc nham tao thuén loi cho viéc xur i sb liéu. Nhing
bién sb duoc do bang thang do thir bac dugc goi la bién dinh danh c6 thtr bac. Trong lam
hoc, ching ta thuong gap rat nhiéu blen dinh danh c6 thtr bac nhu cap dat, cap bénh cay,
cap chay rumg, cap do day ting dét, cap lap dia, cp sinh truong cay ring...Cac bién dinh
danh c6 thir bac dugc goi 1a cac bién phan loai hay bién lap nhom?.

c¢. Thang do khoéngz. D6 1a thang do thtr bic c6 khoang cach déu nhau. Thang
do nay sir dung cho nhing sb liéu dinh lwong. Vi du: (1) Puong kinh than ciy dugc phan
chia thanh cép, trong d6 mdi cap 1a 1, 2...k (cm); (2) chiéu cao thin cay duoc phan thanh
2 m mot cép. .

d. Thang do ti lég. D6 1a thang do khoang voi mot dién Zero ldy lam gdc dé so
sanh. Thang do nay cling st dung cho nhiing bién dinh lugng. Vi du: Do sy khac biét
giita hai kiéu rung bang viéc sir dung trit lwong go than cay dé so sanh. Khac vé6i thang
do khoang, diém zero ctia thang do ty 1& 1a mot s o that.

Ngoai cach phan biét cac thang do trén day, trong 1dm hoc nguoi ta con phan biét
cac bién thanh bién dinh tinh va bién dinh luong. Nhitng dic tinh c6 thé dém hay can do
dugc theo mot don vi vat Ii nao d6 dugc goi 1a dic tinh dinh luong (hay ddu hiéu vé
luong). Nguoc lai, nhitng dic tinh khong thé do dém bang mot don vi vat Ii nao d6 duoc
goi 1a dic tinh dinh tinh (hay d4u hiéu vé chat).

4. Pic tinh dinh tinh. Trong 1am hoc, nhiing diu hiéu dinh tinh cé rat nhiéu.
Chung dem lai ¥ nghia rat 16n nham thuyét minh cho van dé nghién ciru. Chang han: Khi
mo ta mot quan hé thuc vat, mot quan x4 thuc vat hodc mot 6 tidu chuan, ching ta phai
thu thdp nhiing d4u hiéu ma khong thé do dac duoc nhu: (1) Mau séc cua 14, hoa va qua,
(2) sy c6 mat hay Véng mat cua loai cdy quan tdm trén khu vuc nghién ctu, (3) tinh trang
sinh lyc cua ca thé, (4) cay co bénh hay khong ¢6 bénh, (5) cdy di chét hay con
song Ngay ca mot s6 dic tinh dinh luong, vi li do khé do dém hay kho dén duoc dé do
dém, chiing ta ciing phai xem chung nhu nhiing dic tinh dinh tinh. Vi du: Luong hoa quia
trén mot cay go, do rAm rap cua tan 14, sb luong hay do che phu cua tham cd trén mot
dién tich...

Pé dé dang dua nhitng dit liéu dinh tinh vao xir li hay so sanh, chung ta c6 thé ghi
nhan bén canh chung s6 lan hay tan sd bat gip. Tong tan sd ciia cic sy kién gip duoc
phai bang tong sb ca thé (hay tong sé don vi) duoc quan sat. Vi du: Néu a, b va ¢ 1a tan sb
cua 3 su kién nao d6 va N la téng s6 ca thé quan sat, thi a + b + ¢ = N; con a/N, b/N va
¢/N duoc goi 12 tin suat ctia cac nhoém. Tan suit cia moi nhoém dbi tuong co thé biéu thi
bang don vi phan 10 hodc phan traim. Trong truong hop tan suit duoc biéu thi bang don
vi phan mudi thi tong cac tan suat ciia cac nhom phai bang 1, nghia 1a a/N + b/N +c¢/N =
1. Nguoc lai, néu tan suét duoc biéu thi béng don vi phén tram thi téng sO tan sut cua
cac nhom phai bang 100%.

Tuy theo muc dich nghién ctru, nhimg dac tinh dinh tinh duoc ghi vao bang phan
ph01 theo hai cach : (1) bang phan phdi mot chiéu (bang 1.1), (2) bang phéan phéi hai
chidu (bang 1.2). Tir d6, nha 1am hoc c6 thé tién hanh cac xur Ii va so sanh két qua.

! Ordered categorical Variable, Controling Variable, Grouping Variable
2

Interval
® Ratio

Bién soan: PGS. TS. Nguyén Vin Thém 4
O



Huéng dan sir dung Statgraphics Plus Version 3.0 &5.1
0000000000000 0000000 000000000000 0

Bang 1.1. Phan phdi két qua diéu tri bénh A trén 200 cay gb

Tan s6 Tan suat Ty 1& %
@) (2) 3
Bénh khoi 105 0,525 52,5
Bénh giam 55 0,275 27,5
Tir vong 40 0,200 20,0
Tong 200 1.000 100.0

Bang 1.2. Phan phdi két qua diéu tri ciia 3 loai thudc trén 205 ciy

Két qua didu tri X Tréh@“ c Téng
1) (2) 3) (4) (5)
Bénh khoi 35 38 24 97
Bénh giam 21 20 17 58
Tir vong 12 16 22 50
Tong 68 74 63 205

5. Pac tinh dinh luwgng. Dic tinh nay bao gé)m hai loai: roi rac va lién tuc.

a. Pac tinh dinh lwgng roi rac. D6 1a nhiing dai lugng cua mét dic tinh duoc
biéu thi bang nhiing con sé nguyén. Thi du: S6 cdy trén mot 6 mau co kich thudc nhat
dinh, sb cay gd mang bénh, s6 cay tai sinh trén mot don vi dién tich...Trong bang thong
ké, ching ta ghi trong mdt c)t (hodc mot hang) cac tri $6 0, 1, 2...k cia mot dic tinh, con
cot bén canh (hodc hang dudi) ghi nhan cac tan sb, tin suat va ty 1¢é phan trim tuong g
v6i ching (bang 1.3).

Bang 1.3. Phan bd ciy tai sinh Dau song nang trén mat dat

S6 cay/d Tan s6 Tan suat Ty 18 %
1) (2) 3) (4)

0 350 0,6076 60,76

1 160 0,2778 27,78

2 28 0,0486 4,86

3 16 0,0278 2,78

4 14 0,0243 2,43

>5 8 0,0139 1.39
Tong 576 1,0000 100,00

Can luu ¥ rang, trong mot vai truong hop, nguoi ta con tinh cac tan sd don, tan
suat don va ty 1¢ don bang cach cong don tan sb (hay tan suat, ty 1&) ciia nhom nay voi
nhitng nhém trén hodc dudi (bang 1.4). Sy khic nhau ctia hai cach trinh bay nay 1a & chd,
cach thir nhat cho biét c6 bao nhiéu 6 twong tng vai 0, 1...k ciy cu thé, con cach thir 2
cho biét c6 bao nhiéu 6 it hon (hay nhiéu hon) k cay/o.

Bién soan: PGS. TS. Nguyén Vin Thém 5
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Bang 1.4. Phan bd cay tai sinh Dau song nang trén mat dét

qua diéu tra 576 6 dang ban 1 m*

Sb cay/o Tan s6 don Tan suat don Ty 18 don
1) (2) ®) 4)
0 350 0,6076 60,76
1 510 0,8854 88,54
2 538 0,9340 93,40
3 554 0,9618 96,18
4 568 0,9861 98,61
>5 576 1,0000 100,00
Chung ta ciing c6 thé lap bang 1.4 nhu sau:
S6 cay/o Tan s6 don Tan suat don Ty 1é don
1) (2) 3) 4)
0 576 1,0000 100,00
1 226 0,3924 39,24
2 66 0,1146 11,46
3 38 0,0660 6,60
4 22 0,0382 3,82
>5 8 0,0139 1,39

b. Pic tinh dinh lwong lién tuc. Nhitng dic tinh dinh luong co thé ldy bat ky gia
tri ndo nam trong mot khoang nao dé duoc goi 1a dic tinh dinh luong lién tuc. Vi du:
Nhimg dic tinh nhu chidu cao va dudng kinh than cdy, trir lwong va dién ngang than
cdy...Tuy nhién, trong thuc té, do nhimg gi6i han ctia cac cong cu do dac, nén chung ta
van chi nhan dugc cac gia tri khong lién tuc. Vi du: Vi thude do chiéu cao Blume -Leiss
¢6 do chinh xé4c 1a 0,5 m, nén trong khoang chiéu cao ciy gb tir 20 dén 22 m chung ta chi
nhén dugc 3 gia tri 1a 20,5; 21 va 21,5 m.

Khi trinh bay céac sb liu dinh luong lién tyc dudi dang bang, nguoi ta phai thyc
hién viéc phan nhom (chia t6 hay cép) theo mét cy ly (hay khoang cach) nhit dinh va
tinh tan sd, tin sudt va ty 1& ctia cac nhom. Theo Brooks va Carruther, s6 nhém (m) va cu
ly gitta cac nhom (k) dugce tinh theo cong thirc

m > 5logN, (1.1)

) trong dg’) N la dung lugng quan sat, Xmax V& Xmin 1a nhitng tri $b 16n nhét va nho
nhat ctia day so liéu quan sat. Theo Hoppman, cu ly gitta cadc nhom duogc tinh theo cong
thirc 1.3; trong do N 1a dung lugng quan sat.

d= ngax _ Xmin) (1.3)
2§/N

Can nhan thiy rang, mic du s to va cu ly gitra cac t6 duoc tinh theo cong thirc
1.1, 1.2 va 1.3 1a khach quan, nhung thyc té c6 thé nhan dugc két qua kém y nghia. That
vay, cu ly gilra cac 1op chiéu cao cia quan x4 thuc vat duoc tinh theo cong thirc 1.2 va
1.3 c6thé 14 0,2 — 0,5m, nhung thuc té chung ta dung dung cu do cao vdi dJ chinh xéc 1a
0,5 - 1,0 m. Do d6, ching ta khong thé tinh dugc chinh xé4c tin sd twong Ung timg cap. Vi
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vay, tuy theo ddi tugng va muyc ti€u nghién ctru, trong thuc hanh nguoi ta théy s6 t6 duogc
phan chia nam trong khoang tir 8 - 12 1a phu hop, con cu ly giita cac to ¢ thé tinh dwa
trén do chinh xéc cua dung cu do dac. Vi du: Khi phan cép chiéu cao & rung tréng thuan
loai dong tudi, ngudi ta ldy cu ly giira cac 10p chiéu cao 1a 1 - 2 m, con & rimg tu nhién tir
2 - 4 m. Déi v6i duong kinh than céy & rimg trong thudn loai dong tuéi ngu(‘)’i ta thuong
liy cu ly t6 12 1 cm khi da so cdy g0 ¢0 D13 <10 cm, 2 cm khi da s6 cdy g6 c¢6 D13 < 20
cm. O rimg tur nhién khac tudi tuyét doi, cu ly gitra cac cap kinh bién dong tir 4 - 12 cm.

Khi tong hop s6 liéu thanh bang s6 liéu, chung ta c6 thé ghi vao mot cot nao do
tri trung tdm (hodc ranh gioi) cua moi nhom, con cac cot bén canh ghi vao tuong tng tan
s, tAn sudt va ty 1¢ (cling c6 thé gorn ca tan s6 don va tan suat don .) cua moi nhom. Vi
du: S6 liéu vé phan b sb cay theo cap duong kinh (N - D) va cap chiéu cao (N - H) cua
mot 14m phén c6 thé dugc ghi nhu sau (bang 1.4 va 1.5). Tur bang 1.4 c6 thé thiy, sb cay
thudc cap kinh 10 va 14 cm tuong tng 14 32,8 va 18,9%, con nhitng cdy c¢6 D < 14 cm 1a
57,7%.

Bang 1.4. Phan bd s6 ciy theo cap dudng kinh

CapD,cm | 10 14 18 22 26 30 34 38 42 > 46 >
N, cay/ha 87 50 46 28 18 11 7 5 5 8 265
N% 32,8 | 189 | 17,4 | 106 6,8 4,2 2,6 19 19 3,0 100
N%, 1 328 | 51,7 | 69,1 | 796 | 86,4 | 90,6 | 93,2 | 951 | 97,0 100

Bang 1.5. Phan bd sb ciy theo cap chiéu cao

H, m 11 15 19 23 27 > 28 >
N, cay/ha 36 64 13 84 34 15 365
N% 99 | 175 | 36,2 | 230 | 9,3 41 | 100
N%, 1 99 | 274 | 636 | 86,6 | 959 | 100

1.2. CACH NHAP SO LIEU VAO BANG TINH

S6 liéu dua vao tinh toan trong bang tinh Statgraphics plus version 3.0 & 5.1 dugc thuc
hién theo mot trong nhing cach dudi day (Dau = dwoc sir dung dé chi thir tw cdc bude
thyc hign nhitng thu tuc trong Statgraphics Plus Version 3.0 & 5.1).

Cich thir nhat. Nhap tryc tiép s6 liéu vao bang tinh Statgraphics Plus Version
3.0 & 5.1. Mdi cot (hodc dong) 13 mot bién sb riéng biét. K& dén ban dit tén cho mdi bién
s0 bang cach chon tiéu dé cot; tiép theo nhan nit phai chudt va chon Modify Column. Tai
ctra s6 Modify Column, ban hdy ghi tén bién vao 6 Name. Tén bién 1a cac ki tu (c6 thé
dai hon 8 ki ty), nhung khong nén bé dau tiéng Viét. Nhiing tén bién nay s& dugc
Statgraphics Plus Version 3.0 & 5.1 ghi nhan trong phan hién thi két qua.

Cach thi hai. Nhap s6 liéu vao bang tinh Microsoft Excel, trong d6 moi cot
(hoic dong) 12 mot bién sb riéng biét. Sau d6 Copy sd liéu tir bang tinh Microsoft Excel
sang Statgraphics Plus Version 3.0 & 5.1. Nhitng budc tiép theo nhu dit tén bién, chinh
stra s6 lidu...duge thue hién tuong tu nhu cach tha 1.
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1.3. CHON LOC VA BIEN POI DU LIEU

1. Chon mét hay nhiéu tip con tir mét tip 16m. Trudc khi thuc hién tha tyc tinh cac
thdng ké md ta, ban can luu ¥ cac toan tir sau day: >, <, = (khong bang), #, <, >, & (va), |
(hay 13, hodc 13). Gia thiét ban chi mong mudn tinh toan trén mot bo phan (tip con) nao
dé cua mot tap dir liéu 16n. bé dat duoc muc dich nay, ban co thé thuc hién nhu sau :

+ Trude hét, ban md Describe = Numeric data = One - variable analysis. Dén
day, ban chuyén tén bién can loc s6 liéu vao hop Data va select & bén phai béng cach
nhap nat miii tén bén canh (hinh 1.1).

+ K& dén, ban dit con trd chudt vao 6 Select va mé Transform. Tiép theo, ban
chon céc toan tir tir 6 vudng bén dudi va ghi sb can loc rdi nhdp OK (hinh 1.2).

Tuy theo sb lwong bién sb can

loc, ban c6 thé thuc hién theo mot trong
nhing thu tuc dudi day. Code Data
Trwomg hgp c¢6 mét bién so. |z [~ P
Khi ¢6 mot bién s can loc, ban hiy |” t_]
thuc hién nhu sau : E '|D
1. Néu ban ghi D > 10 & D <30 .
thi chuong trinh chi chon nhirng bién D Hinh 1.1
nam trong khoang tr 10 dén 30 cm dé ¥ Sort
dua vao tinh toan. Luu y réng’ ban IT' Cancel | Delete | Transform... | Help

khong thé chon cung laic D =10 & D =
12. B6i vi toan tor “&” chi dang khi hai
bién khéc nhau.

2. Néu ban ghi D > 10 & H > 8 thi chuong trinh chi chon nhiing bién thoa diéu
kién D > 10 cm nhung c6 H > 8§ m.

3. Néu ban ghi D = 10 thi .
chwong trinh chi chon nhiing bién D #  [pezg
10.

Generate Data

4_ Néu ban ghl D — 8 ‘ D - 10 th\l Wariables: ﬂ J ﬂ J Delete Dperators:

ABS[Y)

ACOS(7)
ACOSR(?)
ASINY

chwong trinh s& chon nhitng bién D = 8 Emﬂe )| 8] o) -] o]

vaD =10. Y1 ﬂ ﬂ ﬂ J ﬂ A ASINR[7)
Truwong hop c6 hai bién s tré R Il B Ei%r{'igﬂn

Ién. Gia sir c6 hai bién D va H. Yéu cau o] ] -] /] M

dat ra 1a chon nhiing cdy c6 D bat ky Hinh 1.2

nhung H < 20 cm. Dé dat myc dich dat A |

ra, trudc hét ban chon ca hai bién D va ———

H ’dé Chuyén Vﬁ07 6 Data. Ké dén Chgn —

bién H roi chuyén vao 0 Select. Tiép [COGT0m]

theo ban dat con cho chudt vao 6 Select

r0i chon Transform. Sau cing ban chon /&= el ] o) o | opean
H < 20 trong 6 Expression rdi chon OK. [ Aol sf o] =] el hanes:

Cach lam cling tuong tu nhu trén cho ! el o) e ﬁ?{fﬂ}ﬂlgﬁw
trudng hop chon nhiing ciy c6 D bt ky el 3\' el LAST) s
nhung H > 20 cm. Hinh 1.3 WS

2. Bién ddi dir liéu. Thu tuc nay T ] s | D | e

duoc dat ra khi ban can phai bién doi so
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liéu trude khi thye hién nhitng tinh todn nao d6. Nhung mudn bién d6i sb lidu va tao ra
mot bién méi trude khi tinh toan, ban can luu ¥ dén nhimg ki hiéu biéu thi cho cac phép
tinh nhu cong (+), trir (-), nhan (*), chia (/), binh phuong (**), ity thira bac k (**k), can
bac 2 (SQRT), logarit tu nhién (Ln), logarit co s 10 (Logl0)...Viéc bién d6i s lidu
duogc thuc hién theo trinh ty sau day :

+ Chuyén bién sb can bién ddi vao 6 Data; ké dén chon Transform. Tiép theo ban
chon ham s tir 6 Functions va nhip miii tén bén trén dé dua n6 vao 6 Expression.

+ Khi ham sb xuét hién trong 6 Expression, ban dua bién s6 can bién d6i vao ham
(noi c6 du ?) bing cach nhip dup vao bién sd trong 6 Variable.

+ Sau cung thi ban chon OK (hinh 1.3). Bén ddy két qua bién doi sb liéu s& dugc
hién thi.

+ Néu mubn chon nhimng thdng ké can quan tim (thdng ké mo ta, bang tan sb...),
ban cAn m& thu tuc Tabular Options.

1.4. COPY SO LIEU TU BANG KET QUA CUA STATGRAPHICS PLUS VERSION
3.0 SANG MICROSOFT WORD

Sau khi tinh toan xong, ban c6 thé Copy cac két qua tir bang Statgraphics Plus Version
3.0 sang Microsoft Word dé tién cho viéc chinh stra. Viéc Copy ciing dugc thuc hién
theo cach thong thuong. Nhung luu ¥ rang, khi Paste s liéu tir Statgraphics Plus Version
3.0 sang Microsoft Word thi ban c6 thé thyc hién theo ba dang: (1) SGWIN StatFolios
Object, (2) Picture, (3) Unformatted Text. Néu Paste & dang SGWIN StatFolios Object
va Picture thi viéc chinh sira sb liéu tré nén rat kho khan. Nguoc lai, néu mubn chinh sira
s6 liéu thi ban phai Paste & dang Unformatted Text.

Bién soan: PGS. TS. Nguyén Vin Thém 9
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Chuwong 11

PHAN TiCH CAC PAC TRUNG THONG KE MAU
2.1. THU TUC PHAN TICH CAC PAC TRUNG THONG KE MAU

Statgraphics Plus Version 3.0 phan tich tit ca cac dic trung théng ké mau théng qua
nhirng thu tuc dudi day.

Buwéc 1. Nhép s6 liéu, trong d6 mdi cot 1a mot nghiém thirc.

Buwéce 2. Mo Describle = Numeric Data = One — variable Analysis (hoac
Multiple variable Analysis) = dwa cac bién sé vao 6 Data = OK. Dén day ban co thé
chon cac dic trung théng ké tém tit bang cach md Tabular Options hodc Graphics
Options hodc nhép nut phai chudt va chon Pane Option. Tir bang Summary Statistics
Options, ban c6 thé chon nhing thdng ké mo ta can quan tﬁm sau day:

+ Thong ké tém tit (Summary Statistics): Xpq, S 2 V%, d6 1éch (Skewness), do
nhon (Kurtosis), pham vi blen dong (Range)...

+ Lap bang tan s6. Thu tuc nay cho phép ban lap bang tan sb (Tabulation) va
tinh cac dic trung thong ké cho cac dai luong. Vi du: Lap bang phan bd duong kinh (N -

D)Z Chlé];l CaO m - H)"' ChO t]:rn‘g lérp ¥4 STATERAPHICS Plus I_InllledSlaanliu-[D1,3,sf3] - [ O =l S |
phan. D¢ 1ap mot bang phan bo tan so, D

ban can thyc hién céc bude sau day:
Buwéc 1. Nhép sb liéu. Trude hét, ==, ;: “
nhap nat chudt vao dau cot, chon Modify = o "
Column. Khi ctra s6 Modify Column xuat . Hinh 2.1
hién, ban hdy ghi tén cac bién sd vao 6 [=]= s b
Name va chon Type kiéu Numeric. Thao 2 s
tac nay gitp ban ghi tén bién vao dau cot [’
va cac sO vao bang tinh mét cach dé JJ i o
dang. Sau d6 ban vao s6 liéu nhu sau: Cot ™ e

1 ghi cac gia tri cia bién sb 1; cot 2,
3...ghi tiép tuc gia tri cia cac bién sd khac (hinh 2.1). Ban ciing c6 thé nhap dir liéu vao
bang tinh Excel, sau d6 copy sang Statgraphics Plus Version 3.0 va 5.1.

Buéc 2. Chon Describe = Numeric Data = One Variable Analysis. Tai cira s6
OI}e \[ariable Analysis, ban vch(_)n tung
bién s6 (D, H, G, M) va chuyén n6 vao 6
Data; sau d6 chon OK.

Budéc 3. M¢& Tabular Options,

9

Analpsiz Summany

q

s el A [T Percentiles

chon Summary Statistics va Frequency Hinh 2.2

. Lo \ \ v Frequency Tabulation '
Tabulation; cudi cung chon OK (hinh _

z ; w4 2 ., z N N ™ Stern-and-Leaf Display
2.2). Két qua s€ hién 'th1 cac thong ké mo  Confidonce Intorvals
ta, bang tan so6...Tai cua s6 Frequency ™ Hupothesis Tests
Tabulation, ban c6 thé nhap nut chudt [ ok | concel | sl | ve |

phai va chon Pane Options dé thay doi
nhiing thong sO theo yéu cau ciia ban. Chang han, khi 1ap bang phan bd N — D, ban c6 thé
chon s6 t6, can trén - duoi cua chudi s6 liéu sao cho nhiing tri trung tam (Midpoint) ctia
mdi td roi vao cac tri sb chin (8, 10, 12...).
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Budére 4. Lap biéu dd tin sé (Frequency Histogram).. .bé dat dugc muyc dich dat
ra, ban hiy m& biéu tugng Graphical Options. Néu can vé& bleu dd da giac tan sd
(Polygon) va biéu do tan s6 tich lily (Cumuletive), thi tai cira s6 Frequency Histogram
ban nhép nut chudt phai roi chon Polygon va Cumuletive.

Duéi day dan vi du vé noi dung cia mét bang phan phéi duong kinh than cay
duoc xir Ii theo thu tuc 14p bang tan s6 (bang 2.1).

Bang 2.1. Phan bo N - D

Lower Upper Relative Cumulative Cum. Rel.

Class Limit Limit Midpoint Frequency Frequency Frequency Frequency
at or below 7.0 2 0.0128 2 0.0128

1 7.0 9.0 8.0 4 0.0256 6 0.0385

2 9.0 11.0 10.0 4 0.0256 10 0.0641

3 11.0 13.0 12.0 8 0.0513 18 0.1154

4 13.0 15.0 14.0 11 0.0705 29 0.1859

5 15.0 17.0 16.0 10 0.0641 39 0.2500

6 17.0 19.0 18.0 26 0.1667 65 0.4167

7 19.0 21.0 20.0 17 0.1090 82 0.5256

8 21.0 23.0 22.0 21 0.1346 103 0.6603

9 23.0 25.0 24.0 18 0.1154 121 0.7756

10 25.0 27.0 26.0 16 0.1026 137 0.8782
11 27.0 29.0 28.0 13 0.0833 150 0.9615
12 29.0 31.0 30.0 5 0.0321 155 0.9936
above 31.0 1 0.0064 156 1.0000

Mean = 20.4679 Standard deviation = 5.64163
2.2. KIEM PINH VE DANG PHAN BO CUA DAY SO LIEU

Thu tyc lam phu hop dang phén bo cua day s6 liéu (Distribution Fitting) cho phép
ban thyc hién khong chi cac kiém dinh vé phan bd chuan (Tests For Normality) va nhiéu
dang phan b khac (trén 20 'phan bd khac nhau), ma con xac dinh xac suat va mat do xac
suat va cac gia tri tiéu chuan (Criterial value)...Luu y rang, khi mo ta phan bd ctia mot
dai lugng nao d6, ban can phai bao céo nhitng thong ké sau day:

+ Tri trung b1nh (qu) trung vi (Me), mode (Mo), tri l6n nhit (Xmax) va nho nhét
(Xmin), phuong sai (S ) va sai tiéu chuén (S), hé sb bién dong (V%).

+ P léch cta diy phan bd (Sk) va sai

5 Uncenszored Data
tiéu chuan ctia do léch (S).
+ Do nhon ciia diy phan bd (Ex) va sai [ii Data
tiéu chun ciia do nhon (Sgx). e e
Khi phan bd dbi xung thi Xoq = Me = s (Seket) Hinh 2.3
Mo. Khi Xpq >> Me thi phén bd c6 dang bat | B
d6i xtmg. Didu d6 chung to dai luong nghién
ctru c6 bién d¢ bién dong 16n. Khi Xpq > Me > 5 s
Mo thi dinh phan bd 1éch trai hay dudi phai caa
phan bO dal h(Yl'l Ngu.o,C lal khl qu < Me < ’TI Cancel | Delete | Iransform...l Help |

Mo thi dinh phan b 1éch phai hay duoi trai cua

phan b dai hon. H¢ s6 Sk duong cho biét dinh dudng cong léch trai S0 VOl s6 trung binh.
Nguoc lai, hé s6 Sk &m cho biét dinh duong cong 1éch phai so v6i s6 trung binh. Khi Ex
lay gia tri am thi dinh duong cong ti. Nguoc lai, khi Ex 13y gia tri dwong thi dinh duong
cong nhon.
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Dé thyc hién kiém dinh dang phan bd ctia mot dai luong quan sat nao d6, ban hay
thuc hién theo thu tuc sau day:

Buée 1. Nhap sb liéu can kiém dinh dang phan bd vao bang tinh Statgraphics
plus version 3.0. Mdi bién sd duogc ghi vao mot ¢4t hodc mot hang. Sau d6 ban luu lai
thanh mot file dé tranh mat dit liéu va c6 thé st dung vé sau.

Bwéc 2. M6 Describe = Distribution
Fitting = Uncensored Data (hinh 2.3). Pén
day ban hay chon s6 lidu va nhép nut mii tén
bén canh dé chuyén n6 vao 6 Data. Sau khi da

M Analysiz Summary
' Tests for Normality
W Goodness-of-Fit Tests

Vao xong s6 liéu, ban chon OK dé chuong trinh I Hinh 2.4
xu i
Buéc 3. Ban hdly md hop thoai Tabular I Normal Tolerance Linits
Options (hinh 2.4) va chon nhiing thong ké can I™ Distribution-Free Limits
tinh toan. [ ok | cancel | al | Hep |

Nghién cu ciu tric rimg cho thdy,
phan bd duong kinh than cay (N - D) thay doi tury theo kiéu rimg, ciu tric tudi 1am phan,
bién phap lam sinh, quan h¢ canh tranh gitra nhiing ca thé cdy rimg. Tudi 14m phan ting
Ién thi do nhon cua phén b s& giam. Cau tric 1am phan cang phrc tap thi do nhon mang
tri s6 4m cang 16n. Vi thé, xac dinh kiéu phan bd dudng kinh than cay cho céc loai rimg
1a viéc 1am can thiét. Dudi day ching ta xem xét thu tuc kiém dinh mot sé dang phan b
N - D phd bién nhit.

1. Kiém dinh phan b6 chuén (Tests For Normality)

Gia thuyét Ho: Phan bd thuc nghiém pht hop voi phan bd chuén.

Poi thuyét Hy: Phan bd thuc nghiém khong phu hop voi phan bd chuan.

Quy tic quyét dinh:

Khi P-value < o (0.01, 0.05) thi gia thuyét Ho bi béc bo.

Khi P-value > o (0.01, 0.05) thi gia thuyét Ho duoc chap nhan.

Dé nhan duogc két qua vé kiém dinh phan bd chuan, ban hay thuc hién theo cac
thu tuc sau day :

Budce 1. M6 hop thoai Tabular Options. Khi hdp thoai Tabular Options m¢ ra,
ban danh dau chon 6 Tests For Normality; sau do6 nhép nat OK. Khi két qua hién thi, ban
hdy quan sat thong ké phu hop Chi — Square (Chi-Square goodness-of-fit statistic),
Shapiro-Wilks W Statistic va P-value. Khi P-value < o (0.01, 0.05) thi gia thuyét Ho bi
béac bo. Nguoc lai, khi P-value > o (0.01, 0.05) thi gia thuyét Ho dugc chap nhan.

Viéc kiém dinh vé phan bd chuan con duoc trinh bay théng qua bang kiém dinh
tinh phu hop (Goodness — of — fit Tests). Bang nay phéan chia diy s liéu thanh K nhém
(cap) v61 moi nhom goém cd giol han dudi va gioi han trén. Ngoai ra, trong bang con bao
gdm ca tan sé thuc nghiém va tan so li thuyet ctia mdi nhom, bén canh 13 klem dinh tinh
phu hop v6i phan b6 chuan bang tiéu chuan phi hop Chi — Square. Luu y rang, so nhom
c6 anh huong dén két qua phan tich théng ké va dang phan bd. Néi chung, sé nhom
duong kinh khong nén nhd hon 7 va 16n hon 12.

Ban c6 thé thay d6i s6 nhom duoc phan chia bang cach: Tai ctra s6 kiém dinh tinh
phit hop (Goodness — of — fit Tests), nhan nat phai chudt va chon Pane Option. Sau d6
ban diéu chinh lai s nhom va xéc dinh cén trén va can dudi cua day s6 liéu sao cho phu
hop voi s6 liéu thuc té; cudi cung chon OK. bén day mot bang két qua maoi s€ hién thj,
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trong d6 moi thong s6 s& dugc tinh lai theo sb liéu ma ban vira diéu chinh. Ban hay quan
sat tiéu chudn phu hop Chi — Square va kiém dinh Shapiro —~Wilks W Statistic dé dua ra
két luan phu hop.

Budre 2. Xac dinh xé4c suit va mat do xac suét caa phan bd chuin. Dé tim x4c suét
cua phan bd chuén, sau khi m& hop thoai Tabular Options, ban hay chon muc Tail Areas
(hinh 2.4). Khi ctra s6 Tail Areas mo ra, ban dit con cho chudt vao ctra sd Tail Areas for
Col-? va nhip nit phai chudt; tiép theo chon Pane Options. Tu cua sO Tail Areas
Options, ban hay ghi nhimng gia tri can tim xac suit vao 6 Critical Values; sau d6 chon
OK. Luu ¥ rang, nhimg gia tri can tim xéac suét phai 1a can trén cia mdi t6. Néu can xac
dinh mat do xac suat nam trong mot khoang gitra hai gia tri hay cén trén va can dudi cua
mdi to (X — X1) thi ban chi viéc lay hiéu s giita xac sudt twong Gmg véi gia tri can trén
va can dudi cua to do.

Néu can xéac dinh cac gia tri tiéu chuan (Criterial values) thi tai hop thoai Tabular
Options, ban hiy dit con cho chudt vao 6 Critical Values for Col-? va nhdp nit phai
chudt; tiép theo chon Pane Options. Tir ctra s6 Critical Values Options, ban hiy ghi cac
gia tri tiéu chuén can tim vao 6 Tail Areas; sau d6 chon OK.

2. Kiém dinh phéin b6 mi

Mat do x4c suit cia phan bd mii duoc tinh theo cong thirc:

P(x) = peP* (2.1)

trong d6 B 1a tham sb ctia phan bd mii hay hé sé giam. Dang dudng cong thay doi tuy

thudc vao gia tri ciia tham s6 B. Khi B 1dy gid tri cang 16n thi dudong cong cang 16m. Khi

X =0 thi P(x) = . Dudng cong phén

b6 mii c6 dang nhu hinh 2.5. Phan bo Px

mii ¢6 thé dugc sir dung dé mo ta phan

bd N - D cua rimg ty nhién hdn giao

khac tudi hodc nhimng 1am phan thuan A

loai khiic tudi. B
Phan bd mii c6 nhiing dic

trung sau day: Ky vong toan E(x) =

1/B; phuong sai D(x) = 1/p% sai tiéu

chuan = 1/B. Do d6 khi mot phan b

thue nghiém c6 E(x) = 1/f thi ta co thé X

mo phong phan b 4 ay ¢ dang phan b

mil. Mat d6 xac suat cta phan bd mil

tinh theo cong thuc:

Hinh 2.5. Phan b xac suit ctia phan bd mii

X2
P (X1 < X< Xy)=pJe Pdx
X1
=g Py g PX (2.2)

Sau khi x4c dinh dugc céc dac trung théng ké cua phan bd thuc nghiém, ban thyc hién
viéc dong héa no véi phan bé mil. Tinh phi hop cia phan bd thuc nghiém véi phan b
mii duoc thuc hién bfmg kiém dinh Chi - square. Néu P-value > 0.05 (médc dinh) thi gia
thuyét vé phan bd mii dugc chip nhan & muc tin cdy 95% (mic dinh).
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3. Kiém dinh phéan b6 mii

Phén bb mii ¢ dang:
Y, = (XeBXi; (23)

trong d6 Yi 1a tAn sd quan sat, con Xi 1a trj s6 quan sat. Dé xac dinh cac tham sb ctia phan
bo M, ban thuc hié€n phép tuyén tinh héa nhu sau:

LnY,=Lna - BXi. Bat LnY, =Y, Lha = A, B =B.
TeddotacdY = A + BXi.

Tir day ban c6 thé ap dung phuong phap binh phuong nho nhat dé tim cac tham sd A va
B. Sau d6 tra dbi logarit ban s€ nhan dugc cac tham s6 Yi, ava B. Sau khi xac dinh dugc
cac dic trung thong ké ciia phan bd thuc nghiém, ban thuc hién viéc dong hoa nd véi
phan bé Mii. Tinh phu hop ciia phan bd thuc nghiém véi phan bé mii dugc thuc hién
bang kiém dinh Chi - square. Néu P-value > 0.05 (mic dinh) thi gia thuyét vé phan bd
Mi duoc chép nhén & muec tin cdy 95% (mdac dinh). Phan bd Mii c6 thé duoc str dung dé
mo ta phan bo dudng kinh cta cac 1am phan hdn giao khéac tudi tu nhién.

4. Kiém dinh phéan b6 Weibull

Bailey va Dell (1973) ¢ m6 ta phan bd duong kinh ciia cac 1am phan bang ham Weibull.
Ham Weibull c6 dang:

f(x) = (c/b)(x/b)* texp{-(x/b)°} (2.4)

voic>0,b>0,x 20;clatham s6 dic trung cho hinh dang duong cong; b 1a tham sO ty
1€. O dang chung nhat, phan b6 Weibull bao gom tham s6 dich chuyén diém dau toa do a:

g(x) = (c/b){(y - a)/b}*~"exp{-[(y - a)/b]}, (2.5)
y>a b>0,¢>0,

0 day y la duong kinh than cay, g(x) la ham Weibull, tham so a > 0 c6 thé hiéu nhu 1a
duong kinh than cdy nhé nhat. Hai mo hinh 2.4 va 2.5 ¢6 mbi lién hé tuong quan voi
nhau; trong d6 y = x + a. Vi thé, dé xac dinh phan bb dudng kinh ta chi can sir dung mo
hinh 2.4. Bé dé dang tinh cac dic trung thng ké ctia phan bd Weibull, ta 1ay tich phan
phuong trinh 2.4 bang cach thay d6i bién

F(x) = }(c/b)(t/b)c'lexp{- (tb)°}dt = = }exp{- (tb)°}d[(t/b)c] =
0 0

C
X
= [exp(- wdu =1 - exp{- (X/b)}; (2.6)
0
trong d6 t = X, X la duong kinh than cay, p = (t/b)°. Ngoai y nghia thong thuong, ham
phan b xéac suat F(x) con cho phép xac dinh cac tham s cua phan bb. Hai tham s6 ¢ va

bcomlenxacdmhtu’OT+oo(O<C<+ooZ (0 <b < +00). Khic <1 thi dudng cong c6
dang hinh chit J ngugc. Khi ¢ = 1 thi phan bo Weibull c6 dang phan b6 mii:
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f(x) = (1/b)exp(-X/b) véi X >0, b > 0. .7)

Gid tri ¢ < 1 rat it gdp. Khi 1 < ¢ < 3,6 thi ham phan bb mat do xac suit c6 dinh 1éch tréi.
Khi ¢ ~ 3,6 thi phan b6 Weibull tién dén phan bd chuan. Khi ¢ >> 3,6 thi ham phan bd
mat do xac suét c6 dinh 1éch phai. Can luu y rang tham sé ¢ khong hoan toan xac dinh
hinh dang duong cong. Hinh dang duong cong ciing phu thugc vao tham sd b. Mit khéc,
tham s b con anh huong dén do 16i 16m cua dudng cong. Khi b ¢é gia tri cang nho thi
dinh duong cong cang cao. Khi b 14y gia tri cang 16n thi dinh dudng cong cang bet hay
dudng cong cang trai dai theo truc hoanh.

Bailey va Dell luu ¥ rang, chinh nhd kha ning bién d6i hinh dang dudng cong
theo su bién ddi cac dic trung cua 14m phan ma phan bd Weibull c6 thé duoc Gng dung
dé mo ta phén b duong kinh than cay (N - D) cua cac lam phan. Tuy theo dic trung 1am
phan (thuan loai hay hén giao, dong tudi hay khac tudi) ma hinh dang duong cong phan
bd N - D co bién dbi khac nhau. Hinh dang duong cong phén b4 N - D phu thu¢c vao hai
tham s& ¢ va b. Tri s6 ¢ va b phu thudc vao nhiéu yéu t6 nhu kiéu rumg, tudi, mat do va
bién phap chit nudi dudng rimg... Trudng hop ¢ < 1 chi gip ¢ nhimg 1am phan di qua
chat nu6i dudng. 0 nhimg lam phan non, phén bd dudng kinh c6 dinh 1éch trai, nghia la
tham s6 1 < ¢ < 3,6. O nhiing 1am phan gan thanh thyc, phan b duong kinh c6 dinh I¢ch
phai (¢ >> 3,6). Khi ¢ ~ 3,6 thi ham Weibull tién dén phan b6 chuan. Do dé, & nhitng 1am
phan chua qua tac dong, tham sd ¢ dic trung cho kiéu rimg.

Pé lam phi hop phan bd N - D véi ham Weibull, trudc hét ban can luu y dén viée
phan cép duong kinh than ciy. S6 cap c6 anh huong dén két qiia phén tich théng ké va
hinh dang phan bd. Néi chung, sé cip duong kinh khong nén nho hon 7 va 16n hon 12;
t6t nhat 1a 12 cdp. S6 cay phan bb vao mdi cap dudng kinh x4c dinh xac suat P xuat hién
cdy trong mdi cp. Trong truong hop nay, phuong trinh 2.6 ¢6 dang :

P = F(x) = 1 - exp{-(X,/b)} (2.8)

trong do X, = b{-In(1 - P)}°. PJ thi ciia ham F(x) x4c dinh x4c sudt cua bién duong
kinh (D) bang hodc nhé hon X. Vi thé, khi x4c dinh F(x) thi gia tri ciia bién D phai ldy &
can trén ciia mdi cp. Mat do xac suat f(x) twong ing véi mdi cap duong kinh duogc xac
dinh bang hiéu s6 xac suét ciia can trén va cin dudi trong mdi cip dudng kinh.

Phuéng phap wéc lugng hai tham sd b va ¢ cia ham Weibull phu thudc vao hi¢u
qua thong ké mong doi va k¥ thuat tinh toan. Theo Dubey (1967), khi tham s6 ¢ chua
biét thi udc lugong tdt nhat cua tham sd b ¢ thé duge xac dinh tir gia tri diing ¢ vi tri tho
40% va 82% cta tai liéu mau. Luu ¥ 13 cc gia tri mAu phai dugc sip xép theo thu ty ting
dan. Trong truong hop nay hiéu qua udc lugng tham sd b dat 82%. Ddi voi hai gia tri
phﬁn tram mau Xp1va Xp (0<P1<1;0<P;<1),tham s6 b duogc tinh theo cong thue

b = exp{[In(Xp1) - IN(Xp2)In(- In(L - P1))/In(- In( 1 - P2))I/

[1-In(- In(1 - P1))/In(- In(1 - P2))]} (2.9)

Theo Dubey (1967), néu sir dung gia tri duong kinh dtmg & vi tri thir 17% va 97%
ctia tai liéu miu dé wéc luong tham sd ¢ trong khi chua biét tham sé b thi hiéu qua wéc
luong c 12 66%. Trong truong hop nay tham sb ¢ duge tinh theo cong thirc:

¢ = In{In(1 - P1)/In(1 - P2)HIn{Xp1/Xp2}. (2.10)

Khi da bié‘g tham §6 ¢ thi s dung gia tri ding 6 vi tri thir 80% cua tai liéu méu dé
udc luong tham s6 b 1a tot nhat. Hi¢u qua udce lugng b dat 65%. Trong truong hop nay b
duogc tinh theo cong thuec:
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b = exp{In(Xog0)- In[- In(0,20)]/c. (2.11)

Tir cong thic 2.9, 2.10 va 2.11 cho thy hai tham s6 b va ¢ ¢ thé duogc tinh tir mot bo
phan mau hodc tir hau hét gia tri mau. Khi biét b va c ta co thé tinh dwoc ham phan b
mat do xac xuét f(x) va ham ‘phan bd xac suat F(x) cua phan bdé Weibull. Nhu da thay,
sau khi do tim duoc céc tri sb Xpl va Xpz (0 <Py <1; 0 <Py <1), thi hai tham sbbvac
c6 thé dugc tinh dé dang chi bang bang logarit va bang tinh Excel. Hiu qua uwéc lugng
hai tham s6 b va ¢ phu thudc vao bd phan mau duoc chon.

Ngay nay hai tham s6 b va ¢ di duogc 1ap thanh chuong trinh tinh toan trén nhiéu
phan mém thdng ké khac nhau. Dé x4c dinh ¢ va b bang phan mém thdng ké Statgraphics
Plus Version 3.0 va 5.1, ban ¢6 thé thuc hién nhu sau :

Gia thuyét Ho: Phan bd thuc nghiém phu hop voi phan b Weibull.

P6i thuyét Hy: Phan bd thuc nghiém khong phu hop voi phan bd Weibull.

Quy tic quyét dinh:

Khi P-value < o (0.01, 0.05) thi gia thuyét Hy bi béc bo.

Khi P-value > a (0.01, 0 05) thi gia thuyet Hp duoc chap nhan.

+ Trudc hét, ban nhap s6 liéu D vao cot 1 cia bang tinh Statgraphics Plus Version
3.0 hodc 5.1. Ké dén tir menu chinh, ban

chon Describe = Distribution Fitting = Fkekkbils K

Uncensored Data. Bén day mot ctra s6 mé ra Data

nhu hinh 26 Tai ctra sd néy‘ ban ’ch(_)n bién El E

D va chuyén no6 vao 6 Data r6i nhap nat OK

dé chuong trinh xir Ii. (et
+ Pé kiém dinh phan bé N - D, ban ! \

chon Tabular Options va danh dau cac muc Hinh 2.6

nhu hinh 2.7. Sau khi ban n}lép OK, cac R Sot

thong ké mo tad va két qua kiém dinh dang

phﬁn bé) % hlén thl trén man hinh. 1] 4 I Caricel | Delete | Transfarm... | Help |
+ Pén day ban vao cira s6 Goodness -

of - Fit Tests va nhap nat phai chudt rdi chon  ETEEETEE =]

Analysis Options. Tai clra sO Propability
Distribution, ban chon phan bd Weibull rdi
nhdp OK. Mot bang két qua hién thi, trong
d6 sb liéu dugc phéan chia thanh 2 nhom. Tai
day ban can phai khai bao lai s6 nhom, gidi
han dudi va gidi han trén cua ddy phan bo.
Thu tuc khai bao nhu sau:

- Tai cira s6 kiém dinh tinh phu hop
(Goodness — of — fit Tests), nhdn nut phai
chuot va chon Pane Option.

- Khi ctra s6 Pane Option hién ra, ban can khai bao lai s6 nhoém, can trén va can
duéi ctia toan bo day sb licu thuc té.

- Sau khi khai b4do xong, ban chon OK. Pén day mdt bang Kkét qua mdi s€ hién thi,
trong d6 bao cao nhirng noi dung sau day: gidi han dudi va gidi han trén cia moi nhom,
tan s6 thuc nghiém va tan s6 1i thuyét cia mdi nhom, tidu chuan phu hop Chi — Square
(bang 2.2).

Tir bang 2.2, ban hiy quan sat tiéu chuan phu hop Chi — Square va cac thong ké
Kolmogorov - Smirnov. Néu P-value < 0.05 (mic dinh) thi gia thuyét Ho cho rang diy sd

¥ Analysiz Surmmary

¥ Tests for Mormality
¥ Goodness-of-Fit Tests
W Tail Areas

Hinh 2.7

™ Mommal Talerance Limits

™ Distribution-Free Limits

ok | canel | al | Hep
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liéu phu hop véi phan bo Weibull s& b bac bo. Nguoc lai, néu P-value > 0.05 (méc dinh)
thi gid thuyét Hp dugc chap nhan ¢ muc tin cay 95% (mdéc dinh).

Xac dinh xac suit ciia phan b6 Weibull. Khi cAn xac dinh xac suét va mat do
xéac sudt ctia phan bd Weibull (Tail Areas), ban hdy dat con cho chudt vao cura sO Tail
Areas for D va nhap nut phai chudt; tlep theo chon Pane Options. Tur cira sO Tail Areas
Options, ban hay ghi nhimg gia tri can tim xac suit vao 6 Critical Values; sau d6 chon
OK. Luu y rang nhimg gia tri can tim xac sudt phai 13 can trén ciia mdi t6. Néu can xéc
dinh mat do xac suat nam trong mot khoang gitra hai gia tri hay cén trén va can dudi cua
mdi t6 (D2 — Dy) thi ban chi viée lay hiéu sb giita xac suat trong (mg véi gid tri can trén
va can dudi cua to do.

Biang 2.2. Kiém dinh tinh phut hop cta phan b6 N - D véi phan bd Weibull
Goodness-of-Fit Tests for d

Chi-Square Test

Lower Upper Observed Expected
Limit Limit Frequency Frequency Chi-Square
at or below 12.0 12 9.48 0.67
12.0 16.0 19 21.83 0.37
16.0 20.0 44 39.27 0.57
20.0 24.0 43 45.22 0.11
24.0 28.0 29 30.06 0.04
above 28.0 10 11.13 0.12
Chi-Square = 1.86761 with 3 d.f. P-Value = 0.600332

Estimated Kolmogorov statistic DPLUS = 0.0882776
Estimated Kolmogorov statistic DMINUS = 0.0625758
Estimated overall statistic DN = 0.0882776
Approximate P-Value = 0.173165

Xac dinh cac gia tri tiéu chuin (Criterial values). Dé tim cac gia tri tiéu chuan,
sau khi m¢ hop thoai Tabular Options, ban hay dat con cho chudt vao 6 Critical Values
for Col-? va nhap nut phai chudt; tiép theo chon Pane Options. Tur ctra sO Critical Values
Options, ban hay ghi cac gia tri tiu chuén cin tim vao 6 Tail Areas; sau d6 chon OK.
Luu ¥ rang, gia tri tiéu chuan phai nam trong khoang 0.01 - 0.99.

Po thi xac suit va mat do xac suit ciia ham Weibull . Thu tyc nay dugc thyc
hién bang cach chon cac muc Weibull Plot va Frequency Histogram trong bi€u tuong
Graphical Options.

Thye hanh 1am phu hgp phan bé N - D v6i ham Weibull. Gié sir chung ta can
lam phu hop phan b6 dudng kinh ctia 1am phan Téch 22 tubi moc trén dét feralit do vang
phién sét & mién Pong Nam B v6i phan bd Weibull. Duong kinh than cay cua lam phan
c6 céac dac trung nhu bang 2.3 va 2.4. Phan tich s6 liéu thuc nghiém va cac dic trung
thong ké cua bang 2.3 cho thiy, phan b N - D ctia 1am phan Téch 22 tudi c6 dang mot
dinh bat déi ximg (Dyq # Me # Mo), dinh dudng cong hoi 1éch phai (Sk < 0) va tu (Ex <
0). Pé lam phu hop phan b0 N - D cua lam phan nay véi phan bd Weibull, chung ta co
thé phén chia D; 3 thanh 7 cdp, mdi cap cach nhau 4 cm. O bang 2.4 dan két qiia 1am phu
hop phan bd duong kinh ciia 1am phan Téch 22 tudi véi phan bé Weibull. Cac udc luong
ctia tham sb b va ¢ twong g 13 22,609 va 4,057.
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Bang 2.3. Céc dic trung ctia phan b N - D ¢ 1am phan Téch 22

g | § e 5| |

= 5|5 el §|c|% |xc
w S| 3 ;| 8 © s | €E|€E £ £ ~ x NN
SZl 8|S S| vl 83|6|68aa8] & S| d] & | S
156 | 205 | 21,0 18,0|34358|047|6,034,0| 280 |-0333|-1.699| -0.3 | -0,766 | 28.6

Bang 2.4. Kiém dinh tinh pht hop ctia phan bd N - D

Gi6i han : Giita c& Tan sb : i 2
dudi | trén P thuc nghiém | i thuyét X
- 10 8 9 5,6 2,07
10 14 12 14 15,2 0,09
14 18 16 33 30,3 0,25
18 22 20 37 41,2 0,43
22 26 24 33 37,0 0,43
26 30 28 24 20,1 0,76
> 30 32 6 6,7 0,07
156 156 4,10

Tr  bang
2.4, ban hay quan
sat tiéu chuan phu
hop Chi — Square 40 -
va cac théng ké 35 J
Kolmogorov - 44 |
Smirnov. Néu P-
value < 0.05 (mac
dinh) thi gia thuyét 20 -
Ho cho rang phan 15 -
b6 N - D cia lam g .
phan Téch 22 tudi
phu hgp véi phan
b6 Weibull s& bi  ° T
bac bo. Nguoc lai, 8 12 16 20 24 28 32  CapDis
néu P-value > 0.05
(mdc dinh) thi gia
thuyét Hy duoc
chip nhan & mirc
tin cdy 95% (mic dinh). O vi du nay, vi y° = 4,1 v6i 4 d0 tu do va P = 0,392, nén phéan bd
N - D cta lam phan Téch 22 tudi pht hop véi phan bé Weibull. P6 thi mé ta phan bd
thyc nghiém va phan bd Ii thuyét dan ra ¢ hinh 2.8.

Khi can kiém dinh diy sb liéu c6 phu hop véi mot dang phan bd nao d6 hay
khong (vi du phan bd Gamma, Poisson.. .) thi ban hay thyc hi¢n lai tat ca cac budc nhu
da lam véi phan bd chuan. Mot cach khac 1a ban dit con cho chudt vao bat ki cira s6 nao
ctia bang két qua kiém dinh phan bd chuan, sau d6 nhap nat phai chudt va chon Analysis

459 N, cay

Awé Weibull

Phan b thyc nghiém

25 4

5 J

Hinh 2.8. Pong hoa phan bb N - D cua rimg Téch 22 tudi
vGi ham Weibull: b =22,609; ¢ = 4,057.
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Options. Khi ctra ) Probability Distributions xuét hién, ban hay chon dang phan bd can
thir. Nhiing ndi dung khéc can tinh toan cling duoc thuc hién giong nhu da lam voi phan
bd chuén.
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Chuong 111

MOI QUAN HE GIUA HAI BIEN PINH TiNH

bé xac dinh mbi quan h¢ gitra nhirng bién s duoc do béng cac thang do dinh tinh, ban

co thé sir dung thu tuc Crosstabs (1ap bang chéo). Thu tuc Crosstabs 1a mot cong cu thong

ké rat hiru ich trong nhirng truong hop sau day:

1. Xac dinh tan s6 Ii thuyet va phan trdim cac truong hop (su kién) bit gip trong mot
cudc nghién ctu vé mot van dé ‘nao d6 ma cac dai luong cua ching la nhimg s6 do
khong c6 thir bac. Vi du: Tinh tin s6 6 bit gip va khong bét gip mot hay nhiéu loai
cdy nao dé trong mot quan xa.

2. Kiém dinh vé& tinh doc 1ap cuia hai bién dinh tinh khong c¢6 thir bac hon kém. Vi du
Kiém dinh su két nhom sinh thai (Ecological Groups) giita hai hay nhiéu loai cay.

3. Phan tich va do dac mdi quan hé giita hai bién s6 (dai luong) duoc do bang cac thang
do khac nhau. Vi du: Mot bién s6 dinh lugng, con bién s kia duoc do bﬁng thang do
dinh danh (c6 thtr bac hoac khong cé thir bac).

4. Kiém tra di lidu dé phat hién nhirng sai sot...

bé xac dinh moi quan hé¢ gitra nhiing bién sd, ban hay thuc hién nhap s6 lidu va
goi chuong trinh tinh toan theo cac thu tuc sau day:
Cich thir nhit. Cac tin s6 ciia bang 2*2 (hoic R*C) da dugc thong ké day di.

Nhitng tan sd nay duoc ghi vao bang tinh nhu sau: Hang 1 ghi a va b, hang 2 ghi ¢ va d;

trong d6 ¢t 1 laavac, concdt21ab vad. Vi du:

a b (a+hb)
c d (c+d)
(@+c) | (b+d) N

Sau khi vao sb liéu, ban thuc hién goi thu tyc tinh toan nhu sau: Tir Menu chinh, mé&
Describe = Categorical data = Contingency Tables (bang s6 ngdu nhién). Tiép theo dua
s6 lidu cua cot va hang vao bang Contingency Tables; sau do chon OK. Pén day két qua
clia bang 2*2 va céac thong ké vé mbi quan hé giita cac dai lwong s& hién thi trén man
hinh.

Cich thir hai. Khi s liéu con ¢ dang cac ma sb (1 va 0) thi cac tan s bét gip su
kién A va B duogc ghi tuong ing vao cot 1 va c¢ot 2 hay hang 1 va 2 cia bang tinh nhu
sau (vi du kiém dinh sy két nhom giira hai loai cay A va B):

LoaiA [1|0|1]1(0|0|1]|0
LoaiB [1|1|0|0|1|0]|0]|O

Sau khi vao sd liéu, ban goi thu tuc tinh todn nhu sau: T Menu chinh, mo
Describe = Categorical Data = Cosstabulation. Sau d6 vao s6 liéu theo ct; trong do cot
1 vao s liéu theo hang (Row), cot 2 vao s licu theo cot (Column); cudi cuing chon OK.
Dén day két qua ctia bang 2*2 va cac thong ké vé mdi quan hé giita cac dai lugng sé& hién
thi trén man hinh.
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. Déirvé’i bang R*C 0, cach thyc hi¢én ciing twong ty nhu bang 2*2. Nhung luu y
rang, cac so liéu cua R (hang) va C (cot) duge nhép thanh R (hang) va C (c6t). Vi du:
Truong hop c6 5 hang va 3 c6t thi cach vao so liéu nhu sau:

Hang | Cot1 Cot2 | Cot3
1 12 28 36
2 24 35 18
3 32 10 24
4 12 24 6
5 10 20 12

Duéi ddy gi6i thiéu mot s6 ndi dung thong ké duoc xt Ii bang cach 1ap bang chéo
hai chiéu hoac nhiéu chiéu.

3.1. KIEM DINH y? (Chi — square)

‘Thfr)ng ké Pearson Chi — square (xz) dugc str dung cho hai lfiém dinh: (1) Kiém
dinh v€ tinh doc 1ap gitra bi€n ¢t vdi bien dong cua bang chéo 2 chi€u (dugc goi 1a bang
2*2); (2) Kiém dinh v€ ngang bang ty 1¢ doc theo hang hodc theo cot cua bang chéo 2
chiéu.

3.1.1. Kiém dinh vé tinh ddc 1ap ciia cac dai lwong

Mot cau hoi dit ra 14 hai bién A va B duoc do bang hai dau hiéu dinh tinh khong
c6 thir bac hon kém c6 quan h¢ v6i nhau hay khong? Vi dy: Khi nghién ciru vé cac nhom
sinh hoc (Biological Groups), nha 1am hoc thuong thuc hién diéu tra N 6 tiéu chudn;
trong d6 du hiéu vé su c6 mat cta hai loai ciy A va B trén cac 6 tleu chuan chi duoc ghi
nhan bang 2 d4u hiéu dinh tinh ddi 1ap nhau 1a “c6” va “khong co6”. Van dé dat ra 1a hai
loai cAy A va B c6 quan hé voi nhau hay khong? Dé tra 151 cau hoi ndy, nha 1am hoc ¢o
thé xay dung mot bang chéo 2*2 vé tin sd hodc tan suit (%) bét gip hai loai trén N 6 tiéu
chuén. Sau d6 thyc hién phép kiém dinh vé tinh doc 1ap cua chung bang kiém dinh 2.
Khi str dung théng ké y? dé kiém dinh vé tinh doc 14p ciia hai bién dinh tinh khong c6 thir
béc, ban c¢6 thé thuc hién nhu sau (trén vi du hai 10ai cay):

+ Thu thap dir li¢u. Trudc hét, ban phai bd tri N 6 tiéu chuan doc theo quan xa
thuc vat. Trong moi 6 tiéu chuan, ban ghi nhan sy c6 mat cua hai loai cay bﬁng hai déu
hiéu “c6” va “khéng c6”. Nhitng 6 tiéu chuan xuit hién loai quan tdm, du chi 1 ca thé,
duoc goi 1a 6 co6 (ki hiéu 1), con nhitng 6 khong xuét hién loai quan tdm dugc goi la 6 co
(ki hiéu 0). Pé dam bao cho phép phan tich théng ké dat d6 chinh xéac cao, sd lugng 6
tiéu chuén can diéu tra phai du lon dé dam bao tan s cua cac 6 thude bang 2*2 6 (hodc
R*C 6) phai 16n hon 5 hodc khong 16n hon 25% s6 6 clia bang chéo ¢ tan s6 nhé hon 5.
Nhiéu nghién ciru cho thiy diéu kién nay dwoc dam bao khi dung luong quan sat khong
nhé hon 200 6 tiéu chuan.

+ Cach nhip dir li€u vao béang tinh. Trudc hét, ban hidy ma hoa sy kién “loai
cdy quan tdm c6 mat trong 6 tiéu chuan” bang sb 1, con su kién “loai cdy quan tam
khong c6 madt trong 0 tiéu chuan” bang s6 Zero. Sau do, ban ¢c6 thé nhap so li¢u nay vao
bang tinh theo hai cach: (1) nhap truc tiép vao bang tinh Statgraphics Plus Version 3.0
hodc 5.1; (2) nhdp vao bang tinh Excel r6i Copy sang bang tinh Statgraphics Plus
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Version 3.0 hodc 5.1 (bang 3.1). Trong bang 3.1, ¢4t 1 ghi thir tu 6 diéu tra (c6 hay
kl}éng cling dugc), cot 2 nhadp cac dau hi¢u cua loai A (theo ma hoa), con cot 3 nhap cac
dau hi€u cua loai B (theo ma hoa).

+ Goi chwong trinh tinh toan. Sau khi nhdp xong dir liéu vao bang tinh
Statgraphics Plus Version 3.0 hoac 5.1, ban thuc hién goi chuong trinh tinh toan. bé tao
duoc két qua, tur thanh Menu chinh ban hay thuc hién nhu sau (ki hi€éu = chi thir tu chon
cac thu tuc tinh toan):

Buwéc 1. Mo Describe = Categorical Data = Crosstabulation. Khi bang
Crosstabulation xuat hién (hinh 3.1), ban hiy nhép loai A (cot 1) vao 6 Row, nhap loai B
(cot 2) vao 6 Column.

Buéc 2. Tu cua sO Crosstabulation - LoaiA by LoaiB, ban hdy chon Tabular
Option rdi chon tiép All va OK ¢ cua sO tlep theo (hinh 3.2). Cac 1énh nay yéu ciu
chuong trinh 1ap bang tan sd, thyc hién kiém dinh Chi — Square va tinh cac théng ké
kiém dinh v& tinh ddc 1ap va quan hé gitra hai loai. Pén day két qua hién thi trén man
hinh bao gom: (1) tom tat xir Ii cac truong hop (bang 3.2), (2) bang chéo hai chiéu (bang
3.3), (3) kiém dinh Pearson Chi — Square (bang 3.4).

Bang 3.1. Cach thirc nhap di liéu vao bang tinh Statgraphics Plus Version 3.0

Tha ty | Loai cdy A | Loai cay B
1 1 1
2 1 0
3 0 1
Crogstabulation Tabulal DpliUnS

Loaids Row Variable:
|L0aiA
Column ¥ ariable:

E [Foa WV Frequency Tatle

N ¥ Chi-Square Test
Hinh 3.1 _ Hinh 3.2

WV Analysis Summary

¥ Summary Statistics

¥ Soit

ok Cancel | Delete | lransform...| Help |

Bang 3.2. Tém tat xir Ii cac trudng hop (Case Processing Summary)

19 ‘ Cancel ‘

Help ‘

Cases
LoaiA * loaiB | Valid Missing Total
N | Percent N Percent| N | Percent
120 |100.0% 0 0% 120 |100.0%

Giai thich va nhin xét két qua. Bang 3.2 ghi lai s0 lwgng va phan trim cac truong hop
dugc dua vao tinh toan. Tt s6 va mau s6 cua cac 6 thudc bang 3.3 cho biét twong Gmg tan
s0 va phan tram sb 6 bat gap hay khong bét gap hai loai ciy trén cung mot 6 do dém.
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Bang 3.4 dan két qua kiém dinh vé tinh doc 1ap cta hai loai cay (su kién) bang thong ké
Pearson Chi — Square. Can ctr vao két qua ciia bang 3.4, ban c6 thé di dén két luan vé
tinh doc 1ap cua hai bién.

Gia thuyét Ho: Hai loai séng doc 1ap véi nhau.

Poi thuyét Ho': Hai loai c6 quan hé (két nhém) véi nhau.

Quy tic quyét dinh

Néu P* < o (0.05 hay 0.01) thi gia thuyét Hy bi bac bo. Nguoc lai, néu P > a (0.05
hay 0.01) thi gia thuyét Ho duoc chip nhan. Béc ty do cua phan bd x? = (s6 hang — 1)*(sb
cot — 1). O vi du nay, vi tht = 8.09 v6i P = 0.0044 < 0.01, nén hai loai c6 quan h¢ voi
nhau.

Bang 3.3. Bang chéo hai chiéu (LoaiA * LoaiB Crosstabulation)

Frequency Table for LoaiA by LoaiB

Row
0 1 Total
0 | 25 | 21 | 46
| 20.83 | 17.50 | 38.33
1 | 21 | 53 | 74
| 17.50 | 44 .17 | 61.67
Column 46 74 120
Total . 38.33 61.67 100.00
Bang 3.4. Kiém dinh Pearson Chi — Square (Chi-Square Tests)
Chi-Square Test
Chi-Square Df P-Value
8.09 1 0.0044
7.03 1 0.0080 (with Yates' correction)

Luu ¥ rang, bén canh kiém dinh tinh doc 1ap ciia hai bién bang kiém dinh Chi —
Square, bang 3.4 con dua ra kiém dinh Yates” Correction (hé s6 hiéu chinh Yates). Kiém
dinh Yates’ Correction dugc dung thay thé cho kiém dinh y° trong truong hop dung
luong quan sat nho. Kiém dinh Yates” Correction chi thich hop véi bang 2*2.

3.1.2. Kiém dinh ngang bang vé ty 1¢

’Gié’ st ‘t}an mudn biét ty 1€ bilbénh Y cua nhém cay thudc cép sinh truong trung
binh dén tot (cap III — I theo phén cap Kraft) c6 giong voi nhitng cdy thuéc nhom sinh
truong kém (cap IV va V) hay khong? Tu nhitng dir 1i€u ghi thanh bang 2*2, ban c6 thé
ding tiéu chuan Xz dé kiém dinh ngang bang vé ty 1¢ (Equality of Proportions).

Gia thuyét Ho: Hai nhom ciy c6 ty 1& bénh bang nhau.

1P = Asymp. Sig. (2-sided) — Miic ¥ nghia phit hop (hai chiéu)

Bién soan: PGS. TS. Nguyén Vin Thém 23
e



Huéng dan sir dung Statgraphics Plus Version 3.0 &5.1
0000000000000 0000000 000000000000 0

Déi thuyét Ho: Hai nhom cay c6 ty 1¢ bénh khac nhau.

Quy tic quyét dinh. Néu mirc ¥ nghia P < a (0.05 hozc 0.01) thi gia thuyét Ho bi
bac bo. Nguoc lai, khi mic ¥ nghia P > a (0.05 hodc 0.01) thi gia thuyét Ho dugc chép
nhan. Bac tu do cua phan bd 3 = (s hang — 1)*(s6 ¢t — 1).

Khi st dung kiém dinh Xz vé ngang béng ty 1€, ban co thé thuc hién nhu sau:

+ Thu thap dir liéu. Trudc hét, hiy phan chia cdy rimg thanh hai nhém. Nhém
mot 14 nhimg ciy thudc cap sinh truong tdt (cdy cap III - I). Nhoém hai 1a nhing cay
thudc thudc cip cay sinh truong kém (cdy cip IV - V). Tiép theo, ban hdy xac dinh bénh
Y trén mdi c4 thé thudc hai cép trén. Ciy c6 bénh Y dwgc ma hoa 1a 1, con cay khong co
bénh Y dugc ma hoéa 1 0. Luu y rang sé luong ciy (N) can diéu tra phai du 16n dé tan sb
ctia cac 6 thudc bang 2*2 phai 16n hon 5 hodc it nhat c6 75% s 6 ¢6 tan s6 16n hon 5.

+ Cach nhap dir liéu, goi chwong trinh tinh toan va nhan xét Kkét qua. S6 lidu
c6 thé dugc nhap truc tlep vao bang tinh Statgraphics Plus Version 3.0 va 5.1 hodc nhap
vao bang tinh Excel roi Copy sang Statgraphics. Cot 1 ghi thur tu cay, cOt 2 nhap cay
nhom 1 (theo ma hoa); cot 3 nhap cady nhom 2 (theo ma hoa) (bang 3.5).

Bang 3.5. Cach thirc nhap dir lidu dé kiém dinh ngang bang ty 1¢ (tom tat)

Thir tw | Cay nhom | | Cay nhom 11
1 1 1
2 1 0
3 0 1
4 0 0
5... 1 1

Sau khi nhép xong dir ligu, dé tao duoc két qua, tir thanh Menu chinh ban hay vao
duong 1énh sau: M¢& Describe = Categorical Data = Crosstabulation. Khi bang
Crosstabulation xuat hién, ban hay nhép nhom I (cdt 1) vao 6 Row, nhép nhom II (cot 2)
vao 6 Column. Tiép theo, tur ctra s6 Crosstabulation, ban chon Tabular Option r01 chon
tiép All va OK & cira s6 tiép theo. Cac Iénh nay yéu cau chuong trinh 18p bang tan so,
thuc hién kiém dinh Chi — Square va tinh cic thong ké kiém dinh vé ty 1& ngang bang
gitta hai dai lwong. O vi du ndy, ban chi cin chu y dén bang tan sd (bang 3.6) va kiém
dinh Chi — Square (bang 3.7).

Giai thich va nhan xét két qua. Bang chéo hai chiéu (bang 3.6) bao co téln 5O
bét gap hay khong bat gap hai nhom cay. Mau s6 trong cac 6 cua bang nay la tri s6 phan
trim cia tan sb 6 tuong ng so véi tong s6. Két qua kiém dinh ngang bang vé ty 1& bao
cao nhimg bang co ndi dung cing giong voi nhitg bang cua kiém dinh vé tinh doc lap.
Tir két qua clia cac bang 3.6 va 3.7, ban hay can cr vao gia tri cua thong ké Pearson Chi -
Square, do tu do (df) va mirc y nghia thdng ké P (trong bang 1a Asymp. Sig. (2-sided)) dé
kiém dinh gia thuyét vé ngang bang ty 1&. O vi du nay, vi Chi-Square = 203.87 v6i P =
0.0000 nén hai nhém cay co6 ty 1€ bi bénh khac nhau.
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Bang 3.6. Tan s6 xut hién bénh ctia hai nhom cay I va II

Frequency Table for NHOMBENHI by NHOMBENHII

Row

0 1 Total

0 | 126 | 2 128
| 57.27 | 0.91 | 58.18

1 | 2 | 90 | 92
| 0.91 | 40.91 | 41.82

Column 128 92 220
Total 58.18 41.82 100.00

Bang 3.7. Kiém dinh Chi — Square vé ngang bang ty 1&

Chi-Square Test

Chi-Square Df P-Value
203.87 1 0.0000
199.93 1 0.0000 (with Yates' correction)

3.2. MOI QUAN HE GIUA HAI BIEN PINH TiNH KHONG CO THU BAC

(1) Piéu kién ap dung. Mot 13, vai tro ciia bién phy thudc va bién doc lap la
khong 13 rang. Pidu d6 co nghia 1 c6 thé xem bién nao 1a bién phu thudc hay bién doc
lap déu duoc. Hai 13, viéc kiém dinh quan hé giita 2 bién dinh tinh khéng c6 thir bac
dugc thyc hién bang bang 2*2 hoic bang R*C 0.

Luuy réng trong sinh thai hoc, khi xac dinh mbi quan h¢ gifra cac loai sinh vat
v6i nhau, ngudi ta goi phép kiém dinh mdi quan hé gitra hai bién dinh tinh khong c6 thir
béc 1a kiém dinh su két nhom (nhom sinh théi) gitta cac loai.

(2) Noi dung kiém dinh. Khi kiém dinh mdi quan hé giita hai bién dinh tinh
khong co6 thtr bac hon kém, ban can phai lam 1o hai cau hoi sau day:

+ Mot 1a, hai dai luong (hai loai cdy) c6 quan hé vdoi nhau hay khong ? Cau hdi
nay dugc 1am rd bang kiém dinh Pearson Chi — Square. Néu P > o (0.05 hay 0.01) thi hai
dai lugng c6 quan h¢ vo1 nhau. Nguoc lai, P < a (0.05 hay 0.01) thi hai dai luong doc 1ap
v6i nhau.

+ Hai 13, néu hai dai lugng c6 quan hé¢ voi nhau thi cuong do cua moi quan h¢
gitta hai dai lugng manh hay yéu ? Cau hoi nay duoc lam rd thong qua cac do dac vé xu
huéng mdi quan hé (Directional Measures) va cac do dac vé tinh ddi xtmg (Symmetric
Measures) trong cach sap x€p cua hai dai lugng cua bang 2*2 (hay R*C 9). Néu céc tri s6
ctia ca hai bién mang cung dau thi hai cip bién 4y duoc goi 1a phu hop hay dbi xtmg
(twong ddéng). Khi didu kién d6 khong thoa mén, nguoi ta goi cac cip bién do 1a khong
phit hop hay khong d6i xtmg.

(3) Thue hanh. Dé thyc hanh thu tyc kiém dinh mdi quan hé giira hai bién dinh
tinh khong c6 thur bac, ching ta st dung lai vi du & muc 3.1.1. N6i dung thu thap dir liéu,
cach vao dir li¢u va goi chuong trinh tinh toan cling twong tu nhu kiém dinh tinh doc lap
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gitta hai dai luong (hai loai cay). Két qua kiém dinh mdi quan hé giira hai bién s& hién thi
4 bang sau day: (1) Thong ké tom tat xtr If cac truong hop, (2) bang chéo, (3) kiém dinh
Chi — square, (4) cac do dac vé xu huéng mbi quan hé (Directional Measures) va cac do
dac vé tinh déi xtmg (Symmetric Measures) trong cach sap x€p cua hai dai lugng cua
bang 2*2 (hay R*C 6). Noi dung cua bang thong ké tom tat xur || cac truong hop, bang
chéo va kiém dinh Chi — square clng giong voi kiém dinh mdi quan hé gitra hai dai
luong. O muc 3.1.1, kiém dinh cho thay hai loai ¢6 quan hé vdi nhau. Vi thé, dé 1am ro
cuong do cua moi quan hé giira hai bién ban can phai tiép tuc phan tich nodi dung cta céac
do dac vé& xu huéng mdi quan hé va cic do dac vé tinh ddi xtmg giita hai bién s6 (bang
3.8).

Bang 3.8a. Cac hé sé do xu hudng (Derectional Measures) giam ty 1€ sai s6

Summary Statistics

With Rows With Columns
Statistic Symmetric Dependent Dependent
Lambda 0.0870 0.0870 0.0870
Uncertainty Coeff. 0.0504 0.0504 0.0504

Bing 3.8b. Po dac vé tinh d6i xtmg trong cach sap xép cua hai dai luong

Statistic Value P-Value Df
Contingency Coeff. 0.2514
Cramer's V 0.2597

Giai thich va nhan xét két qiia. Khi cac bién s 1a nhiing bién dinh danh khong
¢6 thtr bac hon kém thi Statgraphics Plus Version 3.0 cung cip hai nhém do dac sau day:

+ Nhom 1. Cac hé s6 do xu hudng (Derectional Measures) clia murc giam ty 1€ sai
s6 khi chon bién phu thudc khac nhau (bang 3.8a). Nhom nay bao gdm cac hé sé6 Lambda
va Uncertainty coefficient (h¢ s6 do mirc khong chic chan ctia mbi quan hg).

Théng ké Lambda cho biét nhitng gia tri cia mot bién co tap trung quanh nhimng
gié tri ciia mot s6 bién sb nao d6 hay khong. Thong ké Lambda tinh theo cong thirc:

Sai sb trudc - Sai sd sau
A= ( X , ) (31)
Sai s0 trudc

Trong cong thirc 3.1, sai s6 trudc 1a s6 nhitng sai 1dm pham phai khi du doan cac
tri sO cua bién phu thugc ma khong xem xét dén bién doc lap. Sai s6 sau 1a sd nhiing sai
1am pham phai khi dy doan céc tri s clia bién phy thudc ma cé xem xét dén bién doc 1ap.

+ Nhom 2. Céac do dac vé tinh d6i xtmg (Symmetric Measures) trong cach sip
xép cua hai dai luong cua bang 2*2 (hay R*C 6). Cac do dac nay ciing dua trén thong ké
Pearson Chi — square, bao gdm théng ké Contingency coefficient (hé sé ngau nhién) va
thong ké Cramer’s V (bang 3.8b).

Hé sb ngau nhién (Coefficient of Contigency) tinh theo cong thirc:

C=n | (3.2)
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Gia tri C thay doi trong khoang 0 <C < 1.
Thong ké Cramer V tinh theo cong thirc:

A S A
VENINKD (3.3)

Céc thanh phan trong cong thirc 3.2 va 3.3 c6 nghia nhu sau:
(Fquan sat ~ Fly thuvet)
I:ly thuyét

Ri*C; . . . . . .
Fif thuyét = —Nl = (Tong so hang*tong s6 cot)/Tong sO quan sat;

N = sb quan sat trong mau;

K 13 s6 nho nhét trong sé hang hodc sé cot cua bang R*C. Khi s hang bang sd
cot thi k bang sé hang hay s6 cot. Khi s6 hang nho hon sb cot thi k bang sé hang, va
ngugc lai. HE s6 V nhan giatri0 <V <I.

Nhirng thong ké do dac mirc giam ty I€ sai s0

(Ap dung cho cdc bien phan nhom khéong co thir bdc)

+ Cac do dac vé xu hwéng (Derectional Measures). Nhiing do dac nay xac dinh
mirc d6 ctia mdi quan hé giita bién phy thudc véi bién doc 1ap (hodc gitra bién dong véi
bién cot cta bang R*C). Nhimg do dac nay bao gdm cac hé sé Lambda va Uncertainty.
Chung 13y céc gia tri tr 0 + 1. Gia tri 0 cho biét bién doc lap khong c6 quan hé voi bién
phu thudc (hay blen phu thudc khong thé duoc du bao bang bién doc 1ap). Nguoc lai, khi
chung 1dy gia tri gan 1 hodc bang 1 thi bién doc lap c6 quan h¢ chat ché voi bién phu
thudc (hay bién phy thudc c6 thé duoc du bao chinh xac bang bién doc 1ap).

Luuy r.':fmg, khi xac dinh mbi quan hé gilra hai bién dinh tinh khong c6 thar bac
hon kém, ban c6 thé chon bat ky bién nao trong hai bién (A va B) 1a bién doc lap hay
bién phu thudc déu dugc. Picu do6 1a tiiy theo muyc tiéu nghién ctru cua ban. Khi ban lay
bién A 1a bién doc 1ap dé du doan (xac dinh) bién B thi sai s6 du doan (tinh theo %) co
thé khac véi trudng hop ban dung bién B 1a bién doc lap dé du doan bién A. Mirc sai sd
duoc trinh bay ¢ hai cot cudi ctia bang Derectional Measures (bang 3.8a).

Thong ké Lambda do mirc d6 quan hé giita hai bién. N6 cho biét bién dong (hodc
cot) hitu ich nhu thé nao trong vi¢c dy doan bién cot (hodc dong). Noi khac di, Lambda
do murc giam sai s6 khi lay bién dong 14 bién doc lap dé dy doan bién phu thudc theo cot
va nguoc lai. O vi du nay, tir bang 3.8a cho thy, néu sir dung loai A (bién doc lap, ¢ day
1a bién dong) dé du doan loai B (blen phu thudc, & day la bién cOt) thi mirc giam ty 1€ sai
s6 12 0.087 hay 8.7% (Lambda = 0,087). Néu iy loai B dé dy doan loai A thi ty 1& giam
sai 86 ciing 1a 8.7%. Ban héy quan sat P — Value (trong bang la Approx. Sig) dé biét mirc
y nghia cua sy giam sai s trong khi dy doan. Néu P < 0.05 (mic dinh) thi bién cot véi
bién hang c6 quan h¢ voi nhau. O vi du trén day thdng ké P - value << 0,05. Diéu d6 cho
biét mdi quan hé giira hai loai c6 y nghia thong ké voi mie tin cdy rat cao (95%). TUy
theo muc tiéu nghién ctru, ban can chon luva bién du bdo sao cho mtrc giam ty 1€ trong sai
s du béo 1a 16n nhét.

Khi 4p dung thong ké Lambda trong nghién ctru sy két nhom giira cac loai cy,
ban ¢ thé chon loai A dé dy doan su c6 mit cta loai B hodc chon loai B dé du doan su
c6 mit cta loai A. Khi chon bién dy doén, ban phai can ctr vao mirc gidm sai s6 dy doan.
Mot bién dugc chon 14 bién du doan néu né cho ty 18 giam sai sb trong du doan 14 cao
hon.
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+ Cac do dac tinh doi xirng hay can ddi (Symmetric Measures). Cac do dac nay
cliing do mirc d6 quan hé giita cic bién hodc do muc giam ty 1¢ sai s6 (PRE =
Proportional Reduction in Error). Ching bao gém hé s0 ngau nhién (Contingency
Coefficient) va thong ké Cramer’s V (bang 3.8b). Hé s6 ngiu nhién va théng ké
Cramer’s V dugc do bang cac thang do khac nhau.

(@) Théng ké Cramer’s V lay gia tri tir 0 +1. Gia tri Cramer’s V = 0 cho biét hai bién
khong c6 quan hé. Nguoc lai, gia tri Cramer’s V = 1 cho biét hai bién c6 quan hé véi
nhau rat chit ché. Thong ké Cramer’s V dugc dung phd bién nhat.

(b) Hé s6 Contingency ciing 14y gia trj tir 0 + 1, nhung khong bao gio dat dén 1.

(c) Hé sb ngdu nhién va théng ké Cramer’s V 14y gia tri 0 khi va chi khi kiém dinh
Pearson y* = 0.

Luu y rang, thong ké xz chi tra 161 duoc cau hoi 13 hai yéu t6 c6 mbi quan hé véi
nhau hay khong; n6 khong cho biét cuong do (mirc d9) cua mdi quan hé. Khi hai yéu té
khong co thtr bac co6 quan hé voi nhau thi ban can phai do murc d6 (cuong do) cua moi
quan hé bang cac kiém dinh Cramer’s Test va h¢ s6 Contingency. Trong sinh thai hoc,
nguoi ta con kiém dinh méc do chit ché cia mdi quan hé gitra cac loai sinh vat bang
nhiéu kiém dinh khac nhu kiém dinh Iul, Cole, Sorensen...

(4) Kiém dinh sy két nhém riéng phan giira cac loai cay

Cac hé s6 két nhom (hodc hé sb twong quan) tuy chang chua cho biét day da
nguyén nhan anh huong dén su phin bd cia cic loai theo dién tich. Pé tim hiéu rd
nguyén nhan anh huéng dén su phan bd ciia hai loai, ching ta can phai thu thap thém
nhiéu thong tin khac nhau hodc phai so sanh nhiéu hé sé két nhom khac nhau bang cach
phan chia gidi han cfip khac nhau. Tuy nhién, diéu nay co thé duoc giai quyét bang
phuong phap tinh hé s6 két nhoém (twong quan) riéng phan. Ban chét cia phuong phap
nay la tinh h¢ s6 két nhom khi cac gia tri cia mot hodc mot s6 nhan td duge ¢d dinh.
Diéu d6 cho phép loai trir anh hudng cua nhing dai lugng nay dén quan hé cua nhiing
dai luong nghién ciru khac. Theo Cole (1957), hé sd két nhom riéng phan dugc xac dinh
nhu sau:

Buwéc 1. Gia thiét trong khu vuc nghién ctru, chiing ta can tinh sy két nhom giita 3
loai cay. Dé dat muc dich dt ra, trudc hét chung ta can théng ké su c6 mat hay Véng mat
ctia 3 lodi ciy quan tdm trén cac 6 nghién ctru. Theo Cole, dé tinh hé s6 két nhom riéng
phan giita 3 loai cdy, s lugng 6 nghién ciru can phai co it nhat 1a 250 6. Diéu kién nay
duoc dit ra 13 vi nhitng 6 trong bang chéo doi hoi phai c6 tan s6 16n hon 5 hodc s6 6 cla
bang C*R c6 tan s6 nho hon 5 thi khong duoc 16n hon 25%.

Buwéc 2. Dé tinh hé s6 két nhom riéng phan, chiing ta chia tap hop 6 mau (N) ma
trén co so da tinh hé s6 két nhom day da cho ba loai (hé s6 két nhom cé sy tham gia ciia
tat ca ba loai cay trong cac 0 mAu) thanh hai phan: (1) nhiing 6 bat gap loai thir 3 (Ny);
(2) nhitng 6 ving mat loai thir 3 (Ny). Ké dén, chung ta tinh hé s6 két nhom giira hai loai
1 va 2 trén nhitng 6 bat gip loai 3. Két qua nhan duogc hé sé két nhom day da C; hay con
goi 1 h¢ s két nhom da phan. Tuong ty nhu thé, chiing ta tiép tuc tinh hé s6 két nhom
giita hai loai 1 va 2 trén nhitng 6 khong bat gip loai 3. Két qua nhan duoc hé sb két nhom
riéng phan Co.
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Buée 3. So sanh hé s6 két nhom Cyv6i Cy s& cho phép danh gia loai ma theo d6
tién hanh phan chia cac nhém 6 mau (& day 1a loai 3) dong vai trd nhu thé nao trong viéc
xéc dinh hé sé két nhom da phan.

Tiéu chuan so sanh duoc tinh theo cong thirc:

C-Cy

T= —7—7—7—; 34
\/Oc1 + Oc2 (3.4)

+ Oc1 1a sai s0 cua h¢ sO két nhom trén nhitng 6 c6 loai thtr 3 xuat hién. Sai s6 dc1
duoc tinh theo cong thirc:

a (ag+bq)*(bs+d;)
dc1 = (Nl*l(alicl)*l(clidl)) (3.5)

+ 8¢z 1a sai s6 ctia hé sd két nhom trén nhitng 6 khong c6 loai thu 3 xuat hién. Sai
s0 Ocz dugc tinh theo cong thurec:

5 _ (3.2+b2)*(b2+d2)
27 N (N2*(aztco)*(cot+dy))

Trong cong thire 3.5 va 3.6, N; 1a tong s6 6 bat gap loai thir 3; N, 1a tong sd 6 vang mat
loai thtr 3; ay, by, ¢; va d; 13 tAn s 6 trong bang chéo dung dé tinh quan hé gitra loai 1 va
2 trén nhirng 6 bat gap loai 3; ap, by, c3va ds la tan sb 0 trong bang chéo dung dé tinh
quan h¢ gitra loai 1 va 2 trén nhiing 6 khong bét gap loai 3. So sanh T v&i1 T (.05 hoac 0.01)-
Néu T < Tos= 2,0 thi sy khac biét gitra hé sé két nhom riéng phan véi hé s6 két nhom da
phan 14 khong c6 ¥ nghia. Didu nay c6 nghia 1 sy xuat hién cta loai thir 3 trong cac 6
nghién ctru khong anh hudng dang ké dén sy phan bo cia loai 1 va 2. Nguoc lai, néu T >
Toos thi su xuat hién cua loai thir 3 trong cac 6 nghién ciru c6 anh huong dang ké dén sy
phan bd cua loai 1 va 2.

(3.6)

(5) Kiém dinh sw két nhém da bién

Nhu d3 biét, mot quan xa thuc vét c6 rat nhiéu loai cay, giita ching ton tai nhiing
mbi quan hé rat phtrc tap. Vi thé, nhiém vu dit ra khong chi phan tich quan h¢ cua loai
cdy nay voi loai cay khac ma con phai nghién ciru quan hé cua n6 voi hai, ba...loai cay
khac nhau. Quan h¢ cua mét loai cay voi nhiéu loai cay khac duogc goi 1a twong quan (két
nhém) da bién. Can nhan thiy rang hé s6 tuong quan da bién cua loai nay véi nhidu loai
khéc bao gio ciing cao hon hé s twong quan giita hai loai. Bdi vi do phong phu ctia moi
loai luén bi kiém soat béi rat nhiéu loai khéc trong quén xa. Chung ta co thé van dung hé
sd twong quan da bién dé xac dinh mdi lién hé giita cac loai cay khi ching chi dugc do
bang hai dau hi¢u dinh tinh 1a ¢6 va khong co.

Gia thiét chiing ta can nghién ciru quan hé cua 3 loai cdy 1, 2 va 3. Trudc hét,
ching ta tinh cc quan hé giira loai 1 va 2, 1 va 3, 2 va 3. Néu tinh quan hé giira loai 1
v0i hai loai 2 va 3, thi ching ta cting lap bang 2 * 2; trong do dau hiéu 1 13 loai 1, con
dau hiéu 2 12 loai 2 va 3. Nhing 6 mau cung xuét hién ca hai loai 2 va 3 dugc goi la 0 co
(ki hiéu 1), con nhitng 6 vang mat mot trong hai loai 2 va 3 dugc goi la 6 khong co6 (ki
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hiéu 0). Sau d6, bang cach théng thuong tinh hé sé két nhom giira loai 1 va 2 loai kia.
Nhu vay, hé s6 két nhom da bién chi ra mirc d6 lién hé cua cac nhom sinh thai®.

Khi nghién ctru twong quan da bién giita cac loai, hodc giita cac loai cay va cac
yéu té moi trudng, ching ta can phai dinh nghia rd rang vé téng thé nghién ctru hay dbi
tuong thu thdp dir liéu. Viéc mé rong pham vi nghién ciru c6 thé bao trum toan b bién
d6 sinh tai cia mot sb loai cay, hodc tong thé s& chira nhirng vung ndm ngoai bién do
sinh thai cua cac loa. Diéu d6 c6 thé dan dén sy thay 601 ctia hé s6 két nhom gitra cac
loai cay hodc hé sd tuong quan gitra cac loai va cac yéu t6 moi truong.

Thue hanh. O phy biéu 17 dan vi du vé két qua diéu tra sy két nhoém cua bon loai
(Tric, Ha nu, Cho x4t va Lanh nganh) trén 279 6 mau véi kich thude 200 m?/0. Vén dé
dit ra: (1) tim hé s6 két nhoém day du gitra loai Ha nu (loai 1) va Cho x6t (loai 2) khi co
mit ca loai Lanh nganh (loai thtt 3); (2) hdy cho biét Lanh nganh (loai thir 3) dong vai
trd nhu thé nao trong quan hé giita Ha
nu (loai 1) véi Cho x6t (loai 2). Dé
giai quyét hai noi dung dit ra trén day,

Crosstabulation

Cholanhnganh Fiow “ariable:

B 2 . X . Hart - IHanu
ban c6 thé thuc hi¢n cac thu tuc nhu  [Hamitsnhnganh
dudi day. Trac Column ¥ ariabls:
Buéc 1. Nhap sb lidu. S lidu p| [Froe
bét gip hay khénngét gip bdn loai cay (Select)
duogc ghi thanh moéi cft hay moi hang - | Hinh 3.3

mot loai. Cot thr 5, 6...ghi lai s6 6
cung bat gip hay khong bat gip ting
cdp hai hodc ba loai nao do. ok | cancel | Delete | Transtam. | Help |

Budce 2. Goi thu tuc xur li su
két nhom giita ting cip loai. Trudc hét, ban can tinh sy két nhom gitra timg cap loai. Dé
dat duwoc muc dich dat ra, tr Menu chinh ban m¢ Describe = Categorical Data =
Crosstabulation. Khi ctra s6 Crosstabulation xuat hién, ban dua s liéu cua loai 1 (¢ day
la Ha nu) vao 6 hang (Row variable), con loai 2 (¢ day la Cho x6t) vao 6 ¢t (Column
variable); roi chon OK. Ké& dén, ban chon Tabular options va danh dau chon All hoic
chon timg théng ké Chi - square test, Frequency table, Summary statistics.

Dé biét hai loai Ha nu va Cho x6t ¢6 két nhém (quan hé) véi nhau hay khong, ban
hdy quan sat thong ké Chi - square test (bang 3.10). Gia thuyét Ho: Ha nu va Cho xot
khong co su két nhom véi nhau. Déi thuyét Ho-: Ha nu va Cho xot co su két nhom véi
nhau. Khi P < 0,05 hoic 0,01 thi gia thuyét Hy bi bac bo. O vi du nay, vi P = 0,0009 <
0,05 nén hai loai ¢6 sy két nhom véi nhau.

Néu hai loai (bién sb) c6 quan hé v&i nhau thi budc tiép theo 1a tim mirc d6 chat
ch@ trong quan hé giita hai bién s6. Dé dat muc dich ndy, ban hiy quan sat cac thong ké
Contingency coefficient, Phi and Cramer’s V, Lambda, Uncertainty coefficient trong ctra
s0 Summary Statistics (bang 3.11).

Dé kiém dinh sy két nhom gitra cac cdp loai khac, ban cling thuc hién cac thu tuc
trong ty nhu di 1am v6i Ha nu va Cho x6t. Luu ¥ rang, két qia ¢ budc 2 cho biét hé sd
két nhom giira ting cap loai.

¥ Sort

! Ecological groups
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Bang 3.10. Kiém dinh sy két nhom giita Ha nu v6i Cho x6t

Chi-Square Test

Chi-Square Df P-Value
11.04 1 0.0009
10.23 1 0.0014 (with Yates' correction)

Summary Statistics Ha nu Cho xét
With Rows With Columns

Statistic Symmetric Dependent Dependent

Lambda 0.0000 0.0000 0.0000

Uncertainty Coeff. 0.0299 0.0300 0.0298

Somer's D -0.1989 -0.1981 -0.1998

Eta 0.1989 0.1989

Statistic Value P-Value Df

Contingency Coeff. 0.1951

Cramer's V 0.1989

Conditional Gamma -0.4037

Pearson's R -0.1989 0.0004 277

Kendall's Tau b -0.1989 0.0009

Kendall's Tau c -0.1915

Budée 3. Goi thu tuc xur |i hé sé két nhom riéng phan. Dé dat muc dich dit ra,
truéc hét ban dua loai 1 (¢ day 1a Ha nu) vao 6 Row variable, loai 2 (& dy 1a Cho x6t)
vao 6 Column, con loai 3 (¢ ddy la Lanh nganh) vao 6 select (hinh 3.4); ké dén chon OK.
Tiép theo ban chon Tabular options va danh ddu chon All hoic chon tung théng ké Chi -
square test, Frequency table, Summary statistics. O bang 3.12 - 3. 14 dan két qua phan
tich su két nhom riéng phan gitta Ha nu véi Cho x6t trén nhitng 6 mau bat gip va khong

bét gip Lanh nganh.

Buéc 4. Kiém dinh su khéac biét giita hé s6 két nhom cia loai 1 va 2 trén nhimng 6
khong c6 loai 3 véi hé sb két nhom cia
loai 1 va 2 trén nhiing 6 o loai 3 theo cong  ~———— ——
thire 3.1. Néu Ty < Tgs = 2,0 thi sw khac |5 - |”°"”“
biét gitta cac hé s6 két nhom riéng phan 1a E:::#;:::ga““
khong c6 y nghia. Diéu nay c6 nghia 1a sy e
xudt hién cta loai thir 3 trong cac 6 nghién !
ctru khong anh huéng déng ké dén su phan ey —
bd cua loai 1 va 2. Nguoc lai, néu T> Toos ! Hinh 3.4

thi su xuét hién cua loai thu 3 trong cac 6  Sot
nghién ctru c6 anh huong dang ké dén su o
phan bo ctia loai 1 va 2.
Bang cach phan tich twong quan riéng phan hodc sy két nhom riéng phan, ching
ta xac dinh dugc twong quan cap gilra cac loai cay va tim ra loai cay nay cd anh huong

Cancel | Drelete I lransform...l Help |
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dén su phan bd cua loai cay kia nhu thé nao. Néu sau khi tinh toan nhan dugc cac hé sb
trong quan riéng phan khong khac nhau thuc sy, thi chiing ta c6 co so két luan su két
nhom nay khong phai do quan h¢ qua lai gitta cac loai. Nguoc lai, sy cung c6 mét cua céc
loai cay trén nhirng 6 nghién ctru 1a do su twong dong vé bién do sinh thai cia ching.

Bang 3.12. Sy két nhom riéng phan gitra Ha nu véi Cho x6t khi ¢ mit Lanh nganh

Frequency Table for Hanu by Choxot

Row

0 1 Total

0 | 21 | 51 | 72
| 13.91 | 33.77 | 47.68

1 | 46 | 33 | 79
| 30.46 | 21.85 | 52.32

Column 67 84 151
Total 44 .37 55.63 100.00

(*) Mau s 1a tan s6 If thuyét
Bang 3.13. Kiém dinh tinh doc l4p gitta Ha nu v&i Cho x6t khi ¢6 mét Lanh nganh

Chi-Square Test

Chi-Square Df P-Value
12.89 1 0.0003
11.74 1 0.0006 (with Yates' correction)

Summary Statistics Ha nu Cho xot
With Rows With Columns

Statistic Symmetric Dependent Dependent

Lambda 0.2230 0.2500 0.1940

Uncertainty Coeff. 0.0630 0.0628 0.0633

Somer's D -0.2922 -0.2937 -0.2906

Eta 0.2922 0.2922

Statistic Value P-Value Df

Contingency Coeff. 0.2804

Cramer's V 0.2922

Conditional Gamma -0.5439

Pearson's R -0.2922 0.0001 149

Kendall's Tau b -0.2922 0.0003

Kendall's Tau c¢ -0.2900
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Bang 3.15. Kiém dinh tinh doc lap gitra Ha nu vai Cho x6t khi ¢6 mat Lanh nganh
Chi-Square Test

Chi-Square Df P-Value
21.98 1 0.0000
20.74 1 0.0000 (with Yates' correction)

Bang 3.16. Xu hudng quan hé gitta Ha nu véi to hop loai Cho x6t - Lanh nganh

Summary Statistics Hanu Cho x6t+Lanh nganh
With Rows With Columns

Statistic Symmetric Dependent Dependent

Lambda 0.0923 0.1622 0.0000

Uncertainty Coeff. 0.0608 0.0580 0.0638

Somer's D -0.2801 -0.2995 -0.2630

Eta 0.2807 0.2807

Statistic Value P-Value Df

Contingency Coeff. 0.2702

Cramer's V 0.2807

Conditional Gamma -0.5533

Pearson's R -0.2807 0.0000 277

Kendall's Tau b -0.2807 0.0000

Kendall's Tau c -0.2521

Buwéc 5. Phan tich sy két nhom da phan. Dé phan tich su két nhom giira Ha nu voi
to hop hai loai Cho x6t va Lanh nganh, trude hét ban chon bién Ha nu va chuyén no vao
6 Row variable; ké dén chon bién Cho x6t + Lanh nganh (nhimng 6 cling xuat hién Cho
X6t va Lanh nganh) va chuyén no vao 6 Column variable; tiép theo chon OK. Dén day
ban lai chon Tabular Option, roi chon All. Tir bang Frequency table, thong ké Chi -
square test (bang 3.15) va Summary statistics (bang 3.16), ban co thé rat ra nhitng nhan
xét vé quan hé gitta Ha nu véi t6 hop hai loai Cho x6t + Lanh nganh.

Tir két qua ctia bang 3.15, chung ta ¢ thé nhan thiy phan b6 ciia Ha nu c6 mdi
lién hé thyc sy voi t6 hop hai loai Cho x6t va Lanh nganh (x @ = 21,98; P = 0,000). Tt

sd liéu cuia bang 3.16 cho thay, néu cin c&r vao sy c6 mit cua Ha nu trong 6 mau dé dy
doan sy c6 mit clia ca hai loai Cho x6t va Lanh nganh thi mirc giam sai s6 1a zero phan
tram. Nguoc lai, néu dua trén sy cung c¢6 mit cia Cho x6t va Lanh nganh trong 6 mau dé
du doan sy c6 miat ciia Ha nu thi mirc giam sai s6 1a 16,2%. Mic d6 quan hé giita Ha nu
voi to hop hai loai Cho x6t - Lanh nganh 1a chat che (h¢ s6 Cramer's V = 0,281; P =
0,000).

Luuy r?mg, ban c6 thé thuc hién cac tha tuc nhu trén dé xem xét sy két nhom da
phan giita céc cap loai khac. Can nhan thiy rang, rimg muwa nhiét d¢i c6 rat nhiéu loai cay
cung chung sdng trén mot khong gian nhat dinh. Vi thé, dé phan tich rd su két nhom giira
nhiéu loai cdy (4 - 5 loai tré 1én) doi hoi phai thu thap rit nhiéu (hang ngan) 6 mau.
Chinh khdi luong diéu tra 16n nhu thé di gdy ra nhidu kho khin cho viéc phén tich cau
tric quan xa.
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3.3. MOI QUAN HE GIUA HAI BIEN PINH TiNH CO THU BAC

Thu tyc 1ap bang chéo 2*2 (hay R*C) con cho phép nghién ciru quan h¢ gitra hai
bién dinh tinh c6 thir bac hon kém bang cach xay dung mot bang ngau nhién gdbm R*C 6
va thue hién cac kiém dinh vé& mdi quan hé gilta bién dong véi bién cot.

1. Piéu kién ap dung. Mot 14, ca hai bién lap bang la nhiing bién dinh tinh c6 thr
béc hon kém. Hai 13, cc bién co thé lap thanh nhom (cAp) trong bang chéo gém R*C 0.

2. N¢i dung tinh toan. Do dac vé tuong quan va moéi quan hé gitra hai bién lap
nhom c6 thir bic bao gom hai ndi dung.

Noi dung 1. Xac dinh mdi quan hé gilra cac bién. Dé tinh twong quan gitta cac
bién dinh tinh c6 th bac hon kém, ban c6 thé sir dung hé sd tuwong quan hang cua
Spearman, hé s tuong quan Pearson va kiém dinh tuyén tinh — tuyén tinh ¥ (Linear -by
— Linear association Chi — Square). Luu y rang, hé sb tuong quan Pearson doi hoi hai dai
lwong quan sat phai dugc rat ra tir mot phan phdi chuin nhi bién (Bivariate normal
distribution), con hé sé twong quan Spearman khong doi hoi hai dai lwong quan sat co
phan phdi chuan. Vi thé, hé s6 twong quan Spearman thudng dugc sir dung dé kiém dinh
quan hé gitra hai bién dinh tinh c6 thir bac hon kém.

Noi dung 2. Po dac tinh phu hop giira cic bién hay xu huéng quan h¢ giira
cac bién. Po dac nay kiém dinh tinh phi hop cta hai blen lap bang. Néu céc tri s6 cua ca
hai bién cung cdp nay l6n hon hodc nho hon cac tri s6 ctia hai bién cung cip kia thi hai
cip bién ay dugc goi 1a phu hop hay twong ddng. Khi diéu kién d6 khong thoa man,
ngudi ta goi cac cap bién 46 1a khong phu hop hay khong tuong dong Khi cac bién co
cung tri s6 & mot hodc ca hai cap bién thi cip d6 duoc goi 1a cip bién bi rang budc. Noi
khéac di, khi cac hang cta blen Y ¢6 xu hudng tang cung voi cdc hang cua bién X (Y va X
ddng bién) thi cac cap bién iy duoc goi 1a phu hop hay tuong dong. Nguoc lai, khi cac
hang cua blen Y ting 1én con hang ciia bién X giam xuong (Y va X nghich bién) thi cac
cap blen ay duoc goi 1a khong phu hop hay khong tuong ddng. Khi s cap phu hop bang
v6i s6 cap khong phu hop thi hai bién s6 ay khong c6 quan h¢ voi nhau hay khong tuong
dong v6i nhau. Pé do dac su tuong dong giita cac cap bién sé dinh tinh c6 thir bac hon
kém, ngudi ta st dung cac thong ké sau day:

a. Cac do dac dua trén cac cip bién twong dong. Do 1a cic thong ké Kendall
tau b, Kendall tau ¢, Goodman va Kruskal’s Gamma. Ba théng ké nay chi 4p dung cho
hai bién dinh tinh dugc phan nhom co thir bac hon kém va vai tro ciia bién doc 1ap va
bién phu thudc 14 khong 1 rang (nghia 1a c6 thé xem bién nao 1a bién phu thudc hay bién
doc 1ap déu duoc).

P
+ Thong ké Kendall tau b: 15 = J(PrO+T )(CF?)+ o Ty) (3.7)
X
. m*(P
+ Thong ké Kendall tau ¢: t¢c = —Nzéﬁ (3.8)

Trong cong thirc 3.7 Vél 3.8, P — s6 cdp bién tuong dong voi nhau (nghia 1a cling ting
hoic ciing giam); Q - sd cip khong twong dong v01 nhau (nghia 1a nhing cép tang — giam
khac nhau); Tx — nhimg cap bi rang budc boi yeu t6 X; Ty — nhitng cdp bi rang budc boi
yéu t6 Y; m — s6 nho nhat trong hai sd cot va s6 hang.

b. Thong ké Somers’D va Conditional Gamma. Hai thong ké nay chi dugc ap
dung cho hai bién 14p nhém c6 thr bac va vai tro ciia bién doc 1ap va bién phu thudc 1a rd
rang.
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, P-
+ Thong ké Conditional Gamma: G = {FT%% (3.9)

: _(P-Q)

+ Théng ké Somers’D: Dy = P+0 +Ty) ’ ‘(3.10)

Trong hai cong thirc 3.9 va 3.10, P — s0 cap bién twong dong véi nhau (nghia la
cung ting hodc cung giam); Q - sb cip khong twong dong v6i nhau (nghia la nhiing cap
tang — giam khac nhau); Ty — nhitng cép bi rang budc boi yéutd Y.

Dé kiém dinh su ton tai cia cac hé s Kendall tau b, Kendall tau ¢, Somers’d,
Goodman va Conditional Gamma, nguoi ta stir dung théng ké T.

Gia thuyét Ho: Tung hé sb (hay do dac) = 0.

P6i thuyét Hy: Tung hé s (hay do dac) = 0.

Quy tiic quyét dinh. Khi P < 0.05 thi gia thuyét Hg bi bac bo. Nguoc lai, khi P >
0.05 thi gia thuyét Hy duoc chip nhan.

Thue hanh. Gia st ban can xac dinh quan hé giira tinh trang bi bénh cua ciy gd
v6i tinh trang do am lap dia. Bénh cdy duogc chia thanh 5 cdp va ma hoa twong tng nhu
sau: khong co bénh (ma hoa = 1), bénh nhe (mé hoa = 2), bénh trung binh (mé hoa = 3),
bénh nang (mé héa = 4) va bénh rat nang (ma hoa = 5). Am lap dia ciing duoc chia thanh
5 cAp va ma hoa tuong g nhu sau: rit 4m (m3 hoa = 1), 4m (m3 hoa = 2), mat (mi hoa
= 3), kho (ma héa = 4) va rat kho (ma hoa = 5).

Nhip sb liéu vao bang tinh. Khi nhap sé liéu vao bang tinh, c¢ot 1 (hodc hang 1)
ghi thir tu cay dugc nghién ciru, cot 2 (hodc hang 2) ghi tinh trang bénh theo sé ma hoa,
cot 3 (hodc hang 3) ghi tinh trang 4m 13p dia theo ma hoa (bang 3.17).

Goi chuong trinh tinh toin. Sau khi nhap s6 liéu vao bang tinh, dé tao duoc két
qua, tr thanh Menu chinh ban hay thuc hién cac thu tuc nhu sau:

+ Buwée 1. Mo Describe = Categorical Data = Crosstabulation. Khi ctra sd
Crosstababulation xuat hién, ban hay nhap tinh trang bénh vao 6 Row, nhap tinh trang
am lap dia vao 6 Column.

+ Buére 2. Tir cira so Crosstabulation, chon OK. Khi bang Crosstabulation Benh
by Am xuét hién, ban chon Tabular Option r0i chon All va OK trong cua ) nay dé
chuong trinh tinh toan va hién thi két qiia. Khi két qiia hién thi trén man hinh, ban can
luu ¥ dén bang chéo hai chiéu (bang 3.18), bang do xu hudng quan hé giita tinh trang
bénh cdy véi tinh trang am 1ap dia (bang 3.19) va bang do quan hé giira hai bién (bang
3.20).

Bang 3.17. Cach nhap s liéu

Thu tu 112(3[4]|5|6
Bénh cay 112(1(3|5/|4
Amlapdia |2 |34 |5|1|2
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Bang 3.18. Bang chéo (Bénh * Am)

Frequency Table for BENH by AMlapdia

Am lap dia

Row

1 2 3 4 5 Total

1 | 10 | 71 6 | | | 31
| 5.65 | 3.95 | 3.39 | 2.26 | 2.26 | 17.51

2 | 3 16 | 8 | 3 4 | 34
| 1.69 | 9.04 | 4.52 | 1.69 | 2.26 | 19.21

Bénh

3 cay ! 4 7 15 | 3 5 34
| 2.26 | 3.95 | 8.47 | 1.69 | 2.82 | 19.21

4 \ 7 | 7 14 | [ 41
| 3.95 | 5.08 | 3.95 | 7.91 | 2.26 | 23.16

5 \ 5 | 6 | [ 5 | 12 | 37
| 2.82 | 3.39 | 5.08 | 2.82 | 6.78 | 20.90

Column 29 45 45 29 29 177
Total 16.38 25.42 25.42 16.38 16.38 100.00

Note: cell counts are shown with percentages of the entire table.

Giai thich va nhan xét két qiia. Can clr vao bang két qua, ban c6 thé dua ra nhan
xét ctia minh vé nhitng van dé ma ban quan tdm. Chang han, ban c6 thé dua ra nhiing
nhén xét theo goi y sau day:

+ Bang Crosstabs (bang 3.18) trinh bay tan sd 6 bat gip ca tinh trang bénh 1dn
tinh trang am 1ap dia. Tur bang nay, ban nhan théy tung cép tinh trang bénh roi vao nhitng
cap tinh trang 4m 1ap dia nao? Ban c6 thay nhiing cdy bi bénh ning va rit ning nhung lai
xuat hién trén nhing 1ap dia kho va rat kho hay khong? Cau tra 10i cho cau hoi sau c6 thé
dugc 1am rd tir nhitng con sb to - nho khac nhau nim & ngoai duong chéo cua bang
Crosstabs.

+ Bang 3.19 trinh bay cac s do vé xu hudéng (Directional Measures) ctia moi
quan h¢ gitra tinh trang bénh v&i tinh trang am 1ap dia. Pé do moi quan h¢ nay, ban can
cha y dén théng ké Somers’D. Tir bang bang 3.19, ban ¢6 thé di dén nhan xét:

- Gilra cdc cap khong bi rang budc trong bién doc 1ap thi ty 1¢ troi hon thude vé
cac cgp tuong ddng hay cac cap khong tuong dong? Pé tra 101 cau hoi nay, ban hdy quan
sat 6 do Symmetric Somers’D va hai s6 do quan hé ¢ hai cot tiép theo (With Rows
Dependent va With Columns Dependent). Su chénh Iéch 16n cua nhiing s6 do ‘nay cho
biét su khac nhau gitra cac cdp tuong ddng (phu hop) véi cac cap khong tuong dong Néu
tri s6 ciia chiing gan bang nhau thi cac cip twong dong va khong twong dong 1a gan bang
nhau. Piéu d6 c6 nghia 1a hai bién khong c6 quan hé véi nhau hodc c6 quan hé v6i nhau
rat yéu. O vi du nay, thong ké Symmetric Somers’D = 0.1774. Khi ldy tinh trang bénh
(bién dong) 1a bién phu thudc, con tinh trang 4m 13 bién doc 1ap (bién cot) thi thong ké
Somers’D = 0.1783. O trudong hop nguoc lai thi théng ké Somers’D = 0.1765. O vi du
nay, vi ba gia tri gan bang nhau, nén quan hé gitta hai bién 1a kém chat ché hay hai bién
bién d6i khong twong dong véi nhau.
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Bang 3.19. Do xu hudng quan hé giira tinh trang bénh ciy véi tinh trang 4m 1ap dia
(Directional Measures)
Summary Statistics

With Rows With Columns
Statistic Symmetric Dependent Dependent
Lambda 0.1791 0.1912 0.1667
Uncertainty Coeff. 0.0610 0.0606 0.0614
Somer's D 0.1774 0.1783 0.1765
Eta 0.2168 0.2150

Statistic Value P-Value Df
Contingency Coeff. 0.4264

Cramer's V 0.2357

Conditional Gamma 0.2204

Pearson's R 0.2089 0.0026 175
Kendall's Tau b 0.1774 0.0034

Kendall's Tau c 0.1761

Luu ¥ rang, trong vi du dan ra trén day ban da thdy rang, tinh trang bénh phu
thugc vao tinh trang 4m 1ép dia, nhung tinh trang am lap dia khong phu thudc vao tinh
trang bénh. Vi thé, trong quan h¢ nay ban can lay bién phu thudc 1a tinh trang bénh, con
bién doc 1ap 1a tinh trang am 1ap dia.

- Khi xem xét quan h¢ gitra hai bién dinh tinh c6 th& bac hon kém, ban cling can
chu ¥ dén ca théng ké twong quan hang cua Spearman va thong ké Eta. Thong ké Eta
(tinh theo phan trim) do sy thanh cong cua phép du doan. Gia tri Eta® cho biét rang c6
bao nhiéu phan trim sy bién thién cta bién phu thudc duoc giai thich boi sy bién thién
ctia bién doc lap. O vi du trén, néu coi tinh trang am lap dia la bién doc lap dé dyu doan
tinh trang bénh cay thi sy thanh cong cua viéc du doan la 21,7% (trong bang la 0,217).
Luuy réng, khi cac tri s6 cua bién phu thudc 1a bién dinh luong, con bién doc lap la bién
phan nhém c6 thir bac hay khong co thir bac thi ban can chu ¥ dén hé s6 Eta.

+ Bang 3.20 trinh bay cac sd do vé tinh ddi xing (Symmetric Measures) trong
quan hé gitra hai bién thong qua cac hé s6 Conditional Gamma va Pearson’s correlation
coefficient (R). Hé s6 Conditional Gamma ap dung cho thang do dinh danh c6 thir bac
(Ordinal by Ordinal), con hé sé Pearson’ R ap dung cho thang do khoang (Interval by
Interval). O vi du nay, ca hai bién la thang do dinh danh c¢6 thur bac. Vi thé, ban hay chua y
dén thong ké Conditional Gamma. Théng ké Conditional Gamma = 0.2204; diéu d6 cho
biét quan hé giira hai bién rat yéu.

3.4. KIEM PINH TRONG NOI BO CAC LOP CUA MOT BANG NHIEU CHIEU

1. Khai niém vé mt bang chéo nhiéu chiéu. Bang chéo nhiéu chiéu la tap hop
ctia nhitng bang chéo hai chiéu; trong d6 mdi bién s6 13 mot chiéu. Sé liéu dung trong
phan tich bao gdm mot bién hang, mot bién cot va mot bién 16p (Layer variable). Bién
16p con dugc goi 1a bién diéu khién hay bién 1ap nhom (Control/grouping variable). Tir
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s liéu d6, chuong trinh Statgraphics Plus Version 3.0&5.1 s€ xay dung cac bang phu 2
chiéu cho timg tri s6 ctia bién 16p hodc két hop giira hai hoic hon hai bién 16p.

2. Muc dich. Kiém dinh trong ndi bd cac 16p 1a nham tim hiéu mdi quan hé giira
cac bién trong nodi bo cac 16p.

3. N@i dung cia phwong phap. Kiém dinh trong ndi b cac 16p bao gom hai noi
dung. Mot 13, kiém dinh moi quan h¢ gitra cac bién sb. Hai 13, xac dinh cudng do cta mdi
quan hé giira cac bién sd.

4. Thyc hanh. Gia su ban can tim hiéu quan hé giira muc d6 bi bénh cua cay voi
chleu cao cua cay (hodc voi tudi cay). Ngoai ra, ban cling mudn biét mdi quan hé nay co
gidng nhau giita hai loai Sao den va Dau rai hay khong? O vi du nay, loai cay 1a yéu t6
16p (Layer) cho mot bang quan hé gitra mirc d6 bi bénh ciia cdy véi chiéu cao ciia ciy
(tudi). Bién 16p duoc biéu thi bang cac gia trj sau: Sao den, Dau rai. Bién chiéu cao cta
ciy duoc do bang 4 gid tri sau: > 6 m, 4 + 6 m, 2 + 4 m va < 2 m. Bién murc d6 bi bénh
duoc do béng 3 gid tri: nang, trung binh, nhe.

Cich thu thip va ghi chép dir liéu. Trude hét, &é don gian cho viéc ghi chép s6
lidu tai rimg, ban can phai ma hoa s6 liéu. Bién loai cdy duoc ma hoa 1a Sao den = 0, Dau
rai = 1. Bién chiéu cao cua cdy dugc ma hdéanhusau:>6m=1,4+6m=2,2+4m=
3, <2 m =4. Bénh cay dugc ma hoa nhu sau: ndng = 1, trung binh = 2, nhe = 3. Khi tién
hanh diéu tra mot ddi tuong nao do, ban can phai thu thép céc gilt liéu vé loai cay, tinh
trang bj bénh va chiéu cao cdy (theo cap). Nhitng bién sd nay dugc ghi vao biéu theo ma
sd quy udc.

Pé két qua dat dugc chinh xac, ban can phai thu hang traim dén hang ngan quan
sat khac nhau. Diéu d6 dugc dat ra la vi cac phep kiém dinh doi hoi nhing tan sb cla
bang chéo phai c6 trén 75% sd 6 ¢ tan sd 16n hon 5. Két cau cta phiéu quan sat phai
duoc xay dung rd rang, dé ghi chép.

Bang 3.21. Cach nhép dir liéu ciia mot bang nhiéu chidu

TT | Loaicay | Cap chiéu cao | Mtic bi bénh
1 1 1 1
2 0 2 2
3 0 4 3
4 1 3 2
5 0 2 4

Cach nhap dir li€éu vao bang tinh.

Trude hét, ban hay nhap dit lidu vao bing oo oINS
tinh nhu sau (bang 3.21): Cot 1 nhdp thu tu g i
cay quan sat (c6 hay khong cing dugc); cot 2 _
nhap ma s6 clia cac loai cdy; cot 3 nhap chiéu % Hinh 3.5
cao cua tung cay (theo ma hoéa); cdt 4 nhap _
mirc do bi bénh cia timg cay (theo ma hoa). [E],qi
bé¢ tao duoc két qua, tur thanh Menu chinh
ban hay thuc hién nhu sau: W Sor
Buwée 1. Mo Describe = Categorical OK | Concel | Dekle | Tunsom. |  Help
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Data = Crosstabulation. Khi ctra s6 Crosstabulation xuat hién, ban hay nhap chiéu cao
vao 6 Row, mtrc bi bénh vao 6 Column, con loai cay vao 6 Select. Dbén day, néu chi
mudn phan tich cho loai Sao den thi ban dat con tré chudt bén canh chir select va danh
diu = 0. Tuong tu nhu thé, néu phén tich cho loai Dau rai thi ban chon Select = 1 (hinh
3.5).

Budre 2. TU ctra sd Crosstabulation, chon OK. Khi bang Crosstabulation — H by
Benh xuét hién, ban chon Tabular Option roi chon All va OK trong cua ) nay dé chuong
trinh tinh to4n va hién thj két qia. Két qua hién thi trén man hinh bao gdm céc bang sau
day: Bang chéo hai chiéu (bang 3.22), kiém dinh Chi — Square (bang 3.23), thong ké tom
tat vé kiém dinh mdi quan hé gitra tinh trang bénh voi chiéu cao ciy (bang 3.24).

Bang 3.22. Tan sb vé tinh trang bénh va chiéu cao cay

3.22a. D6i véi Sao den

Freguency Table for H by Benh

Row

1 2 3 Total

1 | 1 | 10 | 34 | 45
| 0.68 | 6.85 | 23.29 | 30.82

2 | 1 | 28 | 8 | 37
| 0.68 | 19.18 | 5.48 | 25.34

3 | 10 | 14 | 10 | 34
| 6.85 | 9.59 | 6.85 | 23.29

4 | 22 | 71 1 | 30
| 15.07 | 4.79 | 0.68 | 20.55

Column 34 59 53 146
Total 23.29 40.41 36.30 100.00

Note: cell counts are shown with percentages of the entire table

3.22b. Pi v6i Dau rai

Frequency Table for H by Benh

Row

1 2 3 Total

1 \ 2 14 | 29 | 45
| 1.41 | 9.86 | 20.42 | 31.69

2 | \ 25 | 10 | 35
| 0.00 | 17.61 | 7.04 | 24.65

3 \ 8 | 8 | 6 | 22
| 5.63 | 5.63 | 4.23 | 15.49

4 | 32 | 5 | 40
| 22.54 | 3.52 | 2.11 | 28.17

Column 42 52 48 142
Total 29.58 36.62 33.80 100.00

Note: cell counts are shown with percentages of the entire table.
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Bang 3.23. Kiém dinh Chi — Square vé tinh doc 14p cua bénh véi H cay

3.23a. P6i véi Sao den

Chi-Sguare Test

3.23b. Dbi v6i Dau rai

Chi-Sgquare Test

Bang 3.24. Cac do dac vé mdi quan hé giira tinh trang bénh v6i H cay

3.24a. DPbi véi Sao den

Summary Statistics

With Rows With Columns
Statistic Symmetric Dependent Dependent
Lambda 0.4149 0.3861 0.4483
Uncertainty Coeff. 0.2649 0.2359 0.3022
Somer's D -0.5843 -0.6264 -0.5476
Eta 0.6653 0.6683
Statistic Value P-Value Df
Contingency Coeff. 0.6300
Cramer's V 0.5736
Conditional Gamma -0.7584
Pearson's R -0.6551 0.0000 144
Kendall's Tau b -0.5857 0.0000
Kendall's Tau c -0.6114
3.24b. Pbi v6i Dau rai
Summary Statistics

With Rows With Columns
Statistic Symmetric Dependent Dependent
Lambda 0.4439 0.4227 0.4667
Uncertainty Coeff. 0.2870 0.2594 0.3211
Somer's D -0.5864 -0.6178 -0.5579
Eta 0.7003 0.6677
Statistic Value P-Value Df
Contingency Coeff. 0.6316
Cramer's V 0.5761
Conditional Gamma -0.7490
Pearson's R -0.6606 0.0000 140
Kendall's Tau b -0.5871 0.0000
Kendall's Tau c -0.6155
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Giai thich va nhin xét két qiia. Bang 3.22 bao cao tan s bi bénh cua Sao den
va Dau rai & ting 16p chiéu cao khac nhau. Theo ddi két qua ctia bang 3.22(a,b), ban can
phai tra 101 mot s6 cau hoi sau day: (1) Tan sé Sao den va Dau rai phan bb & timg 16p
chiéu cao c6 khac nhau hay khong? (2) Bao nhiéu Sao den va DAu rai bi bénh (ning,
trung binh va nhe)? (3) Sao den bj bénh nhiéu hon hay Dau rai bi bénh nhiéu hon?
Tuong tu nhu vy, ban co thé mo rong cac cdu hoi cho nhimg vin dé ma ban quan tam.

O bang 3.23(a,b) bao céo kiém dinh Chi — Square vé tinh doc 14p cua cac bién.
Gia thuyét Hp cho rang bién loai cay doc 1ap véi hai bién chiéu cao va bénh. Pé xac nhan
tinh ding dén cia gia thuyét Ho, ban hiy quan sat gia tri Value va P — value (Asymp. Sig.
(2-sided)) cua kiém dinh Pearson Chi — Square. Khi P > 0.05 (mic dinh) thi gia thuyét Ho
duoc chap nhén. Ngugc lai, P <0.05 (mac dinh) thi gia thuyét Hy bi bac bo.

Bién chiéu cao cdy 1a mot bién dinh luong, nhung & diy né dugc do bang thang
do khoang. Bién murc d6 bi bénh cua cay la bién dinh tinh c6 th& bac hon kém. Hai bién
nay phan biét rd rang v6i nhau. Vi thé, néu ban mudn du doan bién chiéu cao cay trén co
s& bién mirc 46 bi bénh, hodc nguoc lai du doan bién muc do bi bénh trén co so bién
chidu cao, thi ban hiy quan sat thong ké Somer’s va cic thong ké Kendall’s Tau b,
Kendall’s Tau ¢ va Gamma. Tir bang 3.24(a,b) cho thdy, gitta mic d6 bj bénh véi chiéu
cao cua cdy c6 quan hé tuyén tinh am chat ché (hé s Somer = -0.584 va -0.5864). Diéu
d6 ¢ nghia 1a khi chiéu cao hay tudi ciy ting 1én thi mirc do bi bénh cta ca Sao den 1an
Dau rai déu giam. Luu y rang, ¢ vi du nay ban ciing c6 thé sir dung twong quan hang cua
Spearman dé xac dinh quan hé giita bién murc d6 bi bénh véi chiéu cao cay.

TOM TAT PHAN TICH QUAN HE GIUA HAI BIEN DINH TiINH
(1) Po dac mdi quan h¢ giira hai bién dinh tinh khong cé thir bac

Cac thong ké do mdi quan hé giira hai bién. Néu chi can biét hai bién s6 c6 quan hé
v6i nhau hay khéng va murc ¥ nghia ctia méi quan hé ay thi ban chi can str dung kiém
dinh 2. Khi P > 0.05 (mdc dinh) thi hai bién sé doc 1ap véi nhau. Nguoc lai, P < 0.05 thi
hai bién s6 c¢6 quan hé v6i nhau & muc tin cy 95%.

Cic do dac vé mirc giam ty 1¢ trong sai s6 hay cwong dd ciia méi quan hé. Cac do dac
nay gom c6 hé sb Phi, hé s6 ngau nhién (Contingency Coefficient) va thong ké Cramer’s
V. Thong ké Cramer’s V ldy gié tri tir 0 — 1. Gia tri 0 cho biét khong co quan hé, con 1
cho biét quan hé rat chit ché. Thong ké Cramer’s V dugc ding phd bién nhat. Gia thuyét
Ho: Tung do dac = 0; Hp: ting do dac # 0. Néu P > 0.05 thi cac bién khong c6 quan hé
v61 nhau. Nguoc lai, khi P < 0.05 thi cac bién c6 quan h¢ vdi nhau & muec tin cdy 95%.

Noi dung kiém dinh mdi quan hé giita hai bién dinh tinh khong c6 thir bac duogc tom tit
nhu sau day:

N6i dung Théng ké kiém dinh | Didu kién Gid thuyét fofhf;g gi]zi;:}?é .
Kiémdinh | Pearson y* N> Ho: AvaB P>a= | P<a=005
ve tinh doc | Continuity Correction N < doc lap 0.05 hodc | hodc 0.01
lap cia hai | Likelihood Ratio (ty 1¢ N > 0.01
dai lugng A | dong nhat) N <
(cot) va B Fisher's Exact Test
(hang)

Bién soan: PGS. TS. Nguyén Vin Thém 41
O



Huéng dan sir dung Statgraphics Plus Version 3.0 &5.1
0000000000000 0000000 000000000000 0

Do  cuong | Phi AvaBla * Hy AvaB|P>q= P<oa=0.05
d6 mbi quan | Contingency coefficient | cac bién doc lap 0.05 hodc | hoidc 0.01
hé Cramer’s V dinh tinh 0.01
Lambda khong cé
thir bac

(2) Po mdi quan hé giira hai bién dinh tinh c6 thir bac

Noi dung kiém dinh mdi quan hé giita hai bién dinh tinh c6 tht bac dugc ghi lai & bang

sau day:

Noi dung Théng ké kiém dinh Diéu kién Gia thuyét szfhfy‘zﬁ ggatil?;é .
Kiém dinh | Chi— square AvaBla Ho: Ava B doc | P>o= P<a=0.05
mdi quan hé cac bién lap; Hay cac hé | 0.05 hodc | hodc 0.01

dinh tinh c6 | s6 =0 0.01

thir bac
Po cuong | Somers’d Vai tro Y-X | Hg: cac hé sO6=|P>a= P<oa=0.05
d6 mbi quan | Spearman rd rang 0 0.05 hodc | hodc 0.01
hé 0.01
Do su thanh | Kendall tau b, Kendall | Vaitrd Y-X | Ho: cac hé s = | P> o = P<a=0.05
cbng cia | tau ¢, Goodman va | khéng 6 |0 0.05 hoac | hodc 0.01
viéc du doan Kruzskal’s Gamma rang 0.01

Eta

Cic thong ké do mdi quan hé giira hai bién. Néu chi can biét hai bién c6 quan hé véi
nhau hay khong va mirc ¥ nghia cia mbi quan hé giita hai bién s thi ban chi can sir dung
tiéu chudn y2 Khi P > 0.05 thi hai bién doc 1ap véi nhau. Nguoc lai, khi P < 0.05 thi hai
bién s6 c6 quan hé v6i nhau & mirc tin cay 95%.

Po xu hwéng ciia mdi quan hé giira hai bién. Khi vai tro cua bién doc 1ap va bién phu
thudc 13 16 rang thi st dung thdng ké Somers’D. Gia thuyét Ho: Cac hé sé Somers’D = 0.
Khi P < 0.05 thi hé s6 Somers’D ton tai thuc su, nghia 1 bién A va bién B c¢6 quan hé
v6i nhau. Khi vai tro cia bién doc lap va bién phu thudc 1a khong rd rang thi sir dung
théng ké Kendall tau b, Kendall tau ¢, Goodman va Kruskal’s Gamma.

Po cuwdong dd ciia mdi quan hé. Cudong do ciia mdi quan hé dugc do bang cac hé sb
Gamma, Spearman’s correlation coefficient va Pearson’s correlation coefficient (R). Hai
hé s6 dau ap dung cho thang do dinh danh c6 thir bac (Ordinal by Ordinal), con hé sb
Pearson’ R ap dung cho thang do khoang (Interval by Interval). Gia thuyét Ho: Tung hé
s6 twong quan = 0. Khi P < 0.05 thi gia thuyét bi bac bo (nghia 14 timg hé s6 khac 0).
Nguoc lai, khi P > 0.05 thi ting hé s6=0.

Panh gia sy thanh cong cua phép du doan. Sy tha‘mh cong cua viée dy doan bién nay
tir bién kia dugc danh gia thong qua thong ké Eta’. N6 cho biét c6 bao nhiéu phan trim
su bién thién ciia bién phu thudc duoc gii thich boi su bién thién cua bién doc 1ap.
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Chuong IV

PHAN TICH THEO NHOM

Khi ban thu thip dugc mét tap hop cac thong tin vé tham thyuc vat (loai ciy cung
v6i cac gia tri biéu thi cho vai trd cua loai nhu D, H, G, M), ban c¢6 yéu ciu xac dinh
khong chi cac déc trung théng ké cho timg loai cy ma con cho tip hop nhiéu loai cay.
Pé dat dwoc muc dich nay, ban c6 thé sir dung thu tuc Subset Analy51s Cach st dung thu
tuc Subset Analysis nhu sau : , TR LI

Bude 1. Nhap nhiing sb lidu kiéu ki _I_Eﬂﬂlglﬁlmﬁ_l_l GBI T T 1 1] 22l

Tencay H Col 4 Col 5

tu (Character). Truéc hét, ban hdy nhap nat [ "u . r
chudt trai vao dau cot 1 hodc hang 1, r6i Hm= 2 w

chon Modify Column. Khi ctra s6 Modify e w .
Column xuét hién, ban hay chon Type theo )

kiéu Character. Sau d6 tré lai bang tinh va [ Hinh 4.1
ghi tén loai cay vao cdt 1 hodc hang 1, [=
nhung khéng dugc bo diu tiéng Viét (hinh [=

4.1). om —

Buéc 2. Nhap nhﬁ:ng sd licu kiéu 5O S ' o
(Numeric). Trudc hét, & mbi cot ké tiép (cot 2, 3...) ban hay nhap cac gia tri cia D, H, G,
M, N...(hinh 4.1). Tlep theo ban bim nut chudt trai vao dau cot va chon Modify Column.
Ké dén ghi tén ngan gon cho cac tham sé (D — Duong kinh, H — Chieu cao ...) vao 6
Name va chon Type theo kiéu Numeric.

Buée 3. Chon Describe = Numeric Data = Subset Analysis (hinh 4.2). Dén day
xuat hién mot cira s6 Subset Analysis. Tai cira s Subset Analysis, ban hiy chon ting
tham s (D, H, G, M, N) va chuyén vao 6 Data, con tén loai cay chuyén vao 6 Codes.
Cudi cung chon OK.

Buéc 4. M¢ Tabular Options. Khi

ctra s6 Tabular Options hién ra, ban chon
Summary Statistics va Mean Table (hodc P

All); cuoi cfmg chon OK. Pén day trén man Codes Hinh 4.2

hinh s& hién thi két qua tinh toan; trong do [rer

bao gém cac thong ké mo ta, bang sb trung (Labels)

binh, khoang trén dudi cua cac tham so, sai =]

sO chpén...Luu y réng, tai mdi clra b hjén R sor “i

thi két qua, ban c6 thé di€u chinh cac thong

ké bang cach bam nat chudt phai va chon ok | _Corcel | _Deete | Lot | en |

Pane Options. Vi du: Tai clra s6 Summary
Statistics, ban bAm nut chudt phai va chon Pane Options. Khi ctra s Summary Statistics
Options xuét hién, ban co thé chon cac théng ké can tinh. Duéi day 1a mot ) théng ké
mo ta cac dic trung mau (bang 4.1 va 4.2).
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Bang 4.1. Cac thong ké tom tat

Summary Statistics

Standard
Code Count Average Median Deviation
Dau 2 17.5 17.5 3.53553
Sao 3 0 2.64575
Sem 2 5 0.707107
Tram 1 12.0 12.0 0.0
Total 8 10.25 9.5 5.28475

Bang 4.2. Cac tri trung binh cing v6i khoang sai sé chuan

Means Table with Standard Error Intervals

Standard Lower Upper
Code Count Mean Error Limit Limit
Dau 2 17.5 2.5 15.0 20.0
Sao 3 8.0 1.52753 6.47247 9.52753
Sem 2 5.5 0.5 5.0 6.0
Tram 1 12.0 0.0
Total 8 10.25 1.86844 8.38156 12.1184
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CHUONG V

PHAN TiICH TUONG QUAN VA HOI QUY
A. KHAI QUAT VE PHAN TiCH HOI QUY
5.1. MO HINH HOI QUY TUYEN TINH PON
5.1.1. M hinh hdi quy va ham hdi quy
‘Ham s6 mo ta quan hé gitra y voi x va sai s6 e duoc goi 1a mo hinh héi quy. M6
hinh hodi quy tuyén tinh don c6 dang:

Y:bo+b1X+e (51)

Trong m6 hinh hdi quy tuyén tinh don, ,y la ham sO tuyén tinh ctia x cdng véi e; by
va b; 1a cac tham sb cua md hinh; e 1a bién ngau nhién biéu th1 sai s6 cua mo hinh. Sai s0
cho biét bién dong cua y khong thé giai thich duoc bang mdi quan hé tuyén tinh giita y
v6i x. Phan sau ching ta s& thao luan cac gia dinh ctia mo hinh tuyén tinh don. M6t trong
nhiing gia dinh 1a tri s6 ky vong cua e bang zero, nghia 1a E(e) = 0. Mot gia dinh khac 1a
E(y) = bo + bix. N6i khéc di, tri s trung binh ctia y 1a ham tuyén tinh cia x.

Ham sé mo ta gia tri trung binh cta y 6 quan hé vdi x nhu thé nao duoc goi 1a
ham hdi quy. Ham hoi quy déi v6i hdi quy tuyén tinh don ¢ dang:

E(y) = bo + bix (5.2)
@ (b) ©)
20 - 14 - 45 -
12 A 440 o o o o o o
35 -
15 - . 10 J . ]
10 ¢ 8 4 2.5 4
i ° ]
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0 T T T T T T 1 0 0 : : : : : : |
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Hinh 5.1 Méi quan hé giira y v6i x
Do thi ciia ham hoi quy tuyén tinh don 1a mot dudng thang; trong do by la diém
chin (Intercept) ctua dudng hdi quy, by 1a 6 déc (Slope) cua duong hoi quy, E(y) 1a gia
tri trung binh (ky vong) cua y twong ng v6i mot gia tri x nhat dinh. Hinh 5.1 13 d6 thi
clia cac hoi quy tuyen tinh don. Hinh 5.1a cho blet y ¢6 mbi quan hé duong véi x; nghia
1a y va x 1a dong bién. Hinh 5.1b cho biét y c6 mdi quan hé am vdi x; nghia la y va x Ia
nghich bién. Hinh 5.1¢ cho biét y khong c6 mbi quan hé véi x.
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5.1.2. Ham hdi quy wéc lwong

Khi biét cac tham sb by va bl, chung ta c6 thé sir dung ham 5.2 dé tinh gia tri
trung binh y d6i voi mot gia tri x nhat dinh. Nhung trong thyue té chiing ta chua biét cac
tham sb by va bl, do d6 chung ta phai uéc luong cac tham sé ndy tir cic quan sat mau.
Cac thong ké mau by va b; dugc xem nhu la cac udc lugng twong uing cia bg va b;. Khi
thay thé by va by tuong tmg cho by va by, chiing ta nhan dugc ham hoi quy uée lugng.
Nhu vy, ham hdi quy u6c lugng c6 dang:

ya =bg + byx (5.3)
& ddy by 13 diém chin, con by 1a d6 dbc cua duong hdi quy wdc luong, ya 1a gia tri wdc

lugng trung binh (ky vong) cua y twong img voi mét gia tri x nhat dinh. Céc tham sb bg
va by dugc tinh theo phuong phap binh phuong nho nhat.

5.1.3. Phwong phap binh phwong nhé nhat

Phuong phap binh phuong nho nhat str dung s6 liéu mau dé tinh cac tham sé bo
va by ctia ham héi quy udc lucrng Bén chat cia phuong phap nay 1a lam nhé nhét tong
binh phuong céc sai 1éch giita gia trj ctia bién y;j va gia tri udc luong cia bién yi.

Tiéu chuén binh phuong nho: min Y(y; - ya;)? (5.4)

Dé Y (yi - yai)? nho nht thi by va by duoc tinh theo cong thirc

2.(Xi - Xog) (Y1 - Yba)
S(Xi - Xoq)

bo = Ynq - D1Xoq (5.6)

n= téng sO quan sat

= gia tri ctia bién doc lap twong g véi quan sat i
yI gi4 tri ciia bién phu thudc twong Gmg véi quan sat i
Xpq = g4 tri trung binh cla bién doc lap
Ybq = gia tri trung binh cua bién phuy thudc

5.1.4. Hé s6 x4c dinh

by = (5.5)

Hé s xac dinh 13 s6 do murc d6 phu hop ctia ham hoi quy udc luong. Hiéu sd y; -
ya. dugc goi 1a sai 1éch cua quan sat 1 (Residual). Tong binh phuong céc sai I¢ch hodc sai
sO (ki hi¢u SSE) la mot dai luong duoc t6i thiéu hoa bang phuong phéap binh phuong nhé
nhét.

Tong binh phwong sai s6 (Error Sum of Square = SSE)
SSE = X(yi - y&)° (5.7)

Gia tri SSE do dac sai s6 khi su dung ham hdi quy udc lugng dé uéc lugng cac gia tri
ctia bién phuy thudc y; & mau. Néu sir dung gia tri ypq clla mau dé u6c luong y; thi sai s6
udc lugng 12 yi - Ynq. DPai luong 2 (yi - ybq) dugc goi 1a tong binh phuong toan bo (SST =
Total Sum of Square).

Téng binh phwong do hdi quy
SSR = X( YA - Yio)’ (5.8)
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Téng binh phwong toan bd

SST = 2(Yi - Ybq) (5.9)

Chung ta c6 thé hinh dung SST do dac sy phan bd cua cac yi Xung quanh Yoq t6t nhu thé
nao, con SSE do dac sy phan b cia cac yi Xung quanh ya t6t nhu thé nao (hinh 5.2).

Dé do dac gia tri y trén duong hdi quy wée luong cach xa Ybq bao nhiéu, nguoi ta
str dung dai lwong tong binh phuwong do hdi quy (SSR = Regression Sum of Square).

Gitra SST, SSR va SSE ¢6 quan hé véi nhau nhu sau:
SST =SSR + SSE (5.10)

Neéu tat ca cac diém quan sat y;

déu nam trén duong ya thi ham 07y
hdi quy wdc luong phu hop hoan Vi- yé;%{* .
toan. Piéu d6 c6 nghia 1a y; - y&; 25 1
=0 hay SSE = 0. Vi SST = SSR ya = bo + bix
+ SSE, nén dé ham hoi quy uéc 20 (
lugng phu hop hoan toan thi 9
SSR/SST = 1. Nhu vay, mirc phu (g
s s s , v v
hop ctia ham hoéi quy udc lugng Y = Ybq Yi - Ybg
phu thudc vao SSE 16n hay nhd. 10
SSEmax Khi SSR = 0 va SST = *
SSE. Ty s6 SSR/SST duoc goi 1a
hé sb xac dinh (Coefficient of 51
Determination), ki hiéu la . H¢
s 12 lay gia tri tir 0 dén 1. 0 . . . . . . . .

2 4 6 8 10 12 14 16X

Hé s6 xac dinh r?
, _SSR

==

SST

Hinh 5.2. Sai léch giita dudng hoi quy
(5.11) udc lugng y va y = ypq.
Can bac hai cua hé so xac dinh
dugc goi 1a hé sb trong quan (ki hidu r). Hé s6 tuong quan r 1ay gia tri tur -1 dén +1. Khi
r=0 thi x va y khong c6 quan hé. Khir = -1 thi x va y c6 quan h¢ tuyén tinh am rat chat
ché. Piéu d6 c6 nghia 1a cac dlem quan sat nam trén duong thang ¢6 d6 déc am. Khir =
+1 thi x vd y ¢6 quan hé tuyén tinh dwong rat chat ché. Dicu d6 co nghia 1a cic diém
quan sat nam trén duong thang c6 d6 doc duong.

H¢é sb twong quan méu (Sample Correlation Coefficient)

SSR

'SST \/—2
Khi x va y c6 quan hé tuyen tinh thi ca r va r? deu do dac muc do (cuong do) chat che
ctia moi quan h¢ gitra hai bién. Luu y rang, hé s6 r chi do dac muc do chit ché cua mbi
quan h¢ tuyén tinh giita hai bién; hé s r* con dugc dung dé do dac mirc do chat ché cua

mdi quan hé tuyén tinh va phi myén tinh giita hai hay nhiéu bién doc lap. Vi thé, * c6
pham vi tmg dung rat rong.

vy = (d4u cua by) (5.12)

Khi 1y, 14y gi tri nho thi can phai kiém dinh y nghia cta hé s ryy.

Gia thuyét Ho: pxy = 0; Ha: pxy # 0
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L A
Théng ké kiém dinh (Test Statistic)
n-2
t=ryy ﬁzx—y (5.13)
Quy tic quyét dinh (Rejection Rule)
Ho: Néut < ~toso(n-2) hodc t > too(n-2)

& day to» dua trén phan b t v6i n - 2 bac tu do; n = dung luong quan sat.

5.1.5. Céc gia dinh cia m6 hinh phu hgp

Mo hinh hdi quy tuyén tinh don gia dinh c6 dang:
y=Potpixte

Ham hoi quy tuyén tinh wéc luong c6 dang:
ya = bg + byx

Cht’mg ta da biét r* do dac mirc d6 phi hop cua ham hdi quy wdc lwong. Mic di
vay, khi r 2 rat 1on nhung no van khong thé phan anh rd rang muc d6 phu hop cua mé
hinh gia dinh. Vi thé, dé biét mo hinh gia dinh c6 phu hop hay khéng, bude tiép theo la
kiém dinh muc y nghla cua m01 quan h¢. Trong phan tich héi quy, kiém dinh muc y
nghia dya trén cac gia dinh vé sai s6 e.

Céc kiém dinh vé sai sé trong mé hinh hdi quy y = Bo + P1X + €

1. Sai s6 e 1a mot bién ngau nhién ¢ E(e) = 0.

2. Phuong sai cua e (ki hiéu s?) bang nhau di v6i moi x.
3. Céc gia tri cua e la doc lap.

4. Sai sb e c6 phan bd N(0, 69).

5.1.6. Kiém dinh mirc y nghia

Trong ham hdi quy tuyén tinh don, E(y) = Bo + Bax. Néu B1 = 0 thi E(y) = Bo.
Trong truong hop nay Ybg khong phu thudc vao x. Nguoc lai, néu Br#0 thi x va y cé
quan hé véi nhau. Nhu vay, thuc chat cia kiém dlnh murc y nghia 12 kiém dinh gia thuyét
Ho: B1 = 0. Pé kiém dinh gia thuyét Hp, ching ta can thyc hién céc tinh toan sau day:

1. U6c lwgng phwong sai téng thé (52

Phuong sai téng thé (5 dugc udc lugng gin ding thong qua sai s trung binh
binh phuong (MSE).
Phuong sai tong thé (8%) udc luong

E
52 =s*= MSE = 882 (5.14)

Sai s chuan udc luong (Standard Error of the Estimate)
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SSE
s=+/MSE = =+/s (5.15)
2. Kiém dinh t
“Muc dich cua kiém dinh t 14 xac dinh hé sd by ¢6 khéc zero hay khong. Tém tat
cua kiém dinh t nhu sau:
Gia thuyét Ho: by = 0, Ha: by = 0.
Théng ké kiém dinh t (t Test Statistic)

_b
t=g; (5.16)

Sai tiéu chuén wéc lwong ciia hé s6 by (Estimated Standard Deviation of b;)

S
1= T 5.17
bl 'Z(Xi _ qu)Z ( )
Quy tic quyét dinh

O mirc ¥ nghia o (a = 0,05 hodc 0,01), bac bo Hy khi:

by by

St < -ty o -2) hay Sh1 > ta/2’(n -2)-

0 day o/2 dya trén phan bo t véin - 2 d tu do.
Sir dung mirc y nghia (p - value)

O murc y nghia o (a = 0,05 hodc 0,01), bac bé Ho khi p - value < a.
Sir dung khodng tin cay cia b

Khoang tin cy ctia b; ¢ dang nhu sau: by + t o2Sp1; trong d6 by 13 wée luong diém, ty, Ia
gia tri t Iy ving /2 & dudi trén ciia phan b t v6i n - 2 d0 tur do, tysSpy 14 bién do sai so.
Khi kiém dinh mtc y nghia bang kiém dinh t, gia thuyét dat ra nhu sau:

Ho: b]_ = O, Ha: b]_ #0.

Quy tic quyét dinh

Gia thuyét Hy bi bac bo khi khoang tin cay cua by khac zero.
3. Kiém dinh F

Kiém dinh F (dya trén phan b xac S}lét F) cling dugc st dung dé kiém dinh muc
¥ nghia trong hoi quy. V61 ham hoi quy tuyen tinh 1 bién, ki€ém dinh F cting dua ra cung
két ludn nhu kiém dinh t. Nhung khi ham hoi quy da tuyén tinh (tr hai bién doc l1ap tré

1én) thi chi ¢6 kiém dinh F duoc sir dung.
Thong ké kiem dinh F (The F Test Statistic)

MSR
= MSE (5.18)

Trong d6 MSR 14 h6i quy binh phuong trung binh (Mean Square Regression).
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- SSR
so bien doc 1ap (p)

MSR =

Quy tic quyét dinh

+ O murc ¥ nghia a (a = 0, 05 hogc 0,01), bac bo Ho khi F > Fa; trong d6 Fo dya
trén phan bd F voi 1 d6 tu do ¢ tir s6 van - 2 d6 ty do ¢ miu sd.

+ Sir dung murc ¥ nghia (p - value). O muc ¥ nghia a (a = 0,05 hodc 0,01), bac bo
Ho khi p - value < a.

Bang phan tich bién dong (ANOVA) c6 thé duge sir dung dé tong hop kiém dinh
F (bang 5.1).

5.1.7. Sir dung ham hdi quy wéc lwgng dé wée lwgng va du doan
1. Uéc lwong diém

Sau khi xay dung dugc ham héi quy giita x véi y, chung ta c6 thé str dung no dé
phat trién mot ude luong diém cua gia tri trung binh y ddi véi gia tri x nhat dinh hodc du

doan mot gia tri nhat dinh cta y twong tng voi mot gia tri nhat dinh cua x.

Bang 5.1. Hinh dang chung ctia bang ANOVA dbi v6i hoi quy tuyén tinh don

Ngudn Tdng binh . Trung binh

bien dong phuong (De rIeDeg (;[1? F(rigedom) binh phuong F

(Source) (Sum of Squares) g (Mean Square)

Hoi quy SSR | MSR

(Regression) SSR 1 MSR="=7" MSE
. X E

Sai s0 (Error) SSE n-2 MSE = r?S :

Tong (Total) SST n-1 MST

Vi du. Ham hdi quy biéu thi trir luong rimg (y, m3/ha) phu thudc vao tudi (x,
niam) c6 dang nhu sau: y = 60 + 5x. Gia sir chii rimg mong mubn biét dugc wdc lugng trix
lwong rimg trung binh ctia cic 14m phan ¢ tudi 10 ndm. T y = 60 + 5x, khi thay x = 10,
ta cdy = 60 + 5*10 = 110 m%/ha.

Gia sir ch rimg lai ¢6 yéu cau dy doan trit lugng rimg (y, m®/ha) d6i voi mot 1am
phan nhét dinh ¢ tudi 10 nim. Trong trudng hop ndy, chi rimg khong quan tam dén trix
luong trung binh cua tat ca cac 1am phan, ma chi quan tdm dén viéc du doan trir luong gd
cho mot 1am phén cuy thé. Dé dat muc dich ay, ching ta c6 thé sir dung wéc lugng diém
gidng nhu ude lugng diém dbi voi gia tri trung binh y. Tir y = 60 + 5x, thay x = 10, ta co
y = 60 + 5*10 = 110 m*/ha.

2. Uéc lwgng khoing

Nhu trén day da thay, uéc luong diém khong cung cip mot thong tin nao vé do
chinh x4c c6 lién quan dén mot ude luong. Vi thé, chung ta can phai phat trién mot wdc
luong khoang. Cé hai kiéu udc lugng khoang: (1) wdc lugng khoang tin cdy, (2) udc
luong khoang dy doan. Kiéu thir nhit ctia udc luong khoang 1a wdc lugng khoang tin cay
clia gid tri trung binh (ybq) di v6i gia tri cu thé ciia x. Udc lwong khoang du doan duoc
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st dung khi chung ta mong mudn mot udc luong khodng cua mot gia tri y nhét dinh d6i
vo1 maot gia tri X nhat dinh.

U'éc lwong khoang tin ciy doi véi gia tri trung binh y

Ham héi quy udc luong chi cung cip mot udc lugng diém cua gia tri trung binh y
doi voi x nhat dinh. Khi mo ta tha tuc wdc luong khoang, chiing ta sé st dung nhiing ki
hi¢u sau day:

= gia tri cu thé ciia x
E(yp) gia tri trung binh hodc ky vong cua y twong tmg voi xp,
ya = bo + bix, = udc lugng diém cia E(yp) khi X = Xp.

Khi sir dung cac ki hiéu trén day dé u6c luong triv luong rimg ¢ tudi 10, chung ta
o Xp = 10, E(yp) biéu thi cho gia tri gd trung binh chua biét ddi véi tat ca cac 1am phan
khi x, = 10. Udc lugng ciia E(y,) = ya = 60 + 5¥10 = 110 m*/ha.

Noi chung, chung ta khong thé mong doi ya = E(Yp). Néu mudn biét ya, 1 mot
gla tri trung binh thuc cua E(yp), chung ta can udc luong phuong sai cta ya, (ki hi¢u la

yap)

Phwong sai wéc lwgng cia ya,

oL, (%o~ Xe)” (5.19)

Sy = s + S (Xi - Xbg)®

Sai tiéu chuin wée lwgng ciia ya, (Estimated Standard Deviation of yay)

1
Sydp :S\/ M (5.20)

n Z(X| qu)
U lwgng khoang tin ciy cia E(y,) (Confidence Interval Estiamte of E(y,))

¢ day hé s tin caylal - a, ty, dya trén phan bd t voin - 2 d6 tu do.

y Gi6i han trén

Y=b0+b1X

Giéi han dudi

Gidi han khoang tin cdy
phu thude x,

Xp X

Hinh 5.3. Khoang tin cdy ctia s6 trung binh y
Khi o= 0,05 thi 1 - =1 -0,05= 0,95 hay 95%. Chiing ta c6 thé sir dung cong
thirc (5.21) dé xay dung khoang tin cay 95%. Vi du: y, = 100, o/2 = 0,025, d¢ tu do (df)
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=10 -2 =8, 5,4, = 4,95. Tir bang phan bé t, véi /2 = 0,025, df = 8, ty, = 2,306 VA ty,
5,8, = 2,306(4,95) = 11,415 thi uéc luong khoang tin cdy 95% 1a 110 + 11,415

: N A 1 A 5
Luu y rang, syd, nhd nhat khi x, = Xpq hay sy, = S\/j Nhu vay, uéc lugng so

trung binh t6t nhat ciia y khi x, = Xoq RO rang la khi x, cang xa Xoq thi X, - Xpg cang 16m.
Diéu d6 cho thay, khoang tin cdy cua gié tri trung binh y cang rong khi x, cang Xa Xpq.
Hinh 5.3 mo ta khoang tin cay d6i voi s6 trung binh vy.

U'éc lwong khoang duw doan doi véi gia tri y nhit dinh

DPé xay dung khoang uéc luong du doan, trudc hét chung ta phai xac dinh
phuong sai twong tmg voi viée su dung yp thay thé cho mét udc luong cua gia tri y nhit
dinh khi x = xp. Phuong sai nay bao gom hai thanh phan (1) phuong sai cta gi tri y nhat
dinh theo s6 trung binh E(y) ma udc lugng cua no la s%; (2) phuong sai c6 quan hé voi
viée st dung ya, dé uoc lugng E(yp) ma udc lugng ciia né 1a s°ya,.

Phuong sai ciia gia tri y; riéng biét (ki hidu s°*):

gXQ ng! ]

2% — -
s =g? + %4, = &° +s{n S (X - Xoq)?

=2 {1+> %] (5.22)

Sai tiéu chuin wéc lwong cia gla tri yi:

S =S
n Z(X| qu)
U6 lwgng khoang dw do4n caa yp (Prediction Interval Estiamte of yj)
yép + tooin - 2)8* (5.24)

& day hé sd tin cay 1a 1 - a, ty, dua trén phan bd t véin - 2 d6 tu do.

Ca hai u6c lugng khoang tin cdy va ude lugng khoang du doan 14 t6t nhat khi Xp
= Xpg- S0 vO1 udc lugng khoang tin cdy, udc luong khoang du doan cua y, co bién do
rong hon (hinh 5.4).

y Gi6i han khoang tin cdy

""" Gi6i han khoang dy doan

Hinh 5.4. Khoang tin cay va khoang du doan cua y
tuong véi gid tri x nhat dinh
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5.1.8. Phan tich cac sai léch
(1) Cac gia dinh ciia m6 hinh phu hop

Sai 1éch ddi v6i quan sat i 14 hiéu s6 gitra gia tri quan sat ctia bién phu thudc y; va
gia tri udc lugng cua bién phu thude (ya;). Noi khac di, sai 1éch thir i 1a sai s0 thu duoc
khi str dung ham hoi quy udc lugng (yé;) d¢ du doan gia tri y;,

Sai léch ctia quan sat i (Residual for Observation i)

Yi-Yai (5.25)
M6 hinh héi quy gia dinh
y=Dby+bix+e (5.26)

Trong md hinh hdi quy gia dinh, y 12 mot ham s6 tuyén tinh cia x véi sai s6 e.
Céc gia dinh vé e 1a co so Ii thuyét dé xay dung cac kiém dinh t va F nham xac dinh mdi
quan hé giita x v6i y co ¥ nghia hay khong. Ngoai ra, cac gia dinh vé e ciing 1a co so dé
x@y dung khoang tin c@y va khoang du doan cho mot gia tri nhat dinh cia y. Néu cac gia
dinh vé e bi vi pham thi nhimng kiém dinh vé mirc ¥ nghia va viéc xdy dung khoéng tin
cay va khoang dy doan cho mot
gia tri nhét dinh cia y 1a khong

% ) 15 1 Yi~Yi
chinh xac. Vi the, cac sai 1éch
cung cap thong tin t6t nhat vé 10 .
sai s6 e. Piéu d6 c6 nghia la . . y
viéc phan tich cac sai l¢ch la 5 . .°
mdt budc quan trong trong viéc o
xac dinh cédc gid dinh vé e co 0 ,,.,-,',,,',,,, ,,,', et
phu hop hay khong. Thong 1357 91 B 15 17 19 21 33 25 27,29 31 33
thuong céc sai 1éch dugc mo ta 54 * ,° . v
bang dd thi. Chung ta s& thao X
luan céc loai dd thi sai léch sau  -10 4 ’
day: (1) d6 thi sai léch dbi véi

bién doc lap x; (2) db thi sai 19
léch dbi voi bién du doan ya;

3) do thi cac sai léch chuan; (4)

db thi xac suat chuan.

Hinh 5.5. D4 thi sai 1éch dbi véi bién doc 1ap x

(2) Po thi sai léch dbi véi bién doc 1ap x

Khi v& d0 thi sai 1éch dbi voi bién doc 18p x, truc hoanh dit gid tri x, con tryc tung
dat sai léch y; - yéiq (hinh 5.5). M6 hinh phu hop nhat khi cac sai 1éch y; - Y& nam trén
cung mgt duong thang di qua zero.

(3) Do thi sai léch ddi véi bién du doan y
Khi v& db thi sai 1éch d6i véi bién y, truc hoanh dat gia tri yai, con truc tung 1a y; -

ya. (hinh 5.6). M6 hinh pht hop nhit khi cac sai 1éch y; - Y& nam trén ciing mot dudng
thang di qua zero.
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Hinh 5.6. D6 thi sai 1éch ddi véi bién y

(4) Po thi cac sai léch chuin
Theo phuong phap binh phuong nho nhat, gia tri trung binh cua céc sai léch bang
zero. Nhu vay, khi chia moi sai 1éch cho sai ti€u chuan cua no thi ching ta nhan duogc sai

1éch chuan. Nhu da biét, sai tiéu chuan cta sai 1éch i (syi- yai) phu thudc vao sai s6 chuan
udce luong s va gia tri cua bién doc 1ap x;,

Sai tiéu chuén ciia sai 1éch thi i (Standard Diviation of ith Residual)

Syi-yai = S 1-hi (5.27)

¢ day syi. yai = sai tiéu chuén cua sai Iéch thir i;
s = sai s0 udc lugng chuan.
hi = anh huong cua quan sat i (Leverage of ith Observation)

1 (i - xbg}2
hi=— + 5.28
'= 2 (Xi- qu) (5.28)
Sai léch chuén ciia quan sat thir i (Standardezed Residual of ith Observation)
. é
Yi-Ye (5.29)
Sy|-ya”1|

Khi v& d6 thi sai 1éch chuén d6i véi bién doc 1ap x, truc hoanh dat gia tri x, con
truc tung la sai 1éch chuan cia quan sat tha i (y; — Y& )/SyI yai (hinh 5.7). Céc sai léch chuan
nam trong gioi han tir - 2 dén + 2. Nhimng quan sat c6 sai léch chuan nam ngoai gio1 han
tir - 2 dén + 2 1a nhitng quan sat c6 anh hudng 16n dén ham héi quy udc luong. Néu sai
s0 e phan bd chuan thi tri trung binh céc sai 1éch chuan bang zero.

(5) Po thi xac suit chuin

Do thi xac suét chuan 1a mot cach khac dé xac dinh tinh ding dén cua gia dinh vé
phén bd chuén cua sai s6 e. Dé v& do thi xac suat chuén, chung ta can phai biét cac diém
chuén (Normal Scores). Nhitng gia tri nay dugc cac nha thong ké tinh toan va ghi lai
trong cac sach thong ké tuy theo sé mau quan sat.
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Khi v& db thi x4c suét chuan, truc hoanh dat gia tri chudn, con truc tung 13 cac sai
1éch chuan (yi — ya )/Syi-yai. Néu sai 1éch chuén phu hO’p v6i phan bd chuan thi cac diém
toa d6 phai phan b trén dudng thang co do déc bang 45°,

Mot cach khac dé v& do thi xac suit chuan la dat yi trén tryc tung, con tryc hoanh
1a phan trim mau (hinh 5.8). Trong ca hai trudng hop 4y, néu cac diém toa do phén tan
xa dudng thing c6 d6 dbc bing 45° thi céc sai léch phan bd khong chuan. Piéu dé co
nghia la m6 hinh gia dinh khong phu hop.

Ngay nay nhiing loai dd thi sai léch trén day duoc xac dinh rit nhanh chong bang
cac phan mém thdng ké nhu Excel, SPSS, Statgraphics, Minitab. ..

3. R
Yi-Yai
2 ] Syi-yai .
. [ ]
1 ° .-
0_ [] .-. hd [] ...
. » .
-1 4 * o' . .-. X
-2 .
-3 J

Hinh 5.7. Do thi sai léch chuan

5.1.9. Phin tich cac sai 1éch: Cac s6 ngoai lai va cc quan sat anh huong

Phan nay chiing ta xem xét 40 -

viéc phan 7tich cac sai léc}} duoc Vi
s dung dé xéac dinh céc so ngoai 37 »
lai (Outliers) va nhiing quan sat 30 »”
¢6 anh huong (Leverage) dén ham 25 4 ““0”
e
hoi quy udc lugng nhu thé nao. > 20 4 &
(1) Nhirng quan sat ngoai lai 51 .....W
Nhing quan sat ngoai lai 10 _?‘&
1a nhing s6 khong phu hop voi 5 1
khuynh huéng bién doi cua cac
0 : : 1 %
tap hop quan sat khac hoic nim
0 50 100 150

cach xa tri trung binh cua cég
quan sat khac. B¢ loai bo cac s6 Hinh 5.8. D6 thi x4c suat chuan

ngoai lai, ching ta c6 thé su dung

d6 thi phan tan (Scatter diagram)

hodc cac sai 1éch chuan. Néu mot quan sat phan tan xa tri trung binh cta cic quan sat
khac thi sai 1éch chudn cta né s& 16n hon vé tri tuyét ddi. Néi chung, nhimng gia tri quan
sat ¢ sai 1éch chuan 16n hon +2 va nhé hon -2 13 nhiing s6 ngoai lai.
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45 -
40 4 Y ¢ Quan sat ngoai lai
35 -
30 -

20 A .
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1 2 3 456 7 8 9101112 13X

(2) Céc quan sat anh h“mglinh 5.9. Tap hop s6 liéu véi mot quan sat anh hudng

D61 khi ching ta gép nhimg quan sat ¢6 anh hudng 16n dén ham h01 quy udc
luong. Hinh 5.9 la d6 thi chi ra quan sat co anh huong. Khi loai bo tri sé nay thi cac
thong ké ctiia ham hoi quy udc luong s& thay doi. Nhitng quan sat anh hudng co thé 13 sd
ngoai lai. S ngoai lai c6 thé do bién y hoic bién x gay ra hoic do ca hai gay ra.

Vi nhiing quan sat anh huong chi tac dong manh dén ham hdi quy udc luong, nén
ching ta can xem x¢t chung that can than. Trudce hét, chiing ta kiém tra lai cach gh1 chép
va do dac cac bién sd. Néu sai sot do do dac thi phai thuc hién do dac lai. Pdi voi bién
doc lap, nhiing quan sat c6 anh hudng 16n dugc goi la anh huong cao (High Leverage =
h;). Chiing dugc xac dinh bang cach so sanh véi tri trung binh ctia tit ca cac quan sat binh
thudng khac. Pdi véi bién x, anh huong 10n (Leverage) ctia quan sat i duoc xac dinh theo
cong thuec:

. 2
ln . ) (5.30)

2 (Xi- qu)2

Tir cong thirc 5.30 cho thay, khi x cang xa Xpq thi hi cang 16n. Thong thuong néu mot
quan séat ¢6 h; > 3(p + 1)/n thi quan sat 4y c6 anh hudng 16n. O day p 1a sé bién doc lap
(d6i v6i hoi quy tuyén tinh don p = 1), n 1a dung lwong miu. Nhung nhiing quan sat gay
ra boi su twong tac gitta cac sai 1éch 16n va anh hudng 16n (h;) thi rat khé bi loai bo. Dé
loai bo nhitng truong hop niy, ngudi ta si dung thi tuc chuidn doan (Diagnostic
procedure). Khi mot quan sat c6 anh huong 16n, thi tuc chuan doan cho phép dua ca hai
(céc sai 1&ch 10n va anh hudng 16n) vao phan tich. Trong trudng hop nay, ching ta ¢ thé
str dung cac s6 do khoang cach ciia Cook, Dfits va Mahalanobis.

hi:

S6 do khoang cach ciia Cook (Cook’s Distance Measure)

(5.31)

D; = s do khoang cach cuia quan sat i
Yi- Y& = sai 1éch ctia quan sat i

hi = anh huong cua quan sat 1

p = s6 luong bién doc lap
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s = sai sO udc lugng chuan.

Ttr cong thirc 5.31 cho thay, mot quan sat c6 anh hudng 16n dén ham hdi quy uée
luong néu y; - y&; va hi déu 16n. Noi chung, khi Dj > 1 thi quan satila 5O ngoai lai. Dfits
1a s6 do mirc do thay ddi cac hé so ciia ham hdi quy u6c luong khi mdi quan sat anh
hudng bi loai bo. N6i chung, cac sé do quan sat anh huong (Cook, Dfits va Mahalanibis)
c6 thé duoc tinh toan d& dang bang cac phin mém thdng ké nhu SPSS, Statgraphics,
Minitab...

5.2. PHAN TiCH TUONG QUAN VA HOI QUY PA BIEN
5.2.1. M hinh héi quy da bién

Phén tich hoi quy da bién 13 nghién ctru bién phu thudc y ¢6 quan hé voi 2 hay
nhiéu bién doc 1ap hay khong. Trong trudong hop chung, chung ta sit dung p dé chi sd
bién doc lap.

(1) Mb hinh hoi quy va ham hoi quy da bién

Mo hinh hdi quy da bién c6 dang:
Y = Bo+ PiXe + Poxo ...+ Bpxp t e (5.32)

Bo, B1, B2 ...Bp = cac tham sd;
e = sai s0 cua mo hinh.

Ham hoi quy da bién c6 dang:

E(y) = Bo + PX1 + Poxz +... 4 BpXp (5.33)
Ham hdi quy da bién uéc luong c6 dang:
ya = bo + bixy + boXo +...+ bpXp (5.34)

(2) Giai thich cac hé s6 ciia hdi quy da bién
Trong hoi quy tuyén tinh don, hé so by la u6c lugng su thay do6i clia y theo mot
don vi thay ddi cta x. Trong hoi quy da tuyén tinh, h¢ s6 bj la udc luong su thay doi cua

y tuong tng vo1 mot don vi thay do6i cua x; khi tat ca cac bién doc lap khac 1a hing sb
(khong do1).

Vi du. Bién dong chi s6 ting truéng dudng kinh ctia Thong ba 14 (Y) c6 mdi quan
hé véi bién dong cta td hop chi sé nhiét d6 thang 9 (Tg), chi s6 lugng mua thang 9 (Mo)
va chi sb  gio nang thang 9 (Ng) theo dang: Y = 8,117 + 0 ,058Mg - 7,000, - 1,172No. O
day hé s6 0,058 1a udc lugng su gia ting trung binh cua chi s6 tang truong duong kinh
Thong ba la theo mot don vi gia tang chi s6 mua khi chi s6 nhiét d va chi sb gio ning
thang 9 la khong thay d6i. Tuong ty nhur thé, hé sé -7,0 1a udc lugng su suy giam trung
binh cua chi s6 tang truong duong kinh Thong ba la theo mot don vi gia tang chi s6 nhiét
d06 khi chi s6 mua va chi s6 gio nang thang 9 1a khong thay doi.

5.2.2. H¢ sb x4c dinh da bién

Twong tu nhu hdi quy don, trong hdi quy da bién SST, SSR va SSE ¢6 quan hé
nhu sau:

SST =SSR + SSE (5.35)
SSE 14 tong binh phuong do sai s6
SSE = X(yi - y4)° (5.36)

Bién soan: PGS. TS. Nguyén Vin Thém 57
e



Huéng dan sir dung Statgraphics Plus Version 3.0 &5.1
0000000000000 0000000 000000000000 0

SSR 12 tong binh phuong do hoi quy

SSR = X(YA - Yio)’ (5.37)
SST 14 téng binh phuong toan bo
SST = X(Yi - Ybo)* (5.38)
Hé sb xac dinh da bién
SSR
2 _ 29
=SsT (5:39)

Hé s twong quan da bién ciia miu
SSR
ST =R (5.40)

Heé s6 R? giai thich ty 18 bién thién cua bién phu thudc y c6 thé duoc giai thich boi
ham hdi quy da bién udc luong. Gia tri R*100 giai thich bao nhiéu phan tram bién thién
cua bién phu thudc y co thé duoc gidi thich bdi ham hoi quy da bién udc lugng. Gia tri
cua R? ludn ting 1én theo sé luong bién doc 1ap (p) dua vao md hinh. Hé sb tuong quan
da bién giai thich cudng d6 quan hé gitra y véi cac bién doc lap p.

Nhiéu nha théng ké con st dung hé sb xac dinh didu chinh (ki hidu R%,) dé phan
tich anh hudng cua ) lugng bién doc 1ap dua thém vao mo hinh dén bién dong duogc giai
thich boi ham hdi quy u6e luong. Véi n 1a kich thude mau, p 13 sb bién doc lap, hé sb R%,
duogc tinh theo cong thuc:

-1
n- p 1

R%=1-(1-R?% (5.41)

Tir cong thie 5.41 cho thiy, khi p ting Ién thi R% giam xudng.
5.2.3. Céc gia dinh ciia mé hinh hdi quy da bién
Céc gia dinh trong mo hinh hdi quy da tuyén tinh
Y =Bo+ PiXy + PoXo +...+ Ppxp + € (5.42)

Sai s6 e 1a mot bién ngiu nhién c6 E(e) = 0.

Phuong sai cua e (ki hi¢u sz) bﬁng nhau ddi véi tat ca cac bién doc 1ap.

Céc gia tri cua e l1a doc lap.

Sai s6 e 1a mot bién ngéu nhién c6 phan bd N(O, sz). Gia tri e biéu thi sai 1éch gitra
Yi vOi Y&, nghia la e = y; - ya.

Eall el

Trong phan tich hoi quy, thuat ngit bién phan hoi (Response Variable) dugc dung
dé thay thé cho bién phu thudc. Thuat ngir bién phan hdi ngu ¥ rang, nhing thay do6i cua
bién y phan anh lai nhitng 4nh hudng cta cac bién doc lap. Ngoai ra, vi hoi quy da bién
tao ra mot mat phang, nén dd thi ciia né dugc goi 1a mat phan héi (hinh 5.10).
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/ Gia tri y khi x; = x;* va
Xo = Xz*
) bo / E(y) khi x; = x* va x, =
Mat phang twong ung P %
voi E(y) = Po + Puxs + \
Baxa é/‘

>\ X1

X2

Hinh 5.10. B4 thi ham hdi quy dé phan tich hoi
quy da bién v6i 2 bién phan hoi

5.2.4. Kiém dinh mirc y nghia

Trong hoi quy tuyén tinh don, thcfmg ké t va F dugc sir dung dé kiém dinh sy ton tai
ctia mo hinh hay ctua hé s6 by, Hai kiém dinh t va F ¢6 y nghia nhu nhau, nghia la chung
cung dua ra nhitng két luan giong nhau. Nhung trong hoi quy da tuyén tinh, thong ké t va
F dugc str dung v6i nhiing y nghia khac nhau.

(a) Thong ké F dugc ding dé xac dinh md_hinh héi quy da tuyén tinh c6 ton tai hay
khong. Noi khac di, gitta y véi cac x; c6 ton tai moi quan hé hay khong.

(b) Neu kiém dinh F chi ra moi quan h¢ gilra y v6i cac x; ton tai thuc su, thi tiep theo
kiém dinh t s€ dugc sir dung dé xac dinh ting bién ddc 1ap cd y nghia hay khong.
Kiém dinh t riéng biét dugc xay dung cho tung bién doc 1ap. Vi thé, moi kiém dinh t
la mot kiém dinh muc y nghia riéng biét.

(1) Kiém dinh F

Mb hinh héi quy da bién c6 dang

y= Bo + Ble + BzXz +...+ Bpo +e
Cac gia dinh ddi v6i kiém dinh F
Ho: Bl = BZZ ...:‘Bp = 0
Ha: Mot hodc nhiéu hé so = 0.
Néu Ho bi bac bo, chung ta c6 thé két luan méi quan hé gitra y voi tap hop bién x;
la c6 y nghia thong ké.
Khi xay dung kiém dinh F, chiing ta can tinh cac théng ké sau day:
Hoi quy binh phwong trung binh

MSR =—— (5.43)
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Sai s6 binh phwong trung binh

SSE
2 _ —
s =MSE =~ —7

(5.44)
Sai s6 chuén wéc lwgng

=MSE =1\ 72077 =\F (5.45)
Théng ké kiém dinh F

= R/l/l—glé (5.46)

Quy tic quyét dinh

Bac bo Hy néu F > Fa (o = 0,05 hoic 0,01) hodc p - value < o; trong d6 Fa dua
trén phan bd F voi p d6 tw do ¢ tirsé van - p - 1 d6 tw do & mau sd.

Trong phan tich hdi quy, két qua cta kiém dinh F dugc chi ra & bang ANOVA
(bang 5.2).

Béng 5.2. Bang ANOVA dbi véi mé hinh hdi quy da bién

N.giu(k)nﬂ Tdng binh D6 tur do Trung binh
(Gouron | (umofsasuey | ComesolFressom) | GEREEN |
(}II:{Oelgqrggsion) SSR P MSR % I\I\;II—?;
Sai s6 (Error) SSE n-p-1 MSE = SSpE }

Téng (Total) SST n-1 MST

(2) Kiém dinh t

Néu kiém dinh F chi ra mdi quan hé giita y voi céc x; ton tai thuc sy, thi tiép theo
kiém dinh t s& dugc str dung dé xac dinh timg bién doc 1ap c6 y nghia hay khong. Kiém
dinh t riéng biét duoc xay dung cho timg bién doc 1ap trong mé hinh. Vi thé, mdi kiém
dinh t 12 mot kiém dinh mirc v nghia riéng biét.

Cac gia dinh d6i véi kiém dinh t
Ho: Bi=0
Ha: Bi = 0.

Théng ké kiém dinh t

bi

t=g, (5.47)

Sai tiéu chuan wéc lwgng ciia hé so b;

S
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Quy tic quyét dinh

Béac bo Hp néu t > tw2 hodc t < -ty (a0 = 0,05 hodc 0,01); trong do ty, dua trén
phan bo t voin - p - 1 do tu do. )
Str dung p - value: Bac bo Ho néu p - value < a.

5.2.5. Cong tuyén tinh

~Chung ta da su dung bién doc lap x trong phan tich hdi quy dé biéu thi cho mot
bién s6 nao d6 dugc dung dé du doan hodc giai thich gia tri ciia bién phu thudc y. Tuy
vay, diéu d6 khong c6 nghia 1a cac bién doc lap tu chung 1a doc 1ap voi nhau vé mat
thong ké. Trén thuc t€, hau hét cac bién sb doc lap trong hoi quy da bién c6 quan hé véi
nhau ¢ mot mic 46 nao d6. Vi du: Trong mbi quan hé gitta chi s6 tang trudng duong
kinh than cay (b1en y) vOi cac bién khi hau (nhiét d§, mua, nang...), chung ta da biét chi
s6 nhiét 6 va chi sb mua, chi s6 nhiét d6 va chi sb néng 1a ¢6 quan h¢ chat ché voi nhau.

Trong phén tich hdi quy da bién, cong. tuyen tinh biéu thi mdi quan hé gilra cac
blen doc lap voi nhau. Noi chung, theo quy tac kiém dinh anh huong, cong tuyén tinh
xudt hién khi hé s6 twong quan giita hai bién doc 1ap 16n hon hodc bang 0,7. Khi cac bién
doc 1ap c6 quan hé chat ché véi nhau, thi chung ta khong thé dé dang phéan tich anh
hudng cua timg bién doc 1ap riéng biét dén bién phuy thudc.

Hién nay nhitng phan mém théng ké (SPSS, Minitab, Statgraphics...) cho phép
thuc hién cac thu tyc kiém dinh cong tuyén tinh va chon nhing bién doc 1ap hitu ich nhat
dé xay dung ham héi quy udc lugng.

5.2.6. Sir dung ham hdi quy wéc lwgng dé wée lwgng va dw doan

Céc thu tuc udc luong s trung binh y va dy doan gia tri cua y trong hoi quy da
bién cling dugc thyc hién tuong tu nhu trong phan tich h01 quy tuyén tinh don.

Trong hodi quy da bién, wdc lugng diém cho tri s6 ky vong y ddi v6i mot gia tri
nhat dinh cua cac bién doc lap ciing duoc thyc hién glong nhu udc lugng diém cua gia tri
y nhét dinh. Trong ca hai truong hop 4y, ching ta déu sir dung Y& = by + bixy + box,
+...+ bpXp nhur 1a mot u6ce lugng diém.

Dé xay dung ude lugng khoang cho tri s6 ky vong y va cho gia tri y riéng biét doi
vOi mot gia tri nhat dinh cta bién doc lap cung dugc thyc hién gidong nhu phan tich hoi
quy tuyén tinh mot bién. N6i chung, cic phan mém thdng ké (Excel, SPSS, Minitab,
Statgraphics) déu cho phép tinh nhanh cac udc luong khoang cho tri s6 ky vong y va cho
gia tri y riéng biét.

5.2.7. Cac bién ddc 1ap dinh tinh

Trong nhiéu truong hop chiing ta phai 1am viéc vé6i ca bién dinh luong va bién
dinh tinh (nhiing bién khong thé do dac bang cac don vi vat Ii nao d6). Vi du: Sinh
truong cua rung c6 quan hé chat ché khong chi voi cudong d anh sang, nhiét do, luong
mua, sd gio ning, ham luong cac chat khoang trong dat, ma con voi su ¢ mit cla cac
loai cay khéc, véi loai dia hinh va dét, kiéu khi hau, kiéu rung...Cuong dJ anh sang,
nhiét d6, mwa, ham luong chat khoang trong dat 13 nhimg bién c6 thé do dac duoc.
Nhung su c6 mét cua loai cay, loai d4t, kiéu khi hau, kiéu rung la nhitng bién khong thé
do dac duoc.
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(1) Truwong hgp co hai bién dinh tinh

Gia su can xac dinh quan hé gitra chleu cao cua rung Téch (y, m) v6i tudi 1am
phan (x1, ndm) va loai dét (x;). Loai dat bao gom hai loai 13 dat do nau trén d4 bazan (ki
hiéu Bazan) va dat feralit 40 vang trén d4 phién sét (ki hiéu Fs).

Dé chuyén cac bién dinh tinh thanh kiéu s thich hop trong mé hinh, chung ta c6
thé dinh nghia bién x, nhu sau:

X, = 0 néu loai dét 1a Bazan
X2 =1 néu loai dat la Fs

Trong phén tich hdi quy, bién sb x, dwoc goi 14 bién gia hodc bién chi dinh
(Dummy or Indicater Variable). Ttr vi du trén, bang cach stir dung bién gia, ching ta c6
the viét mo hinh hoi quy da bién nhu sau:

Yy =Bo+Pix1+P2xX2+ €

Bang 5.3 ghi lai s liéu vé sinh truéng chidu cao cia rimg Téch trong quan hé véi
tudi va loai dat, trong d6 loai dat 1a mot bién gia.

Bang thuat toan thong ké, chung ta nhan duoc cac két qua phan tich trong quan
va hoi quy nhu bang 5.4 va 5.5. M6 hinh moi quan hé c6 dang:

H = 4,260 + 0,941x, - 1,200%,
v6i R?=0,937; s = £ 1,37; toy = 17,6 (p = 0,000); tyz = -1,96 (p = 0,06).

O muc y nghia o = 0,05, p = 0,000 voi F = 156,95. Diéu d6 cho thay gilra chiéu cao voi
tu01 1am phén va loai dat ton tai méi quan hé rat chit ché. Kiém dinh sy ton tai ctia cac hé
so by va b, cho thay thr=17,6 véip=10 OOO tp2 = -1,96 voi p = 0,06. biéu d6 chung té x;
ton tai trong m6 hinh v6i mirc ¥ nghia rat cao, con X, cung ¢6 thé duoc st dung trong mo
hinh néu ta chap nhan muc y nghia p = 0,10. Gi4 trj R? = 94,8% va R% = 94,2% chi ra
mo hinh hdi quy uéc lugng duoc dung dé giai thich bién dong ciia H. M6 hinh H = 4,260
+0,941x, - 1,200%, duoc sir dung dé udc lugng chidu cao 14m phan twong ung voi tudi
va loai dét khéc nhau.

Béng 5.3. Chiéu cao ciia rimg Téch twong tng véi tudi va loai dat

TT | H, m | Tudi, ndm (x;) | Loai dét (xo) | H | Tudi, ndm (x;) | Loai dét (xo)
1 | 37 2 0 2,2 2 1
2 | 75 4 0 6,2 4 1
3 | 11,3 6 0 9,8 6 1
4 | 133 8 0 12,1 8 1
5 | 14,7 10 0 13,8 10 1
6 | 16,4 12 0 15,2 12 1
7 1177 14 0 16,7 14 1
8 | 194 16 0 18,4 16 1
9 |206 18 0 19,3 18 1
10 | 21,5 20 0 20,4 20 1
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Bang 5.4. Phan tich phuong sai (ANOVA)

Ngudn df SS MS F P
Hoi quy 2 591,50 | 2958 | 156,95 | 0,000
Sai léch 17 32,03 19
Téng 19 623,54
Béang 5.5. Phan tich hoi quy
A £ .z x Can dudi | Can trén
Hé s6 | Sai s6 chuan t P-value 95% 95%
bo 4,260 0,731 5,830 | 0,000 2,718 5,802
by 0,941 0,053 17,609 | 0,000 0,828 1,054
b, -1,200 0,614 -1,955 | 0,067 -2,495 0,095

Giai thich cac tham s6

Ham hdi quy da bién bao gdm hai bién c6 dang:
E(Y) = Bo + Baxs + BoX2 (5.49)

Dé hiéu céach thirc gii thich cac tham sb bo, by va by khi dwa vao md hinh mot
bién dinh tinh, ching ta xem xét truong hop xz = 0. Néu goi E(H/Bazan) la chiéu cao
trung binh ctia tdp hop cac 1am phan Téch 2 - 20 tudi trén dat Bazan, chung ta co:

E(H/Fs) = by + bixq + by(0) = bo + byxy (5.50)

Tuong tu nhu trén, khi thay x, = 1, ching ta nhan dugc chiéu cao trung binh cta
tap hop cac 1am phan Téch 2 - 20 tu6i trén dat Fs nhu sau:

E(H/Fs) = Bo + B1X1 + Boxz
= bo + b1X1 + bz(l)
= (b + by) + bix; (5.51)

Khi so sanh (5.50) va (5.51), chung ta thdy chiéu cao 1am phan ky vong 1a mot
ham tuyen tinh cua x; doi véi ca hai loai dat. bo ddc cta ca hai ham 1a by, nhung diém
chan trén truc y c6 gia tri khic nhau. Néu xét truong hop H cta 1am phan trén dit Bazan
thi diém chin 13 bg. Nguoc lai, néu xét trudng hop H cua 1am phan trén dat Fs thi diém
chin 1a by + b,. Nhu véy, by cho biét sy khic nhau giita chiéu cao ky vong ciia cac 1am
phan Téch trén hai loai dat. Néu b, < 0, thi E(H/Bazan) > E(H/Fs). Khi b, = 0 thi sinh
truong chiéu cao cua cac lam phﬁn trén hai loai dat la khong khac nhau. Tu vi du trén,
ching ta co:

+khix, =0
H =4,260 + 0,941x;
+khix, =1
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H = 3,060 + 0,941x;.

So sanh hai ham nay dé 25 -
dang nhan thay chi€u cao trung H, m
binh cia cac 1am phan Téch
moc trén dit bazan 16n hon 20 +
chiéu cao trung binh cia cac
lam phan Téch moc trén dit 15 |
feralit d6 vang phién sét 1a 1,2
m (4,260 - 3,060 = 1,2 m).
Hinh 5.11 1a d6 thi mé ta chiéu
cao cua lam phan Téch phu
thudc vao tudi va loai dat. 5 A

H = 4,260 + 0,941x,

H = 3,060 + 0,941x,

(2) Trudng hop cé nhiéu bién
dinh tinh 0 T T T T T T T T T |

Khi bién dinh tinh duogc 2 4 6 8 10 12 14 16 18 20
phan chia thanh nhiéu muc, X1, nam
ching ta can than trong trong
vi€c dinh nghia va giai thich cac
bién gia. Vé nguyén tic, khi co
k bién dinh tinh, chiing ta cAn ma hoa thanh k - 1 bién gia; trong d6 mdi bién gia iy gia
tri 0 hodc 1.

Hinh 5.11. Chiéu cao 14m phan Téch trén hai loai dat

Vi du. Nghién ctru sy khac biét vé chiéu cao (H, m) cua cac lam phan Téch 2 - 20
tudi moc trén 3 loai dat A, B va C. Nha lam nghiép mong mudn sir dung mot ham hoi
quy chung dé du doan chiu cao 1d4m phan trén ba loai dat. Gia sir chiéu cao 1am phan
phu thudc vao mét sb bién doc 1ap nhu tudi, khi hau, dat, bién phap kinh doanh. Nha 1am
nghiép nhén thy rang, trong mot ving khi hau nhu nhau, chiéu cao 1am phan phy thugc
kha 16n vao loai dat. Boi vi loai dt bao gdm ba muc A, B va C; do d6 chiing ta can ¢ 3
- 1 =2 bién gia dé chi cac loai dat. Mdi bién gia s& dugc dinh nghia nhu sau:

X1 = 1 néu loai dat 1a B

X1 = 0 néu loai dat khac B (dit A va C)
X, = 1 néu loai dat 1a C

X2 = 0 néu loai dat khac C (datA va B)

Theo cac dinh nghia nhu trén, ching ta cé cac gia tri x; va X, nhu sau:

Loai dﬁt X1 X2
A 0 0
B 1 0
C 0 1

Nhu vay, cac quan sat ¢ loai dat A duoc ma hoa tuong tmg x; = 0, X, = 0; cac
quan sat ¢ loai dat B duoc mi hoa twong Gng x1 = 1, Xo = 0; cac quan sat & loai dit C
dugc mi hoa tuong ing x; = 0, X; = 1. Cach ma héa nhu thé cho phép so sanh timg cap
cl}iéu cao cia 1am phan Téch trén loai dat B va C véi chiéu cao cta 1am phan trén loai
dat A.

Ham hoi quy biéu thi quan hé giira chiéu cao, E(H), v6i cac bién gia duoc viét
dudi dang sau day:
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E(H) = Bo + Bixs + BoX2

Dé giai thich cac tham sé Bo, P1 VA P2, ching ta xem xét ba bién dong cua ham hdi
quy nhu sau:

E(H/loai dat A) = Bo + B1(0) + B2(0) = bo
E(H/loai dat B) = Bo + B1(1) + B2(0) = o + by
E(H/loai dat C) = Bo + B12(0) + B2(1) = by + b

Nhu vay, Bo 1a ky vong hoac tri sb trung binh ctia H rung Téch moc trén loai dét
A; Bo + by la tri $6 trung binh cua H rung Téch moc trén loai dit B; b + by 1a tri s6 trung
binh cta H rimg Téch moc trén loai d¢at C. Tham sb by 14 sy khac biét vé H trung binh
cua rung Téch moc trén loai dat A va B; con b, 1a su khac biét vé H trung binh cta rung
Téch moc trén loai dat A va C.

Chung ta da st dung hai bién gia, bai vi dit bao gdm 3 loai khac nhau. Nhung
viéc quy udc x1 = 0, X, = 0 dé chi loai dit A, X; = 1, Xo = 0 dé chi loai dat B va x; = 0, Xo
=1 dé chi loai dat C chi la quy udc tiy ¥. Bai vi, chiing ta van ¢ thé quy ude x1 = 1, X»
= 0 d¢ chi loai dat A; x; = 0, X = 0 d¢ chi loai dat B va x; = 0, X, = 1 d¢ chi loai dat C.
Néu quy u6c nhu thé, chung ta nhan dugc cac ham sau ddy:

E(H/loai dat A) = Bo + B1(1) + P2(0) = by + by
E(H/loai dat B) = Bo + B1(0) + B2(0) = bo
E(H/loai dit C) = Bo + B1(0) + P2(1) = by + b,

Trong truong hop nay, by giai thich sy khac nhau gitra chiéu cao trung binh cta
m’ng moc trén loai dit A véi rimg moc trén loai dat B, con by giai thich sy khac nhau
giita chiéu cao trung binh cua rimg moc trén loai dat C vdi rimg moc trén loai dét B.

Khik=4(A,B,C,D),tac6 3 bién gia nhu sau:
x1 =1 néu loai dat 1a B
X1 = 0 néu loai dat khac B (dit A, C, D)
Xo = 1 néu loai dat 1a C
X2 = 0 néu loai dat khac C (dit A, B, D)
X3 = 1 néu loai dat1a D
X3 = 0 néu loai dat khac D (dit A, B, C)

Theo cac dinh nghia nhu trén, ching ta cé cac gia tri x; va X, nhu sau:

Loai dﬁt X1 X2 X3
A 0 0 0
B 1 0 0
C 0 1 0
D 0 0 1

Tir do6 chung ta ¢6 cac ham sau day:
E(H/loai dit A) = Bo + B1(0) + B2(0) + b3(0) = by
E(H/loai dat B) = Bo + Ba(1) + B2(0) + bs(0) = b + by
E(H/loai dat C) = o + P1(0) + B2(1) + b3(0) = by + b,
E(H/loai dat D) = Bg + B1(0) + B2(0) + bs(1) = b + bz
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Nhu vay so sanh voi chidu cao trung binh cua rimg Téch trén loai dat A, chidu
cao trung binh cua rirng Téch trén loai dat B, C va D khac nhau twong mg 1a by, b, va bs.

5.2.8. Phan tich cac sai léch

Sai léch cta quan sat thtr i dugc tinh theo cong thure:

Yi-Yai (5.52)
Sai tiéu chun cta sai léch tht i duoc tinh theo cong thuec:

Syi-yai = S\[l - hi (5.53)

Sai léch chudn ddi v6i quan sat thir i dwoc tinh theo cong thirc:

Syi-yai

Trong cac cong thirc trén, s 13 sai s6 chuan wéc luong; h; 13 anh hlI("mg cua quan
sat 1. Trong phan tich hoi quy da bién, Vlec tinh toan cac h;, Sy. yai va sai léch chuan cua
quan sat 1 1a kha phuae tap. Nhing tham s6 nay c6 thé dugc xac dinh bang cac phan mém
thng ké nhu Excel, SPSS, Minitab, Statgraphics ...

Khi v& d6 thi sai 1éch chuén, nguoi ta dat y trén truc hoanh, con sai 1éch chuan
trén truc tung. Céc sai 1éch chudn nam trong gi6i han tir - 2 dén + 2. Nhimng quan sat c6
sai 1éch ndm ngoai gii han tir - 2 d&én + 2 14 nhitng quan sat ¢6 anh hudng 16n dén ham
héi quy wdc lugng.

Do thi xac sudt chuan ciing dugc sir dung dé xac dinh phan bd chuan cia e. Khi
v& do thi xéac suét chuan, truc hoanh dit gia tri chudn, con truc tung 1a cac sai 1éch chuan
Vi - Y1)/Syiyai- Néu sai léch chuin phu hop V0'1 phén b chuén, thi cac diém toa d0 phai
phan bd trén dudng thang c6 d6 doc bang 45° Mot cach khac dé v& do thi xac suat chuan
1a dat yi trén tryc tung, con tryc hoanh la phan trim mau. Trong c hai truong hop ay, néu
cac diém toa do phan tan xa duong thang c6 do dbc bang 45° thi céc sai léch phan b
khong chuan. Piéu d6 c6 nghia 1a mo hinh gia dinh khong phu hop. NOoi Chung nhirng
loai d thi sai 1éch trén day co thé dugc xac dinh rat nhanh chong bang cac phan mém
thng ké nhu SPSS, Statgraphics, Minitab.. .

Nhirng quan sat ngoai lai

Nhitng quan st ngoai lai 1a nhiing s6 khéng pht hop véi khuynh hudng bién doi
cua céc tap hop quan sat khac. Dé loai bo céc sb ngoai lai, ching ta c6 thé sir dung dd thi
phan tan (Scatter diagram) hodc cac sai léch chuan. Néu mot quan sat phan tan xa cac
quan sat khac thi cc sai 1éch chudn ciia né s& 16n hon vé tri tuyét d6i. Néoi chung, nhiing
gi tri quan sat c6 sai 1éch chuan 16n hon +2 va nho hon -2 1a nhing s ngoai lai.

Sy ¢6 mit ciia cac sd ngoai lai s& lam ting sai s6 chudn udc luong (s) va sai tiéu
chuén cua sai léch i (sy. vai). KNI Syi - yai tang 1én thi sai 1éch chuén cua quan sat 1 s€ giam.
Piéu d6 c6 thé din dén su vi pham quy tic sai 1éch chudn dé xac dinh mot quan sat 1a
ngoai lai. Chung ta c6 thé loai bo khé khin nay bang cach sir dung cac sai 1éch chuan
Student hda (Studentized deleted Residuals).
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Cic sai Iéch va s6 ngoai lai dwoc loai bo bang Student hoa
Gia st quan sat thir i bi loai bo tir day dur liu ¢6 n quan sat va mot ham hdi quy
moi duge ude lugng trn - 1 quan sat con lai. Chung ta ki hiéu s(.) 1 sai s chuan udc

luong dwa trén n - 1 quan sat. Néu thay ) vao cong thue Syi-yai = S - hi, sau do tinh lai
sai léch chuén cua _quan sat 1, thi két qua nhan duoc sai 1éch chuan Student hoa. Néu
quan sat thu ilasd ngoai lai thi s < S va \s(.) ‘ > \s| Bang cach nay cé thé xac dinh
duogc cac sd ngoai lai ma cac sai 1éch chuin khong thé nhén ra duoc. Céc sai 1éch chuan
Student hoa ¢ thé dugc xac dinh rat nhanh chéng bang cac phan mém théng ké SPSS,
Statgraphics, Minitab...

Phan bé t cling co thé duoc st dung dé xac dinh cac sai 1éch chuin Student hoa.
Néu gia tri sai 1éch chuan Student hoa nho hon -ty hodc 16n hon ty, véi (n-1) -p-1do
tu do thi quan sat i 1a s6 ngoai lai.

Nhirng quan sat anh huéng

Nhirng quan sat c6 anh huong dén ham hdi quy udc luong khi hj > 3(p + I)/n. DPbi
v6i hoi quy bac nhat, h; > 6/n. Tuy vay, trong mdt s trudng ‘'hop gia tri hj cia quan sat i
c¢6 thé 16n hon h; tiéu chuan (3(p + 1)/n), nhung quan sat ay co thé anh huong khong
dang ké dén ham hoi quy udc lugng. Trong truong hop dy, viéce str dung h; dé két luan cd
thé pham phai sai 1am. No6i chung, dé loai bo nhimng trudng hop nay, ngudi ta sir dung tha
tuc chuan doan (Diagnostic procedure). Khi mot mau bi anh huéng 16n, tha tuc chuan
doan cho phep dua ca hai (cac sai 1éch 1on va anh huong 16n) vao phén tich. Thu tuc
chuan doan bao gdm mot sé s6 do nhu sé do khoang cach ctua Cook, sd do khoang cach
cua Mahalanobis, Dfits.

S6 do khoang cach ciia Cook (Cook’s Distance Measure)

(yi- ya.)
o-1s LT- h|)2]

D; = s6 do khoang cach cuia quan sat i
Yi- Y& = sai 1éch ctia quan sat i

hi = anh hudng ctia quan sat i

p = s6 luogng bién doc lap

s = sai s woc lwong chuan.

D; = (5.55)

Tu cong thue 5.55 cho thiy, mot quan sat c6 anh hudng 16n dén ham hdi quy ude
luong néu y; - ya; va h; déu 1on. Noi chung, khi D; > 1 thi quan sat i la 5O ‘ngoai lai. Dfits
1a s6 do mirc do thay ddi cac hé sb cia ham hdi quy uée luong khi méi quan sat anh
huong bi loai bo. Néi chung, cac s do nhing quan sat anh huéng (Cook, Dfits va
Mahalanibis) c6 thé duoc tinh toan dé dang bang cic phan mém théng ké SPSS,
Statgraphics, Minitab. ..

5.2.9. Phén tich vai tro ciia m&i bién trong mé hinh

Mot cau hoi dit ra: Viée thém vao hodc loai bd mot bién khoi mé hinh hdi quy da
bién c6 lam giam tong binh phuong sai sé (SSE) mot cach co ¥ nghia thong ké hay
khong? Noéi chung, dé tra 11 cau hoi nay nguoi ta sir dung thong ké F. Mot cach tong
quat, thong ké F duoc viét nhu sau:
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SSE(X]_, X2,. ..Xq) = SSE(X]_, X2,. ..qu Xq+]_, . .Xp)

F= SSE(xu, Xz??. .x(:,)xqﬂ, ) (5.56)
(n-p-1)
Trong cong thirc 5.56:
q<p= scf) bién doc lap ‘
q = s0 bién doc lap dua vao mo hinh ban dau
p - = s0 bién thém vao mod hinh
Khi q=1, p =2, thi thong ké F c¢6 dang
SSE(Xl) - SSE(Xl, X2)
1
F = T SSE(a %) (5:57)
(n-p-1)

Gia thuyét Ho: Cac bién x; thém vao mo hinh 1a khong cé ¥ nghia
Quy tic quyét dinh

Bac bd Ho: Néu F > F, (o= 0,05 hoic 0,01)
Str dung P - value. Bac bo Hy khi p -value < o (o = 0,05 hodc 0,01)

Noi chung, khi co nhiéu bién doc 1ap dua vao mo hinh (p >> 6), thu tuc chon bién
duoc thuc hién nhu sau:

+ Tinh ma tran hé s6 tvong quan don giita y véi ting x; va giita cac x; voi nhau.
Tai budc nay, hiy quan sat ma tran twong quan don giira timg cip bién Xi. Néu céc cap x;
nao c6 quan h¢ chat voi nhau (r > 0,7), thi chung c6 hién twong cong tuyén tinh.

+ Chon nhirng bién doc 1ap c6 quan hé chit ché véi y dé xdy dung mo hinh.

Trén thyc té, viéc xdy dung mo hinh bao gdm nhiéu bién 1 hét sirc phirc tap.
Nhung coéng viéc nay trd nén dé& dang hon khi sir dung phuong phap dua dan timg bién
vao (Forward Selection) va phuong phéap chon bién timg budc (Stepwise selection) trong
cac phan mém phan tich hdi quy da bién ctia Minitab, SPSS va Statgraphics.

5.2.10. Ty twong quan va kiém dinh Durbin - Watson

Khi tap hop dir liéu la mot day s6 sip xep (do dac) theo thoi gian (vi du, chudi
cac vong nam), thi ching ta can phai xem xét van dé ty tuong quan. Trong truong hop
nay gia tri y; (s do vao thoi gian t) co thé ¢6 quan hé voi yi1 Vi 2. Néu y; c6 quan hé voi
Y1, Yeo...thi ngudi ta goi twong Gmg 1 twong quan trat ty thir nhét, tha hai, thir ba...

Trong phan tich ty trong quan, cic sai s6 e 1a khong doc 1ap, nghia 1a sai s6 do &
thot gian t ¢6 quan hé véi sai s do ¢ thoi gian trude do.

Tu tuong quan c6 thé duong hoic am. Ty twong quan lay gia tri < 1. Ty twong
quan duong xuat hién khi sai I¢ch duong hodc am ¢ thoi ky nay kéo theo sai 1éch duong
hodc am ¢ thoi ky khéac. Tu twong quan am xuat hién khi sai l¢ch duong & thoi ky nay
kéo theo sai 1éch am & thoi ky khac.

Théng ké Durbin - Watson cho phép do tim hién tuong ty twong quan trong cac
s0 do theo chuoi thoi gian.

Gia thiét e 1a khong doc lap, nhung c6 quan h¢ nhu sau:
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€ = per1 t Z (5.58)
trong do | p | < 1; = bién doc 1ap c6 phan bd N(0, s°).
Tir cong thire 5.58, ching ta thay:

+ Néu p = 0 thi cac kiéu sai sb khong c6 quan hé v6i nhau va mdi sai sb c6 trung
binh bang zero va phuong sai 8. Trong trudng hop nay khong c6 tu twong quan va cac
giai thuyét hodi quy duoc chip nhan.

+ Néu p > 0 thi cac bién sb c6 trong quan duong.

+ Néu p < 0 thi cac bién s c6 twrong quan am.

+ Khi p ton tai thi cac gia thuyét hdi quy bi vi pham.

Théng ké Durbin - Watson st dung cac sai 1éch dé kiém dinh tu tuong quan. Goi
ei = Vi- Y&, ta co:

n
> (e - enr)?
4= (559)

Zetz

t=1
Gia tri d thay d6i tir 0 dén 4. Gia tri d = 2 cho biét khong co ty twong quan.
Cac gia dinh
Ho: p=0; Ha: p <0 hodc p>0.
Quy tic quyét dinh

d < d_ = tuong quan duong

d. < d < dy = kiém dinh khong thuyét phuc

d > dy = khong ton tai ti tuong quan duong

d >4 -d_ = tuong quan am

4 - dy =< d =<4 - d| = kiém dinh khong thuyét phuc
d < 4 - dy = khong ton tai ty trong quan am

Tom lai, khi d < d._hodc d > 4 - d,_ thi tu twong quan xuat hién. O day d, va dy
twrong Ung 13 gidi han dudi va gi6i han trén cua kiém dinh Durbin - Watson. Bang kiém
dinh Durbin - Watson dugc xay dung cho cdc mirc y nghia a = 0,05, a = 0,025 va o =
0,01. Néi chung, viéc phan tich ty twong quan va xac dinh thong ké Durbin - Watson
duogc thyc hién dé dang hon khi str dung cac phan mém Minitab, SPSS va Statgraphics.

5.2.11. Sir dung hdi quy da bién dé phan tich bién dong va thiét ké thi nghiém

Chung ta di xem xét viée sir dung bién gia trong phan tich hoi quy. Phan nay
chiing ta sir dung cac bién gia dé phan tich bién 1 dong va cac van de thi nghiém.

Gia sir chung ta c6 3 nghiém thirc, mdi nghiém thirc bao gdm 6 quan sat; tong
cong ¢6 18 quan sat. Dau hiéu quan sat 1a chiéu cao trung binh (H, cm) cua cay con Sao
den 6 thang tudi (bang 5.6). Bay gioi ching ta can kiém dinh gia thuyét Hy cho rang
chiéu cao ciia cdy con trong cac nghiém thirc 1a bang nhau.
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Vi ¢6 3 nghiém thirc, ching ta can c¢6 3 - 1 = 2 bién gia. Cac bién gia ki hiéu
tuong ung x; va Xp. Cac bién gia x; va Xz nhan cac gia tri sau day:

Bién gia A B C
X1 0 1 0
X2 0 0 1

Ttr hai bién x; va Xo, chung ta co thé lap duogc mdi quan hé gitra H vdi x; va X!
E(H) =bg + biX1 + boXs

Néu ching ta quan tdm dén chiéu cao ky vong cua cac nghiém thirc, chung ta can
xay dung cac ham hoi quy da bién nhu sau:

Déi v6i nghiém thic A

E(H/A) = bo + by(0) + b2(0) = bo
Dbi véi nghiém thuc B

E(H/B) = bg + by(1) + b2(0) = bg + by
Dbi véi nghiém thie C

E(H/C) = b + b1(0) + ba(1) = bg + by

Tham s by chinh 13 chiéu cao trung binh ciia nghiém thirc A; tham sb by + by 1a chiéu
cao trung binh ctia nghiém thirc B; tham s0 by + by 1a chi€u cao trung binh ctia nghiém
thace C.

Bang 5.6. Chiéu cao (H, cm) ctia Sao den 6 thang tudi

Nghiém thac A Nghiém thiac B Nghiém thtc C
X1 | Xo [ H(em) | X3 | X2 | H(em) | X3 | X2 | H(cm)
0 0 85 1 0 71 0 1 59
0|0 75 110 75 0|1 64
0|0 82 110 73 0] 1 62
0|0 76 110 74 0|1 69
0 0 71 1 0 69 0 1 75
0|0 85 110 82 0|1 67

Béng 5.7. Phan tich hoi quy

Héso6 | Saisd chuan t P-value
bo 79 2,1858 36,1422 0,000
by -5 3,0912 -1,6175 0,127
b, -13 3,0912 -4,2055 0,001
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Béng 5.8. Phan tich bién dong

df SS MS F P
Hbi quy 2 516 258,00 9,0 0,003
Sai léch 15 430 28,67
Téng 17 946

Tir s6 lidu cta bang 5.6, bang thuat toan théng ké ching ta nhan duoc bang phan
tich bién dong va hdi quy (bang 5.7 va 5.8). Tur bang 5.7, chung ta c6 thé xay dyng ham

hdi quy biéu dién anh huong cua ba yéu t6 thi nghiém dén chiéu cao trung binh E(H) cta
Sao den 6 thang tudi nhu sau:

E(H) = 79 - 5x; - 13x,; véi R? = 54,5%; R = 0,74, s = 5,35,
Dbi véi nghiém thiuc A
E(H/A) =79 -5(0) - 13(0) =79
Dbi véi nghiém thic B
E(H/B) =79 - 5(1) - 13(0) = 74
Déi véi nghiém thie C
E(H/C) =79 - 5(0) - 13(1) = 66
Bay gio chung ta can kiém dinh sy khac nhau gitra ba s6 trung binh (79, 74 va 66)
cua ba nghiém thtrc.
Gia thuyét
Ho: E(H/B) = E(H/A) hay E(H/B) - E(H/A) =0
E(H/C) = E(H/A) hay E(H/C) - E(H/A) =0

Vi by = E(H/A) va by + by = E(H/B), nén su khac biét gitra nghi¢m thic A va B 1a b;.
Tuong tu, vi by + by = E(H/C), nén gitta C v&i A khac nhau mot lugng bang b,. Ching ta
chi c¢6 thé két luan ba s trung binh bang nhau khi by = b, = 0. Vi thé, gia thuyét ciing co
thé dit ra nhu sau:

Ho: b1 = b2 =0

Ha: by = by

Théng ké F

_ MSR
~ MSE

Quy tac quyét dinh
O mtrc y nghia o= 0,05, bac bo Ho khi F > F,
Str dung p - value. Bac bo Hy khi p - value < a.

O vi du trén, vi F = 9 > F(2,15) = 3,68 (p - value = 0,003 < 0,05), nén gia thuyét Hy bi
béc bé.
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B. PHAN TiCH HOI QUY BANG PHAN MEM STATGRAPHICS
5.3. PHAN TICH TUONG QUAN VA HOI QUY GIUA HAI BIEN

5.3.1. Phén tich twong quan va hoi quy tuyén tinh don

Khi thyc hién thu tuc phén tich twong quan va hdi quy tuyén tinh don (Y = (X)),
ban hay thuc hién theo trinh tu cac budc sau day (miii tén chi thir tw chon cdac lénh):

Bugre 1. Trudce hét, bAm nut chudt vao dau c6t, chon Modify Column. Khi ctra sO
Modify Column xuét hién, hdy ghi tén cac bién sé phu thudc (Y) va doc lap (X) vao 6
Name va chon Type kiéu Numeric. Thao tic nay gitip ban ghi tén blen vao dau cot va cac
gia tri cia bién s6 vao bang tinh mot cach dé dang. Sau d6 ban vao s6 liéu nhu sau: Cot 1
ghi cac gié tri ciia bién phu thudc (Y), cot 2 ghi cac gia tri cta bién doc lap (X).

Simple R i i
Tabular Options <]

Cal 1
CI2
Col3

. |C0|_2

[~ Lack-of-Fit Test

e
E ICo|_1 I~ Forecasts

—> R Comparigzon of slternative Models
Hinh 5.12 — [T Unusual Residuals Hinh 5.13

I Influential Paoints
¥ Sort

0K I Cancel | Delete | Tranzfarm... | Help | ok I Cancel | Al I Help |

Budc 2. Mo Relate = Simple Regression (hinh 5.12) = Dependent Variable
(dén day vao bién Y) = Independent Variable (dén day vao bién X) = OK. Sau d6 chon
biéu tugng Tabular Options (hinh 5.13). Khi cira s6 Tabular Options xudt hién, ban hay
chon nhitng thong ké can tinh; cubi cing chon OK. Pén diy két qua s& hién thi trén man
hinh phuong trinh hoi quy Y =a + bX.

Luu y rang dang phuong trinh tuyen tinh Y = a + bX 1a phuwong trinh mic dinh. N6 c6 thé
md ta t6t mdi quan hé ciia hai bién sé da chi dinh, nhung cling co thé 14 khong phu hop.
Mudn biét chinh xac quan hé giita bién phu thudc (Y) véi bién doc 1ap (X), ban c6 thé
thuc hién céc thd tuc nhu dudi day:

1. Bién d6i bién Y va X nhu Iy cin béc (2, 3) hodc ldy logarit...bang cach ding
thii tuc Transform trong cira s6 Simple Regression (hinh 5.12).

2. Két qua hién thi trén man hinh bao gém bang phan tich hdi quy va bang
ANOVA kém theo phan turr van théng ké (StatAdvisor). Tai ddy, néu muén thir lai tinh
pht hop cta s6 lidu véi mot sé mo hinh hoi quy don thi ban hdy mé biéu tuong cia sb
Tabular Options va chon muc so sanh vdi cac mo hinh khac (Comparison of Alternative
Models, hinh 5.14). Sau khi chon OK, két quia phan tich théng ké s& hién thi trén man
hinh nhirng h¢ s6 tuong quan (R) cua cac dang phuong trinh hdi quy phu hop voi s liéu
da cho. Ban c6 thé can ctr vao tri s6 R (hé s twong quan don) hodc bang kiém dinh céac
hé s6 hoi quy dé so bo chon dang phurong trinh phu hop.

3. Pé chon mot dang mé hinh phu hop nhat v6i 86 lidu da cho, ban ciing ¢6 thé
thyc hién bang cach: Dat con chd chudt vao cira s6 chinh ciia man hinh, nhip nat chudt
phai va chon Analysis Options. Tiép theo ban c6 thé chon 1 trong 12 dang mé hinh c6
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trong cira s6 Simple Regression Options dé quan sat (hinh 5.14). Can ctr vao két qua, ban
héy chon mo6t m6 hinh phu hop nhat.
4. Sau moi phuong trinh du dinh

Slmple Regression Options

chon, ban hdy m¢ biéu tuong Graphical

Options dé quan sat do thi quan hé giira bién [ Type of Hodel
phu thuge (Y) véi 'ble'lﬂl doc 1ap (X) (hodc dai e iEwem Cancel_|
dién cua Y véi dai dién cua X). Trén do thi, £ Reciprocal’y

ban s€ théy Xuét hién 5 duong quan hé. ™ Reciprocak ﬂl
Dudng trong cung 1a duong Y binh quén udce r(: E.;D:::ht‘n::;?mal A

luong (li thuyét). Hai duong nam gan véi Y  Muliplcative |c_|h|:n ;}.irélo.ngugi zlci
udc luong 1a khoang gidi han muec tin tudng rf: Square oot héi quy don

(1 - @)100% (mgc dinh la 95%) cho s trung (- :_q;irfeﬁmt'v

binh cua cac mau mai (95% Lower — Upper " Logistic

Confidence Limits) (xem cong thirc 5.59). ¢ Log Prabit

Hai dudng nam & phia ngoai dudng khoang

giéi han muc tin tudng 95% cho sd trung

binh clia cdc miu méi 1a khodng gidi han céc gia tri du dodn & muc tin cay (1 - o)100%
(mic dinh 1a 95%) cho mau méi (95% Lower — Upper Prediction Limits). Khoang gioi
han céac gia tri du doan duogc tinh theo cong thure 5.60.

Luu y rang, trong két qua cua bang ANOVA, tri sé Se (Standard Error of
Estimates) = \/S_e2 . Do 1a sai tiéu chuan cua cac sai léch gitta Henye 6 V& Hyse teong: NO
dugc dung dé tinh khoang tin cdy (1 - a)100% cho cac gia tri trung binh cua bién y;
twong tng véi x, nhat dinh (cong thire 5.60) va cho cac gia tri du doan y; (Predicted
Values) (cong thuc 5.61).

Khoang tin cay (1 - a)100% clia cac gia tri trung binh cta bién Yp tuong tng véi
Xp duoc tinh theo cong thure:

1 (Xp- xbg)
yp i tn -2, G/ZSe\/n Z(Xl qu) (5.60)

Khoang tin cay (1 - 0)100% cuia cac gia tri du doan (Predicted Values) ciia bién
Yp tuong tmg véi X, dugc tinh theo cong thire:

yp t tn -2, a/ZSe n Z(Xl qu)

Tir cong thirc 5.60 va 5.61 cho thiy, khoang tin cdy clia cic gi4 tri trung binh ciia bién Yp
hep hon so véi khoang tin cay cta cac gia tri dy doan y, (Predicted Values).

5. Khi can st dung mo6 hinh dé dy doan bién phu thudc Y, ban hady m¢ Tabular
Options va chon Forecasts (du doan). Tai ctra s6 Forecasts, ban nhép nut phai chudt va
chon Pane Options. Khi ctra s6 Forecasts Options XuAt hién, ban hay ghi céc tri sb du
doan (Xi) vao hgp forecast at X (hinh 5.15). Trong hdp Forecasts Options, cac gia tri mac
dinh 1a muc tin cay 95% (95% confidence level) va can trén — can dudi cua bién doc lap
(X) trong day s6 liéu dua vao tinh toan ban dau. Néu can thay doi cac tri s6 du doan nay
(Xi), thi ban c6 thé thuc hién béng cach xo04 chuing di va chi dinh nhiing gia tri khac. Sau
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khi chon OK, trén man hinh s& hién thj bang két qua cua bién Y (du doan) theo bién du
doan Xi da chi dinh.

6. Trén man hinh c6 thé cing lic xuat hién nhidu cira s6 khac nhau. Khi muén
xem két quia cua cira s6 ndo, ban hiy nhip dap nat chudt trai vao cira s6 d6. Khi can xem
nhitng ndi dung khac thi ban nhip nat phai chudt va chon Pane Options hodc Analysis

Options.

7. Bén duéi mdi bang két i Forecasts Options =
chuong trinh con hién thi nhitng 101 tu van Le"e'i
vé thong ké (The StatAdvisor). O day ban " * Cancel |
c6 thé doc dugc nhiing 161 giai thich két f;ﬂecaﬂ at Heie |

qua theo dang phuong trinh ma ban da |
chon ¢ tung budc. Luu y rang, nhiing 101 tu |
van vé thong ké chi goi y cho ban vé sy J :

I

120 Hinh 5.15

phu hop cua sb liéu voi dang phuong trinh I
ma ban da chi dinh. Khi ban chon mdt dang I
phuong trinh hoi quy khac thi chuong trinh
cling s& hién thi mot 10i tu van khac. Vi thé, ban phai luén la ngudi chu dong quyet dinh
dang phuong trinh hoi quy phu hgp nhét vai sb liéu da chi dinh. Dé dat dugc diéu do, ban
c6 thé cin ctr vao: (1) phuong trinh ¢6 hé s twong quan cao nhit, (2) khoang xéac dinh
ctia cac hé sé hoi quy, (3) cac thong ké sai 1éch, (4) nhimg dang phuong trinh da dugc
nhiéu tac gia thira nhan 1a hop li...Mot phuong trinh 1a phu hop khi téng binh phuong
céc sai léch gitra gia tri thuc t& va gid tri |i thuyét 1a nho nhat.

Nhiing dang phuwong trinh hoi quy don mic dinh trong Statgraphics

Exponential Ham s6 mii Y = Exp(a + bx)
Reciprocal —y Ham sd nghich dao cua Y Y = 1/(a + bX)
Reciprocal — x Ham sd nghich dao ctia X Y =a+b/X

Double Reciprocal ~ Ham s6 2 1an nghich déo ctia X Y =1/ (a+b/X)
Logarithmic — x Ham s6 Logarit ciia X Y =a+bLnX
Multiplicative Ham sé mil bién d6i Y = aX"b

Square root-x Ham sd cin bac 2 ctia X Y =a+ b*SQRT(X)
Square Root-y Ham s6 cin bac 2 cia Y Y = (a+ b*X)"2

S —curve Puong cong hinh chitr S Y = Exp (a + b/X)
Logistic Ham sb Logistic (co nhiéu dang) N = K/(1 + Exp(a + bt))
Compound Ham da hop Y = 0a”

5.3.2. Kiém dinh thuin nhit nhiéu h¢ s6 hoi quy tuyén tinh don

Gia st ban can kiém dinh su sai khac gitra céac diém chan (aj) va cac hé s6 hoi quy
(bj) ctia nhiéu mo6 hinh bac 1: Y =a; + bixj (i=1, 2, ...k). P& lam r6 van dé dat ra, ban co
thé stir dung thu tuc so sanh cac dudong hoi quy (Comparision of Regression Lines).

1. Truwong hop cé hai duwdng hdi quy tuyén tinh don

Gia st ban da do dém duoc chiéu cao (H, m) va tudi (A, nam) cua hai 1dm phan Thong
ba 14 moc trén hai l1ap dia khac nhau. Cac so li¢u dugc ghi lai thanh bang sau day:
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10|12 |3 |4 |5 |6 |7 8 9 | 10
H 2135(49(6.7(81(9.7|11.2(128|145|19|34]48|6.6|8.19.6|11.15/12.7|14.2
Maso| 1|1 |1 ]1]|1]|1 1 1 1 212|122 )|2])|2 2 2 2

Tt b liéu trén, ban di tim duoc phuong trinh cia duong théng tht nhét ¢6 dang H = -
1.15 + 1.55*A, con duong thang thir hai ¢6 dang H = -1.25 + 1.55*A. Mot vén dé dit ra
1a cac diém chin (aj) va cac hé s6 hdi quy (b;) ciia hai phwong trinh trén c6 sai khac thuc
su hay khong ? Dé tra 16i cau hoi dit ra, ban co6 thé thuc hién cac kiém dinh theo thu tuc
sau day:

Bwéc 1. Nhap sb liéu vao bang tinh. Trudce hét, ban hiy nhap bién phu thuge (H)
vao cot 1, con cot 2 va 3 nhép tuong tmg bién doc lap (A) va ma sb (bang sd nguyén lién
tuc) biéu th1 cho m&i duong héi quy.

Buée 2. Goi chuong trinh tinh toan.
Truéc hét, mo Special = Advanced [ Deperdent Variabe:
Regression = Comparision of Regression Inl:am‘ahla_
Lines. Pén day ban chon bién H va c}luyén F
ching vao 6 Dependent Variable. K& dén ban Levl Codes
chon bién A va chuyén ching vao 0 ]IM
Independent Variable. Tiép theo ban chon ma [ Hinh5.16
sO (Maso) va chuyén ching vao 0 Level p socoumnmes
Codes. Sau cung ban chon OK (h’inh 5.16). o ] el | osoe | Towem | b |

Budc 3. Gidi thich ket qua tinh
toan. Két qua xu Ii thong ké bao céo nhimng nodi dung sau day :

+ Nhirng thong ké mé ti quan hé giira H véi A

N1 dung nay dugc bao cao qua hai bang 5.9 va 5.10.

Bang 5.9. Phan tich hoi quy (Multiple Regression Analysis)
Parameter Estimate | Standard Error | T Statistic | P - value

Constant -1.15 0.059628 -19.286 0.000

A 1.55 0.009128 169.794 0.000

Maso=2 -01 0.084327 -1.185 0.255

A*Maso=2 0.0 0.012909 0.000 1.000

Bang 5.10. Phan tich phuong sai (Analysis of Variance)

Source Sum of Squares | Df | Mean Square | F-ratio | P -value
Model 288.345 3 96.115 | 19223.0 0.000
Residual 0.07| 14 0.005
Total 288.415 | 17

R-squared = 99.975 percent; R-squared (Adjusted for d.f) = 99.9705 percent
Standard error of astimate = 0.07071; Mean absolute error = 0.03333

+ Bang 5.9 bao cdo két qua phan tich hdi quy (Multiple regression Analysis). Noi
dung cua bang nay cho biét két qiia lam phu hgp mé hinh hoi quy duong thang dé mo ta
mdi quan hé giita H v6i A. Ki hiéu Constant = 1.15 (c6t 2) cho biét diém chin cia mo
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hinh mg v6i bién Maso = 1 (phwong trinh 1). Piém chin ctia mé hinh 2 bang Constant
cua mo hinh 1 cong véi gia tri (-0.1) tng véi hang c6 Maso = 2. Ki hiéu A = 1.55 (c6t 2)
cho biét hé sé goc ctia md hinh tng voi bién Maso = 1 (md hinh 1). Hé sé goc ciia md
hinh 2 bang hé sb gbc ctia mo hinh 1 cong voi gia tri (0.0) tng v6i hang co ki hiéu
A*Maso = 2. Nhu véy, khi Maso = 1 thi phuong trinh ciia duong thang thir nhat c6 dang
H=-1.15+ 1.55*%A. Nguoc lai, khi Maso = 2 thi phwong trinh ctia duong thing tha hai
c6 dang H = -1.25 + 1.55*A.

Cot c6 nhan T Statistic va P - value bao cdo két qua kiém dinh gia thuyét Hy cho
rang cac hé sé cua phuong trinh = 0. Dé kiém dinh gia thuyét nay, ban hiy chi y dén gia
trj P - value trong bang phan tich hdi quy.

Khi P - value > 0.05 (hodc 0.01) thi gia Ceir
thuyét Ho duoc chép nhan. Nguoc lai, khi P
- value < 0.05 (hodc 0.01) thi gia thuyét Ho

bi bac bo. O vi du nay, vi P - value tmg voi v P|Dt':'[F'“EdM':'dEE Hinh 5.17
hai h¢ s0 Constant va A déu bang 0.000, ¥ Observed versus Predicted

nén cac hé s6 cia phuong trinh ton tai thuc .

s, ’ I™ Residual Plats

tich phuong sai. Bang phan tich phuong sai
duoc dua ra nham kiém dinh su ton tai cua
mo hinh dudng thing gitra H voi A. Gia thuyét Ho: Khong ton tai mdi quan hé dudng
thang giita H v6i A. Dé kiém dinh gia thuyét nay, ban hdy cha y dén gia tri P - value
trong bang phan tich phuong sai. Khi P - value > 0.05 (hodc 0.01) thi gia thuyét Ho duoc
chép nhéan. Nguoc lai, khi P - value < 0.05 (hodc 0.01) thi gia thuyét Ho bi bac bo. O vi
du nay, vi P - value = 0.000 < 0.01, nén hai bién H va A ¢o quan h¢ voi nhau ¢ mirc tin
cay 99%. Gia tri R? = 99.975% (R-squared = 99.975 percent) cho biét 99.9% bién dong
cua H1a do A gay ra.

+ Néu can quan sat dd thi m6 ta moi lién hé gitta Y véi A va kiém dinh tinh phu
hop ctia mo6 hinh béng dd thi thi ban c6 thé chon cac thu tuc tuong Uing trong biéu tuong
d6 thi Graphical Options (hinh 5.17).

+ Kiém dinh sy sai khac ctia hai hé s6 géc va hai diém chan

Pé kiém dinh sy sai khac ctia hai hé sb goc (Slopes) va hai diém chin (Intercepts)
cua hai phuong trinh bac 1, ban hay chon thu tuc Conditional Sums of Squares trong biéu
turong Tabular Options. Két qua kiém dinh vé su sai khac cua hai hé sé goc (Slopes) va
hai diém chan (Intercepts) duoc ghi lai ¢ bang 5.11.

+ Kiém dinh sy sai khac cua hai hé sb goc (Slopes). Gia thuyét Ho: Hé s6 goc cua
hai dudng thang 14 bang nhau. Khi P - value > 0.05 (hodc 0.01) thi gia thuyét Ho duoc
chép nhan. Nguoc lai, khi P - value < 0.05 (hodc 0.01) thi gia thuyét Ho bi bac bo. O vi
du nay, vi P - value tmg véi Slopes = 1.0 >> 0.10, nén hé sd goc ctia hai dudng thang
khac nhau khong ¢ y nghia thong ké.
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Bang 5.11. Phan tich phuong sai cho cac bién trong mé hinh

Source Sum of Squares | Df | Mean Square | F -ratio P - value
A 288.3 1 288.3 57660.0 0.000
Intercepts 0.045 1 0.045 9.0 0.0096
Slopes 0.00 1 0.00 0.0 1.000
Model 288.345 3

+ Kiém dinh sy sai khac cta hai diém chin (Intercepts). Gia thuyét Ho: Diém
chan (Intercepts) cua hai duong thang 13 bang nhau. Khi P - value > 0.05 (hodc 0.01) thi
gia thuyét Ho dugc chip nhan. Nguoc lai, khi P - value < 0.05 (hodc 0.01) thi gia thuyet
Ho bi bac bo. O vi du nay, vi P - value Gng véi Intercepts = 0.0096 << 0.05, nén diém
chin cua hai dudng thing khac nhau & muc tin ciy 95%.

Vi diém chin cta hai duong thing khac nhau, nén ban khong thé ghép chung
thanh mot phuong trinh ¢6 diém chin bang nhau. Trong trudng hop cua vi du nay, hai
phuong trinh c6 dang :

Phuong trinh 1 : H=-1.15 + 1.55*A
Phuong trinh 2 : H =-1.25 + 1.55*A.

Luu y rang, khi diém chin va hé s6 goc cuia hai phuong trinh hoi quy giita Y véi
X sai khac khong rd rét thi ban c6 thé san phang sy khéac biét giita chiing bang cach chon
tuong tng Assume equal intercepts va Assume equal slopes trong thu tuc Analysis
Options. Thu tuc nay dugc thuc hi¢n bﬁng cach: Dat con tré chudt Ién mot bang bat ky
hodc d6 thi va nhip nat chudt phai rdi chon Assume equal intercepts va Assume equal
slopes. Néu chi ¢6 diém chin (hoidc do ddc) cua hai phuong trinh khac nhau khong rd rét
thi cach tién hanh san phang sy khac biét ctia hai tham sb nay ciing duoc thuc hién tuong
tu nhu trén.

2. Trudong hop c6 nhiéu dwong hdi quy tuyén tinh don

Khi kiém dinh cac hé sé goc va cac diém chan cua trén hai phuong trinh hdi quy,
ban ciing thue hién cac budc nhap sé liéu, goi chwong trinh tinh toan va giai thich két qua
twong tu nhu truong hop co hai dudng hdi quy dudng thang. Trong truong hop c6 hai
hozc hon hai hé sé goc clia cac dudng thang sai khac khong rd rét, ban co thé gop cac hé
5O nay thanh mot hé s6 chung bémg cach chon Assume equal slopes. Néu c6 hai hoic hon
hai diém chin cua céc duong thang sai khac

khong o rét, ban co thé gop cac hé sb nay )
thanh mot hé sd chung bang cach chon Assume L2 BIEE
equal intercepts. Ny
5.3.3. Phén tich twong quan bic cao ] P
[wieight:)

Pé phan tich twong quan va hdi quy béc ! Hinh 5.18
cao (2, 3...), ban hdy thyc hién theo cic buéc et
sau day:  Sor I

Bll,(),c 1. Nhap 56 liéu: Cét 1 nhép bién oK I Cancel | Delete | Transfarm. | Help |

phu thudc Y, ¢t 2 nhap bién doc 1ap X.
Buge 2. Mo Relate = Polynominal Regression (hinh 5.18). Khi cira sO
Polynominal Regression xuat hién, ban hay nhap vao bién Y va bién X; sau d6 chon OK
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dé hién thi két qua. Dén day trén man hinh s& hién thi bang phén tich hdi quy va tuong
quan, bang ANOVA va phén tu van thong ké (StatAdvisor) theo ham s6 mic dinh 1a ham
béc 2. Tur bang phan tich hoi quy va tuong quan va bang ANOVA, ban hiy dua ra nhiing
nhén xét vé moi quan hé gitra | bién Y véi bién X.

Bude 3. Mudn xem dd thi mo ta quan h¢ gitra bién phu thudc Y véi bién doc 1ap
X, ban hiy mé biéu tuwgng d6 thi (Graphical Options). Khi ctra s6 Graphical Options xuét
hién, ban hay chon Plot of fitted Model va nhiing thanh phﬁn khéc can quan tam.

PR A PPN oo egession Opions K|
chuong trinh bao gid cling chi tinh toan va dua Polynomial Regression Options |
ra bang phan tich twuong quan va hoi quy ciing

nhu bang phén tich phuong sai cho ham béc Order. Ok
hai. Pay la ham s6 mac dinh. Vi the, dé tim 3

dugc dang phuong trinh phu hop voi gé ligu da Hinh 5.19 Cancel
cho, ban c6 thé thir sy phu hop cua s6 li¢u voi
cac bac 1, 3, 4...Sau moi lan thr, b‘an hay quan Help

sat bang phan tich twrong quan va hoi quy; dong
thoi tinh tong chénh 1éch binh phuong giita cac
gié tri thuc té va cac gia tri Ii thuyét. Tir 46 hdy chon mot dang mé hinh phu hop nhat. Bé
dat duoc muc dich nay, ban c6 thé dit con choé chudt vao bt ky cira s nao va nhap nat
phai chudt. Sau d6 chon Analysis Options. Tai cira so Polynominal Regression Options
(hinh 5.19), ban x04 s6 2 trong 6 Order va ghi lai bac can thtr. Vi du: Ban c6 thé thu s6
liéu v6i bac 1, bac 3... Sau khi ghi bdc méi can thir, ban nhap OK. Trén man hinh s& hién
thi két qua phan tich hoi quy va twong quan cung voi bang phan tich ANOVA va phan tu
van thong ké (StatAdvisor). Tir bang phan tich h01 quy va tuong quan va bang ANOVA,
ban hdy phan tich va dua ra nhitng nhan xét vé mdi quan hé giira Y voi X.

Pinh bic ciia da thirc. Mudn biét bac nao phu hop nhit véi sb liéu di cho, ban
c6 thé thuc hién theo cac thi tuc sau day:

1. M6 biéu tugng do thi va chon Plot of fitted Model dé quan sat duong biéu dién
Y li thuyét theo su bién ddi cia X. Bén canh duong Y 1i thuyét luén c6 hai duong khac 1a
khoang gi6i han muc tin cdy 95% cho s6 trung binh ctia nhiéu mau (95% Lower — Upper
Confidence Limits) (duong nam gan nhat v6i Y 1i thuyét) va khoang giéi han céc gia tri
du dodn cho mau méi ¢ muc tin cady 95% (95% Lower — Upper Prediction Limits)
(duong nam phia ngoai Y li thuyét). Mot ham sb phu hop nhat voi sb lidu da cho s€ 1a
ham s6 c6 khoang gi6i han muc tin cdy 95% cho s6 trung binh cua nhiéu mau (95%
Lower — Upper Confidence Limits) (dudng nim gin nhat véi Y 1i thuyét) bam sat voi
duong thuc nghiém.

2. Thir lam phii hop mdi lién hé gitra hai bién s6 voi mot s bac tir thap 1én cao. O
mdi bac ban can ghi lai tri s6 phuong sai thira. Bac phil hop nhat 13 bac ¢6 tri s6 phuong
sai hoi quy nho nhat hodc téng cac sai 1éch binh phwong nho nhat.

3. Kiém dinh sy ton tai cua cac hé sd da thirc béng théng ké T hoac F. Trude hét,
ban hay thir 1am phu hop mdi lién hé giita hai bién sé voi mot sd bac. O mdi béc ban hay
quan sat cac thong ké ctia bang ANOVA va bang phan tich hdi quy. O ddy ban can luu ¥
dén théng ké F, t va P - value. Khi bac ndo c¢6 P < 0.01 thi bac d6 duoc xem 1a phu hop
véi dit liéu di cho va ban co thé dung viéc tim kiém cac bac cao hon. Ban cling c6 thé
quan sat thong ké kiém dinh su ton tai cta cac hé sb bi. Khi bac thir i c6 hé sé bi khong
ton tai thi bac thir i - 1 1a ph hop. DAy 1a céch thire dinh bac da thire duge ding phd bién
nhat.
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Buée 4. Khi can du doan céc giatri Y li thuyét, ban hdy mé biéu tugng Tabular
Options va chon Forecasts, sau d6 chon OK. Khi ctra s6 Forecats Options xuat hién, ban
hay ghi vao cac 6 nhimg gia tri dy doan (Xi) moi; sau do nhdp OK. Trén man hinh s&
Xuat hién cac gia tri Y 1i thuyét kém theo khoang gidi han cac gia tri du doan 95% cho
mau méi (95% Lower — Upper Prediction Limits) va khoang gidi han murc tin ciy 95%
cho sb trung binh cta nhiéu mau (95% Lower — Upper Confidence Limits) trong ctra s6
Predicted Values. Khi thyc hién xong cic phép thtr, ban co thé copy sd liéu tir
Statgraphics Plus Version 3.0 sang Microsoft Winword dé xtr If van ban.

5.4. PHAN TiCH TUONG QUAN TUYEN TiNH DA BIEN
Hbi quy da tuyén tinh c6 dang tong quat:
Y=A+BX;+ByX, +B3X3+ ... +BgXk+e

Hbi quy da tuyén tinh xudt hién trong nhimng truong hop sau ddy:

+ Mot hodc tat ca cac bién dy doan (Xi) c6 anh hudng tuyén tinh dén bién phu
thuoc Y. Piéu ndy xdy ra khi gia tri bién d6i ciia Y trén mot don vi bién doi cua X, 1a
hang s6 trong khoang bién thién cta Xi.

+ Anh hudng cua ting bién Xilén Y 1a doc 1ap véi bién khac. Diéu nay c6 nghia
1a d6 16n cta sy thay d6i ¢ Y trén mot don vi bién doi ciia mdi Xi 1a nhu nhau ma khong
phu thude vao bién Xi khéc.

Thu tuc phén tich tuong quan va hdi quy tuyén tinh da yéu t6 (bdi) bao gdm
nhting ndi dung co ban sau day:

Noi dung 1. Thim do moi quan hé giira Y véi cac Xi va xac dinh so bd nhirng
bién Xi dwa vao md hinh. Myc dich cta tha tuc nay Ia nhim xac dinh trong quan gitra
Y voi cac Xi va tuong quan gitra cac Xi v6i nhau thong qua mét ma trén tuong quan. 6]
budc nay, ban can chon nhimg hé sd twong quan cao giita cac bién, vi ching co anh
hudng 16n dén két qiia phan tich hdi quy va mo hinh du doan.

Noi dung 2. Phén tich hdi quy da tuyén tinh. Muc dich ctia budc nay 1a nham
tinh cac hé so hdi quy riéng phan (Partial regression coefficients), kiém dinh quan hé
tuyen tinh giita bién Y véi cac bién Xi, xac dinh cac h¢ s6 hoéi quy va kiém dinh cong
tuyén tinh. Nhitng ndi dung nay duoc giai quyét bang cach phan tich cac hé s6 hoi quy,
cac hé s twong quan trat tu khong (Zero- -order Correlations), h¢ sd twong quan riéng
phan hay cuc b (Partial Correlation) va hé sd twong quan timg phan (Part Correlation).

- Hé s6 twong quan trat ty 'khong. D0 1a hé so twong quan gita Y vai tung Xi
nhung chua loai bé anh hudng tuyen tinh cta cac bién doc lap khac. Cac hé so tuong
quan nay phan anh khong chinh xac tam ‘quan trong cua tung bién sb doc lap.

- Hé s6 twong quan riéng phan (Partial Correlation). C4c hé sé nay do anh
huong cia timg bién doc 1ap trong mo hinh. Hé s tuong quan timg phan do mirc do
quan hé gitra Y v6i bién sé doc 1ap thtr i khi loai bo anh huong tuyén tinh cta cac bién
doc 1ap khac d6i véi bién s6 doc 1ap tha i. Hé sb twong quan riéng phan do mirc d6 quan
hé gitta bién Y véi bién doc 1ap thir i khi loai bo anh hudng tuyén tinh cia cic bién doc
1ap khéc ddi véi ca bién Y 1an bién doc 1ap thu i.

Noi dung 3. Xiy dyng md hinh hdi quy da tqyén tinh. Sau khi chon dugc
nhting bién du dodn (doc lap) cd quan h¢ chat ch€ vdi bién phu thude, budc tiép theo 1a
xay dung mo6 hinh va chon m6 hinh phu hgp.
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Xéc dinh so lwgng bién du doan “toi uwu”

Hé sb xac dinh R? duogc tinh theo cong thirc:

SSR _, SSE

2 _
R*=gsT =1-5sT

(5.62)

trong do:
SSR = tong cac chénh 1éch binh phwong do hdi quy
SSE = tdng céc chénh Iéch binh phuong do sai s6
SST =SSR + SSE - tong cac chénh 1éch toan bo

Vé Ii thuyét, khi dua vao mé hinh cang nhiéu bién thi hé s xac dinh (R?) cang cao. Mt
khac, hé s6 R? s& khong bao gi¢ giam khi cac bién du doan tiép tuc duoc dua vao mo
hinh. Nhung m6t mé hinh véi nhiéu bién khong c6 nghia la n6 s& phu hop hon véi téng
thé. Mot mo hinh nhiéu bién c6 thé din dén lam tang sai sd chuan cua uoc luong (du
doan). Vi thé, viéc xac dinh nhufn% bién dy doan “tbi uw’ la can thiét. Dé dat dugc muc
dich nay, nguoi ta st dung hé sé R* didu chinh (adjusted R? = R?).

Hé s6 R? diéu chinh (R d/c)

-1
npl

R%=1-(1-R% (5.63)
trong do6, n 13 kich thudc mau hay sé cip bién Y va X, con p la sb bién du doan dua vao
mo hinh.

Tir cong thire 5.63 cho thdy, khi p ting 1én thi R% giam xudng. Nhu vay, hé sb
R?; khong nhét thiét ting 1én khi dura thém mot bién vao mo hinh. Vi thé, R%; 1a thudc do
mirc d6 phu hop cua cac bién doc 1ap trong md hinh.

. Noi dung 4. Xac dinh phwong phap chon bién. Trong phan tich trong quan va
hoi quy da tuyén tinh c6 ba phuong phap chon bién sau day:

a. Phwong phap loai bé dan tirng bién (Backward selection). Phuong phap nay
khai dau véi tat ca cac bién ma ban dy dinh xay dung mo hinh tir chung. Sau do6, chuong
trinh s& tuan tu loai bé dan timg bién thong qua tiéu chuan loai trir (Removal Criteria).
bay la phuong phap mac dinh cua chuong trinh. D¢ loai trir dan ‘tung bién, chuong trinh
str dung tiéu chuan Fi, hay F ra (F to remove). Mot bién duoc dé lai trong mé hinh khi F
to remove ctia n6 phai 16n hon F to remove tiéu chudn (hay Fmin) va nguoc lai. Gia tri
mic dinh cua F ra = 4. Vi thé, khi st dung F to remove béng 4.0 thi mét bién duoc dé lai
trong mo hinh néu F to remove cua nd 1én hon 4.0. Nguoc lai, khi mdt bién c6 F to
remove nhé hon 4.0 thi bién d6 bi loai ra.

b. Phwong phap dwa dan tirng bién vao (Forward Selection). Phuong phap nay
khéi dau v6i md hinh khong ¢6 bién nao. Sau d6, viéc chon nhitng bién dua vao md hinh
s& duoc tién hanh qua nhiéu budc. O bude thir nhat, bién du doan dau tién c6 twong quan
thuan hay twong quan nghich cao nhit v6i bién phu thudc s& duge dua vao phan tich. O
nhitng budc tiép theo, bién nao c6 hé sb twong quan cuc bd cao nhét s& dugc dua dan
vao.

Luu ¥ rang mot bién Xi duoc dua vao mo hinh khi n6 1am cho hé sb R? thay doi
dang ké hoac hé sb Bi # 0. Gia thuyét Bi = 0 duoc kiém dinh theo thong ké F. Dé biét
mot bién c6 duoc dua vao mé hinh hay khong, ta so sanh Fijnn vOi Fiigy chuan. Chlng ta cd
thé chi dinh théng ké F theo tiéu chuan F vao (F to enter). Gia tri mdc dinh cua F to enter
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12 4. Mot bién duoc dua vao khi F tuong ung voi nod 16n hon F tiéu chuén nghia 1a Fipp >
F 1o enter = 4. Khi mét bién khong thoa man diéu kién nay thi blen ay s& bi loai ra &
budc sau. Luu ¥ rang F tiéu chudn c¢é thé duoc chi dinh theo yéu cau cta nha nghién ctru.

Néu nhitng diéu kién trén day dugc thoa man thi nhimg budc tiép theo s& duoc
thyc hién tiép. Nguoc lai, khi nhing diéu kién iy khong dwoc thoa mén thi viéc chon
bién s& dung.

c. Phwong phap chon tét ca cac bién (All Variables). Chuong trinh sir dung tat
ca cac bién ma ban chi dinh dé xay dung ham hoi quy wéc luong. Dé biét nhirng bién nao
1a phu hop, ban hiy quan sat thong ké T va gia tri P — Value. Khi P — value > 0.05 (mic
dinh) thi bién d6 bi loai bo khoi mo hinh. Nguoc lai, khi P — value < 0.05 (méc dinh) thi
bién d6 dugc dua vao md hinh.

Thu tuc phén tich twong quan va hdi quy tuyén tinh da nhan t6 duoc thuc hién
theo cac budc sau day:

Buwdc 1. Nhap s6 liéu; trong do6 cot 1 ghi tri sb cua bién phu thudc Y, con cac cot
bén canh ghi cac tri s6 ctia cac bién doc lap Xi.

Buwdc 2. Mo Relate = Multiple Regressions (hinh 5.20) = Dependent Variable
(dén day vao bién Y) = Independent Variable (dén day vao cac bién Xi) = OK. Pén
day két qua sé& hién thi trén man hinh. Noi dung bao gdm phan phan tich hdi quy da nhan
t6 (Multiple Regression Analysis) va phén tich bién dong (ANOVA).

Buéc 3. Mudn xem phan phan tich thong ké va ma tran twong quan giira cic nhan
t5, ban hdy mo biéu twong Tabular Options va chon nhing théng ké can tinh (hinh 5.21).
Ban ciing c6 thé mo biéu tugng Graphical Options dé quan sat nhitng anh hudng cua cac
thanh phén, dd thi khoang tincdycua Y...

Multiple Regression T abular Dptions
D Dependent Variable:
i
Independent Variables I™ Conditional Sums of Squares
3] =
BH I Confidence Intervals
| I~ Corelation b atriv
N I~ Reports
Hinh 5.20 — Hinh 5.21
™ Unusual Re
™ Irflusrtial F o ...
B son |
o0k | cameel | Delete Transfom Help ok I Cancel | &l | Help |

Budic 4. Néu can biét cac thong ké tom tit vé cac nhan td, twong quan giita Y véi
ting Xi, khoang tin cdy (Conference Intevals), twong quan hang (Rank Correlations),
tuong quan riéng phan (Partial Correlation)...thi mo biéu tugng Summary Statistics. Dé
biét thém vé nhirng van dé khac, ban c6 thé thuc hién cac thi tuc giéng nhu cach da lam
v6i hdi quy tuyén tinh don.
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5.5.MOT SO MO HINH SAN LUQONG RUNG
5.5.1. Quan hé giira cac nhan t6 diéu tra than cdy véi tudi cay

Mbi quan hé giira du:ong kinh than cay (D13, cm) chidu cao than ciy (H, m), tlet dién
ngang than cay (G, m?) va thé tich than cay (V,m %) (dudi day ky hiéu 14 Y) v6i tudi cay
(ki hiéu A hodc T, nam) co thé dugc mé ta bang cac dang phuong trinh sau day :

a. Mo hinh Gomperts
trong d6: T 13 tudi ciy; Ymax — chiéu cao (hodc dudng kinh) than cdy 16n nhat ¢ tudi
thanh thuc.

Giai: Bat Y/Ymax = EN(-b*e™-KT) = Ln(Y/Y max) = -b*e-kT

= Ln(-Ln(Y/Ymax)) = Lnb — KT

bat Y’ = Ln(-Ln(Y/Ymax)); A = Lnb; k = B.

=Y =A+BT. (5.65)
Giai phuong trinh (5.65) bang phwong phép binh phuong nho nhit s& tim duoc A va B.
Khi biét A = Lnb = b = ¢*A. Tir day c6 thé trd lai ham phi tuyén.

b. M6 hinh Schumacher

trong d6: T — tudi rimg; Ymax — chiéu cao (hodc dudng kinh...) than cdy 16n nhit ¢ tudi
thanh thyc. Luu ¥: m = 0,2 + 2; b ludn ldy gia tri am.

Giai:
+ Cach thir nhat. Dat Y/Y max = eMN-bT ™)

= Ln(Y/Ymax) = -bT ™ = Ln(-Ln(Y/Y max)) = Lnb — mLnT.
bat Y’ =Ln(-Ln(Y/Ymax)); Lnb=A; m=B; LnT =T’
=Y’ =A+BT. (5.67)

Giai phuong trinh (5.67) bang phuwong phéap binh phuong nho nhat s& tim dugc A va B.
Khi biét A =Lnb = b=¢"A; LnT=T" = T = er". Tir day co thé tr¢ lai ham phi tuyén.
+ Céch thtr hai. Tir ham 5.66, 1dy logarit tu nhién hai vé:
LnY = LnYmax + bT ™
PitLnY =Y’ ; LnYmx=A;b=B; T"=Tv6im=0,2 - 2,0.
=Y =A+BT.
Luu y rang, gia tri m dugc chon sao tong binh phuong cac sai 1éch giira gia tri ciia bién y;
va gi tri wéc lugng cia bién y; 1a nho nhat, nghia 1a X(y; - yi)? = min.

¢. M6 hinh Korf

Y = Y ma@Xp(-C1 T ) (5.68)

trong d6: T — tudi rimg; Ymax — chiéu cao (hodc duong kinh) than cdy 16n nhit & tudi
thanh thuc. Céac tham s6 cua phuong trinh Korf c6 quan hé v&i nhau nhu sau: Y max = ¢!
C. = b(n -1), C,=n-1.
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Giai: Dt Y/Ymax = eXp(-C1T%) = -Ln(Y/Y max) = C1 T

= Ln(-Ln(Y/Y max) = LNC1 — CoLnT

— Pat Ln(-Ln(Y/Yma) = Y’; LnT =X, LnC,= A, C, =B

=Y =A+BX. (5.69)

Giai phuong trinh (5.69) bang phwong phap binh phuong nho nhat s& tim dugc A va B.
Khi biét A = C; = 2.71827A; C, = B. Tur day c6 thé tré lai ham phi tuyén.

d. Nhirng dang phwong trinh méc dinh trong Statgraphics Plus Version 3.0 va 5.1

Mébi quanhé H— A, D - A, M- A, LogN — LogD ciing c6 thé dugc mo ta bang
cac ham mac dinh trong Statgraphics Plus Version 3.0 va 5.1 sau day (hinh 5.22, 5.23,

5.24 va 5.25):
Comparison of Alternative Models Comparison of Alternative Models
Model Correlation R-Squared Model Correlation R-Squared
Multiplicative 0.9997 99.94% Linear -0.9995 99.91%
Square root-X 0.9992 99.85% Square root-Y -0.9987 99.74%
Double reciprocal 0.9955 99.11% Square root-X -0.9984 99.69%
Linear 0.9942 98.84% Exponential -0.9974 99.49%
Logarithmic-X 0.9808 96.20% Logarithmic-X -0.9967 99.33%
Square root-Y 0.9780 95.65% Reciprocal-Y 0.9937 98.74%
Exponential 0.9494 90.14% Multiplicative -0.9925 98.50%
S-curve -0.9487 90.00% Reciprocal-X 0.9911 98.23%
Reciprocal-X -0.8642 T74.69% S-curve 0.9849 96.99%
Reciprocal-Y -0.8572 73.48% Double reciprocal -0.9770 95.46%
Hinh 5.22 Hinh 5.23

Comparison of Alternative Models Comparison of Alternative Models

Model Correlation R-Squared Model Correlation R-Squared
Multiplicative -0.9999 99.98% Reciprocal-X -0.9843 96.88%
Reciprocal-X 0.9944 98.88% S-curve -0.9802 96.08%
Reciprocal-Y 0.9923 98.46% Double reciprocal 0.9753 95.12%
Exponential -0.9907 98.16% Logarithmic-X 0.9484 89.95%
S—curve 0.9863 97,285 Multiplicative 0.9405 88.45%
Logarithmic-X -0.9670 93.51% Square root-X 0.9224 85.09%
Square root-Y -0.9630 92.73% Linear 0.8925 79.65%
Square root-X -0.9454 89.38% Square root-Y 0.8871 78.69%
Linear ~0.9198 84.61% Exponential 0.8814 77.69%
Double reciprocal -0.9130 83.35% Reciprocal-Y -0.8697 75.63%
Hinh 5.24 Hinh 5.25

Quan hé gitta H- Ava D - A con ton tai dudi dang sau day:

+Y =a+bLogA
+Y = aexp(B/A”k)

trong d6 Y = H, D1 3; A = tudi cdy; k = hé s6 (ldy gia tri tir 0,2 — 2) ty theo loai cay.

5.5.2. Quan hé giira tong gia tri gd (Sa) véi tudi rirng (A)
+ Ham s6 cin bac hai ciia A (Square Root — A): SA = a + b*SQRT(A)
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+ Ham sb mii (Exponential Model): SA = Exp(a + b*A)

+ Puong cong hinh chit S (S — Curve Model): SA = Exp (a + b/A)
+ Ham sb logarit (logarithmic — A Model): SA = a + b*LnA

+ Ham sd mii bién d6i (Multiplicative): SA = aAP

5.5.3. Quan h¢ giira ti 1¢ gia ting gia tri gb hang nim (ASa/Sa) véi tudi rimg (A)

Quan hé nay c6 thé m6 ta theo cac dang phurong trinh:

+ Ham sd can béc hai ciia ASa/SA (Square Root — Y): ASa/SA = (a + b*A)?

+ Ham sb nghich dao cua ASa/SA (Reciprocal — Y): ASa/SA = 1/(a + b*A)

+ Ham so mii (Exponential Model): ASa/SA = Exp(a + b*A)

+ Puong cong hinh chir S (S — Curve Model): ASa/SA = Exp (a + b/A)

+ Ham sé logarit (Logarithmic — A Model): ASa/SA = a + b*LnA

+ Ham s mil bién d6i (Multiplicative): ASa/SA = aA”

+ Ham s0 logistic. Ham logistic c6 nhieu dang khéac nhau.

Vi du: ASa/SA = Y = Exp(a+bx)/(1+Exp(a+bx)). R* bidu thi % bién ddi cua
ASa/SA theo A sau khi bién dbi ty 18 Y/(1-Y) thanh mé hinh tuyén tinh.
5.5.4. Quan hé giira suit ting truéng dwong kinh (Pd) va chiéu cao (Ph) véi tudi
rirng (A, nam)

Pd = K*A™. Giai: Ln(Pd) = LnK — bLnA

Ph = K*A™. Giai: Ln(Ph) = LnK — bLnA

O day Pd va Ph tinh theo cong thurc:

a. P6i véi nhirng lodi ciy sinh trwéng nhanh

~Da-Dan 0. by - Haz Han
Pd = =5 = %100 ; Ph === *100

b. Pdi véi nhirng loai cdy sinh truéng chim
Nhén t6 Pt (t 1a nhan t6 diéu tra trén than cdy) dugc tinh theo cong thirc:

Ta - Ta-n *@

Pt=1 1.7 n

' Pv = Pg + Ph + Pf; Zt = T*Pt%; Ta + n = Ta(1 + nPt%).

5.5.5. Quan hé giira thé tich thin ciy véi cic nhan t6 diéu tra trén than cay

Mot s6 mo hinh sau day biéu thi tot quan hé gitra V véi D va H:
+V =a+bH + cD*H/10*

+V =a+hD’H
+V = KD*H®
+V = K(D*H)"

+LnV = a+bLnD + cLnD? + dLnH + eL.nH?
5.5.6. Quan hé giira chiéu cao than cay (H) véi dwong kinh thén cay (D)
+ H - 1.3 = aExp(-b/D)
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+ H = a*(bLnD — cLnD?)

5.5.7. Dy doan mdt s6 nhan t6 diéu tra 1am phan

+Dg = a + b*Hy>?
+M=a+hbGHy

+ M/G =a+bHg

+ M/G = a + bHg + cHy?

+ LnG =a+ bLnHy+ cLnN
+ LnSt=a + bLnHy + cLnN
+ LnM =a+ bLnHy+ cLnN

+ LnM =a + bLnH + cLnG (Trinh Btrc Huy, 1988)

5.5.8. Quan hé giira trir lwong g6 san pham (Msf) v6i tudi rirng (A, nim)

+ Msf =a + bLnA
+ Msf = g@ /A

+ LnMsf=a + bLnD, voi Msf 1a ty 18 gd san pham (%).

5.6. TUONG QUAN HANG

Thu tuc twong quan hang (Rank Correlation)
cho phép xac dinh mdi lién hé giita hai bién
dinh tinh duoc xép hang. Pé dat duge muc dich
nay, ban can phai st dung twong quan hang cia
Spearman (Spearman Rank Correlation). Trinh
tu thuc hién nhu sau:

Buéc 1. Nhap sd liéu cta hai bién trong
hai cot. Néu sb lidu do dém la nhiing dau hiéu
dinh tinh (c6 hodac khong c6 thur bac) thi ban
phai tién hanh ma hoa ching trudc khi dua vao
tinh twong quan hang (xem huéng dan sir dung
SPSS 10.0).

Buéc 2. Mo Describle = Numeric Data
= Multiple Variable Analysis. Dén day man
hinh hién thi bang Multiple Variable Analysis.
Tai ddy, ban hiy chon nhiing diy so liéu tir
bang Multiple Variable Analysis va bdm miii
tén dé dua chiing sang 6 Data (hinh 5.26).

Buwée 3. Chon OK;; tiép theo chon
Tabular Options. Tir ctra s6 Tabular Options,

Multiple-Yariable Analysis

Chon nhimg day s6 lidu va bém

miii tén dé dua chiing sang phan

tinh toan.

Hinh 5.26

[Select:]

I

< Sort

oK ] cance | Delete | Transform. | Help |

Tabular Options

I~ Summary Statistics

[T Confidence Intervals

™ Conelations Hinh 527
™ Rark Comelations

M Covarances

[~ Partial Corelations

o]

Cancel | Al Help

ban hiy chon Rank Correlations va nhimng thdng ké can tinh (hinh 5.27).

Bién soan: PGS. TS. Nguyén Vin Thém 85



Huéng dan sir dung Statgraphics Plus Version 3.0 &5.1
0000000000000 0000000 000000000000 0

Chwong VI

PHAN TiCH PHUONG SAI
6.1. KHAI QUAT

Phén tich phuong sai (ANOVA) 1a mét k¥ thuét rat hiru ich cho nhimg vin dé
thong ké ma ban quan tim nhu kiém dinh anh hudng cua mot hoac nhiéu yéu té khong
do dac duoc (bién doc 1ap) dén yéu td phu thude (bién phan hdi — Response variable,
bién két qua). Trong ky thuét phan tich phuong sai, nhiing bién khong do dac dugc biéu
thi cho nhitng yéu té (Factors) hoic blen phan loai (Classification variables). Mac du
phan tich phuong sai 1a ky thuat dung dé phan tich nhitng yéu t6 khong do dac dugc,
nhung ban van c6 thé str dung k¥ thudt ndy dé phan tich nhitng bién do dac duoc néu
nhing bién 4y co6 thé ghép thanh nhom hodc khoi (Block). Vi dy, ban c6 thé phén tich
anh huong cua do day tang dat (dugc phan thanh cap c6 thtr bac) dén nang suat ring.
Nhung luu y rang, muon nhan duoc nhiéu thong tin hon trong mdi quan hé gilta nang
suét rimg voi do day tang dat, ban nén sur dung phép phén tich twong quan va h01 quy.

Phan tich bién dong (1 yéu t6, da yéu tb va thiét ké hdn hop) gia dinh rang s6 liéu
tuan theo phan bd chuan v6i phuong sai bang nhau. Chuong trinh Statgraphics Plus
Version 3.0 con cung cap hai thii tuc phén tich bién dong phi tham s6 — d6 1a phan tich 1
yéu t6 theo hang cua Kruskal — Wallis va phan tich 2 yéu t theo hang ciia Friedman.
Thi tuc Kruskal — Wallis gitp ban nghién ciru nhiing thi nghiém mot yéu t6 can b'flng
hogc khong can bang, con thi tyc Friedman gitip ban nghién ctru nhimg thi nghiém 2 yéu
t6 can bang. Nam thu tuc phan tich bién dong trén day dugc tom tat nhu sau:

Thu tuc Sobién [ Kiéu s ligu M0 ta
Phan tich anh hudng cla 1 yeu t6 dinh tinh
hodc dinh lugng dén 1 yéu to phu thudc.

Phén tich ANOVA 1 yeu t6 2 So Céc thiét ké can bing hogc Khong can
bang.
Phén tich anh huong cua 1 hodc nhiéu yeu
Phén tich ANOVA nhidu yéu t6 Nhidu sé 1o dinh tinh hogc dinh luong den 1 yeu to

phu thudc. Phan tich Covariance vdi 1 hodc
nhiéu Covariance.

Phan tich 4nh hudéng cua 1 hodc nhi¢u yéu
Phén tich ANOVA theo kiéu phan cip Nhidu ” t dinh tinh hodc dinh lugng dén 1 yéu t6
(Nested designs) phu thudc khi s6 mau & tat ca cac to hop
clia cac mirc yéu td 13 bing nhau

Phan tich anh hudng cua 1 yéu to phan loai

Phén tich theo hang 1 yéu té ctia Kruskal

. 2 So cho thi nghiém 1 yéu td cén bang hoic
— Wallis
khong cin bang.
Phan tich theo hang nhiéu y€u to cua 1 Phan tich 4nh hudng cta 2 yéu t6 phan loai
. 2 So ’ N A LA A N
Friedman cho thi nghiém 2 yéu t6 can bang.

Chuong 6 gidi thiéu nodi dung thyuc hanh phan tich phuong sai. Phan dau gidi thi¢u khai
quat veé cac kiéu bo tri thi nghi¢m. Phan ti€p theo gidi thi¢u cac thu tuc trong thyc hanh
phan tich phuong sai va hiép phuong sai.
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6.2. CAC MO HINH PHAN TiCH PHUONG SAI

Két qua ciia phan tich phuong sai bao cao nhiéu n6i dung khac nhau; trong do
chung ta thuong luu y nhiéu hon dén nhing noi dung sau day: (1) Cac dac trung théng ké
mo ta; (2) Kiém dinh phan b chuin va ngang bang phuong sai; (3) Phan tich cac bién
dong (ANOVA); (4) So sanh giita cac nghiém thirc va kiém dinh phan hang cac nghiém
thire; (5) Xéc dinh cac twong phan (Contrasts)...N6i dung 4 va 5 chi dugc thuc hién khi
phan tich cac bién dong cho biét cac trung binh mau khac nhau c6 ¥ nghia thong ké.

+ So sanh giira cic nghiém thirc va kiém dinh phan hang. So sanh sy khéac
nhau gitta cac nghiém thic dugc thuc hién theo hai cach sau day: (1) So sanh tirng cap
nghiém thirc v6i nhau (Pairwise comparisions), (2) So sanh nhiéu cip nghiém thirc voi
nhau (Pairwise multiple comparisions). Khi mudn phan hang cac nghiém thuc, nguoi ta
str dung cac kiém dinh phan hang cac nghiém thirc (Post Hoc range tests). Cac kiém dinh
phan hang cac nghiém thirc cho biét nhiing gia tri trung binh nao khac nhau c6 ¥ nghia
thong ké. Chung dugc thuc hién dua trén cc gia tri trung binh chua dugc diéu chinh.
Céc kiém dinh nay chi dugc ap dung dé so sanh anh hudng giira cac yéu t6 c¢b dinh dén
mot bién phuy thudc. Khi c6 nhiéu bién phu thude, thi cac kiém dinh nay s& thuc hién cho
tig bién.

Khi so sanh sai khéc giita hai nghiém thirc v6i nhau, ngudi ta c6 thé sir dung kiém
dinh T. Kiém dinh T cho biét su khac biét gifra hai nghiém thuc & muc xéac suét sai lAm
dugc chi dinh trudc (Thong thuong 1a P = a = 0.05 hodc 0.01). Nhung khi c¢6 nhiéu
nghiém thuc can so sanh tung cdp voi nhau, chiung ta phai sir dung kiém dinh nhiéu cap
(Pairwise multiple comparisions). Bdi vi xac suét lién quan dén thong ké T chi gia dinh
¢6 1 kiém dinh dwogc thyuc hién. Nguoc lai, khi ¢6 k nghiém thice (k > 2) can kiém dinh
ting cp, thi x4c suat tim ra mot cap sai khac ¢ mirc y nghia P s¢ tang 1én theo sO cp cén
so sanh. Gia thiét co k cap sO trung binh can so sanh & muc ¥ nghia P = 0,05, thi xac suét
khéc nhau roi vao mién bac bo 1a 1-0,95%. Vi du: Khi ¢6 6 cap nghiém thirc can so sanh
ting cip & mirc y nghia o= 0,05, thi x4c sudt khac nhau roi vao mién bac bo 1a 1-0, 95° =
0,265. Gia sir c6 k nghiém thire, s6 cip so sanh 13 Y = k(k-1)/2 = k!/(N-k!); trong dé
N = dung lugng quan sat.

Trong SPSS, khi ¢6 nhiéu nghiém thirc nhung chi can so sanh timg cip nghiém
thirc riéng r€ v&1 nhau, nguoi ta co thé st dung cac kiém dinh: Su khéc nhau c6 y nghia
nho nhat (Least Significant Difference = LSD), Bonferroni va Sidak. Nhung néu co
nhiéu nghiém thic can so sanh khéng chi timg cip voéi nhau ma con xép hang céc
nghiém thirc, ching ta can su dung cac kiém dinh Tukey HSD, Scheffe, Duncan, Student
- Newman - Keuls. Tt ca cac kiém dinh nay doi hoi phuong sai mau 13 bang nhau.

Kiém dinh Tukey str dung thong ké bién d6 dugc Student hoa dé xay dung tt ca
cac so sanh cdp gitra cac nhém nghiém thirc va thiét 1ap ti 18 sai sd cho nhiing cip so
sanh. Khi c6 k c@p so sanh & mtrc y nghia o = 0,05, thi mic y nghia cta 1 cdp so sanh la
0,05/k. Vi du: Khi k =5 va a = 0,05, thi mtc ¥ nghia cho 1 cdp so sanh 1a 0,05/5 = 0,01.
Vi thé, kiém dinh Tukey duoc dung dé so sanh nhidu cip trung binh & muc ¥ nghia o.
Kiém dinh Bonferroni st dung théng ké Student’s T dé diéu chinh mirc ¥ nghia quan sat
dua trén sb lan so sanh. Khi chi c6 it cdp trung binh can so sanh, thi kiém dinh
Bonferroni hitu dung hon. Cac kiém dinh Duncan, Student-Newman-Keuls (S-N-K) va
Tukey’s b 14 cac kiém dinh dua trén hang ciia cac trung binh mau. Kiém dinh LSD tuong
duong v6i kiém dinh T. Han ché cua kiém dinh LSD 1a khong c6 mét kiém dinh nao
dugc diéu chinh mtc tin cay cho nhiéu so sanh.
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Thuyc chét ciia phép so sanh giita cac nghiém thirc 1a xay dung khoang tin ciy cia
so sanh (Cj) va dua vao khoang tin cdy dé kiém dinh gia thuyét Ho (Khong co su sai khac
gitta hai nghiém thirc). Neu khoang tin c@y C; chura gia tri Zero, thi gia thuyet Ho duoc
chap nhan ¢ mirc x4c suit sai 1am P = a hodc mtc tin cdy 1-P. Nguoc lai, néu khoang tin
cdy Cj khong chira gia tri Zero, thi gia thuyet Hy bi bac bo & mirc x4c sudt sai 1am P hoic
muc tin cdy 1- P. Ba mirc x4c suét sai 1am thuong duoc st dung 14 o = 0, 05; 0=0,01 va
o = 0,001. Trong linh vyc 14m nghiép, nguoi ta thuong chon mirc x4c suét sai lam a =
0,05.

Dang tong quét ciia khoang tin cdy ctia so sanh C; nhu sau:

Ci = G ST, ®(k)

Trong do:

Ci = hi¢u s0 cua hai trung binh tong thé hay hai trung binh mau;
Ci® = udce luong cua C;j hay hleu s6 cua hai trung binh mau;
Sci’ = dd 1éch chuin cua C

" ZMSE
Sci =

(khi dung lugng hai mau bang nhau);

Un+1m MSE . x
S¢i” = \/ (Lni ) (khi dung lugng hai mau khac nhau);

SE = sai 6 chuan
Tp(a)(k) = dai lwong c6 phan phdi Student hodc phan phdi F tiy theo kiéu so sanh ddi
chiéu;
o = mirc xac sudt sai lam (con ki hi¢u la P — value);
a = s nghiém thirc (v6i cac trac nghiém khong x&p hang cac nghiém thirc) hoac hang (1)
cua cap nghiém thirc dem so sanh (voi cac trac nghiém c6 xép hang cac nghiém thirc);
k = bac tu do ctia sai s6 trung binh binh phuong (MSE).

Giatri Tp a)(k) dugc xac dinh tuy theo kleu so sanh.

(a) D01 v6i nhirng tric nghi¢m khong xep hang cac nghiém thirc

+ Trac nghiém LSD: Tp(a)(k) = Tp(K). Trac nghiém LSD khong phu thudc vao sd
nghiém thirc can so sanh, nghia 1a n6 chi so sanh ting cdp nghiém thuec.

+ Trac nghiém Scheffe: T (a)(k) = \/ (I- 1)Fp(l - 1; k) . Trac nghiém Scheffe phuy
thudc vao sd nghiém thtrc so sanh.

+ Trac nghiém Dunnett: Tp @ )(k) Tric nghiém nay phu thudc vao s0 nghiém thirc
so sanh va dugc tra tir Bang lap san dung cho trac nghiém Dunnett.

(b) Pbi véi nhirng tric nghié¢m cé xep hang cic nghiém thire

®(k
+ Tric nghiém Tukey: T ()(k) = 9%/_2_2

; trong do qa( )(K) 14 tri sb tra Bang lap

san ding cho trac nghiém Tukey. Tric nghiém Tukey phu thudc vao sd nghiém thirc so

sanh.
q (a)(k)

+ Tric nghiém Duncan: T,?(k) = NE : trong d6 q,@(K) 14 tri sb tra Bang lap

san dung cho trac nghi¢ém Duncan. Trac nghiém Duncan phu thudc vao hang cua cap

nghiém thtrc so sanh. ®
%K)
2

+ Tric nghiém Newman - Keuls: Tp(a)(k) = : trong d6 q,@(K) 1 tri b tra

Bang lap sin ding cho tric nghiém Newman — Keuls. Tric nghiém Newman - Keuls
cling phu thudc vao hang cua cdp nghi¢m thirc so sénh.
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O nhitng tric nghiém khong xép hang cac nghiém thirc (LSD, Scheffe va
Dunnett), gia tri SCiXTa(k) 1a sai khac nhé nhit c6 ¥ nghia so sanh (LSD). Quy tic quyét
dinh: (1) Néu C;®) < S¢i* Ta(K), thi gia tri trun§ binh cua 2 nghiém thirc khac nhau khong
rd rét & muc ¥ nghia sai 1am P. (2) Néu C;%) > Sci"Tp(K), thi gia tri trung binh cua 2
nghiém thirc khac nhau rd rét & muc y nghia sai 1am o.

Dbi v6i nhitng tric nghiém c6 xép hang cac nghiém thirc (Tukey, Duncan,
Newman - Keuls) tri s& Sc; Tp( )(k) 1a hang sai khac nho nhat & murc y nghia sai 1am a.
Khi |C|(X)| >Se" T (a)(k) thi khoang tin cdy cua Ci khong chira tri sd Zero. Do d6, gia
thuyét Ho bi bac bo & muc ¥ nghia sai 1dm o. Nguoc lai, khi |C|( < ST (a)(k) thi
khoang tin cdy cua C; chira gié tri Zero. Do d6, gia thuyét Hy dugc chap nhan ¢ muc ¥
nghia sai lam a.

Luuy rﬁng tat ca cac kiém dinh Tukey HSD, LSD, Scheffe, Bonferroni, Duncan,
Newman - Keuls va Sidak doi hoi phuong sai mau 13 bang nhau. Khi phuong sai miu
khéc nhau, thi ching ta str dung cac kiém dinh Games — Howell, Tamhane’ T, Dunnett’s
T3 va Dunnett’s C.

Néu can so sanh ting gid tri trung binh véi mot gid tri trung binh kiém tra, nguoi
ta c6 thé sir dung kiém dinh Dunnett. Gi tri trung binh kiém tra c6 thé 13 tri trung binh
ctia nhom thr nhat hoac nhom cubi cing. Ching ta ciing c6 thé chon kiém dinh mot bén
(1-sided) hodc hai bén (2-sided). Kiém dinh hai bén ap dung voi cac gia thuyét cho rémg
trung binh ¢ mot mirc yéu t6 nao d6 (Ngoai trir yéu t6 kiém tra) khac véi hay khong bang
yéu t kiém tra. O truong hop nay, sau khi chon théng ké Dunnett, Chung ta chon tiép
tiéu chuan kiém tra 1a Last hoic First va kiém dinh hai phia (2— sided). Kiém dinh 1 bén
ap dung d6i voi cac gia thuyét cho rang trung binh ¢ mét murc yéu t6 nao d6 (Ngoai trir
yéu t6 kiém tra) nho hon hodc 16n hon yéu té kiém tra. Pé dat muc dich nay, sau khi
chon théng ké Dunnett, ching ta chon tiép tiéu chuén kiém tra 1a Last hodc First va kiém
dinh nho hon kiém tra (<Control) hoic 16n hon kiém tra (>Control).

(c) Kiém dinh twong phan giira cic trung binh miu. Phan tich phuong sai voi
kiém dinh F chi dua ra mot két luan chung chung cho mét ciu héi ciing chung chung. D6
1a ¢6 ton tai su khac biét giita cac trung binh mau hay khong? Khi P — value < 0.05 (Mic
dinh), thi két qua kiém dinh chi cho biét cac trung binh mau khac nhau & mirc xac suét P
(0.05 hay 0.01). Mudn biét 5 nhtng nghiém thirc nao khac nhau ¢ murc xac suét P,
ching ta c6 thé sit dung kiém dinh T cho ting cip trung binh miu (Pairwise
comparisions).

Pé kiém dinh nhiéu trung binh mau va ghép ching thanh nhitng nhom thuan nhat
(Nhitng trung binh mau khdng khac nhau ¢ muc xac sudt P), ching ta sitr dung cic so
sanh da pham vi (Multiple comparisions) va kiém dinh phan hang cic nghiém thiic
(Multiple range tests). Trai lai, trong mot 5O truong hop khac, ching ta khong chi mong
muon nhimg so sanh don gian nhu thé ma con can den nhitng so sanh sdu hon nhu so
sanh mot hodc mot s6 nhom nay voi mot hodc mot sé nhom khac. Chang han: C6 4 thi
nghiém bén phén cho Sao den: (1) Dbi chimg (khéng bon phan), (2) Bon P, (3) Bon K,
(4) B6n PK. Béi vai kiéu thi nghiém nay, chling ta c6 thé dat ra yéu cau: Hiy cho biét
sinh truong ctia Sao den trén nhitng nghiém thuc boén 1an cé sai khac thuc sy véi nhitng
nghiém thic khong bén lan hay khong? Dé tra 101 cau hoi nay, ching ta phai so sanh
gitta tap hop trung binh mau cta nhitng cong thirc ¢6 bon 1an (P va PK) voi ddi chirng va
K trung binh mau cua nhimg cong thirc khong bon lan (Déi chimg va K). Phuong phép
kiéu kiém dinh nhu trén day duoc goi 14 so sanh twong phan.
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Vé ly thuyét mot tuong phén la mdt quan hé tuyén tinh ciia K sd trung binh.
Tuong phan ¢ tong thé c6 dang y = XX ajpi, con & mau co dang C = > @iXpqi; trong d6 3.
= 0. Nhu vay, cac so sanh tuong phan duoc sir dung dé kiém dinh cho nhimng khac biét
glua cac murc cia mot yéu t6. Chung ta ciing co thé chi dinh mét twong phan cho mdi yéu
t6 trong mo hinh.

Khi thi nghiém véi 1 yéu td, so sanh twong phan bang cach mé thu tuc Compare
means: One — Way ANOVA hoac General linear model: Univariate. Nhung khi thi
nghiém vé6i nhidu yéu td, thi ching ta chi can dén tha tuc mé hinh tuyén tinh tong quat
(General linear model: Univariate).

(C1) Péi véi thi tuc One-Way ANOVA Contrasts. Khi chon Polynomial (da
thirc), chuong trinh s€ chia téng binh phuong gitta cac nhém thanh cac thanh phan xu
hudng. Chung ta c6 thé kiém dinh khuynh hudng bién ddi cua bién phu thudc theo cac
muirc c6 thir bic cua bién yéu t6. Vi du: Chung ta c6 thé kiém dinh khuynh hudng tuyén
tinh (ting hodc giam) d6i v6i chidu cao than cdy theo thir bac cao dan cua ham luong
phén bon trong rudt bau. Sau khi chon Polynomial, roi chon tiép Degree (béc) thi chuong
trinh s& chia tong binh phuong giita cac nhom thanh céc thanh phan xu huéng theo da
thirc. Khi phan tich xu hudng bién ddi cua cac trung binh nghiém thic, ching ta c6 thé
chon lan luot tir bac 1 dén bac 5 (Mic dinh 13 16n nhat). Dé kiém dinh cac nghiém thic
bang thong ké T, chung ta cling phai chi dinh cac hé s6 (Coefficients) cho nhiing tuong
phan cu thé. Pé dat dugc muc dich nay, chiing ta dwa vao cac hé s6 cho mdi nhom (loai)
cua bién yéu td (phan loai) va chon Add sau moi lan nhap mot h¢ s6. Theo mic dinh,
chung ta c6 thé nhap vao 50 hé s6 (nhom). Khi dwa vao 6 Coefficients mot gia tri méi
ctia mot hé s, thi nd s& duoc ghi vao dong cudi cua danh sach hé sd. Ching ta co thé chi
dinh cing mot lic nhiéu tip hop (bd) tuong phan khac nhau (I6n nhét 1a 10) bang cach
nhip nut Next sau mdi tap hop gia tri. Sir dung niit Next va Previous dé thay d6i qua lai
giita cac b twong phan. Khi gd nhdm mot hé sd nao d6, chung ta c6 thé hiiy bé nd bang
cach chon né va nhip nit Remove.

Luuy réng, trat tu cua cac hé sé duoc dua vao 6 hé sd (Coefticients) la rat quan
trong, bdi vi ching chi dinh o thu ty cac bién yéu t6. Hé sd thtr nhét trong danh sach cac
bién phan loai chi dinh cho gia tri ctia bién phan loai thudc nhém thap nhat, con hé sb
cudi cung thudc vé nhém cao nhét. Chéng han: Néu c6 6 bién phan loai va khi chi dinh
th tu cac hé s6 -1, 0, 0, 0, 0.5 va 0.5, thi chuong trinh s& thuc hién so sanh ddi chiéu gia
tri trung binh ctia nhom 1 véi gia tri trung binh cua tap hop hai nhém 5 va 6. Néu ban chi
dinh cac hé s6 -1, -1, -1, -1, 2, 2, thi chuong trinh s& thyc hién so sanh ddi chiéu gia tri
trung binh ctia tip hop 4 nhom dau véi gia tri trung binh ciia tap hop hai nhém 5 va 6.
Chung ta c6 thé chi dinh cac hé s6 cho mot b twong phan theo s6 nguyén hoic theo s ti
16, nhung diéu kién 1a tong cac hé sb phai bang zero. Thong thudng, dé cé nhitng bo so
sanh tuong phan c6 y nghia, chung ta phai chu dong chi dinh ching trudc khi lam mot
cugc thi nghiém hodc thu thap dir li¢u.

Két qua cua so sanh tuong phan bao gom: (1) Céc hé sb cua cac bo twong phan;
(2) Théng ké F cho mbi L tap hop (b) twong phan, (3) Khoang tin cdy kiéu Bonferroni cho
nhimg khac biét ctia mdi trong phan dya trén phan phdi T. Luu ¥ rang, khi str dung thu
tuc One-Way ANOVA va chon contrast 1a da thirc (Polynominal), thi két qua tuong phan
s& hién thi ‘trong Bang kiém dinh cung luc gdm ca méi quan hé tuyén tinh bac 1 14n quan
hé phi tuyén tinh (cao nhét dén bac 5).

(C,) Péi véi thi tuc General linear model: Univariate. Nhiing trong phan cé
hiéu lyc 1a Deviation, Simple, Difference, Helmert, Repeated va Polynomial. Khi st
dung thu tuc so sanh twong phan Deviation va Simple, chung ta c¢6 thé chon loai tom tat
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1a Last hodc First. Trong 6 Contrast, néu chon None thi khong c6 mét so sanh tuong phan
nao dugc thuc hién. Néu chon Difference contrasts thi chuong trinh thyc hién nhitng so
sanh gilra gia tri trung binh cua timg mau (trr mau thtr 1) v6i gia tri trung binh cia t6 hop
cac mau trén. Néu chon Deviation contrasts thi chuong trinh thye hién cac so sanh gitra
gia tri trung binh cua timg mau (c6 thé bd miu dau bang cach chon First hodc bo mau
cudi bang cach chon Last) voi gia trj trung binh chung ctia cac mau. Néu chon Simple
contrasts thi chuong trinh thyc hién so sanh giita trung binh ctia mdi mau véi gi tri trung
binh mau dugc chi dinh. Mau chi dinh c6 thé 1a miu cudi (Last) hoic mau dau (First).
Néu chon Repeated contrasts thi chuong trinh s& 1an luot so sanh giita trung binh ctia mdi
mau (trir miu cudi) véi trung binh cia mau ké tiép. Néu chon Helmert contrasts thi
chwong trinh s& so sanh giira trung binh ctia m&i mau (trir mau 1) véi trung binh cia to
hop cac mirc dudi. Néu chon Polynomial contrasts thi chwong trinh s& tinh mdi quan hé
tuyén tinh (bac 1), bac 2 va bac 3 hodc su thing gidng giita cac trung binh miu cé thir
bac. Vi du: Muc tang dén theo bac cua N, K hoac P.

Tém lai, vé co ban trinh ty cac budc so sanh twong phan nhu sau: (1) Pat gia
thuyét Ho: cac twong phan = 0; Hy: cac twong phan khac 0; (2) Chi dinh cdc bd twong
phan bang cach nhap vao cac hé sé (tong cac hé sd phai bang zero); (3) Hoan thanh céc
thi tuc goi chwong trinh tinh toan; (4) giai thich va nhan xét két qua.

6.2.1. PHAN TICH PHUONG SAI MOT YEU TO

Phan nay gioi thiéu phan tich phuong sai 1 yéu‘ t6 v6i ba kiéu bd tri thi nghiém sau déy:
(1) ngau nhién hoan toan, (2) khoi ngau nhién day du, (3) la tinh binh phuong.

A. PHAN TiCH PHUONG SAI 1 YEU TO: Kiéu thi nghiém ngiu nhién hoan toan'

Kiéu thi nghiém ngau nhién hoan toan (CRD) c6 thé dugc thiét ké theo so do hinh
6.1. Trong kiéu bd tri thi nghiém ngiu nhién hoan toan (CRD), s liéu quan sat co thé
bang nhau hodc khong bang nhau va trat ty cta cac nghiém thirc khong anh huong dén
két quiia phan tich bién dong. O thi nghiém nay c6 hai ngudn bién dong: (1) ngudn bién
dong cua cac nghiém thire, (2) ngudn bién dong ngau nhién ctia cac s6 liéu duge do dac ¢
mdi nghiém thirc (sai s6 thi nghlem) Gia thuyét Hy dit ra 1a cac nghiém thuc (yéu t6 thi

nghiém) anh huong dong déu dén két qua thi nghiém; nghia la Ho: cu = oo =...=a, =0
hay wi = po = ... = = p. Ddi thuyet Ha: pg # po # ... # . Khi ngudn bién dong cua
cac nghiém thuc 16n hon bién dong ngiu nhién thi gia thuyet Hp bi bac bo.
ST , Nghiém thuc
S liéu quan sat 1 > ;

1 Y. | You | ... | Yu

2

j Yij ... .. | Yrj

Hinh 6.1. So d kiéu b tri thi nghiém ngau nhién hoan toan

! Complete Randomized Design = CRD
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M0 hinh phan thh thong ké c6 dang: Yl] =+ o + gj; trong do: Yij — blen phu
thudc, p 14 trung binh tong the ai - tham s6 ddc trung cho anh huong cia yéu td thi
nghiém, 1= 1,2 ...a; g — sai 50 ngau nhién (g — N(O 8 )- Néu phan tich phuong sai 1
yéu tb theo th1 nghlem kiéu CRD bing mé h1nh tuyen tinh tong quat th1 mo hinh c6 dang
nhu sau: Y = fBo + B1X; + &; trong d6 X, — yéu t6 thi nghiém, ¢ - sai s6 ngau nhién.

Vi du 1. Gia st can kiém dinh anh huong cua 3 cép dia hinh (chan, suon, dinh)
dén sinh truong D13 (cm) ctia rimg Sao den. Dé giai quyét van dé dit ra, ban hiy thyc
hién theo cac budc sau:

Budce 1. Thu thap va xur II' s liéu trung gian. Trude hét, ban phan chia dbi twong
(khu vuc) nghién ctru thanh 3 cap dia hinh. Tiép dén thuc hién bd tri 6 do dém. Trong
mdi 6 do dém ban thong ké day du Dy 3 (cm) cua tung cay. Pé dam bao két qua phan tich
mot cach chinh xac, mdi cip dia hinh c6 the bb tri 1ap lair 6 do dém (r=3, 4...). Sau khi
thu thap xong két qua thi nghiém, néu s cay do dém nhleu (vai tram cay/cap dia hinh)
thi ban c6 thé gop sb liéu cua r 6 do dém trong mot cap dia hinh va tinh cac dac trung
thong ké co ban nhu tri s6 trung binh, phuong sai.. .S6 lidu nay c6 thé dugce dua vao phan
tich phuong sai. Nhung néu s6 cay do dém khong nhiéu (vai chuc cay/cap dia hinh) thi
ban khong can phai tinh toan trung gian. Trong truong hop nay, ban co thé nhap truc tiép
s0 liéu nay vao bang Statgraphics dé thyc hién phan tich ANOVA.

Buwéc 2. Nhap sd liéu vao bang tinh. S6 liéu nhap vao bang tinh Statgraphics bao
gdm hai cot: Cot 1 nhap bién phu thudc (D13 = Yi) hay két qua thi nghiém theo thir tu tir
nghiém thuc 1 dén nghiém thuc 3; cot 2 nhap ma bién doc lap (Xi) hay mé bién 1ap nhém
(bién phan loai - Grouping Variable). Mbi blen 1ap nhom biéu thi cho mét yéu t thi
nghiém va duoc ghi lai bang céc s0 nguyén gidng nhau hoac ki tu gidng nhau. S6 luong
ma s6 1ap lai gibng nhau cho biét sd lugng quan sat cua moi nghiém thic (bang 6.1). Sau
d6 ban thuc hién ma hoa cho cac tén bién.

Bang 6.1. Cach nhap dit lidu trong phan tich phuong sai mot yéu t6
(Chi tiét 56 lidu xem o phu luc 1)

D 27.5]255 (445|405 48 | 49 35.5(345|49.5]455|375
Piahinh | 1 1 1 1 |...(2]2] .. 2 2 3 3 3

Budre 3. Thuc hién cac kiém dinh

ve phan b6 chuan va ngang bang phuong CIESIEEITIY
sai mau. Kiém dinh ngang bang phuong E Dependent Varisble:
sai mau7bang cach chon Variance Check B
trong biéu tugng Tabular Option. Thu tuc o
nay con tinh todn cac tham sé th()ng ké E [6Fer
n;lé téil phan tich ﬁNOV/ﬁ, ki(ém 1dirih _— Hinh 6.2
phan hang cac nghiém thac (Multiple EEC:yi '
Range Tests)...

Gid dinh Ho: Xpgr = Xpgz =...= P Sor

quk, Ho: qul #* quz £+ quk Pé kiém [ ok ] concel | Delete | Tansfomn.|  Hep |
dinh gia dinh nay, ban tién hanh nhu sau:

T menu chinh, chon Compare — Analysis of variance — One way ANOVA —
Dependent list (dén day hiy dua bién phu thudc hay két qua thi nghiém vao bang cach
chon né va nhin nit miii tén bén canh) — factor (dwa bién 14p nhém vao bang cach chon
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n6 va nhan nat miii tén bén canh) (hinh 6.2). Dé thyc hién cac phan tich thdng ké, tir ctra
s6 One way ANOVA, ban hay thuc hi¢n nhu sau:

+ Chon OK, ké dén chon tiép biéu
tugng Tabular Options. Trong ctra s6 ndy  EETewEETTET™
chon All (hinh 6.3).

DPén day ban hiy chon OK dé

q

Analysis Summarny

. A T2 .4 , [ Statisti
chuong trinh xur Ii va hién thi két qua. o A:EZ:’; :I e
A ('Y . A ’ A able N
Kﬁet qua hlian thi bao gom cdc ndi cvlungq co & Table of Means Hinh 6.3
ban sau daY; (1) Thong ke‘ mo ta (bang ¥ Hultiple Range Tests
6.2), (2) kiém dinh sy bang nhau cua ¥ Variance Check

q

phu’O‘ng Sai (béng 63), (3) béng ANOVA’ Fruskalw'allis Test
(bang 6.4), (4) so sanh gitta cac cdp so o
trung binh nghi¢m thirc va phan hang cac

nhom thuin nhét (bang 6.5).

s

Cancel Help

Bang 6.2. Thong ké mo ta (Descriptives)

DHinh Count Average Variance
1 15 35.5667 51.4952

2 15 42.8667 29.481

3 15 40.5 19.1429

Total 45 39.6444 41.3139

Bang 6.3. Kiém dinh sy bang nhau cia phuong sai mau (Variance Check for D; 3 cm)
Cochran's C test: 0.51434 P-Value =0.132736

Bartlett's test: 1.08548 P-Value = 0.188331
Hartley's test: 2.69005

Béng 6.4. Phan tich phuong sai (ANOVA)

Source Sum of Squares Df Mean Square F-Ratio  P-Value
Between groups 416.144 2 208.072 6.23  0.0043
Within groups 1401.67 42  33.373

Total (Corr.) 1817.81 44

Bang 6.5. Kiém dinh phan hang cac cip sb trung binh nghiém thirc

METHOD: 95.0 PERCENT LSD

DHinh Count Mean Homogeneous Groups
1 15 35.5667 X

3 15 40.5 X

2 15 42.8667 X

Contrast Difference +/- Limits
1-2 *-7.3 4.25703
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*-4.93333 4.25703

1-3
2-3 2.36667 4.25703

* denotes a statistically significant difference.

Giai thich va nhan xét két qiia. Bang 6.3 ghi lai két qua kiém dinh sy bang nhau
ctia phuong sai mau. Vi P > 0.05 nén phuong sai cac mau 13 bang nhau. Bang 6.4 bao céo
két qua phan tich phuong sai (ANOVA). Dong ¢ nhin “Between groups” ¢6 P = 0.0043
< 0.01 nén sinh truong cua rung Sao den trén nhitng dia hinh khac nhau c6 sy khac nhau
rat rd rét. Bang 6.5 trinh bay kiém dinh so sanh giita cac cip s trung binh nghiém thuc.
Déu hoa thi (*) & bén canh cac con sb cho biét hai cip iy khac nhau & muc ¥ nghia 0.05.
Bang 6.5 ciing dan két quia kiém dinh phan hang cac nghiém thirc. Nhimg nghiém thtrc
thuan nhat duoc ghi lai cung mot cot. O vi du nay, dia hinh thyc sy c6 anh huong dén
sinh trudng cia rimg Sao den. Két qua kiém dinh cho thdy rimg moc tot & dia hinh tir
chan dén suon ddi, con & dinh ddi thi sinh trudng kém nhét.

Phan tich phuong sai mdt yéu to véi da quan sat. Pa quan sat dugc hiéu 1a
bién phu thuoc & mdt don vi thi nghiém dugc thu thap tir nhiéu truong hop hodc mdi
truong hop duoc do ¢ nhirng thdi diém khac nhau. Vi du: (1) Mot nghiém thac dugc thu
thap tir K truong hop; (2) Mot truong hop duoc do dac ¢ nhitng thoi diém khac nhau
trong sudt thoi gian thi nghiém.

Vi du 2. Nghién ctru anh hudng cia 5 ché do che bong khac nhau dén sinh truong
vé chiéu cao ctia Dau song nang sau 6 thang. Thi nghiém 1 yéu t6 véi 3 lan lap lai. Mdi
nghiém thtrc do 30 cdy. Khi phan tich phuong sai, ban luu ¥ rang mdi nghiém thtrc ¢6 90
quan sat (cdy); tong cong 5 nghiém thic c¢6 450 quan sat. Hiy nhap tat ca 450 s6 liéu caa
5 nghiém thtrc vao cdt 1. Cot 2 nhap thu

t]:I nghlém thl:rc t]:I 1 dén 5, C@t 3 nhé’p Exclude Interactions Options
thtr ty khoi (1 dén 3). Sau d6 ban thuc S -
h1én mo chu(yng trinh tinh toan tuong tu EEAOIE HGHIEM 1 [&EHAOFCGDOAM

0 , ~ ~ EB:MGHIEM=C: G0 OAMN
nhu ¢ vi du 1 trén day.

Vi du 3. Nghién ctu anh huong
cia 8 ché do bon phan khac nhau dén Hinh 6.4
ham luwong dam trong dat. Thi nghiém 1
yéu tb ~V(’yi 4 1an lap lai. S6 liéu thu thap |
trén moi nghiém thirc theo 3 thoi ky sinh
truong cua rung: 3 thang, 6 thang va 12 ok ] _ canest | Hele
thang tudi. Khi giai bai toan nay, ban can
thuc hién theo trinh ty 2 budc nhu sau:

Bwéc 1. Phan tich anh hudng ctia phan bon dén ham luong dam trong dat theo
ting giai doan tudi.

Buwéc 2. Phan tich anh hudng ctia phan bon dén ham luong dam trong dat qua 3
giai doan tudi. O thi nghiém nay, ban can phan tich theo mé hinh thi nghiém c¢6 16 chinh -
16 phu. Ban c6 thé xem nghiém thirc dugc bd tri & 16 chinh, con giai doan do duogc b tri
& 16 phy. Sai léch cua nghiém thirc & 16 chinh 14 sy twong tac giita “khdi voi nghiém
thirc”. Do do, trinh tu phan tich phuong sai ¢ buéc 2 nhu sau:

+ O mdi giai doan tudi, ban hay tinh chidu cao trung binh cho timg 16 thi nghiém.
Sau d6 tap hop lai theo khéi.
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+ Nhap s6 liéu vé chiéu cao trung binh & cft 1 theo thu tu tir giai doan 3 thang
tudi dén 12 thang tudi. O cdt 2 ban nhap thu tu cac giai doan tudi. O cdt 3 ban nhap tha
tu cac nghiém thuc. O cot 4 ban nhép thu tu cac khdi. Sau d6 ban thuc hién ma héa cho
cac tén bién. Pén day ban goi chuong

AMDOWA Table Dptions
trinh tinh toan nhu sau: Sums of Squarss
9 - 7 Tupel ancel
+ M¢ Compare => Analysis of = roou — ot
Help

Variance = Multifactor ANOVA =
Dependent Variable (vao bién phy thudc
— ¢dt 1) = Factor (chon va chuyén vao
ca 3 bién phan loai (cot 2, 3 va 4) = OK.
Dén day trén man hinh s& hién thi bang  former e Hinh 6.5 ]

B:MGHIER - AB

thong ké tom tat (Analysis Summary). Ko o
+ Tai cua s6 Analysis Summary, 1

ban hdy mé biéu twong Tabular Options
dé xem Summary Statistics, bang ANOVA, bang céc tri sd trung binh nghiém thirc
(Table of means), bang kiém dinh phan hang cic nghiém thirc (Multiple Range Tests).. .

+ Xac dinh su tuong tac giita cac yéu to thi nghiém. O thi nghiém nay c6 2 nhém
tuong tac sau ddy: (1) twong tac gilta nghiém thirc véi giai doan thu mau, (2) twong tac
gitta khdi véi nghiém thirc. Nhom tuong tac gitra khéi véi nghiém thic biéu thi cho
nhiing sai 1éch ¢ 16 chinh. Pé xem cac yéu t6 thi nghiém c6 cfmg phéi hop anh huong
dén két qua thi nghiém hay khong, tir ctra s6 phan tich phuong sai (Analysis of Variance)
ban mo Analysis Options. Khi ctra s Multifactor ANOVA Options xuat hién, ban x04 s6
1 va dién vao s6 2 trong 6 Maximum Order Interaction. Sau d6 ban chon nut Exclude.
Khi cira s6 Exclude Interaction Options xuat hién, ban thay trong 6 Include di c6 ba yéu
t6 xuat hién & dang A: Khéi, B: Nghiém, C: Giai doan (hinh 6.4). Piéu niy c6 nghia la
chuong trinh hoi ban cin chon cac tuong tac gitra hai yéu té nao? Mic dinh thi chuong
trinh tinh tuong tac gitta timg cap yéu t6. Néu ban ddng y vai dé nghi y thi hay nhap nut
OK trong cira s6 Maximum Order Interaction, roi lai chon OK trong ctra s6 Multifactor
ANOVA Option. O vi du nay, ban chi can chon hai twong tac sau day: Khéi v6i nghiém
thirc (hay A vé&i B); nghiém thirc v6i giai doan (hay B véi C). Dé bo tuong tac giita khbi
v6i giai doan, ban chon nd va nhap dup nit tro chudt. Sau thao tac nay, tuong tac gilra
khdi v6i giai doan s& Chuyen sang 0 loai bo (Exclude). Cudi cing ban chon OK dé hién
thi két qua. Khi két qua hién thi trén man hinh, ban s& thay nhing anh huong chinh va
anh hudng twong tac giira hai yéu td thi nghiém dén yéu t6 phu thudc. Dé tinh kiém dinh
F cho nghi¢m thure, ban dat con tré chudt vao bang ANOVA, sau do bam nit phai chudt
va chon Pane options. Trong 6 Factors, ban chon B: Nghiém thrc, r0i chon AB trong 0
Error term; cudi cing chon OK (hinh 6.5).

Kiém dinh phan hang cic nhom thuan nhat (trung binh nhom) theo yéu t thi
nghiém. Trudc hét, tir Multiple Range Tests, bAm nat chudt phai va chon Pane Options.
Tiép theo chon LSD (mic dinh) hodc Tukey’s Test... Mudn phén loai két qua theo yéu t&
nao thi chon yéu té d6 trong 6 Factor. Cudi cting ban chon OK dé chuong trinh tinh toan
va hién thi két qua. O day chi din két quia phan tich phuong sai da quan sat dé ban tham
khao (bang 6.6).

Béng 6.6. Phan tich phuong sai (ANOVA)

Source Sum of Squares Df Mean Square F-Ratio P-Value
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MAIN EFFECTS

A:KHOI 0.845742 3  0.281914

B:GDOAN 52.0429 2 26.0214  715.87(0) 0.0000
C:NGHIEM 1.26583 7 0.180833  4.94(1) 0.0020
INTERACTIONS

AC 0.769492 21 0.0366425

BC 3.56644 14 0.254746  7.01(0) 0.0000
RESIDUAL 1.74477 48 0.0363493

TOTAL 60.2351 95

F-ratios are based on the following mean squares: (0) Residual; (1) AC
B. PHAN TiCH PHUONG SAI 1 YEU TO: Kiéu khéi diy di ngiu nhién

Trong kiéu bd tri thi nghiém theo khdi ddy du ngau nhién (RCBD), s6 liéu trong
mdi nghiém thirc dugc do dac tur nhimg diéu kién khac nhau, con sé liéu cia cac nghiém
thirc dugc do dac trong mdi khdi c6 diéu kién nhu nhau. Khi bd tri thi nghiém theo khéi
day du ngau nhién, ban c6 thé thiét ké theo so @6 nhu hinh 6.6.

S6 lan lap Nghiém thirc
(Khbi) 1] 2] ..k
1 Yu | Ya | ... | Ya
r er e e Ykr

Hinh 6.6. So d6 b tri thi nghiém 1 yu té theo khdi ngiu nhién

Thi nghiém RCBD c6 ba ngudn bién dong: (1) ngudn bién dong cua cac nghiém
thirc, (2) nguén bién dong ngau nhién cua cac so liéu duge do dac & moi nghiém thure (sai
s6 thi nghiém), (3) nguon bién dong theo khbi nghlem thire. Gia thuyét Ho dit ra 1a cac
nghiém thirc va cac khéi anh h1r0’ng dong déu dén két qua thi nghiém; nghia 1a Ho: o =
w=..=o=0hayy=mw=...= M=, db6i thuét Ha: My # p2 # ... # pp. Khi ngudn
bién dong cua cac nghiém thuc va kh01 16n hon bién dong ngau nhién th1 gia thuyét Ho bi
bac bo.

Mo hinh phan tich thong ké: Y = n+ oo+ Bij + &jj; trong do: Y1) — blen phu
thudc; p = trung binh tong thé; oi - tham sb dic trung cho anh hudng cua yéu td thi
nghiém, 1 =1, 2 ...a; B - tham s6 dic trung cho anh hudng cua khéi,i=1,2 ..r; &jj — sal
s6 ngiu nhién (g — N(0, &°).

Khi str dung thi tuc GLM trong Statgraphics dé phan tich bién dong 1 yéu té
theo kiéu thi nghiém RCBD, ban c6 thé thiét ké mo hinh theo hai kiéu. Kiéu thtr nhat
chta day du yéu t6 thi nghiém va yé’u t6 khoi: Y = Po + BiX1 + P2X; + &5 trong do Po -
diém chan (Intercept) X1 — yeu t6 thi nghiém, Xz - yeu t6 khoi, € - sai s6 ngau nhién.
Kleu thir hai chi bao gdm yéu td thi nghlem con yéu t6 khbi duge gop vao thanh phan sai
so Y =Po + P1X1 + g; trong d6 o - diém chan (Intercept), X; — yéu t6 thi nghiém, ¢ - sai
s6 ngdu nhién.

Vi du. Gia sir can xac dinh anh huong ciia 5 cap do tan che khac nhau dén sinh
truong chiéu cao (H, cm) cta cdy con Dau song nang trong giai doan vudon wom. Thi
nghiém dugc bd tri theo kiéu khoi day dii ngau nhién véi 5 nghiém thirc, mdi nghiém
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thirc 1ap lai 3 lan (mdi 1an 1a 1 khéi). Dé giai quyét van dé dit ra, ban thyc hién cac bude
nhu sau:

Bang 6.7. Cach nhap s6 liéu trong phan tich phuong sai 1 yéu t6 duoc b tri theo khdi (Tom tit)
(Chi tiét s6 liéu xem & phu luc 2)

Tht ty | H (cm) | Nghiém thtre | Khoi (s0 lan lap)
1 73.2 1 1
2 81.0 2 1
3 90.4 3 1
4 76.6 4 1
5... | 828... I... 2...

Buée 1. Cach vao sb liéu dé phan tich phuong sai 1 yéu td duoc bd tri theo khdi.
S liéu nhap vao bang tinh Statgraphics theo 3 ¢ot: cot 1 nhap thir tu dai luong quan sat
(c6 hay khong cling dugc), cot 2 nhap bién phu thugc H; cot 3 nhép ma bién doc lap
(blen 1ap nhom theo yéu t6 thi nghiém); cot 4 nhap s6 lan lip lai cia mdi nghiém thirc
(bién 1ap nhom theo s6 1an lap) (bang 6. 7). Sau d6 ban thuc hién mé hda cho céc tén bién.

Buée 2. Kiém dinh gia thuyét veé ngang bang phuong sai mau, phan tich
ANOVA, so sanh su khac nhau giita cac cip s6 trung binh mau va kiém dinh phén hang
nhém thudn nhét...dugc thuc hién tuong tu nhu phan tich phuong sai 1 yeu td duoc bd
tri ngdu nhién. O déy chi dan két qiia ciia bang ANOVA dé cac ban tham khao bang 6.8.

Giai thich va nhin xét két qia. Kiém dinh anh huéng chinh (yéu t6 nghiém
thire va khéi). Gia thuyét Ho: cac yéu t& nghién ctru anh hudng dong déu dén két qua thi
nghiém. Khi P — value < 0.05 thi cac yéu t6 nghién ctru (bién 1ap nhoém hay bién doc lap
Xi) c6 anh huong ro rét den két qua thi nghiém (bién phu thudc H). Nguoc lai, khi P —
value > 0.05 thi cac yéu t6 nghién ctru c6 anh huong khong r6 rét dén két qua thi nghiém.
O vi du nay, vi P = 0.042 < 0.05 nén gia thuyét Ho bi bac bo. Hang c6 nhin Residual cho
biét nhiing sai léch khong thé giai thich dugc bdi mé hinh. Ghi chii All F-ratios cho biét
tat ca thong ké F dugc tinh tir cac sai s6 binh phuong trung binh cua cac sai 1éch.

Bang 6.8. Kiém dinh anh hudng cua cac yéu t6 thi nghiém

Source Sum of Squares Df Mean Square F-Ratio P-Value

MAIN EFFECTS

A:Khoi 232774 3 775913 257 0.1027
B:Nghiem 415552 4 103.888  3.45 0.0428
RESIDUAL 361.776 12 30.148
TOTAL (CORRECTED) 10101 19

All F-ratios are based on the residual mean square error.
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C. PHAN TiCH PHUONG SAI 1 YEU TO: Thiét ké theo kiéu binh phwong la tinh

Hang

112134516

1 alBlc|D|E|F

2| B|A|E|F|C|D

o 3/ cC|F|A|E|D|B
“"|4|pD|lCc|B|A|FI|E
5| E|D|F|lc|B|A

6l F|lE|D|B|A]|C

Hinh 6.7. So d0 bd tri thi nghiém 1 yéu té theo kiéu binh phwong la tinh
Ki hi¢u: ABCDEF — 6 nghiém thirc; trong d6: A = Q, B=1,C=2,D=3,
E =4, F = 5% Super photphat so védi trong lwong bau.

Kiéu binh phuong la tinh 13 kiéu thi nghiém ma cac nghiém thirc dugc b tri ngiu
nhién ca & khéi hang 1an khdi cot; trong d6 s6 nghiém thirc, s6 khéi hang va s khéi cot
déu bémg nhau va bang s 1an l3p lai ciia mdi nghiém thirc. Vi du: Nghién ctru anh huong
ctia 6 cap ham lugng super photphat (0, 1, 2, 3, 4, 5% so voi trong luong bau) dén sinh
truong chiéu cao (H, cm) cua Dau song nang 8 thang tudi. Thi nghiém dugc b tri theo
khéi véi 6 1an 1ap lai. Tong cong co 36 16 thi nghiém, dugc phan phdi theo so d6 gom 6
hang va 6 cot nhu hinh 6.7.

Trong kiéu bb tri thi nghiém binh phwong la tinh nhu so d6 trén day c6 bon ngudn
bién dong: (1) ngudn bién dong cua cac nghiém thuce, (2) ngudn bién dong ngﬁu nhién
cua cac so lieu duge lay 0 moi nghiém thire (sai sO thi nghiém), (3) ngudn bién dong cua
cac s6 liéu duge lay & mdi nghiém thirc theo khéi cot, (4) ngudn bién dong cua cac s6
liéu duoc 1dy & mdi nghiém thirc theo khéi hang. Gia thuyét Hy: cac nghiém thirc va céc
khdi dnh hudng dong déu dén két qua thi nghiém. Khi ngudn bién dong ctia cac nghiém
thirc va khdi 16n hon bién dong ngiu nhién thi gia thuyét Hy bi bac bo.

Khi str dung mé hinh GLM dé phan tich bién dong 1 yéu t6 theo thi nghiém kiéu
binh phuong la tinh, mé hinh tuyén tinh ddy du c6 dang: Y = Bo + B1X1 + P2Xo + PaXs +
g; trong d6: X; — yéu t6 thi nghiém, X, - yéu t6 khéi cot, X3 — yéu t6 khdi hang, ¢ - sai sb
ngiu nhién. Néu mé hinh chi bao gdm yéu t6 thi nghiém, con yéu t6 khdi (hang va cot)
dugc gop vao thanh phan sai s6 thi mo hinh c6 dang: Y = Bo + B1X1 + ¢; trong d6 Po —
diém chan (Intercept), X1— yéu t6 thi nghiém, ¢ - sai s6 ngau nhién.

Vi du. Gia sir can nghién ctru anh huong cua 6 cap ham lugng super photphat (0,
1,2,3,4, 5% so voi trong lugng bau) dén sinh truong chiéu cao (H, cm) cua Dau song
nang 8 thang tudi. Thi nghiém dugc bé tri theo khdi véi 6 1an 1ap lai. Tong cong c6 36 10
thi nghiém, dugc phan phdi theo so dd gdm 6 hang va 6 cot. Ki histu A=0,B=1,C=2,
D =3, E =4, F = 5% Super photphat so v6i trong luong bau. Hay phan tich két qua thi
nghiém. Dé giai quyét van dé dat ra trén day, ban thyc hién cic budc sau day:

Bude 1. Nhap sb lidu vao bang tinh Statgraphics hodc bang tinh Excel nhu sau
(bang 6.8): Cot 1 nhap két qua thi nghiém (H, cm), cot 2 nhép tht tu nghiém thie (khi
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nhap phai cht ¥ dén so d6 bd tri cac nghiém thirc trong mdi cot va hang), cot 3 nhap thir
tu hang (kh01 hang), cot 4 nhap thir tu cot (khéi cot). Sau d6 ban thuc hién mi héa cho
cac tén bién va luu sd lidu nay thanh moét file.

Bing 6.8. Anh hudng ctia ham lugng Super photphat dén sinh truéng H ctia Dau song nang
(Chi tiet 50 liéu xem ¢ phu luc 3)

H (cm) Nghiém thicc | Thi ty hang Tht ty cot
67 1 1 1
46 2 2 1
47 3 3 1
28 4 4 1
15 5 5 1

7 6 6 1
19 4 2 6
57 2 3 6
17 5 4 6
87 1 5 6
45 3 6 6

Buwéc 2. Goi chuong trinh tinh toan. Trinh ty kiém dinh gia thuyét vé su khéac biét
gita cac trung binh miu (nghiém thirc), so sanh su khac nhau giira cac cip s trung binh
mAu va kiém dinh phan hang céac trung binh mau duoc thyc hién theo cac thu tuc sau day:

+ Mo Compare — Analysis of

Variance — Multifactor ANOVA — SIS .
z R . x E Drependent Wariable:
Dependent (dén day dua vao bién phu Thiane "
thugc H) — factor (dua vao céac bién IEI S— —
nghiém thire, c6t va hang) bang cach chon HEHIEN
1 hay nhiéu bién va nhin nit miii tén bén . N -
Covaoia: Hinh68

canh (hinh 6.8). Sau d6 chon OK.

Buwde 3. Phan tich thong ké. O day i —
ban can yéu cau chuong trinh xdy dung = son ]I
bang ANOVA, lap bang trung binh mau va e e —

kiém dinh phan hang cac trung binh mau.
Pé dat duoc cac muc dich nay, trudc hét
ban hdy mo biéu tuong Tabular Options; ké  gammmm Options
dén tai ctra s6 Tabular Options ban chon
All 16i chon tiép OK (hinh 6.9). Pén day

, 5 . 4 W Analysis Summary
két qua hién thi trén man hinh nhiing ndi

dung ma ban di chi dinh. O day chi din W ANDVA Table Hinh 6.9
béng ANOVA (bél’lg 69) va béng Phﬁl’l W Table of Means
hang cac nghiém thirc (bang 6.10) dé cac W Multiple ange Tests

ban tham khao.

Giai thich va nhin xét két qua.
Bang 6.9 bao cdo két qua kiém dinh anh
huong cua yéu t6 thi nghiém dén yéu té ‘phu thugce. Vi P — value (Sig) < 0.05 nén gia
thuyét cho rang ham luong phan super phdt phét khac nhau anh hudng dong déu dén sinh
truong chiéu cao ctia Dau song nang da bi bac bo. Theo két qua kiém dinh phan hang,
ban c6 thé thiy nhirng cip mau nio khac nhau khong c6 y nghia thong ké.

QK Cancel | Help ‘
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Bang 6.9. Kiém dinh anh hudéng cua yéu t thi nghiém dén yéu t6 phu thudc

Source Sum of Squares Df Mean Square F-Ratio P-Value

MAIN EFFECTS

ATTCOT 577.0 5 1154 1.57 0.2151
B:TTHANG 2028.0 5 4056  5.50 0.0024
C:NGHIEM 244420 5 48884 66.33 0.0000
RESIDUAL 1474.0 20 73.7
TOTAL 28521.0 35

All F-ratios are based on the residual mean square error.

Bang 6.10. Kiém dinh phan hang cac nhom thudn nhét

Method: 95.0 percent LSD
TTCOT Count LS Mean Homogeneous Groups

1 6 35.0 X

6 6 38.3333 XX
3 6 39.5 XX
2 6 39.5 XX
4 6 42.8333 XX
5 6 47.8333 X

6.2.2. PHAN TiCH PHUONG SAI NHIEU YEU TO

Thu tuc phan tich phuong sai hai hay nhiéu yéu t kiém dinh anh hudng cia hai
hay nh1eu yéu to dinh tinh hoac dinh lugng dén blen phu thudc. Dudi day chung ta xem
xét mot s6 vi du vé phan tich phuong sai nhiéu yeu td.

A. PHAN TICH PHUONG SAI HAI YEU TO: Kiéu thi nghiém theo khdi hoan toan
ngiu nhién

M®& hinh phan tich théng ké c6 dang: Yik = u + ai + Bj + ke + (aB)ij + ijkr trong
d6: p - trung binh tong thé dLroc wdc lwgng tir trung binh mau Yyg; ai (i = 1 .a) - tham so
dic trung cho anh hudng cia yéu tb thi nghiém A; Bj (j = 1...b) - tham s6 dic trung cho
anh huong cua yéu té thi nghiém B; (af3)ij — tham s6 dic trung cho anh hudng tuong tac
giita yéu t6 A véi yéu t6 B; Eijk — sal s6 ngau nhién; ky — anh hudng ctia khéi (k = 1...1).

A A Yéutd B
Yéuto A 1 > 3 b

. A Y Yo Yia1 ... Yip1
Khoi 1 Ay You You Yo Yo
As Yan Y3 Xss1 ... Xsp1

] A Yo Y Y132 ... Y 1o
Khoi 2 A, Yoo Yoo ) .- Yon
A; Yo Y X332 ... Xspo

) A Yis Y123 Y133 . Yips
Khoi 3 A, Yous Yooz Y33 Yons
Az Y13 Yz X333 .- Xan3

Hinh 6.10. So dd b tri thi nghiém hai yéu t6 theo khéi ngiu nhién hoan toan
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Khi str dung mé hinh tuyén tinh téng quat dé phan tich phuong sai 2 yéu t6 dugc
bd tri theo khdi ddy du ngiu nhién thi ban c6 thé xay dung mo hinh tuyén tinh tong quét
nhu sau: Y = Bo + B1A + B2B + BsAB + BsKhdi + g; trong d6 A — yéu t6 thi nghiém 1, B
— yéu tb thi nghiém 2; AB — sy twong tac giira hai yéu tb A véi B; Khdi — sb lan lap; € -
sai s6 thi nghiém. Néu gop yéu t6 khdi vao thanh phan sai s thi mé hinh tuyén tinh tong
quat co dang: Y = o + 1A + 2B + B3AB + ¢.

Céc giﬁ thuyét. D6i v6i yéu td A, Ha: a; = 0 v6i moi i; Hy: it nhat cc') 1 o # 0.
Déi véi yéu té B, Hb: Bi = 0 véi moi 1; Hy: it nhat co 1 Bi = 0. Bdi véi t6 hop yeu to Ava
B, Hap: khong co tuong tac gitra yéu to A véi yéu t6 B. Kiéu thi nghiém hai yéu t6 dugc
bo tri theo kh01 ngau nhién hoan toan (RCBD) ¢6 r 1an 13p lai & mdi t6 hop cép cua yéu
t6 A va yéu to B duoc thiét ké theo so dd nhu hinh 6.10.

Vi du. Gia sir cin phai phan tich anh hudng cua 3 muc dam (ki hiéu yéu t6 A: 1,
2 va 3% dam) va 3 muc lan (ki hidu yéu t6 B: 0.5, 1.0, 1.5%) dén sinh trudng chiéu cao
(H, cm) cta ciy con Dau song nang trong giai doan 6 thang tudi. Thi nghiém bao gém 9
nghiém thurc, mdi nghiém thuce dugc lap lai 5 lan; téng cong co 45 16 thi nghiém. Mbi 16
thi nghiém str dung 49 cdy dong déu vé hinh thai va stc séng. Hay phan tich va so sanh
két qua thi nghiém.

Céc gia thuyét: (1) Cac mtc dam khac nhau (ki hiéu A) c6 anh huong déng déu
dén sinh truong H cua Dau song nang; (2) Cac muc lan khac nhau (ki hiéu B) c6 anh
huong déng déu dén sinh truong H ctia Dau song nang; (3) Su phéi hop cua cac muc
dam va lan khac nhau cung c¢6 anh hudng dong déu dén sinh truong H ctia Dau song
nang. Dé kiém dinh céc gia thuyét trén, ban hiy thyuc hién cac budc sau:

Budée 1. Nhap sé lidu vao bang tinh Statgraphics nhu sau (bang 6.11): ¢t 1 hodc
hang 1 nhap bién két qia thi nghiém (H, cm); cot 2 nhap s6 1an lap ciia mdi nghiém thic
(s6 khbi); cot 3 hodc hang 3 nhap sd lﬁn 1ap lai cua yéu t6 dam (bién phan loai A); cot 4
hozc hang 4 nhap sb lan 1p lai cua yéu t6 lan (bién phan loai B). Sau khi nhap xong dir
lidu, ban thuc hién ma héa cho cac tén bién va ghi lai thanh 1 file dé c6 thé dung vé sau.

Bang 6.11. Cach nhap dit liéu trong phan tich phuong sai 2 yéu t6 bd tri theo kh6i ngiu nhién
(Chi tiét 56 liéu xem & phu luc 4)

H, cm | TT. khdi | Dam (A) | Lan (B)
60 1 1 1
56 2 1 1
58 3 1 1
62 4 1 1
60 5 1 1
70 1 1 2
76 2 1 2

Buée 2. Kiém dinh gia thuyét vé& sy bang nhau cua phuong sai mau, vé su khéac
biét giita cac trung binh mau, kiém dinh phan hang cic nghiém thirc duoc thuc hién theo
cac thu tyc sau day:

+ M¢ Compare — Analysis of Variance — Multifactor ANOVA — Dependent
List (dén day dua vao bién phu thudc H) — factor (dua vao cac bién phan loai cho
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nghiém thuc dam, lan va khéi béng cach chon 1 hay nhiéu bién va nhan nat mii tén bén
canh dé chuyén chiing sang 6 factors).

+ Xac dinh anh huong cua tung yéu té nghién ctru (anh hudng chinh — Main
Effects) va anh huong tong hop (su twong tac giira cac yéu td — Interactions) cua cac yeu
t6 nghién clru dén bién phu thudc. Trude het hay chon biéu twong Tabular options; ké
dén tai cira sO Tabular options, ban chon All 16i chon tlep OK.

+ Tir man hinh hién thi két qua, ban nhép dap nat chudt trai 1én trang Analysis of
Variance for H - Type III Sums of Squares. Tiép theo dit con tré chudt 1én trang ndy va
nhip nat chudt phai dé chon Analysis

Exclude Interactions Options
options. Khi ctra s6 Analysis options hién
ra, ban xo04 s& 1 va ghi vao sb 2 trong 6 e o s —

Maximum Order Interactions; ké dén ARHOITELAN
chon Exclude. Khi ctra s6 Exclude
Interactions Options xudt hién (hinh
6.11), ban nhap dap vao cic dong A:
khbi*B:Pam va A: khéi*C: Lan dé loai
bo két qua twong tac gira ching (vi cac
yéu té nay khong tuwong tic v4i nhau). ok ] __ corcel | hee |
Sau d6 chon OK dé hién thi két qua. Két
qua hién thi trén man hinh bao gdm cac bang sau day: cic théng ké mo ta (Descriptive
Statistics), kiém dinh anh hudng gitta cac yéu td6 (ANOVA), u6c lugng trung binh
nghiém thirc va trung binh khdi, so sanh timg cip ddi véi cac nghiém thirc va khdi
(Multiple Comparisions), phan hang cac nghiém thirc.

Luu y rang kiém dinh LSD 1a mic dinh dé so sanh gila cac cap 5O trung binh va
kiém dinh phan hang cac trung binh nghiém thirc. Néu mudn sir dung cac kiém dinh
Bonferroni va Tukey’s Test thi ban dat con tr6 chudt vao trang Multiple Range Tests; ké
dén nhan nat chudt phai va chon Pane Options. Tai ddy ban hay chon cac kiém dinh va
yéu t6 can so sanh. Cudi cing chon OK dé chuong trinh tinh toan va hién thi két qua. O
day chi trich din bang phan tich bién dong (bang 6.12) va bang phan hang cac nghiém
thirc (bang 6.13) dé cac ban tham khao.

_Giai thich va nhén xét két qua. Ban hay quan sat bang ANOVA va dua ra nhan
dinh vé anh huong cua cac yeu t6 thi nghiém dén bién phu thugc. Khi P — value < 0.05
thi cac yéu t6 nghién ctru (bién 1ap nhom hay bién doc 1ap Xi) c6 anh hudng rd rét den
két qua thi nghi¢m (blen phu thudc Y). Ngugc lai, khi P — value > 0.05 thi cac yeu tb
nghién ctru c6 anh huong khong 1 rét dén két qua thi nghiém. Tur bang 7.12 cho thiy,
timg yéu t6 va to hop hai yéu td c6 anh huong 1 rét dén két qua thi nghiém. Tir bang
7.13 cho thy, so voi nghiém thirc 1 — 2% dam (so v6i trong luong bau) sinh trudng cia
Dau song nang trén mdi trudng c6 ham lugng dam bang 3% 1a troi hon.

Hinh 6.11

Bang 6.12. Kiém dinh anh hudng cua cac yéu té dam va lan dén H ctia Dau song nang
Analysis of Variance for H - Type Il Sums of Squares

Source Sum of Squares Df Mean Square F-Ratio P-Value

MAIN EFFECTS

A:KHOI 257422 4 64.3556  2.59 0.0550
B:DAM 304053 2 1520.27 61.29 0.0000
C:LAN 578.133 2 289.067 11.65 0.0002
INTERACTIONS

BC 6789.33 4 1697.33  68.43 0.0000
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RESIDUAL 793.778 32 24.8056

TOTAL (CORRECTED) 11459.2 44

Bang 6.13. Phan nhom thuan nhét vé H theo yéu tb dam

Method: 95.0 percent Bonferroni

DAM  Count LS Mean Homogeneous Groups
1 15 76.1333 X

3 15 86.0 X

2 15 96.2667 X

Contrast Difference +/- Limits
1-2 *-20.1333 459464
1-3 *-9.86667 459464
2-3 *10.2667 459464

B. PHAN TICH PHUONG SAI 2 YEU TO: Kiéu thi nghi¢m hoan toan ngiu nhién

M5 hinh phan tich thong ké c6 dang: Yik = p + o + Bj + (af)ij + sijk; trong d6 p -
trung binh téng thé dugc wéc luong tir trung binh miu Yhg, ai (1= 1 .a) - tham s6 dic
trung cho énh huéng ctia yéu tb thi nghiém A; Bj (j = 1...b) - tham so dac trung cho anh
hudng cua yéu to thi nghiém B; (af})ij — twong tc gilta yéu td A véi yéu t6 B; &ijk — sal 5O
ngiu nhién; k — s6 1an 1ap (k= 1...m).

Khi str dung tha tuc GLM dé phan tich phuong sai 2 yéu t6 theo kiéu thi nghiém
hoan toan ngau nhién (RCD), ban ¢6 thé xay dung mé hinh tuyén tinh tong quat c6 dang:
Y = Bo + P1Xz + B2Xao + BaX1 Xz + € trong d6: X1 va X, — yéu t6 thi nghiém 1 va 2; ¢ - sai
s thi nghiém.

Cic gia thuyét. Ddi voi yéu t6 A, Ha: o = 0 v&i moi i; Hy: it nhét c6 1 0j # 0,
Déi véi yéu té B, Hb: i = 0 véi moi i; Hy: it nhat co 1 Bi = 0. Bdi véi t6 hop yeu to Ava
B, Hap: khong co tuong tac gitra yéu to A vei yeu t6 B. Kleu thi nghiém hai yéu t6 ngau
nhién hoan toan c6 m 1an lap lai & mdi t6 hop cap cia yéu té A va yéu td B duoc thiét ké
theo so d6 nhu hinh 6.12.

£ A Yéuto B
Yeuto A 1 > 3 b
Al X111 X121 X131 X1bl
X112 X122 X132 X1b2
X11lm X12m X13m X1bm
A2 X211 X221 X231 X2bl
X212 X222 X232 X2b2
X21m X22m X23m X2bm
A3 X311 X321 X331 X3bl
X312 X322 X332 X3b2
X31m X32m X33m X3bm

Hinh 6.12. So d6 b tri thi nghiém hai yéu té ngu nhién hoan toan

Vi du. Gia sur can thin do sinh trudong vé chiéu cao (H, cm) cua cdy con Déu song
nang 6 thang tudi dudi anh huong cua 3 mic dam (ki hiéu yéu t6 A: 1, 2 va 3% dam);
mdi mirc dam dugc s6 sung thém 3 mire 14n (ki hidu yéu t6 B: 0.5, 1.0, 1.5%). Mbi 16 thi
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nghiém str dung 15 cay 1 tuan tudi dong déu vé hinh thai va strc sdng. Hay phan tich va
so sanh két qua thi nghiém.

Céc gia thuyét: (1) Cac mirc dam khac nhau (ki higu A) c6 anh huéng dong déu
dén sinh truong H cua Dau song nang; (2) Cac muc lan khac nhau (ki hi¢u B) c6 anh
huong dong déu dén sinh truéng H cia Diu song nang; (3) Su phéi hop cua cac mirc
dam va lan khac nhau ciing c6 anh huéng dong déu dén sinh truong H ctua Dau song
nang. Dé kiém dinh cac gia thuyet trén, ban hay thyc hién cac budc sau:

Budére 1. Nhap s6 liéu vao bang tinh Statgraphics nhu sau (bang 6.14): Cot 1 hodc
hang 1 nhap bién phu thu¢e (H, cm); cot 2 nhap so lan lip cua mdi nghiém thirc; cot 3
hoac hang 3 nhép s6 lan lap lai cua yeu t6 dam (bién phan loai A); cot 4 hodc hang 4
nhap s lan lap lai cta yéu té lan (blen phén loai B). Sau d6 ban thyc hién mé hoa cho
cac tén bién va ghi lai thanh 1 file dé c6 thé dung vé sau.

Bang 6.14. Cach nhap dit liéu trong phan tich phuong sai 2 yéu t6 ngiu nhién
(Chi tiet 50 liéu xem ¢ phu luc 5)

H,cm | TT.cay | Pam (A) | Lan (B)
55 1 1 1
51 2 1 1
53 3 1 1
57 4 1 1
54 15 3 3

Budre 2. Kiém dinh gia thuyét vé su khac biét gitta céc trung binh mau, so sanh su
khac nhau gitra cac cip s trung binh mau va kiém dinh phan hang cic nghiém thic dugc
thuc hién theo cac thu tuc tuong tu nhu phan tich phuong sai 2 yéu td duoc bd tri theo
khéi. O day chi trich dan bang phan tich bién dong (bang 6.15), so sanh cdp ddi voi céc
nghiém thire (dam, 1an) va phan hang cac nghiém thirc dé céc ban tham khao (bang 6.16).

Giai thich va nhan xét két qiia. Bang 6.15 cho biét két qiia phan tich bién dong
(ANOVA). Vi P — value tmg voi cac dong dam va 1an déu nhé hon 0.05, nén cac yéu to
dam va lan c¢6 anh huong rd rét ¢én H cua Dau song nang. Nguoc lai, 0 dong Bam*Lan
c6 P =0,9998 > 0.05, nén anh hudng ph01 hop cua dam véi lan dén H ctia Dau song nang
1a khong 13 rét. Tir bang 6.16 cho thay, so véi nghiém thirc 1 — 2% dam (so v6i trong
lwong bau) sinh truong H clia Dau song nang trén moi truong c¢6 ham lugng dam bang
3% la trdi hon.

Bang 6.15. Kiém dinh anh huéng cta cic yéu t6 dam va 1an dén H ciia Dau song nang

Analysis of Variance for H - Type Il Sums of Squares

Source Sum of Squares Df Mean Square F-Ratio P-Value

MAIN EFFECTS

A:DAM 2920.53 2 1460.27 154.18 0.0000
B:LAN 64.7111 2 32.3556  3.42  0.0359
INTERACTIONS

AB 0.355556 4 0.0888889 0.01 0.9998
RESIDUAL 1193.33 126 9.4709
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TOTAL (CORRECTED) 4178.93 134 o
Bang 6.16. Phan hang cac nghiém thirc (trén vi du yéu t6 dam)

Method: 95.0 percent LSD

DAM Count LS Mean Homogeneous Groups
2 45 56.9556 X

1 45 56.9556 X

3 45 66.8222 X

Contrast Difference +/- Limits
1-2 0.0 1.28394

1-3 *-9.86667 1.28394

2-3 *-9.86667 1.28394

* denotes a statistically significant difference.

C. PHAN TICH PHUONG SAI 2 YEU TO: Kiéu thi nghiém binh phwong la tinh

Thi nghiém 2 yéu t6 duoc bd tri theo kiéu binh phuong la tinh ¢6 6 ngudn bién
dong: (1) ngu(‘)n bién dong cta cac nghiém thirc, (2) ngudn bién dong ngﬁu nhién cla cac
50 lidu dugce lay ¢ moi nghiém thirc (sai s6 thi nghiém), (3) ngudn bién dong gay ra boi
yéu t A, (4) nguon bién dong gay ra bai yéu td B, (5) nguon bién dong cua cac 56 lidu
dugc lay & mdi nghiém thirc theo khdi cot, (6) ngudn bién dong cia cac so lidu duogc lay
& mdi nghiém thirc theo khéi hang. M6 hinh phan tich théng ké c6 dang tong quat: Yijeh =
W+ o + Bj + (aB)ij + Y + Sh + Eijen; trong do: p - trung binh tong thé; ai (i = 1...a) - tham
s0 dic trung cho anh hudng cta yéu t6 thir nhat; Bj (j = 1...b) - tham s dic trung cho
énh huéng clia yéu td thl'r hai; (of)ij — tham sO dic trung cho tuong tac gitra yéu t6 1 voi
yéu t6 2; y¢ — tham so dac trung cho anh huong ctia yéu t6 cot; 8y — tham s dic trung
cho anh huong cua yeu to hang; Such sai so ngau nhién.

Néu st dung mé hinh tuyén tinh tong quat de phan tich bién dong 2 yéu t6 dugc
bd tri theo kiéu binh phuo’ng la tinh, ban c6 thé thiét ké mo hinh nhu sau: Y = [ +
Bl(kh01 hang) + 3 (khoi cot) + BsA + 4B + BsAB + g; trong d6 A — yeu t6 thi nghiém 1,
B - yeu t6 thi nghiém 2; khdi hang — s 1an lap theo hang; khdi cot — s6 14n 1ap theo cot;
& - sai s0 thi nghiém.

Cac gia thuyét: (1) Cac yéu té doc lap anh huong dong déu dén bién phu thudc
(két quia thi nghiém); (2) Khong c6 anh hudng twong tac giita cac yéu té doc 1ap dén bién
phu thudc; (3) Céc khdi hang va khéi cot anh huong dong déu dén bién phu thudce.

Vi du. Gia thiét can dénh gia anh huong cia hai yéu té (kich thude bau va phan
tong hop NPK) dén sinh truong chiéu cao (H, cm) cua Dau song nang 8 thang tudi: (1)
Yéu t6 kich thudc bau (ki hiéu X) véi 2 mirc d6: 15%25 cm va 20%30 cm; (2) Yéu t6 phan
NPK (ki hiéu P) v6i 3 muc do: 1%, 2% va 3% so vdi trong luong bau. Nhu vy, ta co
2*3 = 6 nghiém thirc. Mi nghiém thirc dugc l3p lai 6 1an. Cac nghiém thirc duoc ki higu
nhu sau: A = X3P, B = X1P2; C = X 1P3, D = X,5Py; E = XoP,; F = X5Ps. Hay phan tich va
so sanh két quia thi nghiém. Dé dat dwoc myc dich dit ra, ban hiy thuc hién nhu sau:
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Budére 1. Nhép sé liéu vao bang tinh nhu sau (bang 6.17): c¢ot 1 hodc hang 1 nhap
bién két qua thi nghiém (H, cm); c¢0t 2 nhap s6 thur tu nghiém thtrc; cot 3 va 4 nhap tuong
ung cac khdi theo hang va theo cdt; cdt 5 nhap ma s6 biéu thi cho kich thudc bau theo
khéi hang; cot 6 nhap ma s biéu thi cho phan téng hop NPK theo khdi cot. Sau khi nhap
xong dir liéu, ban thuc hién ma héa cho cac tén bién va ghi lai thanh 1 file dé c6 thé dung
vé sau. .

Budre 2. Kiém dinh gia thuyét vé su khac biét gilta cac trung binh mau, so sanh su
khac nhau gitra cac cip s6 trung binh mau va kiém dinh phan hang cac nghiém thire dugce
thyc hién theo nhing thu tuc twong tu nhu phan tich phuong sai 2 yéu té duge bb tri theo
khéi. O day chi trich din bang phan tich bién dong (bang 6.18) va bang phan hang cac
nghiém thire (bang 6.19) theo yéu t6 kich thudc bau va NPK dé cac ban tham khao.

Bing 6.17. Phan tich phuong sai 2 yéu t6 dugc bd tri theo kiéu binh phuong la tinh
(Chi tiet 50 liéu xem ¢ phu luc 6)

H,cm | Nghiém thic | Khéi hang | Khoicot | Kich thudc bau | Phan NPK

67.5 3 1 1 1 3
68.8 4 1 2 2 1
71.3 6 1 3 2 3

Bang 6.18. Kiém dinh anh hudng giita cac yéu t6 (ANOVA)

Source Sum of Squares Df Mean Square F-Ratio P-Value

MAIN EFFECTS

A:COT 137573 5 275145 897  0.0001
B:HANG 870917 5 174183 057  0.7237
C:KTBAU 755.334 1 755334 24618 0.0000
D:NPK 7125 2 356.25 116.11  0.0000
INTERACTIONS

cD 237669 2  118.834 3873  0.0000
RESIDUAL 61.3633 20  3.06817

TOTAL (CORRECTED) 1913.15 35

All F-ratios are based on the residual mean square error.

Bang 6.19. Kiém dinh phan hang cac nghiém thire (Multiple Range Tests for H by NPK)

Method: 95.0 percent LSD

NPK Count LS Mean Homogeneous Groups
1 12 62.525 X

3 12 71.275 X

2 12 72.525 X

Contrast Difference +/- Limits
1-2 *-10.0 1.49167

1-3 *-8.75 1.49167

2-3 1.25 1.49167
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* denotes a statistically significant difference.
D. PHAN TICH PHUONG SAI 2 YEU TO: Kiéu thi nghiém c6 16 phu

Thi nghiém 2 yéu tb (A va B) theo kiéu 16 chinh (yéu tb A) 16 phu (véu t6 B) co
6 ngudn bién dong: (1) nguon blen dong cua yeu t6 “A «, (2) ngudn bién dong cua yéu t6
“B *, (3) sai s0 gay ra boi yéu t6 “A”, , (4) sai s6 gy ra boi yéu t6 “B”, (5) ngudn blen
dong SO heu do lip lai (khdi), (6) ngudn bién dong gy ra béi su twong tac gitta yéu td
“A” vii yeu td “B”. Md hinh phan tich thong ké co dang: Yix = p + oy + kk + ekt B+
(oc[?)).J + gjj; trong do i - trung binh tong thé duoc ucc hrong tur trung b1nh mau Ypg; o (I

...a) - tham sb dic trung cho anh huong cua yéu to chinh A; Bj (] ..b) - tham )
dac trung cho anh huong cua yéu t6 phu B; (OLB).J — tuong tac glua yeu t6 A véi yéu to B;
ki — tham s dac trung cho anh huong cta khéi (ldp); ik — sai sb ngiu nhién cua yéu t6
A; &ij- sai s6 ngau nhién clia yeu t6 B.

Néu st dung mo hinh tuyén tinh tong quat dé phan tich bién dong 2 yéu té dugc
b tri theo kiéu binh phuong la tinh, ban co thé thiét ké mo hinh nhu sau: Y = Bg +
Bl(kh01 hang) + B, (khoi cot) + BsA + PuB + BsAB + ¢; trong do A — yéu t6 thi nghiém 1,
B - yeu t6 thi nghiém 2; khoi hang — s6 1an I3p theo hang; khdi cot — s6 lan ldp theo cot;
& - sai s6 thi nghiém.

Cac gia thuyét: (1) Tung yéu to A va B anh huong dong déu dén két qua thi
nghiém; (2) Khong cé anh huong tuong tac giita A v6i B dén két qua thi nghiém; (3) Cac
khdi anh huong dong déu dén két qua thi nghiém.

Vi du. Gia thiét can xac dinh sinh truéng vé chiéu cao (H, cm) ctia 3 loai cay
(Dau rai, Sao den, Vén vén) dudi anh hudng cia 3 phwong thirc 1am sinh. Mdi thi
nghiém dugc ldp lai 4 lan. O day chon 16 chinh 1a 3 phuong thirc 1am sinh, con 16 phu la
3 loai cdy. Hay phan tich va so sanh két qua thi nghiém. Dé dat duoc muyc dich dit ra,
ban héy thyc hién cac budc sau:

Buwéc 1. Nhap s6 liéu vao bang tinh Statgraphics nhu sau (bang 6.20): cot 1 hodc
hang 1 nhap bién két qua thi nghiém (H, cm); cot 2 nhap s6 thr ty phuong thirc 1am sinh
(16 chinh); ¢4t 3 nhép loai cay (16 phu); ¢4t 4 nhép s6 khéi (1an lap). Sau d6 ban thuc hién
ma héa cho céc tén bién va ghi lai thanh 1 file dé c6 thé dung vé sau.

Bing 6.20. Phan tich phuong sai 2 yéu t6 dugc b tri theo kiéu 16 chinh - 16 phy
(Chi tiét so lieu xem o phu luc 7)

H, cm | Phuong thirc | Lodi cdy | Khoi
54 1 1 1
58 1 1 2
63 1 1 3
82 1 3 1
83 1 3 2
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Bude 2. Kiém dinh gia thuyét vé su khac biét giita cac trung binh mau, so sanh su
khac nhau giira cac cip s trung binh mau va kiém dinh phan hang cac nghiém thtrc dugc
thyuc hién theo nhitng thu tuc sau day:

+ M¢ Compare — Analysis of Variance — Multifactor ANOVA — Dependent
List (dén day dua vao bién phu thuéc H) — factor (dua vao cac bién “Phuong thirc 1am
sinh, Khoi, Loai cdy” bang cach chon 1 hay nhiéu bién va nhan nat miii tén bén canh dé
chuyén chung sang 6 factors.

+ Xac dinh anh huong cua tung yéu té nghién ctru (anh huong chinh — Main
Effects) va anh huong tong hop (su twong tac gitta cac yéu td — Interactions) cua cac yéu
td nghién cuu dén bién phu thudc H.

Trudc hét’ ban hay ChQn bléu tuo’ng Exclude Interactions Options
Tabular options; ké dén tai ctra soO - S
Tabular OptiOl’lS, ban chon All r6i chon EEAOFE PTLGINA. 1 [&EHOrC oA Car

B:FPTLSIMH=C: LS Cay

tiép OK. Tir man hinh hién thi két qua,
ban nhdp dap nat chudt trai 1én trang
Analysis of Variance for H - Type IlI Hinh 6.13
Sums of Squares. Tiép theo dat con trd
chudt 1én trang nay va nhap nut chudt |

phai dé chon Analysis options. Khi ctra

sO Analysis options hién ra, ban xo04 sb 1 ok ] cence | Hee |
va ghi vao sb 2 trong 6 Maximum Order
Interactions; ké dén chon Exclude. Khi cira sé6 Exclude Interactions Options xuét hién
(hinh 6.13), ban chi nhap dap nat chudt trai vao dong (A: khéi*C: Loai cay) dé loai bo
két qua twong tac giita ching (vi cac yéu té nay khong twong tac v6i nhau). Ban giita lai
cap tuong tac “A: Khbi*B: Phuong thirc 1am sinh” dé tinh thong ké F cho kiém dinh anh
huong cua phuong thirc 1am sinh trong 16 chinh. Dé c6 thong ké F trong kiém dinh anh
hudng cua phuong thue 1am sinh, ban dat con tré chudt vao bang ANOVA va nhép nut
phai chudt, r6i chon Pane options. Khi ctra s6 ANOVA table options xuat hién, ban chon
B: PTLSINH trong 6 factor; cung lic d6 mot vét sang chuyen xuong dong AB trong 6
Error term. Lya chon nay la méc dinh; né cho biét gia tri F bang ty s giira trung binh
binh phuong tmg véi yéu té phuong thirc 14m sinh va trung binh binh phuong tng véi
tuong tac gitta phuong thirc 1am sinh véi khéi. Dé nhan duogc cu tric cia bing ANOVA
nhu bang 6.21, ban c6 thé chon lan luot A: Khdi va AB trong 0 Factor, 16i chon None
trong Error Term.

Bang 6.21. Kiém dinh anh hudng cia cac yéu té dén sinh trudng cua céc loai ciy

Source Sum of Squares Df Mean Square F-Ratio P-Value

MAIN EFFECTS

A:KHOI 61.6389 3 20.5463

B:PTLSINH 476.722 2 238.361 6.22 (1) 0.0345
C:.LOAICAY 997.389 2 498.694 138.81(0)  0.0000
INTERACTIONS

AB 229.944 6 38.3241

BC 1456.61 4 364.153 101.36 (0)  0.0000
RESIDUAL 4.6667 18 3.59259

TOTAL (CORRECTED) 3286.97 35
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Dén day ban c6 thé chon OK dé hién thi két qua. Két qua hién thi trén man hinh
bao gdm cac bang sau ddy: ANOVA, uéc luong trung binh nghiém thirc, so sanh timg
cdp nghiém thirc (Multiple Comparisions), phan hang cac nghiém thirc (Homogeneous
Subsets)...O day chi trich din bang phan tich bién dong (bang 6.21), bang kiém dinh
phén hang cac phuong thirc 1am sinh (bang 6.22) va phan hang sinh trudng gitra ba loai
ciy (bang 6.23) dé cac ban tham khao.

Bang 6.22. Kiém dinh phan hang cac phuong thic 1dm sinh

Method: 95.0 percent LSD

PTLSINH Count LS Mean Homogeneous Groups
3 12 59.4167 X

2 12 66.1667 X

1 12 67.8333 X

Contrast Difference +/- Limits

1-2 1.66667 6.18415

1-3 *8.41667 6.18415

2-3 *6.75 6.18415

* denotes a statistically significant difference.

Bang 6.23. Kiém dinh phan hang sinh trudng giita ba loai cay

Method: 95.0 percent LSD

LOAICAY Count LS Mean Homogeneous Groups
1 12 58.8333 X

2 12 63.0833 X

3 12 715 X

Contrast Difference +/- Limits

1-2 *-4.25 1.6257

1-3 *-12.6667 1.6257

2-3 *-8.41667 1.6257

6.2.3. PHAN TICH PHUONG SAI BA YEU TO

Trong phan nay chi gi6i thiéu thi nghiém 3 yéu td (A, B va C) dugc b tri theo
khdi ngau nhién. O truong hop nay thi nghiém co 11 nguon bién dong: (1) ngudn b1en
dong cua yéu to “A¥, (2) nguon blen dong cua yeu t6 “B » (3) ngudn bién dong cua yéu
td “C, (4) sai sO giy ra boi yéu t6 “A”, (5) sai s0 gy ra bO’l yéu to “B”, (6) sai sO giy ra
boi yéu td “C”, (7) nguon blen dong so li¢u do lap lai (kh01) (&) ngudn bién dong gy ra
boi sy twong tac gitra yéu to “A” voi yéu td “B”, (9) nguén bién dong gay ra boi su tuong
tac gilia yéu tb “A” voi yéu t6 “C”, (10) nguon bién dong gay ra bai su twong tac gilra
yéu t6 “B” véi yéu td “C”, (11) ngudn bién dong giy ra boi sy tuong tac giira 3 yéu t6
“A*B*C”.
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M5 hinh phén tich thng ké c6 dang:

Yijk = o+ o + By + yic+ (aB)ij + (ay)ic + (By)ik + (Bow)ik + K + &iji

trong d6: p - trung binh téng thé duoc ude luong tir trung binh mau Yhg; au (1=1...a) -
tham sb dic trung cho anh hu:("mg cia yéutd A; Bj (j=1...b) - tharn sé dac trung cho énh
huong cua yéu t B; yy - tham so dac trung cho anh huéng cua yéu to C, (ap)ij — tham s6
dac trung cho tuong tac g1u’a yéu td A voi yeu t6 B; (ory)ik - tham sb dic trung cho tuong
tac glua yéu té A véi yéu to C, (By)jk — tham so dac trung cho ‘tuong tac gitta yéu té B voi
yeu t6 C, (Bay)ij — tham s6 dic trung cho tuong tac glu:a 3 yéu tb (A, B va C), ky — tham
s6 ddc trung cho anh huong cua khéi (1ap); €ijk - sal s6 ngau nhién.

Khi sir dung m6 hinh tuyén tinh tong quat dé phan tich phuong sai 3 yeu t6 duoc
bb tri theo khdi ddy du ngdu nhién, ban c¢é thé xdy dung mé hinh tuyén tinh tong quat
nhu sau: Y = o + B1A + 3B + B3C + B4AB + BsAC + B6BC + B;ABC + BgKhdi + &;
trong do A — yeu t6 thi nghiém 1, B - yéu to thi nghiém 2; C — yeu t6 thi nghiém 3; AB —
su tuong tac gitra hai yéu t6 A v6i B; AC — sy tuong tac giita hai yéu t5 A v6i C, BC — su
tuong tac gitra hai yeu t6 B v6i C, ABC — su tuong tac giita 3 yéu to (A, B Va C), Khoi —
sO 1an ldp; € - sai s6 thi nghiém. Néu gop yéu té khdi vao thanh phan sai sb thi mo hinh
tuyén tinh tong quat c6 dang: Y = Bo + B1A + P2B + BsC + B4AB + BsAC + BsBC +
B7ABC + ¢.

Ciac gia thuyét. P6i voi yéu té A, Ha: o = 0 v&i moi i; Hy: it nhat ¢6 1 aj # 0.
Dbi v6i yéu té B, Hb: Bi =0 vi moi i; Hy: it nhit ¢ 1 Bi = 0. Di voi yéu té C, He: yi =
0; Hy: it nhit co 1 yi = 0. Bdi vai t6 hop cac yéu td (A, B, C), Ho: khong co tuong tac
gita cac muc ciia cac yéu td.

Thue hanh. Gia sir can thim do phan Gng sinh truong vé D (mm) cua Dau song
nang 3 thang tudi dudi anh hudng cua 3 yéu t: anh sang (3 mirc), phan bon (4 mirc) va
nude tudi (2 mic). Tong s6 co 24 nghiém thirc: AoBoCo, AoBoCi... A2B3Cy1. Thi nghiém
dugc bo tri 1ap lai 2 14n; trong d6 cac nghiém thirc duogc phan phdi hoan toan ngiu nhién
trén khu thi nghiém c6 hoan canh gidong nhau. Két qua thi nghiém duoc ghi lai & bang
6.24.

Bang 6.24. Sinh truong vé D ciia Dau song nang 3 thang tudi
(Chi tiet 5o liéu xem ¢ phu luc 8)

Nghiém thtrc D, mm

Ao Bo Co 2.49 2.49
C1 2.55 2.55

B1 Co 2.54 2.59

C1 2.63 2.66

B2 Co 2.86 2.8

C1 2.77 2.66

B3 Co 3.58 3.64

C1 3.74 3.44

A A Bo...B; Co...C,
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Phan tich phuong sai ba yéu t6 bang chuong trinh Statgraphics Plus version 3.0
dugc thyc hi¢n theo cac bude sau day:

Buée 1. Nhap s6 liéu vao bang tinh. Cot 1 nhap lan luot b1en phu thuge (D) cho
ting nghiém thirc. Cot 2, 3 va 4 nhdp twong tng ma s biéu thi cac yéu to phan loai (anh
sang, phan bon va nudc tudi). Sau d6 ban thyc hi€én ma hoa cho cac tén bién va ghi lai 1
file dé co thé dung yé sau.

Budre 2. Kiém dinh gia thuyét vé su khac biét gilta cac trung binh mau, so sanh su
khac nhau giira cac cip s trung binh mau va kiém dinh phan hang cac nghiém thtc dugc
thyc hién theo nhitng thu tuc sau day:

+ M¢ Compare — Analysis of Variance — Multifactor ANOVA — Dependent
(dén day dua vao bién phu thudc D) — factor (dwa vao cac bién phan loai (khéi, anh
sang, phan bon va nude tudi) bang cach chon 1 hay nhiéu bién va nhan nit mii tén bén
canh dé chuyén chung sang 6 factors. Sau d6 chon OK dé chwong trinh xir If va hién thi
két qiia ra man hinh.

+ Xac dinh anh hudng cua ting yéu td nghién ciru (4nh huéng chinh — Main
Effects) va anh huong tong hop (su tuong tac giita cac yéu td — Interactions) ctia cac yéu
td doc lap dén bién phu thudc. Trudce hét, hay chon biéu tugng Tabular options; ké dén
tai cira sO Tabular options, ban chon All rdi chon tiép OK. Tir man hinh hién thi két qua,
ban nhép dap nit chudt trai 1én trang phan tich bién dong (Analysis of Variance for D -
Type 111 Sums of Squares). Khi trang phan tich bién dong hién ra, ban dat con tré chudt
1én trang nay va nhap nut chudt phai de chon Analysis options. Khi cira s Analysis
options hién ra, ban xo04 s6 1 va ghi vao s6 3 trong 6 Maximum Order Interactions. Thao
tac ndy yéu ciu chuong trinh tinh su tuong tac giita timg cip yéu td va giira 3 yéu td thi
nghién.

Bang 6.25. Phan tich bién dong (Analysis of Variance for D - Type Il Sums of Squares)

Analysis of Variance for Do - Type III Sums of Squares

MAIN EFFECTS

A:KHOI 0.00285208 1 0.00285208 0.68 0.4169
B:ANHSANG 7.70945 2 3.85472 923.55 0.0000
C:NUOC 0.0776021 1 0.0776021 18.59 0.0003
D: PHANBON 4.95461 3 1.65154 395.69 0.0000
INTERACTIONS

BC 0.0382167 2 0.0191083 4.58 0.0212
BD 1.0271 6 0.171183 41.01 0.0000
CD 0.0245896 3 0.00819653 1.96 0.1476
BCD 0.0762667 6 0.0127111 3.05 0.0242
RESIDUAL 0.0959979 23 0.00417382

TOTAL (CORRECTED) 14.0067 47

All F-ratios are based on the residual mean square error.

+ Cudi cung ban c6 thé chon OK dé hién két quia ciia cac bang sau day: kiém dinh
anh hudng gitra cac yéu to (bang 6.25), udc lugng trung binh nghiém thirc, so sanh ting
cap nghiém thirc (Multiple Comparisions) va phan hang cac nghiém thurc (bang 6.26)...
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Bang 6.26. Phan hang cac nghiém thirc theo yéu té 4nh sang

Method: 95.0 percent LSD

ANHSANG Count LS Mean Homogeneous Groups
1 16 2.87437 X

2 16 3.16562 X

3 16 3.83188 X

Contrast Difference +/- Limits

1-2 *-0.29125 0.0468303

1-3 *-0.9575 0.0468303

2-3 *-0.66625 0.0468303

* denotes a statistically significant difference.

Giai thich va nhan xét két qiia. Bang 6.25 bao cdo két qua phan tich bién dong. O vi du
nay, timg yéu t6 thi nghiém c6 anh hudng rd rét dén sinh truong D cta Dau song nang.
Ngoai ra, trir to hop phan bén va nudc, cac to hgp nhan t6 sinh thai khac (anh sang*nudc,
phan bén*anh sang, anh sang*nudc*phén bon) c6 anh hudng rd rét dén sinh truéng D
ctia Dau song nang. Bang 6.26 bao cdo kiém dinh phan hang cac nghiém thirc. Tir bang
6.26 cho thay, sinh truong cua Dau song nang dudi nghiém thirc 3 1a tréi hon nghiém
thac 2 va 1.

6.3. PHAN TiCH HIEP PHUONG SAI

Phén tich hi€p phuong sai (Analysis of covariance = ANOCOVA) dugc ép dung
cho nhitng d6i twong thi nghiém ma ngay tir ban dau da khong c6 su dong nhat vé nhimng
dic tinh nao d6. Nhiing dic tinh nay c6 thé anh huéng dén két qua thi nghiém. Vi du:
Khi xac dinh anh huéng cta do tan che dén sinh truong ciia Dau song nang, nhung ciy
con dua vao thi nghiém lai c6 chiéu cao khac nhau hodc duong kinh khic nhau.

Luu y rang, trong phan tich ANOCOVA, vi thi nghiém dugc thuc hién trén
nhimg d6i twong khong dong nhat vé mot hay nhleu dac tinh nao dé (ki hi€u Yi), nén
trude khi so sanh céc trung binh nghiém thirc ta can phai diéu chinh céc gia tri trung binh
clia cac nghiém thirc. Céc gia tri trung binh da duoc diéu chinh giira cac nghiém thiic
duoc goi 1a cac trung binh diéu chinh hay tu chinh (Y 4). Pé dat dugc muc dich dit ra,
truée hét ta phai dong nhét nhitng gia tri cua cac dic tinh ban dau dua vao nghién ctu.
Sau d6 tinh nhing gia tri trung binh diéu chinh (Yg.) - d6 1 nhiing gia tri trung binh
duogc tinh bang cach san phang su khéc biét gitra cac gia tri cua dac tinh ban dau dua vao
nghién ctru. Dé tinh dugc Yq. cta timg yéu t6, trude hét ta tinh Y trung binh ciia cac dic
tinh ban dau. Néu goi Y’i (voii= 1+ n) 1a gia tri thir i cia mot dic tinh ban dau nao d6 &
cac nghiém thirc thi Y’ = 2 Y i/N; trong d6 N 1a tong dung luong cua hai mau. Sau do gia
tri trung binh cta bién phu thuéc Y trong timg mau duoc diéu chinh (Yq.) theo cong
thirc:

+ Dbi v6i nghiém thitc A: Yac(A) = Yog(A) + b(Y’ = Y ang)

+ Pdi v6i nghiém thirc B: Yao(B) = qu(B) +b(Y’ — Ygbg)

Trong cac cong thure trén, b 1a hé s6 hoi quy cua md hinh tuyén tinh béc 1 gitra bién Yi
v6i bién Y. Dudi day chung ta xem xét mot sé6 mo hinh phan tich hiép phuong sai thuong
duoc &p dung.
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6.3.1. PHAN TIiCH HIEP PHUONG SAI 1 YEU TO
A. PHAN TICH HIEP PHUONG SAI 1 YEU TO: Kiéu thiét ké hoan toan ngiu nhién

1. Truong hop c6 hai nghiém thirc. Gia sir cin nghién ctru phan ung ting
truong vé dudng kinh (ZD, mm) cua cdy con Dau song nang dudi anh huéng cua hai
bién phap chdm séc khac nhau. Bién phap tht nhit (A) dwoc thuc hién trén 11 cy con,
con bién phap thtr hai (B) duogc thuc hién trén 19 cay con. Nhiing cdy con dua vao thi
nghiém c6 kich thudc duong kinh ban dau (D, cm) khac nhau. Thi nghiém duoc theo ddi
trong 3 thang. S6 liéu vé D ban dau va luong ting trudng duong kinh (Zd, mm) cua Dau
song nang sau 3 thang thi nghiém dugc ghi lai & bang 6.27. D¢ giai bai toan nay, ban hiy
thuc hién theo cac budc sau day:

Budée 1. Nhap dir liéu vao bang tinh. Trude hét, ban nhép lan luot tuong tng
bién D va Zd cua bién phap A va B vao c6t 1 va 2; ¢t 3 nhap ma s6 biéu thi cho hai bién
phap cham séc cdy con. Sau d6 ban thyc hién mi hoa cho céc tén bién.

Bang 6.27. Cach nhap dir liéu trong phén tich Anocova 1 nhén t6 dwoc bd tri ngdu nhién
(Chi tiet 50 liéu xem ¢ phu luc 9)

TT | D,cm | Zd, cm | Nghiém [ TT | D, cm | Zd, cm | Nghiém
4.6 1.8 1 11| 58 1.9 1

2 | 52 2.3 1 12| 18 1.4 2

9 ( 71 2.2 1 19| 58 2.6

10| 41 11 1 20| 6.3 34 2

Budce 2. Goi chuong trinh tinh todn. Tu thanh Menu chinh, ban hdy chon
Compare = Analysis of Variance = Multifactor ANOVA. Khi cira s6 Multifactor
ANOVA xuit hién (hinh 6.14), ban hiy thyc hién nhu sau:

- Chon bién Zd va chuyén n6 sang 6 Dependent Variable;

- Chon bién D va chuyén né vao 6 Covariate;

- Chon bién bién phap nudi dudng va chuyén né sang 6 factor(s);

- Chon = OK = Tabular Options = All = OK.

Dén day két qua phan tich théng ké s& hién thi ra man hinh nhiing ndi dung sau day:

bang phan tich bién dong (bang 6.28), o
bang s trung binh di dugc diéu chinh Dependent variable:

(bang 6.29), kiém dinh phan hang céc I

nghiém thirc (bang 6.30). (o] Fme —

Giai thich va nhan xét két

qua. Bang 6.28 bao cao két quia phan N Hinh 6.14 -
tich bién dong cua tang truong dudong B

kinh than cdy (Zd) thanh cac thanh

phan giy ra bién dong (¢ day la bién o =t

phép lam sinh va D ban dau). Vi ban ae ]
chon mdc dinh la tong binh phuong
kiéu III, nén sy dong gop cua mdi yéu té di dugc diéu chinh theo cac yéu té khac. Thong
ké F va xac suat P kiém dinh murc ¥ nghia théng ké ctia mdi yéu t6 (cac bién phap nudi

Cancel | Delete | Transform | Help |
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dudng cdy va kich thudc cdy ban dau). Gia thuyét Ho cho rang cac bién phap nudi dudng
céy c6 anh huong dong déu dén tang truong dudng kinh than cay. O dong c6 nhin D, vi
= 0.000 < 0.01 nén duong kinh than cdy ban ddu c6 anh hudng rat rd rét dén ting
tmong duong kinh than cay. Nguoc lai, cac bién phap nu6i dudng cay sau 3 thang c6 anh
huong dong déu dén ting truong dudng kinh than cay (viP =0.086 > 0.05).
Bang 6.29 dan céc tri trung binh Zd d3 duoc diéu chinh cho timg mirc cua yéu td
(bién phap 1am sinh), cic sai s6 chuin va khoang tin cdy 95% cua timg sd trung binh
mau. Bang 6.30 bao céo két qua kiém dinh phan hang cac nghiém thirc theo thu tuc so
sanh boi (Multiple comparisions) nhdm xéac dinh sy khac biét c6 y nghia thong ké giira
nghiém thirc nay voi nghiém thuae khac. O phan dudi ctia bang 6.30 bao cao sy khac biét
gilta cac cap so trung binh da dugc didu chinh. O phan trén cua bang 6.30 bao cao két
qua kiém dinh thudn nhét hai trung binh mau. Nhitng cdp sb trung binh khong c6 su khac
biét co ¥ nghia vé& mit théng ké duoc sip xép trén cing mot cot. Phuong phap dung dé
phan dinh cic trung binh mau 13 thong ké LSD. Thi tuc LSD ¢ 5% sai s6 (mao hiém)
khi cho rang mdi cdp s6 trung binh khic nhau c6 y nghia trong khi d6 chung lai khong
khéc bi€t co y nghia.

Bang 6.28. Kiém dinh anh huong giita cac yéu t6 (ANOCOVA)

Source Sum of Squares Df Mean Square F-Ratio P-Value
COVARIATES

D 54319 1 5.4319 28.86 0.0000
MAIN EFFECTS

A:Bien phap 0.597604 1 0.597604  3.18 0.0860
RESIDUAL 5.0815 27 0.188204

TOTAL 10592 29

All F-ratios are based on the residual mean square error.
Bang 6.29. Cac uodc lugng da dugc dicu chinh (Estimates)

Stnd. Lower Upper
Level Count Mean Error Limit Limit

GRAND MEAN 30  2.10002

Bien phap
1 11 19501 0.13278 1.67766 2.22254
2 19 224994 0.1004  2.04394 2.45595

a Evaluated at covariates appeared in the model: D = 4.857.
Bang 6.30. So sanh cac nghiém thuc (Pairwise Comparisons)
Multiple Range Tests for Zd by Bien phap

Method: 95.0 percent LSD

Bienphap  Count LS Mean Homogeneous Groups
1 11 1.9501 X

2 19 2.24994 X

Contrast Difference +/- Limits
1-2 -0.299842 0.337244
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Bang 6.31. Chiéu cao ban diu (H, cm) va luong tang truong duong kinh (Zh, cm)
cua Dau song nang sau hai thang

2] A H] 79 [ 65 [ 57 [ 51 [ 57 [66] 44 [ 41 [ 44 | 36
217 [Zn 196177162176 | 1.88| 1.5 | 1.6 | 1.49 | 1.77 | 1.27
2 H| 6L |59 |5 [53]56 |50 |45/ 39| 38] 45
& B Zn 14 [1.79 (161|147 | 1.60 | 1.48 | 14 | 142|129 |1.26
:g- H| 62| 73|58 |43 [ 50| 44 | 48 [ 51 [ 40 | 38
g Clzn(122(139| 128 1.28 | 145|122 131|157 | 1.21 | 106
= H| 71 | 60 | 54 | 50 | 60 | 61 | 44 | 53 | 41 | 38
E|PZn[115128] 1.4 137 119|118 1.2 |0.96 | 113 | L.12

2. Truwdong hop c6é nhiéu nghiém thirc. Gia st can nghién ciru phan tng sinh
truong vé chiéu cao (Zh, cm) ciia cay con Dau con rai duéi anh huong ciia 4 hdn hop
rudt bau khac nhau. Mdi nghiém thirc c6 10 ciy. Ciy con dua vao thi nghiém c6 chiéu
cao ban dau (H, cm) khac nhau. Cac nghiém thirc dugc bd tri ngau nhién trong cting hoan
canh. Thi nghiém dugc theo ddi trong hai thang. S6 liéu vé H ban dau va luong ting
truong vé chiéu cao (Zh, cm) ctia Dau con rai sau 2 thang thi nghiém dugc ghi lai & bang
6.31.

bé giai bai todn nay, ban hady thuc hién nhu sau:

Bwéc 1. Nhap dit liéu vao bang tinh (xem phu luc 10). Trude hét, ban nhap lan
luot bién H va Zh cia 4 nghiém thirc (hon hop rudt bﬁu) vao cot 1 va 2; ¢t 3 nhap ma $6
biéu thi cho 4 nghiém thtrc. Sau d6 ban ma hoa cho cac tén bién va ghi lai thanh 1 file dé
c6 thé ding vé sau.

Bing 6.32. Phan tich ANOCOVA v¢é anh huéng ctia hdn hop rudt bau
den sinh trudng chiéu cao cua Dau con rai

Analysis of Variance for Zh - Type III Sums of Squares

Source Sum of Squares Df Mean Square F-Ratio P-Value
COVARIATES
H 0.229503 1 0.229503 10.81 0.0023

MAIN EFFECTS

A:HONHOP 1.21985 3 0.406617 19.15 0.0000
RESIDUAL 0.742997 35 0.0212285
TOTAL (CORRECTED) 2.2306 39

All F-ratios are based on the residual mean square error.
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Budce 2. Goi chuong trinh tinh todn. Tu thanh Menu chinh, ban hay chon
Compare = Analysis of Variance = Multifactor ANOVA. Khi cura s6 Multifactor
ANOVA xuat hién (hinh 6.15), ban hay

chon bién Zh va chuyén no sang 6 Mu"“m R E—
Dependent Variable. K€ dén chon bién H Zh Zh
va chuyén nd vao 6 Covariates. Tiép theo (] ey -
A 1R A 1A oo A Honhopbau
chon bién hon hop rudt bau va chuyén né |
sang 6 factor(s). Cudi cung ban chon OK Covariates: Hinh 6.15
= Tabular Options = All = OK. H
bén day két qua xtr li s€ hién thi R
ra man hinh bang phan tich bién dong = s [
. R Z R - [ o ] Cancel | Dielete Transform Help
(bang 6.32), bang so trung binh da dugc

diéu chinh (bang 6.33), so sanh cap va )
kiém dinh phén hang cac nghiém thirc (bang 6.34). No1 dung va cach giai thich két qua
cta cac bang nay cling tuong tu nhu truong hop c6 2 mau.

Biang 6.33. Bang trung binh nghiém thirc d diéu chinh

Table of Least Squares Means for Zh
with 95.0 Percent Confidence Intervals

Stnd Lower Upper
Level Count Mean Error Limit Limit
GRAND MEAN 40 1.41
HONHOP
1 10 1.64806 0.0462691 1.55413 1.74199
2 10 1.49274 0.0462125 1.39892 1.58656
3 10 1.30927 0.0461802 1.21552 1.40302
4 10 1.18993 0.0461397 1.09626 1.2836

Bang 6.34. So sanh cac cap nghiém thirc va kiém dinh phan hang
Multiple Range Tests for Zh by HONHOP

Method: 95.0 percent LSD

HONHOP Count LS Mean Homogeneous Groups

4 10 1.18993 X

3 10 1.30927 X

2 10 1.49274 X

1 10 1.64806 X

Contrast Difference +/- Limits
1 -2 *0.155317 0.13228
1 -3 *0.338785 0.13228
1 - 4 *0.45813 0.13228
2 - 3 *0.183468 0.13228
2 - 4 *0.302813 0.13228
3 - 4 0.119345 0.13228

* denotes a statistically significant difference.
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B. PHAN TICH HIEP PHUGNG SAI | YEU TO: Kiéu khdi ngiu nhién

Gia st can so sanh sinh truéng vé chiéu cao (H, mm) cua 6 dong Gi6 bau sau 2
thang thi nghiém duéi anh huong cua mat do cay (N, cay/m) trong gieo wom. Thi
nghiém duogc bd tri theo kiéu khéi ngdu nhién hoan toan véi 4 1an lap lai. Két qua thi
nghiém duogc ghi lai ¢ bang 6.35. Trinh ty phan tich ANOCOVA nhu sau:

Buée 1. Nhp dir lidu vao bang tinh (xem phu luc 11). Trude hét, ban nhép lan
luot bién N va H vao cdt 1 va 2, con cot 3 va 4 nhap tuong rng ma s6 biéu thi cho 4 khéi
va 6 dong Gio6 bau. Sau d6 ban mi hoa cho cac tén bién.

Bang 6.35. Mat do ciy va chiéu cao (H, cm) cua Gié bau sau mot thang

Khu dat (Khoi)

Dong I T 1T v
N|H|N[H|[N[H[N[H
28 (202 2216527191 |19 134
2314526201 | 2820324180
2718824185 |27 | 185 |28 220
2412012823130 233830261
3020226178 |26 |198 |29 | 226
30 (2282522127207 |24 204

Tl m O O @™ >

Buwée 2. Goi chuong trinh tinh toan. Tur thanh Menu chinh, hdy chon Compare
= Analysis of Variance = Multifactor ANOVA. Khi ctra s6 Multifactor ANOVA xuit
hién (hinh 6.16), ban hay thuc hi¢n nhu sau:

- Chon bién H va chuyén n6 sang 6

Multifactor ANOVA
Dependent Variable; chon bién N H I beperaontvaanie
va chuyén no vao 6 Covariates. N H
r . (94 « A \ Khoi Factors
S?lu ,(,10 ‘Ac.h(_)n h?I ble}’l khoi va < (] KB =
dong” roi chuyén ching sang 6 ong Dong
factor(s). . Hinh616
- Chon OK = Tabular Options = N
All = OK.
A A A 5 5 e ~ <A . (Select)
Dc?n de‘1y ketv qua xur li 88 hlin th;A ra o eon |
man hinh bang phan tich bién dOng [ o ] conce | voie | Tt | Hen |

(bang 6.36), bang sO trung binh da i
duoc diéu chinh (bang 6.37), so sdnh cdp va kiém dinh phan hang cac nghiém thuc (bang
6.38).
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Biing 6.36. Phan tich ANOCOVA v& anh huéng ctia hon hgp rudt bau
dén sinh truong chi€u cao cua Dau con rai

Analysis of Variance for H - Type III Sums of Squares

Source Sum of Squares Df Mean Square F-Ratio P-Value
COVARIATES
N 7391.05 1 7391.05 76.01 0.0000

MAIN EFFECTS

A:KHOI 1502.39 3 500.798 5.15 0.0132
B:DONG 3227.28 5 645.455 6.64 0.0023
RESIDUAL 1361.29 14 97.2347

TOTAL (CORRECTED) 18678.5 23

All F-ratios are based on the residual mean square error.
Bang 6.37. Bang trung binh nghiém thic da diéu chinh

Table of Least Squares Means for H
with 95.0 Percent Confidence Intervals

Stnd Lower Upper
Level Count Mean Error Limit Limit
GRAND MEAN 24 199.75
KHOI
1 6 188.961 4.07252 180.227 197.696
2 6 206.234 4.16754 197.296 215.173
3 6 194.266 4.16754 185.327 203.204
4 6 209.539 4.07252 200.804 218.273
DONG
1 4 191.802 5.38138 180.26 203.344
2 4 190.979 5.03102 180.189 201.77
3 4 193.157 4.93279 182.577 203.737
4 4 219.32 5.16541 208.242 230.399
5 4 189.585 5.10127 178.644 200.526
6 4 213.657 4.93279 203.077 224 .237

Bang 6.38. Kiém dinh phan hang cac dong Gi6 bau

Multiple Range Tests for H by DONG

Method: 95.0 percent LSD
DONG Count LS Mean Homogeneous Groups

Giai thich va nhin xét két qia. Bang 6.36 dan két quia phan tich ANOCOVA. Ban hdy
chu y dén dong c6 nhan “DONG”. Vi gia tri P = 0.002 << 0.01, nén sinh truong chiéu
cao cua cac dong Gid bau la khac nhau rat c6 ¥ nghia. O dong c¢6 nhan N, gia tri P =
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0.000; diéu d6 cho biét mat do céy c6 anh huong dén sinh trudng chiéu cao cua céc dong
Gi6 bau. Sb liéu cuia bang 6.37 1a chiéu cao trung binh diéu chinh va sai tiéu chuin vé H
ctia 6 dong Gi6 bau thudc ting khdi va ciia chung 4 khdi. Bang 6.38 14 cac so sanh phan
hang vé H trung binh dé diéu chinh cta 6 dong Gio6 bau.

C. PHAN TiCH HIEP PHUONG SAI I YEU TO: Thiét ké theo kiéu khdi la tinh

Gia str can so sanh ting trudng vé chidu cao (Zh, cm) cia 4 dong Keo lai (A, B,
C, D) sau 4 dot thu hoach khac nhau. Thi nghiém duoc bd tri theo kiéu khéi la tinh. Khéi
cot biéu thi 4 1an lap lai, khéi dong biéu thi 4 dot thu hoach. Nhiing cay ban dau dua vao
thi nghiém c6 mirc do bi nhim bénh (X%) khac nhau. Két qua thi nghiém duoc ghi lai &
bang 6.39. Dé giai bai toan ndy, ban hay thuc hién nhu sau:

Buée 1. Nhap dit liéu vao bang tinh (xem phu luc 12). Trudc hét, ban nhap lan
luot bién X va Zh vao cot 1 va 2; cot 3 va 4 nhap tuong rng ma s6 biéu thi cho 4 khdi cot
va 4 khéi dong; cot 5 nhap ma sd biéu thi cho dong Keo lai. Sau d6 thyc hién ma hoa cho
cac tén bién.

Bang 6.39. Ty 1¢ bénh va ting truong chiéu cao (Zh, cm) cta Keo lai sau mot thang

Khéi cot (Dong Keo lai)
I I " v
Dong | A B D C
1| X [29.2]347|30.2| 482
Zh |19.7 120.7 | 20.1 14.7
Dong | C A B D
2| X |43 ]193|101 14
Zh |26.7]21.3|283| 25.1
Dong | B D C A
3 X 14 | 7.2 | 6.3 1
Zh | 26 [249] 29 28.7
Dong| D C A B
4| X 89 | 6.7 | 64 5.6
Zh 298| 29 |27.3| 34.1

Khéi dong (Dot thu hoach)

Budce 2. Goi chuong trinh tinh

toan. Tu thanh Menu chinh, hdy chon Mumm' N Dopendert Vanabie
Compare = Analysis of Variance = 7h Zh
Multifactor ANOVA. Khi ctra so Factors
: A LA s [»] |-Rhoi -
Multifactor ANOVA xuat hién (hinh Dong
J

6.17), ban hay thuc hién nhu sau:

+ <A \ A r Covarial tes: .
A Chon bién Zh va chuyén no y Hinh 6.17
sang 0 Dependent Variable; chon bién
X va chuyén n6 vao 6 Covariates. Sau fﬁe'ecul
r . - A A \ \ A W Sort -[\
do ChQn hal blen khOl va dong 101 oK | Cancel | Delete Transform. Help

chuyén chiing sang 6 factor(s).
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+ Cubi cing chon OK = Tabular Options = All = OK.

Dén day két qua xir Ii s& hién thi ra man hinh bang phan tich bién dong (bang
6.40), bang sd trung binh d3 duoc diéu chinh (bang 6.41), so sanh cip va kiém dinh phan
hang cac nghiém thuc (bang 6.42).

Bang 6.40. Phan tich ANOCOVA

Analysis of Variance for Zh - Type III Sums of Squares

Source Sum of Squares Df Mean Square F-Ratio P-Value
COVARIATES

X 45.3242 1 45.3242 22.89 0.0050

MAIN EFFECTS

A:KHOI 6.42239 3 2.1408 1.08 0.4367
B:DONG 29.4019 3 9.80063 4.95 0.0587
C:DOT 23.1397 3 7.71324 3.90 0.0887
RESIDUAL 9.90083 5 1.98017

TOTAL (CORRECTED) 360.178 15

All F-ratios are based on the residual mean square error.

Bang 6.41. Gia trj chiéu cao trung binh ctia 4 dong Keo lai da dugc diéu chinh

Stnd Lower Upper
Level Count Mean Error Limit Limit
GRAND MEAN 16 25.3375
DONG
1 4 23.7636 0.710899 21.9362 25.591
2 4 27.5236 0.705508 25.71 29.3372
3 4 24.8691 0.70394 23.0595 26.6786
4 4 25.1937 0.70725 23.3757 27.0118
DOT
1 4 25.7845 1.62059 21.6186 29.9504
2 4 24.1546 0.746643 22.2353 26.0739
3 4 24.2944 0.922663 21.9226 26.6662
4 4 27.1166 0.933268 24.7175 29.5156
KHOTI
1 4 25.1068 0.709663 23.2826 26.9311
2 4 24.5262 0.712964 22.6935 26.359
3 4 25.4379 0.720265 23.5864 27.2894
4 4 26.2791 0.715772 24.4391 28.119

Giai thich va nhan xét két qiia. Bang 6.39 dan két qiia phan tich ANOCOVA.,
Ban hiy cha ¥ dén dong c¢6 nhidn DONG. Gia tri P = 0.059 ~ 0.05; diéu d6 cho biét ting
truong chiéu cao ciia cac dong Keo lai 1a khac nhau. Bang 6.40 1a cac gia tri tang truong
vé chidu cao cta 4 dong Keo lai dd dugc diéu chinh. Bang 6.41 1a kiém dinh phan hang
va cac so sanh timg cdp nghiém thirc v6i nhau (Zh di duoc diéu chinh). Dau (*) & bén
canh cac con sd ciia cot Difference cho biét cac trung binh mau khic nhau c6 y nghia
thong ké & muc 0.05.
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Bang 6.42. So sanh tirng cédp va phan hang trung binh nghiém thirc

Multiple Range Tests for Zh by DONG

Method: 95.0 percent LSD

DONG Count LS Mean Homogeneous Groups

1 4 23.7636 X

3 4 24.8691 X

4 4 25.1937 XX

2 4 27.5236 X

Contrast Difference +/- Limits
1 -2 *-3.75998 2.55781
1 -3 -1.10546 2.55781
1 -4 -1.4301 2.55781
2 -3 *2.65452 2.55781
2 - 4 2.32988 2.55781
3 -4 -0.324636 2.55781

* denotes a statistically significant difference.

6.3.2. PHAN TICH HIEP PHUONG SAI HAI YEU TO

Gia st can so sanh luong ting truong vé chidu cao (Zh, cm) ciia Vén vén sau 2 thang thi
nghiém dudi anh huéng cua 4 hdn hop rudt bau: Pdi chimg (ki hiéu To), bon phéan 1an
(ki hi¢u Tp), bén phan kali (ki hi¢u Tk) va bon phan PK (ki hi¢u Tpk). Thi nghiém dugc
b tri theo kiéu khoi ngﬁu nhién véi 6 lan lap lai. Céc nghiém thirc dugc bd tri voi mat do
cdy khac nhau (X). Két qua thi nghiém duogc ghi lai ¢ bang 6.43. Dé giai bai toan nay,
ban hay thuc hién nhu sau:

Bang 6.43. Chiéu cao (H, cm) cua Vén vén nang 2 thang tudi

Khoi

Nghi¢m thire R ARARY]
X | 183 | 176 | 291 | 254 | 225 | 249

To Zh | 2.45 | 2.25 | 4.38 | 4.35 | 3.42 | 3.27

X | 356 | 300 | 301 | 271 | 288 | 258

P Zh [6.71 | 5.44 | 492 |5.23 | 6.74 | 4.74

X | 224 | 258 | 244 | 217 | 192 | 236

Tk Zh (322 | 414 | 232|442 (328 4

X | 329 | 283 | 308 | 326 | 318 | 318

TPk I Zn1634 544 (522 8 |6.96] 696

Buéc 1. Nhap dir liéu vao bang tinh (xem phu luc 13). Trudce hét, ban nhip lan
luot bién X va Zh vao cot 1 va 2, con c¢ot 3 va 4 nhap tuong ung ma s0 biéu thi cho 6
khdi va 4 nghiém thirc. Sau d6 thuc hién ma hoa cho céc tén bién.

Buée 2. Goi chuong trinh tinh toan. Tur thanh Menu chinh, hdy chon Compare
= Analysis of Variance = Multifactor ANOVA. Khi ctra s6 Multifactor ANOVA xuat
hién, ban hay thyc hién nhu sau: Chon bién Zh va chuyén n6 sang 6 Dependent variable;
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A

ké dén chon bién X va chuyén n6 vao 6 Covariate; sau d6 chon ca hai bién (khéi va
nghiém thirc) rdi chuyén chung sang 6 Factor(s). Cubi cung chon OK = Tabular
Options = All = OK.

Dén day két qua xir Ii s& hién thi ra man hinh bang phén tich bién dong (bang
6.44), bang sd trung binh d3 duoc diéu chinh (bang 6.45), so sanh cip va kiém dinh phan
hang cac nghiém thuc (bang 6.46).

Bang 6.44. Kiém dinh anh huong giita cac yéu t6 (ANOCOVA)

Analysis of Variance for H - Type III Sums of Squares

Source Sum of Squares Df Mean Square F-Ratio P-Value
COVARIATES

X 8.61551 1 8.61551 38.22 0.0000

MAIN EFFECTS

A:KHOI 7.22683 5 1.44537 6.41 0.0027
B:NGHIEM 2.03505 3 0.67835 3.01 0.0658
RESIDUAL 3.1555 14 0.225393

TOTAL (CORRECTED) 59.3377 23

All F-ratios are based on the residual mean square error.

Bang 6.45. Cac uoc lugng Zh da tu chinh (Estimates)

NGHIEM

1 6 4.19411 0.236768 3.6863 4.70193
2 6 4.97941 0.220542 4.50639 5.45242
3 6 4.43048 0.239243 3.91735 4.9436
4 6 5.42933 0.258481 4.87495 5.98372

Giai thich va nhan xét két quiia. Bang 6.44 dan két qua phan tich ANOCOVA dé
kiém dinh anh huong cia cac yéu té phan bon dén sinh truéng vé chiéu cao (H, cm) ctia
Vén vén sau 2 thang tudi. Ban héy cht y dén dong c6 nhin “NGHIEM”. Vi gia tri P =
0.066 ~ 0.07, nén tang truong vé chidu cao ciia Vén vén 2 thang tudi & cac nghiém thie
thuc su khac nhau véi xac suat sai 1am P = 0.07. Bang 6.45 1a cac gia tri chiéu cao trung
binh d& duoc diéu chinh cua 4 nghiém thirc. Bang 6.46 la cac so sanh tung cap va kiém
dinh phén hang trung binh nghiém thirc. Dau (*) & bén canh céc con sb cia cot
Difference cho biét cac trung binh mau khac nhau c6 ¥ nghia thong ké & mirc 0.05. Tir s6
liéu cua bang 6.46 cho théy, ¢ nhitng nghiém thire ¢6 bon 1an, lugng tang trudng vé chiéu
cao ctia V@n vén sau 2 thang thi nghiém déu vuot troi hon so v6i cac nghiém thirc khac.
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Bang 6.46. So sanh timg cip va kiém dinh phan hang trung binh nghiém thuc

Multiple Range Tests for H by NGHIEM

Method: 95.0 percent LSD

NGHIEM Count LS Mean Homogeneous Groups

1 6 4.19411 X

3 6 4.43048 XX

2 6 4.97941 XX

4 6 5.42933 X

Contrast Difference +/- Limits
1 -2 *-0.785292 0.587888
1 -3 -0.236363 0.587888
1 -4 *-1.23522 0.587888
2 -3 0.548929 0.587888
2 - 4 -0.449928 0.587888
3 -4 *-0.998858 0.587888

* denotes a statistically significant difference.

6.3.3. PHAN TICH DA HIEP PHUONG SAI

Phan tich da hiép phuong sai (Analysis of multiple covariance =
ANOMUCOVA) duoc 4p dung trong trudng hop ¢6 nhidu yéu to khong ddng nhat cling
phéi hop véi yéu td thi nghiém anh huéng dén bién phy thudc. Vi thé, thu tuc phan tich
ANOMUCOVA cing dugc thuc hién twong tu nhu phan tich hiép phwong sai
(ANOCOVA). Duéi déy chi gioi thiéu phan tich ANOMUCOVA qua hai kiéu bd tri thi
nghiém: (1) thi nghiém mét yéu t6 dugc bb tri ngau nhién hoan toan, (2) thi nghiém mot
yéu t6 dugc bd tri ngdu nghién theo khbi.

A. PHAN TiCH PA HIEP PHUONG SAI: Thi nghiém 1 yéu t6 dwoc bd tri ngiu
nhién hoan toan

Gia sir can phan tich anh huong cia 4 cép kich thudc bau dén luong ting truong vé
duong kinh (Zd, mm) ctua Dau song nang sau 3 thang thi nghiém. Nhimg cdy con Dau
song nang dua vao thi nghiém c6 chidu cao (H, cm) va tudi (A, thang) ban dau khac
nhau. Két qua thi nghiém dugc ghi lai & bang 6.47. D¢ giai bai toan nay, ban hay thyc
hién nhu sau:

Bwéc 1. Nhap dit liéu vao bang tinh (xem phu luc 14). Trude hét, ban nhap lan
luot bién H va A vao cot 1 va 2, con cdt 3 va 4 nhép tuong tng Zd va ma s6 biéu thi cho
4 nghiém thire. Sau d6 ban ma héa cho cic tén bién.
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Bang 6.47. Luong ting trudng vé dudng kinh (Zd, mm) cua Dau song nang sau 3 thang tudi

H |78 ]9 |94 71 |99 |80 ]83] 75|62 ] 67
1 A6 6|85 |6 |5 |6 |5 4]4
Zd | 1.4 [1.79]1.72[1.47|1.26|1.28| 1.34 | 1.55 | 1.57 | 1.26
H |78 | 99 |80 | 75 | 94 | 91 | 75 | 63 | 62 | 67
oA 78|65 |6 | 4|5 ]| 45| 4
Zd [161(1.31[1.12]1.35]1.29|1.24]1.29|1.43[1.29|1.26
H |78 |83 |79 |70 |85 |83 | 71| 66|67 |67
3| A[ 86 |6 |5 |6 |4]|5]| 4] 4|4
Zd |1.67|1.41|1.73[1.23[1.29(1.22]1.39| 1.59 | 1.56 | 1.36
H |77 |71 |78 | 70 | 95 | 96 | 71 | 63 | 62 | 67
4 [ A6 66| 4|6 |5]|4|4]|5]|a4
Zd | 1.4 [1.47[1.37|1.15|1.22|1.48]1.31|1.27|1.22[1.36

Nghié¢m thirc

Bang 6.48. Kiém dinh anh huong giita cac yéu to (ANOMUCOVA)

Analysis of Variance for zd - Type III Sums of Squares

Source Sum of Squares Df Mean Square F-Ratio P-Value
COVARIATES

A 0.148005 1 0.148005 6.83 0.0132
H 0.044082 1 0.044082 2.04 0.1628

MAIN EFFECTS

A:NGHIEM 0.1599 3 0.0533 2.46 0.0794
RESIDUAL 0.736494 34 0.0216616
TOTAL (CORRECTED) 1.06278 39

All F-ratios are based on the residual mean square error.

Buéce 2. Goi chuong trinh tinh gy
toan. Tu thanh Menu chinh, hdy chon [ ] Emaentvarast podel.._|
Compare = Analysis of Variance = Eived Factorts: Contaste |
Multifactor ANOVA. Khi cura sb T ||
Multifactor ANOVA xuat hién (hinh Flandom Factocy o |
6.18), ban hiy thuc hién nhu sau: | e

Eovariate(s):
](;hon bién Zd va chuyen nd sang O Hinh61s 3 [2%0
ependent variable; ké dén chon bién -
A va H rdi chuyén ching vao o [ p=
Covariate; sau d6 chon bién nghiém (o5 ] _Pete | _Reest | Concel| el |

thac  roi chuyén ching sang o
Factor(s). Pén ddy chon OK = Tabular Options = All = OK. O bang 6.48 — 6.50 dan
mot 80 bang bao cao két quia phén tich thong ké dé cac ban tham khao. Cach giai thich va
nhan xét két quia phan tich ANOMUCOVA ciing twong ty nhu phan tich ANOCOVA.
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Bang 6.49. Cac uéc luong trung binh mau da diéu chinh (Estimates)

Table of Least Squares Means for zd
with 95.0 Percent Confidence Intervals

Stnd Lower Upper
Level Count Mean Error Limit Limit
GRAND MEAN 40 1.38825
NGHIEM
1 10 1.46015 0.0469672 1.3647 1.5556
2 10 1.31595 0.046645 1.22116 1.41075
3 10 1.4416 0.0468063 1.34648 1.53673
4 10 1.33529 0.0468967 1.23999 1.4306

Bang 6.50. So sanh timg cap va kiém dinh phan hang cac nghiém thirc

Multiple Range Tests for zd by NGHIEM

NGHIEM Count LS Mean Homogeneous Groups

2 10 1.31595 X

4 10 1.33529 XX

3 10 1.4416 XX

1 10 1.46015 X

Contrast Difference +/- Limits
1 -2 *0.144199 0.133763
1 -3 0.018546 0.133763
1 -4 0.124859 0.133763
2 -3 -0.125653 0.133763
2 - 4 -0.0193399 0.133763
3 -4 0.106313 0.133763

B. PHAN TiCH DA HIEP PHUONG SAI: Thi nghiém 1 yéu té dwgc bd tri theo khoi
ngiu nhién

Gia sir can phan tich anh hudng cia 6 thanh phan hon hop rudt bau dén lugng ting
truong vé chiéu cao (Zh, cm) clia Dau song nang sau 3 thang thi nghiém. Nhiing cay con
dua vao thi nghiém c6 chiéu cao (H, cm) va d6 dai ré (Lg, cm) khic nhau. Két qua thi
nghiém ghi lai & bang 6.51.

Dé giai bai toan nay, ban hay thuc hién cac bude gidng nhu truong hop phén tich
ANOMUCOVA véi thi nghiém 1 yéu t6 duge bo tri ngau nhién. Ban c6 thé tham khao
cach nhap dir liéu vao bang tinh ¢ phu luc 15. O day chi luu y rr:ing, ban phai chon cung
lic ca bién H va Lr roi chuyén chiing vao 6 Covariance. Mot s6 két qiia phan tich thong
ké & vi du nay dugc ghi lai & bang 6.52 — 6.54. Viéc giai thich cac ndi dung ctia cac bang
nay ciing duoc thyc hién twong ty nhu phan tich ANOVA véi thi nghiém 1 yéu t6 duoc
bb tri theo khdi ngdu nhién.
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Bang 6.51. Luong ting trudng vé chiéu cao ciia Dau song nang sau 3 thang

I | H|256|285|254| 33 |30.8| 28
Lr | 1491128 133|147 | 46 | 7.5
Zh| 19 |25.3(22.2|328|353|358
Il | H 254|259 283|324 |353|242
S Lr| 72 (92|95 |97 |68 |75
Zh|32.4|283|322|35.7|43.7| 352
| H | 27.9|23.7|344 275|325 | 329
Lr | 18.6 |14.4 (222 |176| 10 | 7.9
Zh | 26.2 | 20.6 | 34.7 | 29.6 | 40 |47.2

Bang 6.52. Kiém dinh anh huéng giita cac yéu t6 (ANOMUCOVA)

Analysis of Variance for Zh - Type III Sums of Squares
Source Sum of Squares Df Mean Square F-Ratio P-Value
COVARIATES
H 194.475 1 194.475 55.61 0.0001
Lr 29.2239 1 29.2239 8.36 0.0202

MAIN EFFECTS

A:Khoi 92.1583 2 46.0792 13.18 0.0029
B:nghiem 100.717 5 20.1435 5.76 0.0151
RESIDUAL 27.9772 8 3.49715

TOTAL (CORRECTED) 982.298 17

All F-ratios are based on the residual mean square error.

Bang 6.53. Cac uéc luong trung binh mau da diéu chinh (Estimates)

Stnd Lower Upper
Level Count Mean Error Limit Limit
GRAND MEAN 18 32.0111
Khoi
1 28.7851 0.76837 27.0133 30.557
2 6 33.0302 1.04443 30.6217 35.4386
3 6 34.2181 1.08331 31.7199 36.7162
nghiem
1 3 30.6719 1.29379 27.6885 33.6554
2 3 28.9692 1.2161 26.1649 31.7735
3 3 31.3859 1.31395 28.356 34.4159
4 3 31.6357 1.22405 28.8131 34.4584
5 3 31.7325 1.70046 27.8112 35.6537
6 3 37.6714 1.38032 34.4883 40.8544

Bing 6.54. So sanh ting cip va kiém dinh phan hang nghiém thirc

Multiple Range Tests for Zh by nghiem

Method: 95.0 percent LSD
nghiem Count LS Mean Homogeneous Groups

Blen soan: FGYS. 1S. Nguyen van 1hem 10
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Chuong VII

SO SANH NHIEU MAU

Thu tuc so sanh nhiéu mau (2 hay nhiéu nghiém thirc) béo co cac théng ké mo
ta, phan nhom, kiém dinh su béng nhau cua cac phuong sai mau, kiém dinh su béng nhau
ctia hai hay nhiéu sé binh quan bang kiém dinh T (T — Test), kiém dinh kiéu phan bd cua
hai hay nhiéu mau theo kiém dinh Kolmogorov — Smirnov Test. Nhiing chi tiét vé cac
kiém dinh nay duoc trinh bay trong “Hudng dan sir dung chwong trinh SPSS 10.0”.

7.1. SO SANH HAI MAU BANG KIEM BINH KOLMOGOROV — SMIRNOV

Phuong phap so sanh hai miu bang kiém dinh Kolmogorov — Smirnov ¢6 ndi dung nhu
sau.

+ Dem hai day quan sat chia t6 voi cung cu ly nhu nhau.

+ Thong ké tan s6 quan sat trong mdi to cua ting ddy quan sat (fi) va tong sb
quan sat ciia moi to (Ni).

+ Tai moi chudi quan sat, tinh ty 1€ Fi/Ni cho mdi td, trong do Fi la tan s tich iy
tir to 1 dén 6 i.

+ Tinh hiéu Di = Fi/Ni (t6 1) — Fi’/Ni’(t0 2) giita hai t6 thudc hai diy quan sat
twong g va ghi nhan gia tri Dimax.

+ So sanh Dmax v6i K n;:’ngz {mg véi mirc x4c sut o (0.05, 0.01...).
. Ny + Ny L X . .
+ Néu Dmax < K N, thi hai day quan sat la thuan nhat, va nguoc lai.
Khi s dung Statgraphics plus
version 3.0 dé phan tich hai mau bang [ETITIIE B
kiém dinh Kolmogorov — Smirnov, ban
hay thuc hién theo cac budc sau day: I™ Analysis Summary
Bwéc 1. Nhap sé liéu; trong d6 ¥ ‘Summary Statistics .
1’1’161 Cf:)'[ la 1’Il(_3t nghlém thure. ¥ Comparizon of Means Hinh 7.1
Buwéc 2. Tu menu Chinh’ mo ™ Comparizon of Standard Dey
Compare = Two Sample = Two Sample ™ Comparison of Medians
Compa”SIOﬂS' . ¥ Kolmaogoroe-Smiroy Test
Budc 3. Mo bieéu tugng Tabular
Options va chon kiém dinh Kolmogorov ok ] coesr | o [ Hee |

— Smirnov Test (hinh 7.1). Sau cung ban
chon OK dé chwong trinh tinh toan va hién thi két qua.

Buwéc 4. Nhan xét két qua. Hay quan sat bang klem dinh Kolmogorov — Smirnov
Test. Khi P > 0.05 (mic dinh) thi gia thuyét Ho cho rang hai trung binh mau bang nhau
duoc chap nhan. Nguoc lai, khi P < 0.05 (mic dinh) thi hai trung binh mau khac nhau &
muc tin cay 95%.

Bién soan: PGS. TS. Nguyén Vin Thém 127
e



Huéng dan sir dung Statgraphics Plus Version 3.0 &5.1
000000 00 00 0000000000 000000000 0000 00 0 0

7.2. KIEM PINH SU BANG NHAU CUA HAI TRUNG BiNH MAU BANG T-TEST

Piéu kién. Hai mau c6 phan bd chuin va phuong sai bang nhau. Kiém dinh sy
bang nhau cta hai trung binh mau bang t-test duoc thyc hién theo thu tuc sau day:

Budrc 1. Nhap hai ddy s liéu can so sanh, trong d6 mdi cot 1a mot nghiém thic.

Buéc 2. Mo Compare = Two

Samples = Two Sample Comparison.
Dén day ban hay chon mau 1 va dwpano
vao Sample 1 bang cach nhap mii tén I finalysis Summan
bén canh Sample 1; tiép theo chon mau I Summary Stalistics Hinh 7.2
2 va dua n6 vao Sample 2. Sau khi vao I Comparison of Means
Sé) héu hﬁy Chon OK Tlép theO ban ™ Comparison of Standard Deviations
g 9 'y . .

chon Tabular Options, roi chon cac I Comparison of Medians
théng ké Cé‘il’l tinh (hinh 72) I™ Eolmogorow-Smirnow Test

Buéce 3. Nhan xét két qua. Hay ok | cencel | al | Hew ]

quan sat bang kiém dinh T. Khi P > 0.05
(mic dinh) thi gia thuyét Hy cho rang hai trung binh miu bang nhau s& duoc chap nhan.
Nguoc lai, khi P < 0.05 (mic dinh) thi hai trung binh mau khéc nhau. O day ta ciing c6
thé can clr vao khoang xé4c dinh mic tin cdy 95% cua su khac biét gitra hai trung binh
mau dé so sanh. Néu khoang xac dinh nay khong chira s6 Zero thi hai trung binh mau
khac nhau ¢ muc tin cay 95%.

7.3. SO SANH NHIEU MAU (HON HAI MAU)

Khi cic miu co phan bd chuan véi phuong sai béng nhau thi ban hay dung
phuong phap phan tich phuong sai (chon ANOVA Table) dé thyc hién viéc so sanh
nhiéu mau. . Nguoc lai, khi cac mau khong tuan theo luat phan ph01 chuan va phuong sai
ctia cac mau khac nhau thi ban can sir dung phuwong phép kiém dinh phi tham s cua
Kruskal — Wallis. Thong ké Kruskal — Wallis kiém dinh gia thuyét Ho cho rang cac so
trung vi (Medians) cia K mau 13 bang nhau. Kiém dinh nay dua trén thong ké kiém dinh
XZ. Néu P-Value < 0.05 thi K mau la khac nhau & mirc tin cdy 95% (mic dinh). Dé thiy
su khac nhau giita cac s6 trung vi bang truc quan, ban c6 thé ding biéu do Box — and
Whisker Plot dé quan sat. Nguoc lai, néu P-Value > 0.05 thi K mau khac nhau khong ¢
y nghia théng ké & mirc tin cdy 95% (mic dinh).

Thue hanh. Gia sir can kiém dinh sy khac biét vé duong kinh ciia 4 1am phan
Sao den dugc xir Ii theo 4 phuong thic 1dm sinh khac nhau. Dé nhan duoc két qiia phan
tich su khac biét giita 4 nghiém thic bang thu tyc so sanh nhiéu mau cua Kruskal —
Wallis, ban hay thuc hién theo céc budce sau day:

Budc 1. Nhap 4 nghiém thuc vao 4 cot khac nhau.

Buédce 2. M¢ Compare = Multiple Samples = Multiple Sample Comparison
(hinh 7.3). Tlep theo hdy m¢ Tabular Option va chon nhimng thong ké can tinh (hinh 7.4).
Dén day két qiia hién thi trén man hinh nhu bang 7.1.

Giai thich va nhan xét két qiia. Kiém dinh Kruskal — Wallis dwa vao hang cta
cac mau dé kiém tra. Noi dung tién hanh nhu sau: Trudc hét cac miu duge g0p lai va tim
tong hang cho tirng mau. Kiém dinh Kruskal — Wallis H dugc tinh tir cac tong hang nay.
Khi K nhém c6 phan phdi gidng nhau thi H ~ xz. Gia thuyét Ho cho rang trung vi ciia K
mau 1 bang nhau. D¢ kiém dinh gia thuyét nay, cac diy s liéu duoc tap hop lai va xép
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hang tir nho nhat dén 16n nhat. Sau d6 hang binh quan dugc tinh cho mdi nghiém thic
(cot 3). Néu P < 0.05 (mic dinh) thi gia thuyét bi bac bo. Nguoc lai, néu P > 0.05 (mic
dinh) thi gia thuyét Ho dugc chip nhan. O vi du nay, gia tri kiém dinh Kruskal Wallis =
30.2586 voi P = 0.0000 < 0.01; do d6 4 mau (trung vi) khac nhau c¢6 ¥ nghia théng ké &
muc tin cay 99%.

R Samples:
e (B =
M — Summary Statistics
Hinh 7.3 ™ ANOWA Table Hinh 7.4
1 I~ Table of Means
I~ Multiple Range Tests
[Select] I~ ‘ariance Check
I I~ Kruskalwallis Test
I Sort I—I
Ok I Cancel I Delete I Transform... I Help I ok Cancel a" HB|D
Bang 7.1. Kiém dinh Kruskal — Wallis
Kruskal-Wallis Test
Sample Size Average Rank
TN1 148 352.348
TN2 151 335.93
TN3 156 284.974
TN4 156 254.083
Test statistic = 30.2586 P-Value = 0.00000121759
Bang 7.2. Kiém dinh ngang bang phuong sai
Cochran's C test: 0.270742 P-Value = 0.800286
Bartlett's test: 1.0036 P-Value = 0.53717
Hartley's test: 1.20913
Bang 7.3. Phan tich phuong sai (ANOVA)
ANOVA Table
Analysis of Variance
Source Sum of Squares Df Mean Square F-Ratio P-Value
Between groups 1148.83 3 382.942 13.01 0.0000
Within groups 17869.3 607 29.4387
Total (Corr.) 19018.1 610
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Bang 7.4. Kiém dinh phan hang cac nghiém thirc
Multiple Range Tests

Method: 95.0 percent LSD

Count Mean Homogeneous Groups

TN4 156 17.6679 X

TN3 156 18.6679 X

TN2 151 20.543 X

TN1 148 21.0473 X

Contrast Difference +/- Limits
TN1 - TN2 0.504251 1.23251
TN1 - TN3 *2.37935 1.2227
TN1 - TN4 *3.37935 1.2227
TN2 - TN3 *1.8751 1.21645
TN2 - TN4 *2.8751 1.21645
TN3 - TN4 1.0 1.2065

* denotes a statistically significant difference.

Luu ¥ rang, voi sb liéu cta vi du trén day ban cling c6 thé xu |i bang phuong
phap phan tich phuong sai 1 nhan t6 duge bd tri ngdu nhién. Dé dat dugc muc dich nay,
tir ctra s6 Tabular Option ¢ budc 2, ban chon All va OK. Két qua s& bao cdo cac théng ké
mo ta, kiém dinh ngang bang phuong sai miu (bang 7.2), bang ANOVA (bang 7.3) va
kiém dinh phan hang céc nghiém thirc (bang 7.4). Tur s6 liéu cua bang phéan tich
ANOVA, ban ciing nhan dugc két qua giéng nhu kiém dinh Kruskal Wallis. Ngoai ra, tir
S(A')’liéu ctia bang 7.4, ban con biét dugc nhitng nghiém thirc nao 1a khac nhau c6 ¥ nghia
thong keé.
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Chuong VIl

KIEU THI NGHIEM PHAN CAP

Kiéu thi nghiém phéan cap (Nested designs) dugc dung dé phan tich anh huong cua 1
hodc nhiéu yéu t6 dinh tinh dén mot bién phan h01 (phu thudc) khi so liéu dugc thu thap
theo mot trat tu nhat dinh (theo thtr bac) va s6 mau 1a bang nhau & tit ca cac to hop cua
cac muc yéu t6. M6 hinh phai duoc thiét ké can bang, nghia 1a ¢6 s mau bang nhau d6i
v6i mdi t6 hop clia cac muc yéu td. Duéi day 1a mot sé vi du vé mau phan cip.

+ MAu 2 cip. Mau cip I 1a ciy; miu cip 11 12 14 cay.

Miu 2 cip Lan lap = Cap1

Céap II

+ MAu 3 cap. Mau cip I: Cay; mau cap II: 1a; mau cap III: ham luong khoang.

Miu 3 cip Lan lap =

Cépl

Cép II

Cép III

Phuwong phap thu thip miu phén cip

Bang s6 li¢u cua mau 2 cap

. S lan do lap lai (Mau cap II) )
Mau cap | 1 K n Tong
1 Y11 Y1k Y1n T1*
i Yil Yik Yin Ti*
a Yal Yak Yan Ta*
Tong T*1 T*k T*n >T
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Bang s6 li¢u cua mau 3 cap

Mau cap I |Mau cép II Mau cap 11 Tong
(éutd A) | (Yéutd B) (Lan do lzp) Tij* Tiw T
1 Y111 Y11k Y1in
1 j Yij1 Y1jk Yijn
b Y1bl Y1bk Y1bn
1
i ] Yijk
b
1
a j
b
+ Khi 1ay mau 2 cap thi ciu tric ciia bang ANOVA c6 dang nhu sau:
Nguon bién dong df SS MS Ftt
A a-1 SSA MSA MSA/MSB(A)
B(A) a(n—1) SSB MSB(A)
Tong an-1 SST
+ Khi ldy miu 3 cap thi cdu triic ciia bang ANOVA c6 dang nhu sau:
Nguon bién dong df SS MS Ftt
A a-1 SSA MSA MSA/MSB(A)
B(A) a(b— 1) SSB(A) MSB(A) MSB(A)/ MSK(B)
K(B) ab(n — 1) SSK(B) MSK(B)
Tong abn-1 SST

Luu ¥ rang, trong thi nghiém phan cép, viéc xu Ii s6 liéu nhur thé nao 1a tiy thude
vao muc tiéu nghién ctru cua ban. Néu ban quan tam dén yéu t6 hay muc nao c6 anh
huong nhiéu hon dén blen phan hoi thi ban can phan tich theo mé hinh phéan cap Nguge
lai, néu ban mong mudn phat hién anh hudéng tuong tac gita cac muc yéu t6 dén bién
phan hdi thi ban can phan tich theo mo hinh da yéu t6.

Thuwc hanh. Gia su ban can tham do su khac biét vé ham luong tinh dau ¢ Bach
dan chanh moc trén 4 1ap dia khac nhau, déng thot ban cling mudn biét ham lugng tinh
dau c6 khac nhau giita nhiing 14 trén cing mot cdy hay khong. Dé giai quyét van dé dat
ra, ngudi ta da thu thap mau nhu sau: (1) T 4 cAy Bach dan chanh moc trén 4 1ap dia
khac nhau, mdi cay léy 3 14 & 3 vi tri khac nhau trén than cdy, mdi 14 thuc hién 2 thi
nghiém phan tich ham luong tinh dau. Két qua ham luong tinh dau trong 14 cdy dan ra &
bang 8.1. D& phan tich phuong sai, ban thyc hién nhu sau:
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Bang 8.1. Ham lugng tinh dau trong 1a Bach dan chanh

TT.Cay | TT.L4& | Ham luong tinh dau
1 3.28 3.09
1 2 3.52 3.48
3 2.88 2.8
1 2.46 2.44
2 2 1.87 1.92
3 2.19 2.19
1 2.77 2.66
3 2 3.74 3.44
3 2.55 2.55
1 3.78 3.87
4 2 4.07 4.12
3 3.31 3.31

Buwéc 1. Nhap sb liéu vao bang tinh. S6 liéu nhap vao bang tinh bao gém hai cot:
Cot 1 nhap bién phu thudc (tinh dau = Yi) hay két qua thi nghiém theo tht tu tr nghiém
thitc 1 dén nghiém thac 4 (ciy); cot 2 nhap ma bién doc 1ap (Xi) hay ma bién lap nhom
(bién phén loai - Grouping Variable) biéu thi cho cay; cOt 2 nhap ma bién doc lap biéu thi
cho 14 cay (bang 8.2). Sau d6 ban thuc hién ma héa cho céc tén bién.

Bang 8.2. Cach nhap dit lidu trong phan tich phuong sai mot yéu t6
(Chi tiét s6 liéu xem 0 phu luc 16)

Tinh dau | 3.28 [ 3.09 | 3.52 | 3.48 | 2.88 | 2.8 [2.46] 2.44 | 1.87 | 1.92 | 2.19 | 2.19
Cay 1 1 1 1 1 1 2 2 2 2 2 2
L& 1 1 2 2 3 3 1 1 2 2 3 3

Bude 2. Thuc hién phan tich ANOVA, so sadnh cac cap gia tri trung binh mau,
kiém dinh phan hang cac nghiém thtrc (Multiple Range Tests).

+ Trudc hét, néu ban quan tim dén thanh phan (yéu td) nao gay ra bién dong ham
luong tinh dau 16n hon thi ban hiy phan

tich cac thinh phin dong gop trong bién e
dong cua ham 1:l)uf(_)‘ng tin%l %1511131 O tg;trémg e — D@Wdﬁuﬁfje
hop nay, ban can kiém dinh gia thuyét o i Ot of sting
cho rang, cady moc ¢ nhiing 1ap dia khac ca ]
nhau gay ra bién dong ciia ham luong tinh
dau 16n hon so véi 14 trén cac vi tri khac Hinh 8.1
nhau cua cdy. D¢ kiém dinh gia dinh nay, ”,—
ban tién hanh nhu sau: -
Tur menu Chil’lh, Ch()l’l Compare - [ ok | cance | Delete | Transform. Help

Analysis of variance — Variance
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Companents — Dependent Variable (dén day hay dua bién phu thudc vao bang cach
chon n6 va nhan nat miii &n bén canh) — Factor in Order of Nesting (dua cac bién lap
nhém (cay va la) vao bang cach chon chung va nhan nit mii tén bén canh)(hinh 8.1).

Bang 8.3. Phan tich bién dong tinh dau

Analysis of Variance for Tinh dau

Source Sum of Sqguares Df Mean Square Var. Comp Percent
TOTAL (CORRECTED) 10.2704 23

cay 7.56035 3 2.52012 0.365223 68.53
la 2.6302 8 0.328775 0.16106 30.22
ERROR 0.07985 12 0.00665417 0.00665417 1.25

Bang 8.4. Phan tich ANOVA

Analysis of Variance for Tinh dau - Type III Sums of Squares

MAIN EFFECTS

A:cay 7.56035 3 2.52012 378.73 0.0000
B:la 1.21106 2 0.605529 91.00 0.0000
INTERACTIONS

AB 1.41914 6 0.236524 35.55 0.0000
RESIDUAL 0.07985 12 0.00665417

TOTAL (CORRECTED) 10.2704 23

All e error

Bang 8.5. Kiém dinh phan hang nghiém thuc

+ Kiém dinh phan hang theo ciy

Multiple Range Tests for Tinh dau by cay

cay Count LS Mean Homogeneous Groups

2 6 2.17833 X

3 6 2.95167 X

1 6 3.175 X

4 6 3.74333 X

Contrast Difference +/- Limits
1 -2 *0.996667 0.102614
1 -3 *0.223333 0.102614
1 -4 *-0.568333 0.102614
2 -3 *~0.773333 0.102614
2 -4 *-1.565 0.102614
3 -4 *~0.791667 0.102614

* denotes a statistically significant difference.
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+ Kiém dinh phan hang theo 14 ciy

Multiple Range Tests for Tinh dau by la

Method: 95.0 percent LSD

la Count LS Mean Homogeneous Groups

3 8 2.7225 X

1 8 3.04375 X

2 8 3.27 X

Contrast Difference +/- Limits
1 -2 *-0.22625 0.0888664

1 -3 *0.32125 0.0888664

2 -3 *0.5475 0.0888664

* denotes a statistically significant difference.

Dé thuc hién céac phan tich théng ké, tir ctra s6 Variable Companent Analysis, ban
hay chon OK dé chuong trinh xir Ii va hién thi két qiia phan tich cac thanh phan bién
dong. Tai bang tinh céc thanh phﬁn bién dong, ban md biéu tuong Tabular Options va
chon ALL; két qua ban s& nhan duoc cac théng ké mo ta va bang phan tich phuong sai
(bang 8.3).

Giai thich va nhan xét két qiia. Bang 8.3 bao céo két qua phén tich bién dong
cua tinh dau. Trong bang 8.3, bién dong cua tinh dau duoc chia ra 2 thanh phﬁn: mot la
bién dong tinh dau do cay giy ra va 2 13 bién dong tinh dau do 14 gdy ra. Su dong gop
ciia mdi thanh phan dugc danh gia bang phan tram (Percent), va dugc ghi lai & cot 6.
Trong vi du nay, cay dong gop vao su bién dong cua tinh dau (68.53%) 16n hon 14
(30.22%).

+ Néu ban mong mudn phat hién anh hudng tuong tac giita cac mirc yéu to (cay
va 14) dén bién dong ctia ham luong tinh dau thi ban cin phan tich dir liéu trén theo mo
hinh da yéu t6. Cach thuc hién goi chuong trinh tinh toan gidng nhu phan tich phuong sai
hai yéu t6 dugc bb tri ngau nhién. O vi du ndy, sau khi goi chuong trinh tinh toan, ban s&
nhan duoc két qua phén tich phuong sai (bang 8.4) va kiém dinh phan hang cac nghiém
thtrc (bang 8.5).
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PHU LUC

Phu luc 1. ANOVA mét nhan té duoc bd tri ngdu nhién

TT| D,cm |Diahinh |[TT| D,cm |Diahinh |[TT| D,cm |Diahinh
1 27.5 1 16 48 2 31| 495 3
2 255 1 17 49 2 32| 455 3
3 26.5 1 18| 48.5 2 33| 46.5 3
4 28.5 1 19 50 2 34| 425 3
5 27.5 1 20| 46.5 2 35| 435 3
6 325 1 21| 435 2 36 | 425 3
7 355 1 22| 425 2 37| 395 3
8 39.5 1 23| 455 2 38| 40.5 3
9 37.5 1 24| 385 2 39| 375 3
10| 355 1 25| 395 2 40| 385 3
11| 455 1 26 | 47.5 2 41| 365 3
12| 435 1 27| 375 2 42| 375 3
13| 435 1 28 | 36.5 2 43| 355 3
14| 445 1 29| 355 2 44 | 345 3
15| 405 1 30| 345 2 45| 375 3

Phu luc 2. ANOVA mét nhan t6 duoc bd tri theo khdi ngéu nhién

TT| H,cm | Nghiém | Khéi |[TT| H,cm | Nghiém | Khoi
1| 732 1 1 11| 812 3 3
2 | 810 1 2 12| 81.0 3 4
3| 904 1 3 13| 816 4 1
4 | 76.6 1 4 14| 986 4 2
5| 828 2 1 15| 83.0 4 3
6 | 8438 2 2 16 | 944 4 4
7| 868 2 3 17| 85.2 5 1
8 | 848 2 4 18| 97.2 5 2
9| 764 3 1 19| 84.2 5 3
10 | 83.0 3 2 20| 99.2 5 4
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Phu luc 3. ANOVA mdt nhén t6 dugc bb tri theo kiéu binh phuong la tinh

TT|H, cm{Nghiém| TT. [TT.Cot|TT[H,cm|Nghiém| TT. |[TT.Cot
Hang Hang
1| 67 1 1 1 19| 24 4 1 4
2 | 46 2 2 1 20 2 6 2 4
3| 47 3 3 1 21| 13 5 3 4
4 | 28 4 4 1 22| 90 1 4 4
5| 15 5 5 1 23| 42 3 5 4
6 7 6 6 1 24| 86 2 6 4
7| 62 2 1 2 251 9 5 1 5
8 | 62 1 2 2 26| 54 3 2 5
9 5 6 3 2 27| 35 4 3 5
10| 43 3 4 2 28| 3 6 4 5
11| 42 4 5 2 29| 81 2 5 5
12| 23 5 6 2 30| 105 1 6 5
13| 30 3 1 3 31| 5 6 1 6
14| 15 5 2 3 32| 19 4 2 6
15| 65 1 3 3 33| 57 2 3 6
16| 61 2 4 3 34| 17 5 4 6
17| 8 6 5 3 35| 87 1 5 6
18| 58 4 6 3 36| 45 3 6 6
Phu luc 4. ANOVA hai nhén t6 duoc bé tri theo khdi ngiu nhién

TT [H, cm|Khoi[Pam|Lan|TT|H, cm|Khoi|Dam |Lan

1 60 1 1 1 |24 82 4 2 2

2 56 2 1 1 25| 84 5 2 2

3 58 3 1 1126|100 | 1 2 3

4 62 4 1 1|27 80 2 2 3

5 60 5 1 1128 78 3 2 3

6 70 1 1 2 |29 76 4 2 3

7 76 2 1 2 |30 74 5 2 3

8 84 3 1 2 31104 | 1 3 1

9 80 4 1 2 |32 96 2 3 1

10 76 5 1 2 |33 98 3 3 1

11 96 1 1 3 [34] 90 4 3 1

12 92 2 1 3 [35] 92 5 3 1

13 92 3 1 3 (36| 90 1 3 2

(xem tiep trang sau)
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Phu luc 4. ANOVA hai nhan t6 dugc bb tri theo khdi ngdu nhién (Tiép)

TT |H, cm|Khéi|Pam|Lan | TT [H, cm|Khoi|DPam|Lan
14 [ 94 | 4 | 1 |3 [37]84 | 2] 3]2
15 | 86 | 5 | 1 | 3 (38| 8 | 3 | 3 |2
16 | 116 | 1 | 2 | 1|39 8 | 4| 3|2
17 | 120 | 2 | 2 | 1 |40| 82 | 5 | 3 | 2
18 | 124 | 3 | 2 | 1|41 78 | 1| 3|3
19 112 | 4 | 2 | 1|42 80 | 2| 3|3
20 120 | 5 | 2 | 1|43 76 | 3 | 3 |3
210 | 92 | 1 | 2 | 2|44 74| 4| 3|3
22 | 90 | 2 | 2 | 21|45/ 80 | 5| 3|3
23 | 96 | 3 | 2 | 2 |46

Phu luc 5. ANOVA hai nhan té duoc b tri ngdu nhién

TT |H,cm | TTcdy | Pam | Lan [ TT | H,cm | TTcdy | Pam | Lan [ TT | H,cm | TTcdy | Pam | Lan
1 55 1 1 1 |23 61 8 1 2 | 45| 55 15 1 3
2 51 2 1 1 |24 57 9 1 2 | 46| 55 1 2 1
3 53 3 1 1 | 25| 59 10 1 2 |47 51 2 2 1
4 57 4 1 1 |26 61 11 1 2 |48 53 3 2 1
5 55 5 1 1 | 27| 56 12 1 2 | 49| 57 4 2 1
6 65 6 1 1 | 28| 54 13 1 2 |50 (| 55 5 2 1
7 52 7 1 1 (29| 60 14 1 2 |51 65 6 2 1
8 54 8 1 1 |30 59 15 1 2 [ 52| b2 7 2 1
9 55 9 1 1 |31 55 1 1 3 [53]| 54 8 2 1
10| 51 10 1 1 [32] 61 2 1 3 | 54| 55 9 2 1
11| 58 11 1 1 |33| 60 3 1 3 [55] 51 10 2 1
12 | 57 12 1 1 | 34| 56 4 1 3 |56| 58 11 2 1
13| 56 13 1 1 |3 | 57 5 1 3 |57 57 12 2 1
14 | 59 14 1 1 |36 55 6 1 3 [ 58] 56 13 2 1
15| 61 15 1 1 |37 59 7 1 3 [59]| 59 14 2 1
16 | 57 1 1 2 |38 61 8 1 3 [60]| 61 15 2 1
17 | 54 2 1 2 |39 55 9 1 3 [61]| 57 1 2 2
18 | 57 3 1 2 |40 57 10 1 3 | 62| 54 2 2 2
19| 53 4 1 2 |41 | 54 11 1 3 | 63| 57 3 2 2
20 | 61 5 1 2 | 42| 56 12 1 3 | 64| 53 4 2 2
21 | 58 6 1 2 |43 | 61 13 1 3 [65] 61 5 2 2
22 | 56 7 1 2 | 44| 59 14 1 3 [ 66| 58 6 2 2

(xem tiép trang sau)
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Phu luc 5. ANOVA hai nhan té duge bb tri ngiu nhién (Tiép)

TT [H,cm (TTcay [Pam [Lan |TT |H,cm |TTcay |Pam |[Lan |TT |H,cm [TTcdy [Pam |Lan
67| 56 7 2 2 192 61 2 3 1 1113 71 8 3 2
68| 61 8 2 2 93| 63 3 3 1 |114| 67 9 3 2
69| 57 9 2 2 |94 | 67 4 3 1 |115| 69 10 3 2
70| 59 10 2 2 |95 65 5 3 1 |116| 71 11 3 2
71| 61 11 2 2 196 | 75 6 3 1 |117| 65 12 3 2
72| 56 12 2 2 | 97| 62 7 3 1 1118| 63 13 3 2
73| 54 13 2 2 |98 | 64 8 3 1 1119] 70 14 3 2
74| 60 14 2 2 199 65 9 3 1 1120| 69 15 3 2
75| 59 15 2 2 |89 59 14 2 3 [121| 65 1 3 3
76| 55 1 2 3 190 55 15 2 3 (122 71 2 3 3
77| 61 2 2 3 191 65 1 3 1 1123| 70 3 3 3
78| 60 3 2 3192 61 2 3 1 1124| 65 4 3 3
79| 56 4 2 3 193 | 63 3 3 1 |125| 67 5 3 3
80| 57 5 2 3 |94 | 67 4 3 1 |126| 65 6 3 3
81| 55 6 2 3 195 65 5 3 1 1127| 69 7 3 3
82| 59 7 2 319 | 75 6 3 1 1128| 71 8 3 3
83| 61 8 2 3 |97 | 62 7 3 1 1129| 65 9 3 3
84| 55 9 2 3 198 | 64 8 3 1 |130| 67 10 3 3
85| 57 10 2 3 199 65 9 3 1 |131| 64 11 3 3
86| 54 11 2 3 (107, 64 2 3 2 |132| 65 12 3 3
87| 56 12 2 3 [108| 67 3 3 2 (133 71 13 3 3
88| 61 13 2 3 (109, 63 4 3 2 (134| 69 14 3 3
89| 59 14 2 3 (110, 71 5 3 2 (135| 65 15 3 3
90| 55 15 2 3 [111| 67 6 3 2

91| 65 1 3 1 |112| 65 7 3 2
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Phu luc 6. ANOVA hai yéu t6 duoc bé tri theo kiéu binh phuong la tinh

H, cm | Nghiém | Hang | Cot | KT. bau | NPK | H, cm | Nghiém | Hang | Cot | KT. bau | NPK
67.5 3 1 1 1 3 | 775 5 4 1 2 2
68.8 4 1 2 2 1 |76.3 6 4 2 2 3
71.3 6 1 3 2 3 | 66.3 2 4 3 1 2
59 1 1 4 1 1 | 725 3 4 4 1 3
80 5 1 5 2 2 | 58.8 1 4 5 1 1
61.3 2 1 6 1 2 | 63.8 4 4 6 2 1
62.5 2 2 1 1 2 65 4 5 1 2 1
71.3 3 2 2 1 3 | 78.8 5 5 2 2 2
81.3 5 2 3 2 2 56 1 5 3 1 1
72.5 6 2 4 2 3 | 68.8 2 5 4 1 2
71.3 4 2 5 2 1 75 6 5 5 2 3
57.5 1 2 6 1 1 | 66.3 3 5 6 1 3
70 6 3 1 2 3 | 53.8 1 6 1 1 1
60 1 3 2 1 1 | 675 2 6 2 1 2
68.8 3 3 3 1 3 |66.3 4 6 3 2 1
70 4 3 4 2 1 |825 5 6 4 2 2
63.8 2 3 5 1 2 | 738 3 6 5 1 3
80 5 3 6 2 2 70 6 6 6 2 3

Phu luc 7. ANOVA hai nhan té duoc b tri theo kiéu 16 chinh - 16 phu

TT | H, cm | Phuong thitc | Lodi cdy | Khoi | TT | H, cm | Phuong thiie | Loai cdy | Khoi
1 54 1 1 1 19 67 2 2 3
2 58 1 1 2 | 20| 63 2 2 4
3 63 1 1 3 [21] 81 2 3 1
4 55 1 1 4 (22 75 2 3 2
5 60 1 2 1 |23| 74 2 3 3
6 64 1 2 2 | 24| 78 2 3 4
7 66 1 2 3 [25] 57 3 1 1
8 63 1 2 4 26| 68 3 1 2
9 82 1 3 1 |27 66 3 1 3
10| 83 1 3 2 | 28| 62 3 1 4
11| 87 1 3 3 (29| 56 3 2 1
122 79 1 3 4 (30| 65 3 2 2
13| 63 2 1 1 |31 62 3 2 3
14 | 53 2 1 2 | 32| 58 3 2 4

(xem tiép trang sau)
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Phu luc 7. ANOVA hai nhén t6 dugc bb tri theo kiéu 16 chinh - 16 phu (Tiép)

TT |H, cm | Phuong thirc | Loai cdy [ Khoi | TT |H, cm | Phuwong thirc | Loai cay | Khoi
15| 55 2 1 3 |33] 53 3 3 1
16| 52 2 1 4 |34]| 57 3 3 2
17| 69 2 2 1 35| 55 3 3 3
18| 64 2 2 2 |36| 54 3 3 4

Phu luc 8. ANOVA ba nhan t6

TT [ D, cm | Anhsang | Phan bon | Nuée | Khéi | TT | D, cm | Anh sang | Phan bén | Nuée | Khéi
11249 1 1 1 1 [25]3.23 2 3 1 1
2| 249 1 1 1 2 |26] 3.26 2 3 1 2
3|255 1 1 2 1 (27334 2 3 2 1
4 | 255 1 1 2 2 |28]3.38 2 3 2 2
5| 254 1 2 1 1 [(29] 3.38 2 4 1 1
6 | 2.59 1 2 1 2 |30] 3.38 2 4 1 2
7 | 263 1 2 2 1 [31]352 2 4 2 1
8 | 2.66 1 2 2 2 |32 3.48 2 4 2 2
9| 286 1 3 1 1 [33]3.19 3 1 1 1
10| 2.8 1 3 1 2 |34]3.13 3 1 1 2
11| 2.77 1 3 2 1 (35331 3 1 2 1
12 | 2.66 1 3 2 2 [36]3.31 3 1 2 2
13| 3.58 1 4 1 1 [37]3.88 3 2 1 1
14 | 3.64 1 4 1 2 |38]3.82 3 2 1 2
15| 3.74 1 4 2 1 [39]3.78 3 2 2 1
16 | 3.44 1 4 2 2 |40 3.87 3 2 2 2
17 | 2.81 2 1 1 1 (41| 4 3 3 1 1
18| 2.76 2 1 1 2 |42 4.08 3 3 1 2
19| 2.88 2 1 2 1 [43|4.07 3 3 2 1
20| 2.8 2 1 2 2 |44 4.12 3 3 2 2
21| 3.03 2 2 1 1 [45| 3.99 3 4 1 1
22| 3.03 2 2 1 2 |46 4.05 3 4 1 2
23| 3.28 2 2 2 1 47431 3 4 2 1
24 | 3.09 2 2 2 2 |48| 44 3 4 2 2
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Phu luc 9. ANOCOVA mét nhan té duoc bd tri ngdu nhién

TT [D,cm | Zd, cm | Nghiém | TT | D, cm | Zd, cm | Nghiém | TT | D, cm | Zd, cm | Nghiém
1] 46 18 1 11| 5.8 19 1 21| 1.9 1.9 2
2 | 5.2 2.3 1 12| 1.8 14 2 22| 4.2 2.1 2
3| 39 1.8 1 13| 44 1.7 2 23| 3 14 2
4| 6.5 2.5 1 14| 3.3 1.8 2 24| 4.7 2 2
5| 54| 26 1 15| 7.8 24 2 25| 5.8 2.6 2
6| 3.3 2 1 16| 5.1 2.3 2 26| 7 2.6 2
7149 1.2 1 17| 4.3 2.2 2 27| 6.7 3.6 2
8| 7.6 3.4 1 18| 4.4 1.9 2 28| 3.1 1.6 2
9| 71 2.2 1 19| 5.8 2.6 2 29| 2.1 1.9 2
10| 4.1 11 1 20| 6.3 3.4 2 30| 5.6 2 2

Phu luc 10. ANOCOVA mdt nhan t6 duge b tri ngiu nhién
TT H,m Zh, m Nghiém | TT H,m Zh, m Nghiém
1 79 1.96 1 21 62 1.22 3
2 65 1.77 1 22 73 1.39 3
3 57 1.62 1 23 58 1.28 3
4 51 1.76 1 24 43 1.28 3
5 57 1.88 1 25 50 1.45 3
6 66 15 1 26 44 1.22 3
7 44 1.6 1 27 48 1.31 3
8 41 1.49 1 28 51 1.57 3
9 44 1.77 1 29 40 1.21 3
10 36 1.27 1 30 38 1.06 3
11 61 14 2 31 71 1.15 4
12 59 1.79 2 32 60 1.28 4
13 59 1.61 2 33 54 14 4
14 53 1.47 2 34 50 1.37 4
15 56 1.69 2 35 60 1.19 4
16 50 1.48 2 36 61 1.18 4
17 45 14 2 37 44 1.2 4
18 39 1.42 2 38 53 0.96 4
19 38 1.29 2 39 41 1.13 4
20 45 1.26 2 40 38 1.12 4
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Phu luc 11. ANOCOVA mdt nhan té duge b tri theo khéi ngdu nhién

TT | N, cay [H, cm | Khéi | Dong | TT | N, cay | H, cm | Khéi | Dong
1 28 | 202 | 1 1 |13 27 | 191 | 3 1
21 23 | 145 | 1 2 |14] 28 | 203 | 3 2
3| 27 |18 | 1 3 (15| 27 | 185 | 3 3
4 | 24 | 201 | 1 4 (16| 30 | 238 | 3 4
5| 30 [202 ]| 1 5 (17| 26 | 198 | 3 5
6 | 30 | 228 | 1 6 |18| 27 | 207 | 3 6
71 22 | 165 | 2 1 (19| 19 | 134 | 4 1
8| 26 | 201 | 2 2 20| 24 | 180 | 4 2
9| 24 | 185 | 2 3 |21 28 | 220 | 4 3
10| 28 | 231 | 2 4 22| 30 | 261 | 4 4
11| 26 | 178 | 2 5 (23| 29 | 226 | 4 5
12| 25 | 221 | 2 6 (24| 24 | 204 | 4 6

Phu luc 12. ANOCOVA mét nhan té duoc b tri theo kiéu binh phuong la tinh

TT | Ty 18 bénh | Zh, cm | Dong | Khéi | Nghiém
1 29.2 19.7 1 1 1
2 34.7 20.7 2 2 1
3 30.2 20.1 3 3 1
4 48.2 14.7 4 4 1
5 4.3 26.7 1 1 2
6 19.3 21.3 2 2 2
7 10.1 28.3 3 3 2
8 14.0 25.1 4 4 2
9 14.0 26.0 1 1 3
10 7.2 24.9 2 2 3
11 6.3 29 3 3 3
12 1.0 28.7 4 4 3
13 8.9 29.8 1 1 4
14 6.7 29.0 2 2 4
15 6.4 27.3 3 3 4
16 5.6 34.1 4 4 4
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Phu luc 13. ANOMUCOVA dugc bb tri theo khéi ngau nhién

H, cm | Zh, cm | Nghiém | Khoi | H, cm | Zh, cm | Nghiém | Khoi
183 | 2.45 1 1 224 | 3.22 3 1
176 | 2.25 1 2 258 | 4.14 3 2
291 | 4.38 1 3 244 | 2.32 3 3
254 | 4.35 1 4 217 | 4.42 3 4
225 | 3.42 1 5 192 | 3.28 3 5)
249 | 3.27 1 6 236 | 4.00 3 6
356 | 6.71 2 1 329 | 6.34 4 1
300 | 5.44 2 2 283 | 5.44 4 2
301 | 4.92 2 3 308 | 5.22 4 3
271 | 5.23 2 4 326 | 8.00 4 4
288 | 6.74 2 5 318 | 6.96 4 5
258 | 4.74 2 6 318 | 6.96 4 6

Phu luc 14. ANOMUCOVA dugc bb tri ngiu nhién

TT | Hyem | A, thdng | Zh,cm | Nghiém | TT | H,cm | A, thang | Zh, cm | Nghiém
1 78 6 14 1 21| 78 8 1.67 3
2 90 6 1.79 1 22| 83 6 141 3
3 9 8 1.72 1 23| 79 6 1.73 3
4 71 5 1.47 1 24| 70 5 1.23 3
5 99 6 1.26 1 25| 85 6 1.29 3
6 80 5 1.28 1 26| 83 4 1.22 3
7 83 6 1.34 1 27| 71 5 1.39 3
8 75 5 1.55 1 28| 66 4 1.59 3
9 62 4 1.57 1 29| 67 4 1.56 3
10| 67 4 1.26 1 30| 67 4 1.36 3
11| 78 7 1.61 2 31| 77 6 14 4
12| 99 8 1.31 2 32| 71 6 1.47 4
13| 80 6 1.12 2 33| 78 6 1.37 4
14| 75 5 1.35 2 34| 70 4 1.15 4
15| 94 6 1.29 2 35| 95 6 1.22 4
16| 91 4 1.24 2 36| 96 5 1.48 4
17| 75 5 1.29 2 371 71 4 1.31 4
18| 63 4 1.43 2 38| 63 4 1.27 4
19| 62 5 1.29 2 39| 62 5 1.22 4

20| 67 4 1.26 2 40 | 67 4 1.36 4
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Phu luc 15. ANOMUCOVA dugc bb tri theo khéi ngau nhién

TT| H,cm Lr,cm Zh, cm Khoi Nghiém
1 25.6 14.9 19 1 1
2 28.5 12.8 25.3 1 2
3 25.4 13.3 22.2 1 3
4 33 14.7 32.8 1 4
5 30.8 4.6 35.3 1 5
6 28 7.5 35.8 1 6
7 25.4 7.2 32.4 2 1
8 25.9 9.2 28.3 2 2
9 28.3 9.5 32.2 2 3
10| 324 9.7 35.7 2 4
11| 352 6.8 43.7 2 5
12| 242 7.5 35.2 2 6
13| 27.9 18.6 26.2 3 1
14| 23.7 14.4 20.6 3 2
15| 344 22.2 34.7 3 3
16| 27.5 17.6 29.6 3 4
17| 325 10 40 3 )
18| 329 7.9 47.2 3 6

TT | Dugc chat Cay L& TT | Dugc chat Cay L&
1 3.28 1 1 13| 277 3 1
2 3.09 1 1 14| 2.66 3 1
3 3.52 1 2 15| 3.74 3 2
4 3.48 1 2 16| 3.44 3 2
5 2.88 1 3 17| 2.55 3 3
6 2.80 1 3 18| 2.55 3 3
7 2.46 2 1 19| 3.78 4 1
8 2.44 2 1 20| 3.87 4 1
9 1.87 2 2 21| 4.07 4 2
10 1.92 2 2 22| 4.12 4 2
11 2.19 2 3 23| 3.31 4 3
12 2.19 2 3 24| 3.31 4 3
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Phu biéu 17. Su két nhom giira cac loai cay g
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Tiép phu biéu 17

Thu ty | Trac | HAnu | Cho x6t | Lanh nganh | Cho x6t-Lanh nganh | Ha nu - Lanh nganh
35 0 0 0
36
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Tiép phu biéu 17

Thu ty | Trac | HAnu | Cho x6t | Lanh nganh | Cho x6t-Lanh nganh | Ha nu - Lanh nganh
68 0 1 1 1 1 1
69 1 1 0 0 0 0
70 1 0 1 0 0 0
71 0 1 1 1 1 1
72 1 1 1 1 1 1
73 0 1 1 1 1 1
74 0 1 1 0 0 0
75 1 0 1 1 1 0
76 0 0 1 0 0 0
77 0 1 1 0 0 0
78 0 0 0 0 0 0
79 1 1 0 0 0 0
80 1 1 1 1 1 1
81 0 1 1 0 0 0
82 0 0 1 1 1 0
83 1 0 1 0 0 0
84 0 0 1 1 1 0
85 1 1 0 0 0 0
86 1 0 1 0 0 0
87 1 0 0 1 0 0
88 0 1 0 1 0 1
89 0 1 1 0 0 0
90 1 1 0 0 0 0
91 1 0 0 1 0 0
92 1 0 1 0 0 0
93 1 0 1 1 1 0
94 1 1 1 1 1 1
95 1 1 1 0 0 0
96 1 0 0 1 0 0
97 1 1 0 1 0 1
98 0 0 0 0 0 0
99 0 1 1 0 0 0
100 1 1 0 0 0 0
101 0 1 1 0 0 0
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Tiép phu biéu 17

Thu ty | Trac | HAnu | Cho x6t | Lanh nganh | Cho x6t-Lanh nganh | Ha nu - Lanh nganh
102 0 0 1 1 1 0
103 1 0 0 0 0 0
104 0 1 0 1 0 1
105 0 0 1 1 1 0
106 1 1 0 0 0 0
107 0 0 1 1 1 0
108 0 1 0 1 0 1
109 1 1 0 0 0 0
110 0 0 0 1 0 0
111 1 1 0 0 0 0
112 0 1 1 0 0 0
113 1 0 0 0 0 0
114 1 1 1 0 0 0
115 0 0 0 0 0 0
116 0 1 1 1 1 1
117 1 0 0 1 0 0
118 0 1 0 1 0 1
119 0 1 1 1 1 1
120 1 1 1 0 0 0
121 1 0 1 0 0 0
122 0 1 0 1 0 1
123 0 0 0 1 0 0
124 1 1 0 0 0 0
125 0 0 0 0 0 0
126 1 1 0 0 0 0
127 0 1 1 1 1 1
128 1 1 0 0 0 0
129 1 0 0 0 0 0
130 0 0 1 1 1 0
131 1 0 0 1 0 0
132 1 0 0 0 0 0
133 0 0 1 0 0 0
134 1 1 0 0 0 0
135 1 1 1 0 0 0

Bién soan: PGS. TS. Nguyén Vin Thém 150



Huéng dan sir dung Statgraphics Plus Version 3.0 &5.1
0000000000000 0000000 000000000000 0

Tiép phu biéu 17

Thu ty | Trac | HAnu | Cho x6t | Lanh nganh | Cho x6t-Lanh nganh | Ha nu - Lanh nganh
136 0 1 1 0 0 0
137 0 1 1 0 0 0
138 1 1 1 0 0 0
139 1 1 0 1 0 1
140 0 0 1 0 0 0
141 0 1 1 0 0 0
142 1 1 0 0 0 0
143 0 0 1 1 1 0
144 1 1 0 1 0 1
145 1 1 1 0 0 0
146 1 0 0 1 0 0
147 1 0 1 1 1 0
148 1 0 1 0 0 0
149 0 1 1 1 1 1
150 1 0 1 1 1 0
151 1 0 0 1 0 0
152 1 1 1 0 0 0
153 1 1 0 0 0 0
154 0 0 1 1 1 0
155 1 1 0 1 0 1
156 0 0 1 1 1 0
157 1 1 0 0 0 0
158 0 0 1 1 1 0
159 0 0 1 1 1 0
160 1 0 1 0 0 0
161 1 1 0 1 0 1
162 1 0 0 1 0 0
163 1 0 1 1 1 0
164 1 0 1 1 1 0
165 1 0 1 1 1 0
166 1 0 1 0 0 0
167 0 1 1 0 0 0
168 0 0 1 1 1 0
169 1 1 0 1 0 1
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Tiép phu biéu 17

Thu ty | Trac | HAnu | Cho x6t | Lanh nganh | Cho x6t-Lanh nganh | Ha nu - Lanh nganh
170 0 0 0
171
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Tiép phu biéu 17

Thu ty | Trac | HAnu | Cho x6t | Lanh nganh | Cho x6t-Lanh nganh | Ha nu - Lanh nganh
204 1 1 1 1 1 1
205 0 1 0 1 0 1
206 0 0 0 1 0 0
207 1 0 1 0 0 0
208 1 1 0 1 0 1
209 0 1 1 0 0 0
210 1 1 1 0 0 0
211 1 1 0 1 0 1
212 0 1 0 0 0 0
213 0 1 1 0 0 0
214 1 1 1 1 1 1
215 1 0 1 1 1 0
216 1 1 1 0 0 0
217 1 1 0 1 0 1
218 0 1 1 0 0 0
219 1 0 1 1 1 0
220 1 1 0 0 0 0
221 0 1 0 1 0 1
222 0 0 1 0 0 0
223 1 1 1 0 0 0
224 1 1 0 0 0 0
225 0 0 1 1 1 0
226 0 1 1 0 0 0
227 1 1 0 1 0 1
228 1 1 1 1 1 1
229 0 0 1 0 0 0
230 0 1 0 1 0 1
231 1 0 1 1 1 0
232 1 1 0 1 0 1
233 1 0 1 1 1 0
234 0 0 0 1 0 0
235 0 1 1 0 0 0
236 1 1 0 0 0 0
237 1 0 1 1 1 0
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Tiép phu biéu 17

Thu ty | Trac | HAnu | Cho x6t | Lanh nganh | Cho x6t-Lanh nganh | Ha nu - Lanh nganh
238 0 1 0 0 0 0
239 1 1 0 1 0 1
240 1 0 1 0 0 0
241 0 1 1 0 0 0
242 0 0 1 0 0 0
243 1 0 1 1 1 0
244 1 0 0 1 0 0
245 0 1 1 1 1 1
246 1 1 0 0 0 0
247 1 1 1 0 0 0
248 1 0 0 0 0 0
249 1 1 0 1 0 1
250 1 0 1 1 1 0
251 0 1 0 0 0 0
252 0 1 1 0 0 0
253 1 1 0 1 0 1
254 1 1 1 0 0 0
255 1 0 0 1 0 0
256 0 1 1 0 0 0
257 1 0 0 0 0 0
258 1 1 1 1 1 1
259 1 0 0 1 0 0
260 1 1 0 0 0 0
261 0 0 1 0 0 0
262 0 1 1 1 1 1
263 1 0 1 0 0 0
264 1 1 0 0 0 0
265 1 0 1 1 1 0
266 0 0 1 0 0 0
267 1 0 1 0 0 0
268 1 1 0 1 0 1
269 0 0 0 1 0 0
270 0 0 1 1 1 0
271 1 0 0 1 0 0
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Tiép phu biéu 17

Thu ty | Trac | HAnu | Cho x6t | Lanh nganh | Cho x6t-Lanh nganh | Ha nu - Lanh nganh
272 1 1 1 0 0 0
273 1 1 0 0 0 0
274 0 0 1 0 0 0
275 1 1 0 1 0 1
276 1 1 1 0 0 0
277 1 1 0 1 0 1
278 0 0 1 1 1 0
279 1 1 1 0 0 0
Bién soan: PGS. TS. Nguyén Vin Thém 155



Critical Values for Student’s ¢t-Distribution. ;

Upper Tail Probability: Pr(T > t)

df 0.2 0.1 0.05 0.04 0.03 0.025 0.02 0.01 0.005 0.0005
1| 1376 3.078 6.314 7916 10.579 12.706 15.895 31.821 63.657 636.619
2 | 1.061 1.886 2.920 3.320 3.896 4.303 4.849 6.965 9.925 31.599
3| 0978 1.638 2.353 2.605 2.951 3.182 3.482 4.541 5.841 12.924
4| 0941 1633 2132 2333 2.601 2.776 2.999 3.747 4.604 8.610
51 0920 1476 2.015 2.191 2.422 2.571 2.757 3.365 4.032 6.869
6 | 0.906 1.440 1.943 2.104 2.313 2.447 2.612 3.143 3.707 5.959
7| 0896 1.415 1.895 2.046 2.241 2.365 2.517 2.998 3.499 5.408
8 | 0.889 1.397 1.860 2.004 2.189 2.306 2.449 2.896 3.355 5.041

9 | 0.883 1.383 1.833 1.973 2.150 2.262 2.398 2.821 3.250 4.781
10 | 0.879 1.372 1.812 1.948 2.120 2.228 2.359 2.764 3.169 4.587

11 | 0.876 1.363 1.796 1.928 2.096 2.201 2.328 2.718 3.106 4.437
12 | 0.873 1.356 1.782 1.912 2.076 2.179 2.303 2.681 3.055 4.318
13 | 0.870 1.350 1.771  1.899 2.060 2.160 2.282 2.650 3.012 4.221
14 | 0.868 1.345 1.761 1.887 2.046 2.145 2.264 2.624 2.977 4.140
15 | 0.866 1.341 1.753 1.878 2.034 2.131 2.249 2.602 2.947 4.073
16 | 0.865 1.337 1.746 1.869 2.024 2.120 2.235 2.583 2.921 4.015
17 | 0.863 1.333 1.740 1.862 2.015 2.110 2.224 2.567 2.898 3.965
18 | 0.862 1.330 1.734 1.855 2.007 2.101 2.214 2.552 2.878 3.922
19 | 0.861 1.328 1.729 1.850 2.000 2.093 2.205 2.539 2.861 3.883
20 | 0.860 1.325 1.725 1.844 1.994 2.086 2.197 2.528 2.845 3.850

21 | 0.859 1.323 1.721 1.840 1.988 2.080 2.189 2.518 2.831 3.819
22 | 0.858 1.321 1.717 1.835 1.983 2.074 2.183 2.508 2.819 3.792
23 | 0.858 1.319 1.714 1.832 1.978 2.069 2.177 2.500 2.807 3.768
24 | 0.857 1.318 1.711 1.828 1.974 2.064 2.172 2.492 2.797 3.745
25 | 0.856 1.316 1.708 1.825 1.970 2.060 2.167 2.485 2.787 3.725
26 | 0.856 1.315 1.706 1.822 1.967 2.056 2.162 2.479 2.779 3.707
27 | 0.855 1.314 1.703 1.819 1.963 2.052 2.158 2.473 2.771 3.690
28 | 0.855 1.313 1.701 1.817 1.960 2.048 2.154 2.467 2.763 3.674
29 | 0.854 1.311 1.699 1.814 1.957 2.045 2.150 2.462 2.756 3.659
30 | 0.854 1.310 1.697 1.812 1.955 2.042 2.147 2.457 2.750 3.646

31 | 0.853 1.309 1.696 1.810 1.952 2.040 2.144 2.453 2.744 3.633
32 | 0.853 1.309 1.694 1.808 1.950 2.037 2.141 2.449 2.738 3.622
33 | 0.853 1.308 1.692 1.806 1.948 2.035 2.138 2.445 2.733 3.611
34 | 0.852 1.307 1.691 1.805 1.946 2.032 2.136 2.441 2.728 3.601
35 | 0.852 1.306 1.690 1.803 1.944 2.030 2.133 2.438 2.724 3.591
36 | 0.852 1.306 1.688 1.802 1.942 2.028 2.131 2.434 2.719 3.582
37 | 0.851 1.305 1.687 1.800 1.940 2.026 2.129 2.431 2.715 3.574
38 | 0.851 1.304 1.686 1.799 1.939 2.024 2.127 2.429 2.712 3.566
39 | 0.851 1.304 1.685 1.798 1.937 2.023 2.125 2.426 2.708 3.558
40 | 0.851 1.303 1.684 1.796 1.936 2.021 2.123 2.423 2.704 3.551

41 | 0.850 1.303 1.683 1.795 1.934 2.020 2.121 2.421 2.701 3.544
42 | 0.850 1.302 1.682 1.794 1.933 2.018 2.120 2.418 2.698 3.538
43 | 0.850 1.302 1.681 1.793 1.932 2.017 2.118 2.416 2.695 3.532
44 | 0.850 1.301 1.680 1.792 1.931 2.015 2.116 2.414 2.692 3.526
45 | 0.850 1.301 1.679 1.791 1.929 2.014 2.115 2.412 2.690 3.520
46 | 0.850 1.300 1.679 1.790 1.928 2.013 2.114 2.410 2.687 3.515
47 | 0.849 1.300 1.678 1.789 1.927 2.012 2.112 2.408 2.685 3.510
48 | 0.849 1.299 1.677 1.789 1.926 2.011 2.111 2.407 2.682 3.505
49 | 0.849 1.299 1.677 1.788 1.925 2.010 2.110 2.405 2.680 3.500
50 | 0.849 1.299 1.676 1.787 1.924 2.009 2.109 2.403 2.678 3.496

60 | 0.848 1.296 1.671 1.781 1.917 2.000 2.099 2.390 2.660 3.460
70 | 0.847 1.294 1.667 1.776 1.912 1.994 2.093 2.381 2.648 3.435
80 | 0.846 1.292 1.664 1.773 1.908 1.990 2.088 2.374 2.639 3.416
90 | 0.846 1.291 1.662 1.771 1.905 1.987 2.084 2.368 2.632 3.402
100 | 0.845 1.290 1.660 1.769 1.902 1.984 2.081 2.364 2.626 3.390

120 | 0.845 1.289 1.658 1.766 1.899 1.980 2.076 2.358 2.617 3.373
140 | 0.844 1.288 1.656 1.763 1.896 1.977 2.073 2.353 2.611 3.361
180 | 0.844 1.286 1.653 1.761 1.893 1.973 2.069 2.347 2.603 3.345
200 | 0.843 1.286 1.653 1.760 1.892 1.972 2.067 2.345 2.601 3.340
500 | 0.842 1.283 1.648 1.754 1.885 1.965 2.059 2.334 2.586 3.310
1000 | 0.842 1.282 1.646 1.752 1.883 1.962 2.056 2.330 2.581 3.300
oo | 0.842 1.282 1.645 1.751 1.881 1.960 2.054 2.326 2.576 3.291

60% 80% 90% 92% 94% 95% 96% 98% 99% 99.9%

Confidence Level

Note: t(00)a/2 = Za /2 in our notation.
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TasLE A.1

Cumulative Standardized Normal Distribution

A(z) is the integral of the standardized normal
distribution from — oo to z (in other words, the
area under the curve to the left of z). It gives the
probability of a normal random variable not

A(2) being more than z standard deviations above its
e mean. Values of z of particular importance:
z A(z)

1.645  0.9500 Lower limit of right 5% tail
1.960  0.9750  Lower limit of right 2.5% tail
2326 0.9900 Lower limit of right 1% tail
2.576  0.9950  Lower limit of right 0.5% tail
3.090  0.9990 Lower limit of right 0.1% tail
3.291 0.9995  Lower limit of right 0.05% tail

z 0.00 0.01 0.02 0.03 0.04 0.05 0.06 0.07 0.08 0.09

0.0 05000 0.5040 0.5080  0.5120 0.5160  0.5199  0.5239  0.5279  0.5319  0.5359
0.1 05398  0.5438  0.5478  0.5517  0.5557 0.5596  0.5636  0.5675 0.5714  0.5753
02 05793 0.5832  0.5871  0.5910  0.5948  0.5987  0.6026  0.6064  0.6103  0.6141
03 06179 0.6217  0.6255 0.6293  0.6331  0.6368  0.6406  0.6443  0.6480  0.6517
04 0.6554  0.6591 0.6628  0.6664  0.6700  0.6736  0.6772  0.6808  0.6844  0.6879
0.5 0.6915 0.6950 0.6985  0.7019  0.7054  0.7088  0.7123  0.7157  0.7190  0.7224
0.6 07257 0.7291  0.7324  0.7357  0.7389  0.7422  0.7454  0.7486  0.7517  0.7549
0.7 07580  0.7611  0.7642  0.7673  0.7704  0.7734  0.7764  0.7794  0.7823  0.7852
0.8 07881  0.7910  0.7939  0.7967  0.7995  0.8023  0.8051  0.8078  0.8106  0.8133
09 08159 0.8186 0.8212  0.8238  0.8264 0.8289  0.8315 0.8340  0.8365  0.8389
1.0 0.8413 0.8438  0.8461 0.8485  0.8508 0.8531  0.8554  0.8577 0.8599  0.8621
1.1~ 0.8643 0.8665 0.8686  0.8708  0.8729 0.8749  0.8770  0.8790  0.8810  0.8830
1.2 0.8849 0.8869  0.8888  0.8907  0.8925 0.8944  0.8962  0.8980  0.8997  0.9015
1.3 09032 09049 09066 09082  0.9099 09115 0.9131 09147 09162 09177
1.4 09192 09207 09222 09236 09251 09265 09279 09292  0.9306 09319
1.5 09332 09345 09357 09370  0.9382 09394  0.9406 09418 0.9429  0.9441
1.6 09452 09463 09474 09484  0.9495 09505 09515 09525 09535 0.9545
1.7 09554 09564 09573 09582  0.9591 09599 09608 09616 09625  0.9633
1.8 09641 09649  0.9656 09664  0.9671 09678  0.9686  0.9693  0.9699  0.9706
1.9 09713 09719 09726 09732 09738 09744 09750 09756 09761  0.9767
20 09772 09778 09783 09788 09793 09798  0.9803  0.9808 09812  0.9817
2.1 09821 09826 09830 09834  0.9838 09842 09846 09850  0.9854  0.9857
22 09861 09864 09868  0.9871 0.9875  0.9878  0.9881 0.9884  0.9887  0.9890
23 09893 09896 09898  0.9901  0.9904 09906  0.9909 09911 0.9913  0.9916
24 09918  0.9920 09922 09925  0.9927 09929  0.9931 09932  0.9934  0.9936
2.5 09938 09940  0.9941 09943  0.9945 09946  0.9948  0.9949  0.9951  0.9952
2.6 09953 09955 0.9956  0.9957  0.9959  0.9960  0.9961  0.9962  0.9963  0.9964
2.7 0995 09966  0.9967 09968  0.9969 09970  0.9971  0.9972 09973  0.9974
28 09974 09975 09976 09977  0.9977 09978 09979 09979  0.9980  0.9981
29 09981 09982  0.9982 09983  0.9984 09984  0.9985  0.9985  0.9986  0.9986
3.0 09987  0.9987 09987 09988  0.9988  0.9989  0.9989  0.9989  0.9990  0.9990
3.1 09990  0.9991 09991  0.9991  0.9992 09992  0.9992 09992  0.9993  0.9993
32 09993  0.9993 09994  0.9994  0.9994 0.9994  0.9994 09995  0.9995  0.9995
33 09995  0.9995 09995  0.9996  0.9996 0.9996  0.9996  0.9996  0.9996  0.9997
34 09997  0.9997 09997  0.9997  0.9997 09997  0.9997 09997  0.9997  0.9998
35 09998  0.9998  0.9998  0.9998  0.9998  0.9998  0.9998  0.9998  0.9998  0.9998
3.6 09998  0.9998  0.9999
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TaBLE A.2
t Distribution: Critical Values of t

Significance level

Degrees of Two-tailed test: 10% 5% 2% 1% 0.2% 0.1%
freedom One-tailed test: 5% 2.5% 1% 0.5% 0.1% 0.05%
1 6.314 12.706 31.821 63.657  318.309  636.619

2 2.920 4.303 6.965 9.925 22.327 31.599
3 2.353 3.182 4.541 5.841 10.215 12.924
4 2.132 2.776 3.747 4.604 7.173 8.610

5 2.015 2.571 3.365 4.032 5.893 6.869

6 1.943 2.447 3.143 3.707 5.208 5.959

7 1.894 2.365 2.998 3.499 4.785 5.408

8 1.860 2.306 2.896 3.355 4.501 5.041

9 1.833 2.262 2.821 3.250 4.297 4.781
10 1.812 2228 2.764 3.169 4.144 4.587
11 1.796 2.201 2.718 3.106 4.025 4.437
12 1.782 2.179 2.681 3.055 3.930 4318
13 1.771 2.160 2.650 3.012 3.852 4221
14 1.761 2.145 2.624 2.977 3.787 4.140
15 1.753 2.131 2.602 2.947 3.733 4.073
16 1.746 2.120 2.583 2.921 3.686 4.015
17 1.740 2.110 2.567 2.898 3.646 3.965
18 1.734 2.101 2.552 2.878 3.610 3.922
19 1.729 2.093 2.539 2.861 3.579 3.883
20 1.725 2.086 2.528 2.845 3.552 3.850
21 1.721 2.080 2518 2.831 3.527 3.819
22 1.717 2.074 2.508 2.819 3.505 3.792
23 1.714 2.069 2.500 2.807 3.485 3.768
24 1.711 2.064 2.492 2.797 3.467 3.745
25 1.708 2.060 2.485 2.787 3.450 3.725
26 1.706 2.056 2.479 2.779 3.435 3.707
27 1.703 2.052 2473 2.771 3.421 3.690
28 1.701 2.048 2.467 2.763 3.408 3.674
29 1.699 2.045 2.462 2.756 3.396 3.659
30 1.697 2.042 2.457 2.750 3.385 3.646
32 1.694 2.037 2.449 2.738 3.365 3.622
34 1.691 2.032 2.441 2.728 3.348 3.601
36 1.688 2.028 2.434 2.719 3.333 3.582
38 1.686 2.024 2.429 2.712 3.319 3.566
40 1.684 2.021 2.423 2.704 3.307 3.551
42 1.682 2.018 2418 2.698 3.296 3.538
44 1.680 2.015 2414 2.692 3.286 3.526
46 1.679 2.013 2.410 2.687 3.277 3.515
48 1.677 2.011 2.407 2.682 3.269 3.505
50 1.676 2.009 2.403 2.678 3.261 3.496
60 1.671 2.000 2.390 2.660 3.232 3.460
70 1.667 1.994 2.381 2.648 3.211 3.435
80 1.664 1.990 2.374 2.639 3.195 3.416
90 1.662 1.987 2.368 2.632 3.183 3.402
100 1.660 1.984 2.364 2.626 3.174 3.390
120 1.658 1.980 2.358 2.617 3.160 3.373
150 1.655 1.976 2.351 2.609 3.145 3.357
200 1.653 1.972 2.345 2.601 3.131 3.340
300 1.650 1.968 2.339 2.592 3.118 3.323
400 1.649 1.966 2.336 2.588 3.111 3.315
500 1.648 1.965 2.334 2.586 3.107 3.310
600 1.647 1.964 2.333 2.584 3.104 3.307

e 1.645 1.960 2.326 2.576 3.090 3.291



STATISTICAL TABLES

TaBLE A.3

F Distribution: Critical Values of F (5% significance level)

12 1 2 3 4 5 6 7 8 9 10 12 14 16 18 20
V2

1 161.45 199.50 215.71 224.58 230.16 233.99 236.77 238.88 240.54 241.88 243.91 245.36 246.46 247.32 248.01

2 1851 19.00 19.16 19.25 19.30 19.33 19.35 19.37 19.38 1940 19.41 19.42 19.43 19.44 1945

3 10.13 955 928 9.12 9.01 894 889 885 88l 879 874 871 869 8.67 8.66

4 771 694 659 639 626 6.16 6.09 604 600 596 591 587 584 582 580
5 661 579 541 519 505 495 488 482 477 474 468 464 460 458 456
6
7
8

599 514 476 453 439 428 421 415 410 406 400 396 392 390 3.87

559 474 435 412 397 387 379 373 3.68 3.64 357 353 349 347 344

532 446 407 384 369 358 350 344 339 335 328 324 320 317 3.15

9 512 426 386 3.63 348 337 329 323 318 3.14 3.07 3.03 299 296 294
10 496 410 3.71 348 333 322 314 3.07 3.02 298 291 286 283 280 277

11 484 398 359 336 320 3.09 301 295 290 285 279 274 270 267 265
12 475 389 349 326 3.11 3.00 291 285 280 275 269 264 260 257 254
13 467 381 341 318 3.03 292 283 277 271 267 260 255 251 248 246
14 460 374 334 311 296 285 276 270 265 260 253 248 244 241 239
15 454 3.68 329 3.06 290 279 271 264 259 254 248 242 238 235 233

16 449 3.63 324 301 285 274 266 259 254 249 242 237 233 230 228
17 445 359 320 296 281 270 261 255 249 245 238 233 229 226 223
18 441 355 316 293 277 266 258 251 246 241 234 229 225 222 219
19 438 352 313 290 274 263 254 248 242 238 231 226 221 218 216
20 435 349 310 287 271 260 251 245 239 235 228 222 218 215 212

21 432 347 307 284 268 257 249 242 237 232 225 220 216 212 210
22 430 344 305 282 266 255 246 240 234 230 223 217 213 210 2.07
23 428 342 3.03 280 264 253 244 237 232 227 220 215 211 2.08 2.05
24 426 340 3.01 278 262 251 242 236 230 225 218 213 2.09 205 2.03
25 424 339 299 276 260 249 240 234 228 224 216 211 207 204 201

26 422 337 298 274 259 247 239 232 227 222 215 209 205 202 199
27 421 335 296 273 257 246 237 231 225 220 213 208 204 200 197
28 420 334 295 271 256 245 236 229 224 219 212 206 202 199 196
29 418 333 293 270 255 243 235 228 222 218 210 205 201 197 194
30 417 332 292 269 253 242 233 227 221 216 209 204 199 196 1.93

35 412 327 287 264 249 237 229 222 216 211 204 199 194 191 1.88
40 408 323 284 261 245 234 225 218 212 208 200 195 190 187 1.84
50 403 318 279 256 240 229 220 213 2.07 203 195 18 185 181 178
60 400 315 276 253 237 225 217 210 204 199 192 186 182 1.78 1.75
70 398 3.13 274 250 235 223 214 207 2.02 197 189 18 179 175 1.72

80 39 311 272 249 233 221 213 206 2.00 195 188 1.8 1.77 173 170
90 395 310 271 247 232 220 211 204 199 194 186 180 176 1.72 1.69
100 394 3.09 270 246 231 219 210 203 197 193 18 179 175 171 1.68
120 392 3.07 268 245 229 218 2.09 202 19 191 183 1.78 1.73 1.69 1.66
150 390 3.06 266 243 227 216 207 200 194 189 182 176 1.71 1.67 1.64

200 389 3.04 265 242 226 214 206 198 193 188 180 1.74 1.69 1.66 1.62
250 388 3.03 264 241 225 213 205 198 192 187 179 173 1.68 1.65 1.61
300 387 303 263 240 224 213 204 197 191 186 1.78 172 168 1.64 1.61
400 386 3.02 263 239 224 212 203 19 19 185 178 172 1.67 1.63 1.60
500 386 3.01 262 239 223 212 203 19 19 18 177 171 1.66 1.62 1.59

600 386 3.01 262 239 223 211 202 195 19 18 1.77 171 166 1.62 1.59
750 385 3.01 262 238 223 211 202 195 18 184 177 170 166 1.62 1.58
1000 385 3.00 261 238 222 211 202 195 189 184 176 170 1.65 1.61 1.58
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TasLE A.3 (continued)
F Distribution: Critical Values of F (5% significance level)

25 30 35 40 50 60 75 100 150 200
12
249.26 250.10 250.69 251.14 251.77 252.20 252.62 253.04 253.46 253.68
1946 1946 1947 1947 1948 1948 1948 1949 1949 19.49
863 862 860 859 858 857 856 855 854 854
577 575 573 572 570 569 568 566 565 5.65
452 450 448 446 444 443 442 441 439 439

383 381 379 377 375 374 373 371 370 3.69
340 338 336 334 332 330 329 327 326 325
3.11 3.08 3.06 304 302 301 299 297 29 295
289 286 284 283 280 279 277 276 274 273
10 273 270 2.68 266 264 262 260 259 257 256

11 2,60 257 255 253 251 249 247 246 244 243
12 250 247 244 243 240 238 237 235 233 232
13 241 238 236 234 231 230 228 226 224 223
14 234 231 228 227 224 222 221 219 217 216
15 228 225 222 220 218 216 2.14 212 210 210

16 223 219 217 215 212 211 2.09 2.07 205 204
17 218 215 212 210 208 2.06 2.04 202 200 1.99
18 214 211 2.08 206 204 202 200 198 196 1.95
19 211 207 205 203 200 198 196 194 192 191
20 2,07 204 201 199 197 195 193 191 189 1.88

21 205 201 198 19 194 192 190 188 1.86 1.84
22 202 198 19 194 191 189 187 185 183 1.82
23 200 19 193 191 188 186 184 1.82 1.80 1.79
24 197 194 191 189 186 184 182 180 1.78 1.77
25 19 192 189 187 184 182 180 178 176 1.75

26 194 1% 187 185 182 180 178 176 174 1.73
27 192 188 186 184 181 179 176 1.74 172 1.71
28 191 187 184 182 179 177 175 173 170 1.69
29 189 185 183 181 177 175 173 171 1.69 1.67
30 188 184 181 179 176 174 172 170 1.67 1.66

35 182 179 176 174 170 168 166 163 161 1.60
40 178 174 172 169 166 164 161 159 156 155
50 173 169 166 163 160 158 155 152 150 148
60 1.69 165 162 159 156 1.53 151 148 145 144
70 1.66 162 159 157 153 150 148 145 142 140

80 164 160 157 154 151 148 145 143 139 138
90 163 159 155 153 149 146 144 141 138 136
100 162 157 154 152 148 145 142 139 136 134
120 160 155 152 150 146 143 140 137 133 1.32
150 158 154 150 148 144 141 138 134 131 129

200 156 152 148 146 141 139 135 132 128 1.26
250 155 150 147 144 140 137 134 131 127 1.25
300 154 150 146 143 139 136 133 130 126 1.23
400 153 149 145 142 138 135 132 128 124 122
500 153 148 145 142 138 135 131 128 123 121

600 152 148 144 141 137 134 131 127 123 1.20
750 152 147 144 141 137 134 130 126 122 1.20
1000 152 147 143 141 136 133 130 126 122 1.19

(RN - N ur-huN;—n"'::



STATISTICAL TABLES

TasLE A.3 (continued)
F Distribution: Critical Values of F (1% significance level)

vi 1 2 3 4 5 6 7 8 9 10 12 14 16 18 20
V2

1 4052.18 4999.50 5403.35 5624.58 5763.65 5858.99 5928.36 5981.07 6022.47 6055.85 6106.32 6142.67 6170.10 6191.53 6208.73
2 98.50 99.00 99.17 99.25 99.30 99.33 99.36 99.37 99.39 99.40 99.42 99.43 99.44 99.44 99.45
3 34.12 30.82 29.46 28.71 28.24 2791 27.67 27.49 27.35 2723 27.05 26.92 2683 26.75 26.69
4 2120 18.00 16.69 1598 15.52 1521 1498 14.80 14.66 14.55 14.37 1425 14.15 14.08 14.02
5 1626 13.27 12.06 11.39 1097 10.67 1046 10.29 10.16 10.05 989 9.77 9.68 9.61 9.55
6
7
8

13.75 1092 9.78 9.15 875 847 826 810 798 7.87 772 760 752 745 740
1225 955 845 785 746 7.19 699 684 672 662 647 636 628 621 6.16
1126 8.65 7.59 701 6.63 637 6.18 6.03 591 581 567 556 548 541 536
9 1056 8.02 699 642 6.06 580 561 547 535 526 511 501 492 486 4381
10 10.04 7.56 6.55 599 564 539 520 506 494 485 471 460 452 446 441

11 965 721 622 567 532 507 489 474 463 454 440 429 421 415 410
12 933 693 595 541 506 482 464 450 439 430 416 405 397 391 386
13 9.07 6.70 574 521 486 4.62 444 430 419 410 39 386 378 372 3.66
14 886 651 556 504 469 446 428 414 403 394 380 370 3.62 356 351
15 8.68 636 542 489 456 432 414 400 389 380 3.67 356 349 342 337

16 853 623 529 477 444 420 4.03 389 378 3.69 355 345 337 331 326
17 840 6.11 518 467 434 410 393 379 368 359 346 335 327 321 3.16
18 829 6.01 509 458 425 401 384 371 360 351 337 327 319 313 3.08
19 8.18 593 501 450 417 394 377 363 352 343 330 319 312 3.05 3.00
20 810 585 494 443 410 387 370 356 346 337 323 313 305 299 294

21 802 578 487 437 4.04 381 3.64 351 340 331 317 3.07 299 293 288
22 795 572 482 431 399 376 359 345 335 326 3.12 3.02 294 288 283
23 788 566 476 426 394 371 354 341 330 321 3.07 297 289 283 278
24 782 561 472 422 390 3.67 350 336 326 3.17 3.03 293 285 279 274
25 777 557 468 418 385 3.63 346 332 322 313 299 289 281 275 270

26 772 553 464 414 382 359 342 329 318 3.09 296 286 278 272 2.66
27 7.68 549 460 411 378 356 339 326 315 3.06 293 282 275 268 2.63
28 7.64 545 457 407 375 353 336 323 312 3.03 290 279 272 265 260
29 760 542 454 404 373 350 333 320 3.09 3.00 287 277 269 263 257
30 756 539 451 402 370 347 330 3.17 3.07 298 284 274 266 260 2.55

35 742 527 440 391 359 337 320 3.07 29 288 274 264 256 250 244
40 731 518 431 383 351 329 312 299 289 280 266 256 248 242 237
50 7.17 506 420 372 341 3.19 3.02 289 278 270 256 246 238 232 227
60 7.08 498 413 3.65 334 312 295 282 272 263 250 239 231 225 220
70 7.01 492 407 3.60 329 3.07 291 278 267 259 245 235 227 220 215

80 696 488 4.04 356 326 3.04 287 274 2.64 255 242 231 223 217 212
90 693 485 4.01 353 323 3.01 284 272 261 252 239 229 221 214 209
100 690 482 398 351 321 299 282 269 259 250 237 227 219 212 207
120 685 479 395 348 317 296 279 266 256 247 234 223 215 2.09 2.03
150 681 475 391 345 3.14 292 276 2.63 253 244 231 220 212 206 2.00

200 676 471 388 341 311 289 273 260 250 241 227 217 2.09 203 197
250 6.74 469 386 340 3.09 287 271 258 248 239 226 215 2.07 201 195
300 6.72 468 385 338 3.08 28 270 257 247 238 224 214 206 199 194
400 6.70 466 383 337 3.06 285 268 256 245 237 223 213 205 198 192
500 6.69 465 382 336 3.05 284 268 255 244 236 222 212 204 197 192

600 6.68 464 381 335 3.05 283 267 254 244 235 221 211 203 19 191
750 6.67 463 381 334 3.04 283 266 253 243 234 221 211 2.02 196 1.90
1000 6.66 463 380 334 3.04 282 266 253 243 234 220 210 2.02 195 1.90
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TasLE A.3 (continued)
F Distribution: Critical Values of F (1% significance level)

vi 25 30 35 40 50 60 75 100 150 200
V2

1 6239.83 6260.65 6275.57 6286.78 6302.52 6313.03 6323.56 6334.11 6344.68 6349.97
2 9946 9947 99.47 9947 99.48 99.48 99.49 99.49 99.49 99.49
3 2658 26.50 26.45 2641 26.35 2632 26.28 26.24 2620 26.18
4 1391 13.84 13.79 13.75 13.69 13.65 13.61 13.58 13.54 13.52
5 945 938 933 929 924 920 9.17 9.13 9.09 9.08
6
7
8

730 723 718 714 7.09 7.06 7.02 699 695 693
6.06 599 594 591 586 582 579 575 572 570
526 520 515 512 507 503 500 496 493 491
9 471 465 460 457 452 448 445 441 438 436
10 431 425 420 417 412 4.08 4.05 401 398 396

11 401 394 389 386 381 378 374 371 3.67 3.66
12 376 3.70 3.65 3.62 357 354 350 347 343 34l
13 3,57 351 346 343 338 334 331 327 324 322
14 341 335 330 327 322 318 3.15 311 3.08 3.06
15 328 321 3.17 3.13 3.08 3.05 3.01 298 294 292

16 3.16 3.10 3.05 3.02 297 293 290 286 283 28I
17 3.07 3.00 296 292 287 283 280 276 273 271
18 298 292 287 284 278 275 271 268 264 262
19 291 284 280 276 271 2.67 264 260 257 2.55
20 284 278 273 269 264 261 257 254 250 248

21 279 272 267 264 258 255 251 248 244 242
22 273 267 262 258 253 250 246 242 238 236
23 269 262 257 254 248 245 241 237 234 232
24 264 258 253 249 244 240 237 233 229 227
25 260 254 249 245 240 236 233 229 225 223

26 257 250 245 242 236 233 229 225 221 219
27 254 247 242 238 233 229 226 222 218 216
28 251 244 239 235 230 226 223 219 215 213
29 248 241 236 233 227 223 220 216 212 210
30 245 239 234 230 225 221 217 213 209 2.07

35 235 228 223 219 214 210 206 202 198 1.96
40 227 220 215 211 206 202 198 194 190 1.87
50 217 210 205 201 195 191 187 182 178 1.76
60 210 203 198 194 188 1.84 179 175 1.70 1.68
70 2,05 198 193 18 183 1.78 174 170 1.65 1.62

8 201 194 18 185 179 175 170 1.65 1.61 1.58
90 199 192 186 182 176 172 1.67 1.62 157 1.55
100 197 189 184 180 174 1.69 1.65 1.60 155 1.52
120 193 186 181 176 170 1.66 1.61 156 151 148
1s0 190 183 1.77 173 1.66 1.62 157 152 146 143

200 187 179 174 169 163 158 153 148 142 139
250 185 177 1.72 167 161 156 151 146 140 1.36
300 184 176 170 1.66 159 155 150 144 138 135
400 182 175 169 164 158 153 148 142 136 1.32
500 181 1.74 168 163 157 152 147 141 134 131

600 180 173 167 163 15 151 146 140 134 1.30
750 180 1.72 166 162 155 150 145 139 133 129
1000 179 172 166 161 154 150 144 138 132 1.28
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TasLE A.3 (continued)
F Distribution: Critical Values of F (0.1% significance level)

vi 1 2 3 4 5 6 7 8 9 10 12 14 16 18 20
V2

1  4.05¢05 5.00e05 5.40e05 5.62¢05 5.76e05 5.86e05 5.93¢05 5.98¢05 6.02¢05 6.06¢05 6.11e05 6.14¢05 6.17¢05 6.19¢05 6.21¢05
2 998.50 999.00 999.17 999.25 999.30 999.33 999.36 999.37 999.39 999.40 999.42 999.43 999.44 999.44 999.45
3 167.03 148.50 141.11 137.10 134.58 132.85 131.58 130.62 129.86 129.25 128.32 127.64 127.14 126.74 126.42
4 74.14 6125 56.18 53.44 51.71 50.53 49.66 49.00 48.47 48.05 4741 46.95 46.60 46.32 46.10
5 47.18 37.12 3320 31.09 29.75 28.83 28.16 27.65 27.24 26.92 2642 26.06 25.78 25.57 25.39
6
7
8
9

35.51 27.00 23.70 21.92 20.80 20.03 19.46 19.03 18.69 1841 1799 17.68 17.45 1727 17.12
29.25 21.69 18.77 17.20 16.21 1552 15.02 14.63 1433 14.08 13.71 13.43 13.23 13.06 12.93
2541 18.49 15.83 1439 13.48 1286 1240 12.05 11.77 11.54 11.19 1094 10.75 10.60 10.48
2286 1639 1390 1256 11.71 11.13 10.70 1037 10.11 9.89 957 933 9.15 9.01 890
10 21.04 1491 12.55 1128 1048 993 952 920 896 875 845 822 805 791 780

11 19.69 13.81 11.56 1035 9.58 9.05 866 835 812 792 763 741 724 711 7.01
12 18.64 1297 10.80 9.63 889 838 800 7.71 748 729 7.00 679 663 651 640
13 17.82 1231 1021 9.07 835 7.86 749 721 698 680 652 631 616 603 593
14 17.14 11.78 9.73 8.62 792 744 7.08 6.80 658 640 6.13 593 578 566 556
15 16.59 1134 934 825 7.57 7.09 6.74 647 626 6.08 581 562 546 535 525

16 16.12 1097 9.01 794 727 680 646 6.19 598 581 555 535 520 509 499
17 1572 10.66 873 7.68 7.02 656 622 596 575 558 532 513 499 487 4.8
18 1538 1039 849 746 681 635 6.02 576 556 539 513 494 480 4.68 4.59
19 15.08 10.16 828 727 6.62 6.18 585 559 539 522 497 478 464 452 443
20 1482 995 810 7.10 646 6.02 569 544 524 508 482 464 449 438 429

21 1459 977 794 695 632 588 556 531 511 495 470 451 437 426 4.17
22 1438 961 780 6.81 6.19 576 544 519 499 483 458 440 426 415 4.06
23 1420 947 7.67 6.70 6.08 565 533 509 489 473 448 430 416 405 3.96
24 1403 934 755 659 598 555 523 499 480 4.64 439 421 407 396 3.87
25 1388 922 745 649 589 546 515 491 471 456 431 413 399 388 3.79

26 1374 912 736 641 580 538 507 483 464 448 424 406 392 381 3.72
27 13.61 9.02 727 633 573 531 500 476 457 441 417 399 386 375 3.66
28 1350 893 7.9 625 566 524 493 469 450 435 411 393 380 3.69 3.60
29 1339 885 7.2 6.19 559 518 487 4.64 445 429 405 388 374 363 354
30 1329 877 7.05 6.12 553 512 482 458 439 424 400 382 3.69 358 349

35 1290 847 679 588 530 489 459 436 418 403 379 3.62 348 338 329
40 1261 825 659 570 513 473 444 421 402 387 3.64 347 334 323 314
50 1222 796 634 546 490 451 422 400 382 3.67 344 327 341 3.04 295
60 1197 7.77 6.17 531 476 437 4.09 386 3.69 354 332 315 3.02 291 283
70 1180 7.64 6.06 520 4.66 428 399 377 3.60 345 323 306 293 283 274

80 11.67 754 597 512 458 420 392 370 353 339 316 3.00 287 276 268
90 1157 7.47 591 506 453 4.15 387 3.65 348 334 311 295 282 271 2.63
100 1150 7.41 586 5.02 448 411 383 3.61 344 330 3.07 291 278 268 259
120 11.38 7.32 578 495 442 4.04 377 355 338 324 302 285 272 262 253
150 1127 7.24 571 488 435 398 371 349 332 318 296 280 267 256 248

200 11.15 7.5 5.63 481 429 392 365 343 326 312 290 274 261 251 242
250 11.09 7.10 559 477 425 388 3.61 340 323 3.09 287 271 258 248 239
300 11.04 7.07 556 475 422 386 359 338 321 307 285 269 256 246 237
400 1099 7.03 553 471 419 383 356 335 318 3.04 282 266 253 243 234
500 1096 7.00 551 469 418 381 354 333 316 3.02 281 2.64 252 241 233

600 1094 699 549 468 416 380 353 332 315 3.01 280 263 251 240 232
750 1091 697 548 467 415 379 352 331 314 3.00 278 262 249 239 231
1000 1089 696 546 465 414 378 3.51 330 3.13 299 277 261 248 238 230
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TasLE A.3 (continued)
F Distribution: Critical Values of F (0.1% significance level)

v 25 30 35 40 50 60 75 100 150 200
V2
1  6.24e05 6.26e05 6.28¢05 6.29¢05 6.30e05 6.31e05 6.32e05 6.33¢05 6.35¢05 6.35¢05
2 999.46 999.47 999.47 999.47 999.48 999.48 999.49 999.49 999.49 999.49
3 125.84 125.45 125.17 124.96 124.66 124.47 124.27 124.07 123.87 123.77
45.70 45.43 4523 45.09 44.88 44.75 44.61 4447 4433 44.26
25.08 24.87 24.72 24.60 24.44 2433 2422 24.12 24.01 2395

16.85 16.67 16.54 16.44 1631 16.21 16.12 16.03 1593 15.89
12.69 12.53 1241 1233 1220 12.12 12.04 11.95 11.87 11.82
10.26 10.11 10.00 9.92 9.80 9.73 9.65 9.57 949 945

869 855 846 837 826 819 811 804 796 7.93
10 7.60 747 737 730 719 712 7.05 698 691 6.87

11 681 6.68 659 652 642 635 628 621 6.14 6.10
12 622 6.09 6.00 593 583 576 570 563 556 552
13 575 563 554 547 537 530 524 517 510 5.07
14 538 525 517 510 500 494 487 481 474 471
15 507 495 486 480 470 4.64 457 451 444 441

16 482 470 4.61 454 445 439 432 426 419 416
17 460 448 440 433 424 418 411 405 398 3.95
18 442 430 422 415 406 4.00 393 387 380 3.77
19 426 414 406 399 39 384 378 371 365 3.6l
20 412 400 392 386 377 370 3.64 358 351 348

21 400 388 3.80 3.74 3.64 358 352 346 339 336
22 389 378 370 3.63 354 348 341 335 328 325
23 379 3.68 3.60 353 344 338 332 325 319 3.6
24 371 359 351 345 336 329 323 317 3.10 3.07
25 3.63 352 343 337 328 322 315 3.09 3.03 299

26 356 344 336 330 321 3.15 3.08 3.02 295 292
27 349 338 330 323 3.14 3.08 3.02 296 289 286
28 343 332 324 318 3.09 3.02 296 290 283 280
29 338 327 318 3.12 3.03 297 291 284 278 274
30 333 322 313 3.07 298 292 286 279 273 2.69

35 313 302 293 287 278 272 266 259 252 249
40 298 287 279 273 264 257 251 244 238 234
50 279 268 260 253 244 238 231 225 218 214
60 2.67 255 247 241 232 225 219 212 205 201
70 258 247 239 232 223 216 210 203 195 192

80 252 241 232 226 216 210 203 196 189 1.85
90 247 236 227 221 211 205 198 191 183 179
100 243 232 224 217 208 201 194 187 179 1.75
120 237 226 218 211 202 195 1.8 1.81 1.73 1.68
1s0 232 221 212 206 196 189 182 174 166 1.62

200 226 215 207 200 190 183 1.76 168 1.60 1.55
250 223 212 203 197 187 180 1.72 1.65 156 151
300 221 210 201 194 185 178 1.70 162 153 1.48
400 218 207 198 192 182 175 167 159 150 1.45
500 217 205 197 19 180 173 165 157 148 143

600 216 204 196 18 179 172 164 156 146 141
750 215 203 195 188 178 1.71 163 155 145 140
1000 2.14 202 194 187 177 1.69 162 153 144 1.38

oI A
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TaBLE A.4

}'; (Chi-Squared) Distribution: Critical Values of;(z

Significance level

Degrees of 5% 1% 0.1%

freedom
1 3.841 6.635 10.828
2 5.991 9.210 13.816
3 7.815 11.345 16.266
4 9.488 13.277 18.467
5 11.070 15.086 20.515
6 12.592 16.812 22.458
7 14.067 18.475 24.322
8 15.507 20.090 26.124
9 16.919 21.666 27.877

[
<

18.307 23.209 29.588



BANG TRA PHAN BO Q CUA TUKEY

Studentized Range g Table

The following tables provide the critical values for q(%, df, o) when o = 0.10, 0.05,
0.025, 0.01, 0.005 and .=0.001. See Unplanned Comparisons for ANOVA for
more details.

Studentized T Table by Excel


https://www.real-statistics.com/one-way-analysis-of-variance-anova/unplanned-comparisons/

Alpha 0.10
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2
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a 5

6

7

8

9

10

11

12

13

14

15

16

17

13

19

20

8.929
4,129
3.328
3.015
2.850
2.748
2.679
2.630
2.592
2.563
2.540
2.521
2.504
2.491
2.479
2.469
2.460
2.452
2.445
2.439
2.433
2.428
2424
2.420
2.416

13.437
5.733
4.467
3.976
3.717
3.558
3.451
3.374
3.316
3.270
3.234
3.204
3.179
3.158
3.140
3.124
3.110
3.098
3.087
3.077
3.069
3.061
3.054
3.047
3.041

16.358 18.488
6.772 7.538
5.199 5.738
4.586 5.035
4,264 4.664
4.065 4.435
3.931 4.280
3.834 4.169
3.761 4.084
3.704 4.018
3.658 3.965
3.621 3.921
3.589 3.885
3.5363 3.854
3.5340 3.828
3.520 3.804
3.5303 3.734
3.487 3.766
3.474 3.751
3.462 3.736
3.451 3.724
3.441 3.712
3.432 3.701
3.423 3.692
3.416 3.683

20.150
8.139
6.162
5.388
4.979
4.726
4.555
4.431
4,337
4.264
4.205
4.156
4.116
4.081
4.052
4.026
4.003
3.984
3.966
3.950
3.936
3.923
3.911
3.900
3.890

21.504 22.642
8.633
6.511
5.679
5.238
4.966
4.780
4.646
4.545
4.465
4.401
4.349
4.304
4.267
4.235
4.207
4.182
4.161
4.142
4.124
4.109
4.095
4.082
4.070
4.059

5.049
6.806
5.926
5.458
5.168
4.971
4.829
4,721
4.636
4.567
4,511
4.464
4.424
4.390
4.360
4.334
4.310
4,290
4.271
4,255
4.239
4,226
4.213
4.201

23.621 24.477 25.237

9.409
7.062
6.139
5.648
5.344
5.137
4.987
4.873
4.783
4.711
4.652
4.602
4.560
4.524
4.492
4.464
4.440
4.418
4.398
4.380
4.364
4.350
4.336
4.324

9.725
7.287
6.327
5.816
5.439
5.283
5.126
5.007
4.913
4.838
4,776
4.724
4.679
4.641
4.608
4.579
4.553
4,530
4.510
4.431
4.474
4,459
4.445
4.432

10.006
7487
6.494
5.965
5.637
5.413
5.250
5.126
5.029
4.951
4,886
4.832
4.786
4.746
4,712
4.681
4.654
4.630
4.609
4.590
4.572
4,556
4.541
4.528

25.918
10.259
7.667
6.645
6.100
5.762
5.530
5.362
5.234
5.134
5.053
4,936
4.930
4.882
4.341
4,805
4.774
4.746
4.721
4.699
4.678
4.660
4.644
4.628
4.614

26.536 27.100 27.618
10.488 10.698 10.891
7.831
6.783
6.223
5.875
5.637
5.464
5.333
5.229
5.145
5.076
5.019
4.969
4.927
4,890
4.857
4.829
4,803
4.780
4.759
4.740
4,723
4.707
4.693

7.982
6.909
6.336
5.979
5.735
5.558
5.423
5.316
5.231
5.160
5.100
5.050
5.006
4.963
4.934
4.905
4.873
4.855
4.833
4.814
4.796
4.780
4.765

8.120
7.025
6.439
6.075
5.826
5.644
5.506
5.397
5.309
5.236
5.175
5.124
5.079
5.040
5.005
4.975
4.943
4.923
4,901
4.882
4,863
4.847
4.831

28.097
11.070 11.237
8.248
7.132
6.536
6.164
5.910
5.724
5.583
5.472
5.382
5.308
5.245
5.192
5.146
5.106
5.071
5.040
5.012
4.987
4,965
4.944
4,926
4.909
4.893

28.542

8.368
7.233
6.626
6.247
5.988
5.799
5.655
5.542
5.450
5.374
5.310
5.256
5.209
5.169
5.133
5.101
5.072
5.047
5.024
5.003
4,984
4.966
4.950

28.958
11.392
8.479
7.326
6.710
6.325
6.061
5.869
5.722
5.607
5.514
5.436
5.371
5.316
5.268
5.227
5.190
5.158
5.129
5.103
5.079
5.058
5.038
5.020
5.004

29.347 29.713
11.538 11.676

8.584
7.414
6.788
6.398
6.130
5.935
5.786
5.668
5.573
5.495
5.429
5.372
5.324
5.282
5.244
5.211
5.182
5.155
5.131
5.109
5.089
5.071
5.055

8.683
7.497
6.863
6.466
6.195
5.997
5.845
5.726
5.630
5.550
5.483
5.426
5.376
5.333
5.295
5.262
5.232
5.205
5.180
5.158
5.138
5.119
5.102

2

3

4

5

6

7

8

9

10

11

12

13

14

15

16

17

13

13

20
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120
240
inf

2.412
2.409
2.406
2.403
2.400
2.398
2.396
2.393
2.391
2.389
2.388
2.386
2.384
2.383
2.381
2.372
2.363
2.353
2.344
2.335
2.326

3.036
3.020
3.026
3.021
3.017
3.013
3.010
3.006
3.003
3.000
2.998
2.995
2.992
2.990
2.988
2.973
2.959
2.945
2.930
2.916
2.902

3.409
3.402
3.396
3.391
3.386
3.381
3.376
3.372
3.368
3.264
3.361
3.357
3.354
3.351
3.348
3.330
3.312
3.294
3.276
3.258
3.240

3.675 3.881
3.667 3.873
3.660 3.865
3.654 3.858
3.648 3.851
3.642 3.845
3.637 3.839
3.632 3.833
3.627 3.828
3.623 3.823
3.619 3.819
3.615 3.814
3.611 3.810
3.608 3.806
3.605 3.802
3.583 3.778
3.562 3.755
3.541 3.731
3.520 3.707
3.499 3.684
3.478 3.661

4,049
4,040
4,032
4.024
4.016
4,009
4.003
3.997
3.991
3.986
3.981
3.976
3.972
3.967
3.963
3.937
3.911
3.885
3.859
3.834
3.808

4,191
4,181
4,172
4.163
4.155
4.148
4.141
4.135
4.129
4,123
4,117
4,112
4.107
4.103
4.099
4.070
4.042
4.014
3.986
3.959
3.931

4,313
4.302
4.293
4,284
4.275
4.268
4.260
4.253
4.247
4,241
4.235
4.230
4.224
4.220
4.215
4.185
4,155
4.125
4.096
4.066
4.037

4.420
4.409
4.399
4.389
4.381
4.372
4.365
4.357
4.351
4.344
4.338
4.332
4.327
4.322
4.317
4.285
4.254
4.223
4,191
4.160
4.129

4,515
4.504
4,493
4.484
4.474
4.466
4.458
4.450
4.443
4,436
4.430
4424
4.418
4.413
4.408
4.375
4.342
4.309
4,276
4.244
4,211

4.601
4.590
4.579
4.568
4.559
4.550
4.541
4.533
4.526
4.519
4.512
4.506
4.500
4.495
4.490
4.455
4,421
4.387
4.353
4.319
4.285

4.680
4.667
4.656
4.645
4.635
4.626
4.617
4.609
4.602
4.594
4.588
4,581
4.575
4.569
4.564
4.528
4.493
4.457
4.422
4.386
4.351

4,751
4.739
4,727
4,716
4.706
4.696
4.687
4.679
4.671
4.663
4.656
4.650
4.643
4.637
4.632
4.595
4.558
4,521
4.485
4.448
4.412

4.817
4.804
4,792
4.781
4.770
4.760
4.751
4.743
4.734
4,727
4.720
4.713
4.706
4.700
4.694
4.656
4.619
4.581
4,543
4.505
4.468

4,878
4.865
4.853
4.841
4.830
4.820
4.811
4.802
4.794
4,786
4,778
4,771
4.765
4.758
4,752
4.713
A.675
4.636
4,597
4,558
4.519

4,936
4,922
4.909
4.897
4.886
4.876
4.866
4.857
4.849
4,541
4.833
4,826
4.819
4.812
4.806
4.766
4,727
4.687
4.647
4.607
4.568

4,989
4.975
4,962
4,950
4.939
4,928
4,918
4.909
4,900
4,892
4,884
4,877
4.870
4.863
4,857
4.816
4.775
4,735
4,694
4.653
4.612

5.039
5.025
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Alpha =0.05

k-
df 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20

17.969 26.976 32.819 37.082 40.408 43.119 45.397 47.357 45.071 50.592 51.957 53.1594 54.323 55.361 56.320 57.212 58.044 58.824 59.558
6.085 8.331 9.798 10.881 11.734 12.435 13.027 13.539 13.988 14.389 14.749 15.076 15.375 15.650 15.905 16.143 16.365 16.573 16.769
4501 5.910 6.825 7.502 8.037 8.478 8.852 9.177 9.462 9.717 9.946 10.155 10.346 10.522 10.686 10.838 10.980 11.114 11.240
3.926 5.040 5.757 6.287 6.706 7.053 7.347 7.602 7.826 8.027 8.208 8.373 8.524 8.664 B8.793 8.914 9.027 95.133 9.233
3.635 4.602 5.218 5.673 6.033 6.330 6.582 6.801 6.995 7.167 7.323 7.466 7.59 7.716 7.828 7.932 8.030 8.122 B8.208
3.460 4.339 4.896 5.305 5.628 5.895 6.122 6.319 6.493 6.649 6.789 6.917 7.034 7.143 7.244 7.338 7.426 7.508 7.586
3.344 4,165 4.681 5.060 5.359 5.606 5.815 5.997 6.158 6.302 6.431 6.550 6.658 6.759 6.852 6.939 7.020 7.097 7.169
3.261 4.041 4.529 4.886 5.167 5.39% 5.596 5.767 5.918 6.053 6.175 6.287 6.389 6.483 6.571 6.653 6.729 6.801 6.869
3.199 3.348 4415 4.755 5.024 5.244 5432 5.595 5738 5867 5983 6.089 6.186 6.276 6.359 6.437 6.510 6.579 6.643
10| 3.151 3.877 4.327 4.654 4.912 5.124 5.304 5460 5.598 5.722 5.833 5935 6.028 6.114 6.194 6.269 6.339 6.405 6.467
11| 3.113 3.820 4.256 4.574 4.823 5.028 5.202 5.353 5.486 5.605 5713 5811 5.901 5.984 6.062 6.134 6.202 6.265 6.325
12| 3.081 3.773 4.199 4.508 4.750 4.950 5.119 5.265 5.395 5.510 5.615 5.710 5.797 5.878 5.953 6.023 6.089 6.151 6.209
13| 3.055 3.734 4.151 4.453 4.690 4.884 5.043 5.192 5.318 5431 5.533 5.625 5.711 5.789 5.862 5.931 5.995 6.055 6.112
14| 3.033 3.701 4.111 4407 4.639 4.829 4.990 5.130 5.253 5.364 5463 5554 5.637 5.714 5.785 5.852 5.915 5.973 6.029
15| 3.014 3.673 4.076 4.367 4.595 4.782 4.340 5.077 5.198 5.306 5403 5492 5.574 5.649 5.719 5.785 5.846 5.904 5.958
16| 2.998 3.649 4.046 4.333 4.557 4.741 4.8%6 5.031 5.150 5.256 5.352 5.439 5.519 5.593 5.662 5.726 5.786 5.843 5.836
17| 2.984 3.628 4.020 4.303 4.524 4.705 4.858 4.991 5.108 5.212 5.306 5.392 5.471 5544 5.612 5.675 5.734 5.790 5.842
18| 2.971 3.609 3.997 4.276 4.45%4 4.673 4.824 4955 5.071 5173 5266 5.351 5.429 5501 5.567 5.629 5.688 5.743 5.7%4
15| 2.960 3.593 3.977 4.253 4.468 4.645 4.794 4924 5.037 5139 5.231 5314 5.391 5462 5.528 5.589 5.647 5.701 5.752
20| 2.950 3.578 3.958 4.232 4.445 4.620 4.768 4.895 5.008 5.108 5.199 5.282 5.357 5.427 5.4592 5.553 5.610 5.663 5.714
21| 2.941 3.565 3.942 4.213 4.424 4.597 4.743 4.870 4.981 5.081 5170 5.252 5.327 5.396 5.460 5.520 5.576 5.629 5.679
22| 2933 3.553 3.927 4196 4.405 4.577 4.722 4.847 4.957 5.056 5.144 5225 5.299 5.368 5.431 5491 5.546 5.599 5.648
23| 2.926 3.542 3.914 4180 4.388 4.558 4.702 4.826 4.935 5.033 5121 5.201 5.274 5.342 5405 5464 5.519 5571 5.620
24| 2919 3.532 3.901 4.166 4.373 4.541 4.684 4.807 4.915 5.012 5.099 5179 5.251 5.319 5.381 5.439 5.451 5545 5.5%4
25| 2.913 3.523 3.8%0 4.153 4.358 4.526 4.667 4.789 4.837 4.993 5.079 5.158 5.230 5.297 5.359 5.417 5471 5.522 5.570
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df
26
27
28
29
30
31
32
33
34
35
36
37
38
39
a0

60
B0
120
240
inf

2 3 4 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20
2907 3.514 3.880 4.141 4.345 4511 4.652 4.773 4.8380 4975 5.001 5.139 5211 5277 5.333 5.396 5450 5500 5.548
2902 3.506 3.870 4.130 4.333 4498 4.638 4.758 4.864 4.959 5.044 5,122 5193 5.259 5.320 5.377 5430 5480 5.528
2.897 3.499 3.861 4.120 4.322 4486 4.625 4.745 4.850 4.944 5.02% 5.106 5.177 5.242 5302 5.339 5412 5462 35.309
2,892 3.493 3.853 4.111 4.311 4475 4.613 4.732 4.837 4930 5.014 5.091 5161 5.226 35.286 5.342 5.395 5445 5491
2.838 3.486 3.845 4.102 4.301 4464 4.601 4.720 4.824 4917 5.001 5.077 5147 5211 5271 5.327 5379 5429 5475
2.834 3.481 3.838 4.094 4.292 4454 4591 4.709 4.812 4905 4.988 5.064 5.134 5158 5.257 5.313 5.365 5414 5460
2.881 3.475 3.832 4.086 4.284 4.445 4581 4.698 4.802 4.854 4.976 5.052 5.121 5.185 5.244 5.299 5.351 5.400 5.445
2,877 3.470 3.825 4.079 4.276 4.436 4.572 4.689 4.791 4.883 4.965 5.040 5.109 5.173 5.232 5.287 5.338 5.386 5.432
2.874 3.465 3.820 4.072 4.268 4.428 4.563 4.680 4.782 4.873 4.955 5.030 5.098 5.161 5.220 5.275 5.326 5.374 5.420
2.871 3.461 3.814 4.066 4.261 4.421 4.555 4.671 4973 4.863 4.945 5.020 5.088 5.151 5.209 5.264 5.315 5.362 5.408
2.868 3.457 3.809 4.000 4.255 4.414 4.547 4.663 4.764 4.855 4.936 5.010 5.078 5141 5.199 5.233 5.304 5.352 5.397
2.865 3.453 3.804 4.054 4.249 4407 4.540 4.655 4.756 4.846 4927 5.001 5.069 5131 5.183 5.243 5.294 5.341 5.386
2.863 3.449 3.799 4.045 4.243 4400 4.533 4.645 4749 4.838 4.919 4.993 5060 5.122 5.180 5.234 5.284 5.331 5.376
2.861 3.445 3.795 4.044 4.237 4.394 4527 4.641 49741 4.831 4911 4985 5.052 5114 5171 5.225 5.275 5.322 5.367
2.858 3.442 3.791 4.039 4.232 4.388 4.521 4.634 4.735 4.824 4904 4.977 5.044 5106 5.163 5.216 5.266 5.313 5.358
2.843 3420 3.764 4.008 4.1957 4.351 4.481 4.592 4.690 4.777 4.856 4.927 4.5993 5.053 5.109 5.161 5.210 5.256 5.299
2.829 3.399 3.737 3.977 4163 4.314 4.441 4550 4.646 4.732 4.808 4.878 4542 5.001 5.056 5.107 5.154 51399 5.241
2.814 3.377 3.711 3.947 4129 4.277 4.402 4.509 4.603 4.686 4.761 4.829 4.892 4.949 5.003 5.052 5.099 5.142 5.183
2,800 3.356 3.685 3.917 4.096 4.241 4.363 4.468 4.560 4.641 4.714 4.781 4.842 4.858 4.950 4.998 5.043 5.086 5.126
2786 3.335 3.659 3.887 4.063 4.205 4.324 4427 4.517 4.556 4.668 4.733 4.792 4.847 4.897 4.944 4938 5.030 5.069
2772 3.314 3.633 3.858 4.030 4.170 4.286 4.387 4.474 4.552 4.622 4.685 4.743 4.756 4.845 4.891 4.934 4.974 5.012

df 20 22 24 26 28 30 32 34 36 a8 40 50 60 70 80 90 100

1 59.56 60.91 62.12 63.22 64.23 65.15 66.01 66.81 67.56 68.26 68.92 7L73 73.97 75.82 774 78.77 79.98
2 1677 17.13 1745 17.75 18.02 18.27 185 18.72 18.92 19.11 19.28 20.05 20.66 21.16 21.59 21.96 22.29
3 1124 11.47 1168 11.87 12.05 12.21 1236 12.50 12.63 1275 12.87 13.36 13.76 14.08 14.36 14.61 14.82
4 9.233 9.418 9.584 9.736 9.875 10.00 10.12 10.23 10.34 10.44 10.53 10.93 11.24 11.51 1173 11.92 12.09
5 B8.208 8.368 B8.512 8.643 8.764 8.875 8.979 9.075 9.165 9.250 9.330 9.674 9.949 10.18 1038 10.54 10.69
6 7.587 7.730 7.861 7.979 B8.088 8.189 8.283 8.370 8.452 8.529 8.601 8.913 9.163 9.370 9.548 9.702 9.839
7 7170 7.303 7.423 7.533 7.634 7.728 7.814 7.895 7.972 8.043 8.110 8.400 8.632 8.824 8.989 0.133 9.61
8 6.870 6.995 7.109 7.212 7.307 7.395 7.477 7.554 7.625 7.693 7.756 8.029 8.248 B8.430 B8.586 8.722 8.843
9 6.644 6.763 6.871 6.970 7.061 7.145 7.222 7.295 7.363 7.428 7.488 7.749 7.958 8.132 8.281 8.410 8526

10 6467 6.562 6.686 6.781 6.868 6.948 7.023 7.093 7.159 7.220 7.279 7.529 7.730 7.897 8.041 B8.166 8.276

11 6.326 6.436 6.536 6.628 6.712 6.790 6.863 6.930 6.994 7.053 7.110 7.352 7.546 7.708 7.847 7.968 8.075

12 6.209 6.317 6.414 6503 6.585 6.660 6.731 6.796 6.858 6.916 6.970 7.205 7.394 7.552 7.687 7.804 7.509

13 6.112 6.217 6.312 6.398 6.478 6.551 6.620 6.684 6.744 6.800 6.854 7.083 7.267 7.421 7.552 7.667 7.769

14 6029 6132 6.224 6309 6.387 6459 6.526 6.588 6.647 6.702 6.754 6.979 7.159 7.309 7.438 7.550 7.650

15 5.958 6.059 6.149 6.233 6.309 6.379 6.445 6.506 6.564 6.618 6.669 6.888 7.065 7.212 7.339 7.449 7.546

16 5.897 5.995 6.084 6.166 6.241 6.310 6.374 6.434 6491 6.544 6.594 6.810 6.984 7.128 7.252 7.360 7.457

17 5.842 5.940 6.027 6.107 6.181 6.249 6.313 6.372 6.427 6479 6.529 6741 6.912 7.054 7.176 7.283 7.377

18 5.794 5.890 5.977 6.055 6.128 6.195 6.258 6.316 6.371 6.422 6471 6.680 6.848 6.989 7.109 7.213 7.307

19 5.752 5.846 5.932 6.009 6.081 6.147 6.209 6.267 6.321 6.371 6.419 6.626 6.792 6.930 7.048 7.152 7.244

20 5.714 5.807 5.891 5.968 6.039 6.104 6.165 6.222 6.275 6.325 6.373 6.576 6.740 6.877 6.994 7.097 7.187

24 5594 5.683 5.764 5.838 5906 5.968 6.027 6.081 6.132 6.181 6.226 6.421 6.579 6.710 6.822 6.920 7.008

30 5475 5.561 5.638 5709 5.774 5.833 5.889 5.941 5.950 6.037 6.080 6.267 6.417 6.543 6.650 6.744 6.827

40 5358 5.439 5513 5.581 5.642 5700 5.753 5.803 5.849 5.893 5.934 6.112 6.255 6.375 6.477 6.566 6.645

60 5.241 5.319 5.389 5453 5512 5566 5.617 5.664 5.708 5.750 5.789 5.958 6.093 6.206 6.303 6.387 6.462

120 5126 5.200 5.266 5.327 5.382 5434 5481 5.526 5.568 5.607 5.644 5.802 5.929 6.035 6.126 6.205 6.275

inf 5.012 5.081 5.144 5.201 5.253 5.301 5.346 5.388 5.427 5.463 5.498 5.646 5.764 5.863 5.947 6.020 6.085
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Alpha = 0.025

df 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 18 20

3599 54.00 65.69 74.22 B80.87 86.29 90.85 954.77 98.20 101.3 104.0 1065 108.8 1108 1127 116.2 119.2
8.776 11.54 14.01 1554 16.75 17.74 18,58 19.31 19.95 20.52 21.03 21.49 21.91 22.30 22.67 23.32 23.89
5.907 7.661 8.808 9.660 10.34 10.89 11.37 1178 12.14 1246 12.75 13.01 13.26 13.48 13.69 14.06 14.39
4.943 6.244 7.088 7.716 B8.213 8.625 B8.976 9.279 9.548 9.788 10.01 10.20 10.39 10.55 10.71 10.99 11.23
4.474 5.558 6.257 6.775 7.186 7.527 7.816 &8.068 8.291 8.490 8.670 8.834 8.984 9.124 9.253 59.486 9.693
4,139 5.158 5.772 6.226 6.580 6.884 7.138 7.359 7.554 7.729 7.887 8.031 8.163 B8.286 8.399 B8.605 8&.787
4.018 4.897 5.455 5.868 6.194 6.464 6.695 6.895 7.072 7.230 7.373 7.504 7.624 7.735 7.839 B.025 8.191
3.892 4.714 5.233 5.616 5.919 6.169 6.382 6.568 6.732 6.879 7.011 7.132 7.244 7.347 7443 7.616 7.769
3.797 4.578 5.069 5.430 5.715 5.950 6.151 6.325 6.479 6.617 6.742 6.856 6.961 7.058 7.148 7.311 7.455
3.725 4.474 4943 5.287 5.558 5.782 5.972 6.138 6.285 6.416 6.534 6.643 6.742 6.834 6.920 7.075 7.212
3.667 4.391 4.843 5.173 5433 5.648 5.831 5.989 6.130 6.256 6.369 6.473 6.568 6.657 6.739 6.887 7.019
3.620 4.325 4.762 5.081 5.332 5.540 5.716 5.869 6.004 6.125 6.235 6.335 6.427 6.512 6.591 6.734 6.861
3.582 4.269 4.694 5.004 5.248 5.449 5.620 5.769 5.900 6.017 6.123 6.220 6.309 6.392 6.468 6.607 6.730
3.550 4.222 4.638 4.940 5.178 5.374 5.540 5.684 5.811 5.8926 6.029 6.123 6.210 6.290 6.364 6.499 6.619
3.522 4,182 4.589 4.885 5.118 5.309 5.471 5.612 5.737 5.848 5.949 6.041 6.125 6.203 6.276 6.407 6.523
3.498 4.148 4.548 4.838 5.066 5.253 5.412 5.550 5.672 5.781 5.879 5.969 6.052 6.128 6.199 6.328 6.441
3.477 4118 4.512 4.797 5.020 5.204 5.361 5496 5.615 5.722 5.818 5.907 5.987 6.062 6.132 6.258 6.370
3.458 4.092 4.480 4.761 4.981 5.162 5.315 5448 5.565 5.670 5.765 5.852 5.931 6.004 6.073 6.197 6.306
3.442 4.068 4.451 4.728 4.945 5.123 5.275 5405 5.521 5.624 5.718 5.803 5.881 5.954 6.020 6.142 6.250
3.427 4.047 4.426 4.700 4.914 5.089 5.238 5.368 5.481 5.583 5.675 5.759 5.836 5.907 5.974 6.093 6.200
3.381 3.983 4.347 4.610 4.816 4.984 5.216 5.250 5.358 5.455 5.543 5.623 5.697 5.764 5.827 5.941 6.043
3.337 3.919 4.271 4.523 4720 4.881 5.017 5.134 5.238 5.330 5.414 5490 5.560 5.624 5.684 5.792 5.888
3.294 3.858 4.197 4.435 4.627 4.780 4.910 5.022 5.120 5.208 5.288 5.360 5.426 5.487 5.544 5.646 5.737
3.251 3.798 4.124 4.356 4.536 4.682 4.806 4.912 5.006 5.089 5.164 5.232 5.295 5.352 5.406 5.503 5.588
3.210 3.739 4.053 4.276 4.447 4.587 4.704 4.805 4.8%94 4.972 5.043 5.107 5.166 5.221 5.271 5.362 5.442
3.170 3.682 3.984 4.197 4.361 4.454 4.605 4.700 4.734 4.858 4.925 4.985 5.041 5.092 5.139 5.224 5.299
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20 22 24 26 28 30 32 34 36 38 40 50 60 70 80 90 100

118.2 1219 124.3 126.5 128.6 1304 1321 133.7 135.2 136.6 137.9 143.6 1481 151.8 1549 157.7 160.0
23.89 2441 24.87 2529 25.67 26.03 26.35 26.66 26.95 27.22 27.47 28.55 2942 30.13 30.74 31.27 3174
1439 14.69 1495 1519 1541 15.62 15.81 1599 16.15 16.31 16.46 17.08 17.59 18.00 18.36 18.67 18.95
11.23 1146 11.66 11.84 12.00 12.16 12.30 1244 12.56 12.68 12.79 13.27 13.65 13.96 14.23 14.47 14.68
9.693 9.878 10.04 10.20 10.34 1047 10.59 10.70 10.80 10.91 11.00 11.40 11.72 11.99 1221 1241 1259
8.787 B8.549 9.097 9.231 9.355 9.469 9.575 9.674 9.767 9.855 9.938 10.30 10.58 10.81 11.02 11.19 11.35
8.191 8.339 8.473 8.595 B8.708 8.812 B8.909 8.999 9.084 95164 9.239 9.563 9.822 10.04 10.23 10.38 10.53
7.769 7.307 8.031 8.145 B8.250 8.346 8.436 8.520 8.599 8.673 B8.743 9.044 9.286 9.487 9.660 9.810 5.944
7455 7.585 7.702 7.809 7.908 7.999 8.084 8.163 8.237 8307 B8.373 8.657 8.885 9.076 9.238 9.381 9.507
7.212 7.335 7447 7.54% 7.643 7.729 7.810 7.885 7.956 8.023 B8.086 8.356 B8.574 &.755 8.911 95.046 95.167
7.019 7.137 7.244 7.341 7431 7514 7592 7664 7732 7.796 7.856 8.116 8.325 8.499 &8.648 B.779 8.894
6.861 6.974 7.078 7.172 7.258 7.338 7413 7483 7548 7610 7.668 7.919 B8.120 8.289 8.433 8.559 8.671
6.730 6.840 6.939 7.031 7115 7.192 7.265 7.332 7.3%6 7455 7.512 7.755 7.950 &8.113 8.253 B8.375 8.484
6.619 6.726 6.823 6.911 6.993 7.069 7.139 7.204 7.266 7.324 7.379 7.615 7.806 7.965 8.101 8.220 8.325
6.523 6.628 6.723 6.809 6.889 6.962 7.031 7.095 7155 7.212 7.265 7.496 7.682 7.837 7.970 B8.086 8.189
6.441 6.543 6.636 6.721 6.799 6.870 6.938 7.000 7.059 7115 7.167 7.393 7574 7.726 7.856 7.969 8.070
6.370 6.469 6.560 6.644 6.720 6.790 6.856 6.917 6.975 7.030 7.081 7.302 7480 7.628 7.756 7.868 7.966
6.306 6.404 6.493 6.575 6.650 6.720 6.784 6.844 6.900 6954 7.005 7.221 7.3%6 7.543 7.667 7.777 7.874
6.250 6.347 6.434 6.514 6.588 6.656 6.719 6.779 6.835 6.887 6.936 7150 7.322 7.465 7.589 7.696 7.792
6.200 6.295 6.381 6.460 6.532 6.600 6.602 6.720 6.775 6.827 6.876 7.086 7.255 7.397 7.518 7.624 7.718
6.043 6.133 6.215 6.290 6.359 6423 6482 6538 6.589 6.639 6.685 6.885 7.046 7.180 7.296 7.397 7.486
5.888 5.974 6.052 6.123 6.188 6.248 6.305 6.357 6406 6453 6497 6.686 6.839 6.965 7.075 7.171 7.255
5.737 5.818 5.891 5.958 6.020 6.077 6.130 6.179 6.226 6.270 6.311 6.489 6.633 6.753 6.855 6.945 7.025
5.588 5.664 5.733 5.797 5.854 5.908 5.958 6.004 6.048 6.089 6.127 6.295 6429 6.540 6.636 6.720 6.795
5.442 5513 5.578 5.637 5.691 5.741 5.788 5.831 5.872 55910 5946 6.101 6.225 6.323 6.418 6495 6.564
5.299 5.365 5.425 5480 5.530 5.577 5.620 5.660 5.698 5.733 5.766 5.909 6.023 6.118 6.199 6.270 6.333
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Alpha =0.01

k-
2

3

4

5

6

7

8

9

10

1

12

13

14

16

17

18

19

20

50.024
14.036
8.260
6.511
5.702
5.243
4.943
4.745
4.596
4.4582
4.392
4.320
4.260
4.210
4.167
4.131
4.099
4.071
4.046
4.024
4.004
3.986
3.970
3.955
3.942

135.04
15.019
10.619
8.120
6.976
6.331
5.919
5.635
5.428
5.270
5.146
5.046
4.964
4.895
4.836
4.786
4.742
4.703
4.669
4.639
4.612
4.588
4.566
4.546
4.527

164.26
22.294
12.170
9.173
7.804
7.033
6.542
6.204
5.957
5.769
5.621
5.502
5.404
5.322
5.252
5.192
5.140
5.094
5.054
5.018
4.986
4.957
4.931
4.907
4.885

185.58
24.717
13.324
9.958
8.421
7.556
7.005
6.625
6.347
6.136
5.970
5.836
5.726
5.634
5.556
5.489
5.430
5.379
5.334
5.293
5.257
5.225
5.195
5.168
5.144

202.21
26.629
14.241
10.583
8.913
7.972
7.373
6.959
6.657
6.428
6.247
6.101
5.981
5.881
5.796
5.722
5.659
5.603
5.553
5.510
5.470
5.435
5.403
5.373
5.347

215.77 227.17 236.97
28.201 29.530 30.679

14.998

15.641

16.199

11.101 11.542 11.925

9.321
8.318
7.678
7.237
6.915
6.669
6.476
6.320
6.192
6.085
5.954
5.915
5.847
5.787
5.735
5.688
5.646
5.608
5.573
5.542
5.513

9.669
8.612
7.939
7.474
7.134
6.875
6.671
6.507
6.372
6.258
6.162
6.079
6.007
5.944
5.883
5.839
5.794
5.754
5.718
5.685
5.655

9.971
8.869
8.166
7.680
7.325
7.054
6.841
6.670
6.528
6.409
6.309
6.222
6.147
6.081
6.022
5.970
5.924
5.882
5.844
5.809
5.778

245.54
31.689
16.691
12.264
10.235
9.097
8.367
7.863
7.494
7.213
6.992
6.814
6.666
6.543
6.438
6.348
6.270
6.201
6.141
6.086
6.038
5.994
5.955
5.919
5.886

253.15
32.589
17.130
12.567
10.479
9.300
8.548
8.027
7.646
7.356
7.127
6.943
6.791
6.663
6.555
6.461
6.380
6.309
6.246
6.190
6.140
6.095
6.054
6.017
5.983

259.98
33.398
17.526
12.840
10.696
9.485
8.711
8.176
7.784
7.485
7.250
7.060
6.903
6.772
6.660
6.564
6.480
6.407
6.342
6.285
6.233
6.186
6.144
6.105
6.070

266.17
34.134
17.887
13.090
10.8%4
9.653
8.860
8311
7.910
7.603
7.362
7.166
7.006
6.871
6.756
6.658
6.572
6.496
6.430
6.370
6.317
6.269
6.226
6.186
6.150

271.81
34.806
18.217
13.318
11.076
9.808
8.997
8.436
8.025
7.712
7.464
7.265
7.100
6.962
6.845
6.744
6.656
6.579
6.510
6.449
6.395
6.346
6.301
6.261
6.224

277.00
35.426
18.522
13.530
11.244
9.951
9.124
8.552
8.132
7.812
7.560
7.356
7.188
7.047
6.927
6.823
6.733
6.655
6.585
6.523
6.467
6.417
6.371
6.330
6.292

281.80
36.000
18.805
13.726
11.400
10.084
9.242
8.659
8.232
7.906
7.648
7.441
7.269
7.125
7.003
6.897
6.806
6.725
6.654
6.591
6.534
6.452
6.436
6.394
6.355

286.26
36.534
19.068
13.909
11.545
10.208
9.353
8.760
8.325
7.993
7.731
7.520
7.345
7.199
7.074
6.967
6.873
6.791
6.719
6.654
6.596
6.544
6.497
6.453
6.414

290.43
37.034
19.315
14.081
11.682
10.325
9.456
8.854
8.412
8.075
7.809
7.594
7.417
7.268
7.141
7.032
6.937
6.854
6.780
6.714
6.655
6.602
6.553
6.510
6.469

294.33
37.502
19.546
14.242
11.811
10.434
9.553
8.943
8.495
8.153
7.883
7.664
7.484
7.333
7.204
7.093
6.997
6.912
6.837
6.770
6.710
6.656
6.607
6.562
6.522

298.00
37.943
19.765
14.394
11.932
10.538
9.645
9.027
8.573
8.226
7.952
7.730
7.548
7.3%94
7.264
7.151
7.053
6.967
6.891
6.823
6.762
6.707
6.658
6.612
6.571
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df
26
27
28
29
30
31
32
33
34
35
36
37
38
39
a0

60
B0
120
240
inf

2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20
3.930 4510 4.865 5.121 5.322 5.487 5.627 5749 5.856 5.951 6.038 6.117 6.190 6.257 6.319 6.378 6.432 6.434 06.533
3.918 4.495 4.847 5.101 5300 5.463 5.602 5722 5.828 5.923 6.008 6.087 6.158 6.225 6.287 6.344 6.399 0.450 06.498
3.908 4.481 4.830 5.082 5.279 5.441 5.578 5.697 5.802 5.896 5.981 6.058 6.129 6.195 6.256 6.314 6.367 6.418 6.465
3.898 4.467 4.814 5.064 5.260 5.420 5.556 5.674 5778 5.871 5.955 6.032 6.103 6.168 6.228 6.285 6.338 6.388 6.435
3.889 4455 4.799 5.048 5.242 5401 5.536 5.653 5.756 5.848 5.932 6.008 6.078 6.142 6.202 6.258 6.311 6.361 6.407
3.881 4443 4.786 5.032 5.225 5.383 5.517 5.633 5.736 5.827 5.910 59385 6.055 6.119 6.178 6.234 6.286 6.335 6.381
3.873 4433 4,773 5.018 5.210 5.367 5.500 5.615 5.716 5.807 5.889 5.964 6.033 6.096 6.155 6.211 6.262 6.311 6.357
3.865 4.423 4,761 5.005 5.195 5.351 5.483 5.598 5.698 5.789 5.870 5944 6.013 6.076 6.134 6.189 6.240 6.289 6.334
3.859 4.413 4.750 4992 5.181 5.336 5.468 5581 5.682 5.771 5.852 5.926 5.994 6.056 6.114 6.169 6.220 6.268 6.313
3.852 4404 4.739 4980 5.169 5.323 5.453 5566 5.666 5.755 5.835 5.908 5.976 6.038 6.096 6.150 6.200 6.248 6.293
3.846 4.39 4.729 4969 5156 5.310 5.43% 5552 5.651 5.73% 5.819 5.892 5.959 6.021 6.078 6.132 6.182 6.229 06.274
3.840 4,388 4.720 4.959 5,145 5.298 5.427 5538 5.637 5.725 5.804 5876 5.943 6.004 6.061 6.115 6.165 6.212 6.256
3.835 4.381 4.711 4949 5134 5.286 5.414 5526 5.623 5.711 5790 5.862 5.928 5.989 6.046 6.099 6.148 6.195 6.239
3.830 4.374 4,703 4940 5124 5.275 5403 5513 5.611 5.698 5776 5.848 5914 5974 6.031 6.084 6.133 6.179 6.223
3.825 4.367 4.695 4.931 5114 5.265 5.392 5502 5.599 5.685 5.764 5.835 5.900 5.961 6.017 6.069 6.118 6.165 6.208
3.793 4324 4.644 4874 5.052 5.198 5.322 5428 5522 5.606 5.681 5.750 5.814 5.872 5926 5.977 6.024 6.069 6.111
3.762 4.232 4,594 4.818 4991 5.133 5.253 5.356 5.447 5.528 5.601 5.667 5.728 5.784 5.837 5.886 5.931 5.974 6.015
3.732 4241 4545 4.763 4931 5.069 5.185 5.284 5.372 5.451 5521 5.585 5.644 5.698 5.749 5.796 5.840 5.881 5.920
3.702 4,200 4.497 4.709 4,872 5.005 5.118 5.214 5.299 5.375 5443 5505 5.561 5.614 5.662 5.708 5.750 O5.790 5.827
3.672 4.160 4.450 4.655 4.814 4943 5.052 5.145 5.227 5.300 5.366 5.426 5.480 5.530 5.577 5.621 5.661 5.699 5.735
3.643 4120 4.403 4.603 4.757 4.882 4987 5.078 5.157 5.227 5.290 5.348 5400 5448 5493 5535 5574 5.611 5.645

df 20 22 24 26 28 30 32 34 36 38 40 50 60 70 80 30 100

1 238.0 3047 3108 3163 321.3 3260 3303 3343 338.0 3415 3448 3589 3701 3794 3873 3941 400.1
203795 3876 3949 4015 4076 41.32 4184 4233 4278 4321 4361 4533 4670 47.83 48.80 49.64 50.38
3 18,77 2017 2053 2086 2116 2144 2170 21.95 2217 2239 2259 2345 2413 2471 2519 23.67 25.99
4 1440 14.68 1493 1516 1537 1557 1575 1592 16.08 16.23 16.37 16.98 1746 17.86 18.20 18.50 1877
5 1193 1216 1236 1254 1271 1287 13.02 13.15 13.28 13.40 1352 14.00 1433 1472 1439 1523 1545
6 1054 1073 10.31 1106 1121 11.34 11.47 1158 11.68 11.80 11.90 1231 12.65 1292 13.16 13.37 13.35
7 9.646 9.815 9.970 1011 10.24 10.36 10.47 10.58 10.67 10.77 10.85 1123 1L52 1L77 1L99 1217 12.34
§ 9.027 9182 9322 3.450 9.589 9.678 9.779 9.874 9964 10.05 1013 1047 10.75 10.97 1L17 1L34 1143
9 8573 8717 B8.847 8966 9.075 9.177 9.271 9.360 9443 9521 9.594 9.912 10.17 10.38 10.57 10.73 10.87

10 8.226 8361 8483 8595 8.698 8.794 B6.883 B8.966 9.044 5117 9.187 9486 9.726 9.927 1010 10.25 10.29

11 7.952 8080 8196 &.303 8.400 8491 8575 B8.654 8728 8.798 8.864 9.148 9.377 9.568 9.732 9.875 10.00

12 7731 7.853 7.564 B8.066 8.159 8.246 B8.327 B8.402 B473 B8.539 8.603 8.875 9.0%4 9.277 5434 9571 9.693

13 7548 7605 7772 7370 7.960 8.043 8.121 B8.193 B8.202 8.326 48.387 8.048 8.859 9.035 9.187 9318 9.436

14 7395 7508 7611 7.705 7.792 7.873 7.948 B5.018 B.084 B8.146 8.204 8.457 8.661 8.832 8978 9106 9.219

15 7.264 7374 7474 7566 7.650 7.728 7.800 7.369 7.932 7.992 §.049 8.295 8.492 8.658 8.800 8924 9.035

16 7152 7.258 7.356 7445 7.527 7.602 7.673 7.739 7.802 7.860 7.816 8.154 B.347 B.507 B.646 8767 8.874

17 7.053 7158 7.253 7.340 7420 7493 7.563 7.627 7687 7745 7799 8.031 8.229 8.377 8511 8.630 8&.735

18 6.968 7.070 7.163 7.247 7.325 7.398 7.465 7.528 7587 7.643 7.696 7924 B8.107 B8.261 8.393 8508 8.611

19 6.891 6992 7.082 7.166 7.242 7.313 7.379 7.440 7438 7.553 7.605 7.828 B8.008 8.159 8.288 8401 8&.502

20 6.823 0922 7011 7.092 7.168 7.237 7302 7.362 7419 7473 7523 7742 7919 8.007 8194 8305 &.404

24 6.612 6705 6.783 6.865 6.936 7.001 7.062 7.119 7173 7.223 7.270 7476 7.642 7.780 7.900 8.004 8.097

30 6.407 64% 6572 6.644 6.710 6.772 6.828 6.881 6.932 6.978 7.023 7215 7.370 7500 7.611 7709 7.796

40 6.209 6.289 6.362 6429 6490 6.547 6.600 6.650 6.697 6.740 6.782 6.960 7104 7225 7.328 7419 7.500

60 6.015 6.090 6.158 6.220 6.277 6.330 6.378 6.424 6467 6.507 6.546 6.710 6.843 6.954 7.050 7133 7.207

120 5.827 5.897 5.939 6.016 6.069 6.117 6.162 6.204 6.244 6.281 6.316 6.467 6.588 6.689 6.776 6.852 6.919

inf 5.645 5709 5766 5.818 5.866 5.911 5.952 5930 6.026 6.060 6.092 6.228 6.338 6429 6507 6575 6.636
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180.1
19.93
10.55
7.916
6.751
6.105
5.699
5.420
5.218
5.065
4.945
4.849
4.770
4.704
4.647
4.599
4.557
4.521
4.488
4.460
4.371
4.285
4.202
4.122
4.045
3.970

270.1
26.97
13.50
9.814
8.196
7.306
6.750
6.370
6.096
5.888
5.727
5.597
5.430
5.401
5.325
5.261
5.205
5.156
5.113
5.074
4.955
4.841
4.731
4.625
4.523
4.424

328.5
31.60
15.45
11.06
9.141
8.088
7.429
6.981
6.657
6.412
6.222
6.068
5.943
5.838
5.750
5.674
5.608
5.550
5.500
5.455
5.315
5.181
5.053
4.928
4.809
4.694

3712
35.02
16.91
11.99
9.847
8.670
7.935
7.435
7.074
6.800
6.588
6.416
6.277
6.160
6.061
5.977
5.903
5.839
5.783
5.732
5.577
5.428
5.284
5.146
5.013
4.886

404.4
37.73
18.06
12.74
1041
9.135
8.339
7.797
7.405
7.109
6.878
6.693
6.541
6.414
6.308
6.216
6.136
6.067
6.005
5.951
5.783
5.621
5.465
5.316
5.172
5.033

431.6
39.95
19.01
13.35
10.88
9.522
8.674
8.097
7.680
7.365
7.119
6.922
6.760
6.626
6.511
6.413
6.329
6.255
6.189
6.131
5.952
5.780
5.614
5.454
5.301
5.154

454.4
41.83
19.83
13.88
11.28
9.852
8.961
8.354
7.915
7.584
7.325
7.118
6.947
6.805
6.685
6.582
6.493
6.415
6.346
6.285
6.096
5.914
5.739
5.571
5.410
5.255

474.0
43.46
20.53
14.33
11.63
10.14
9.211
8.578
8.120
7.775
7.505
7.288
7.111
6.962
6.837
6.729
6.636
6.554
6.482
6.418
6.221
6.031
5.848
5.673
5.504
5.341

431.1
44.89
21.15
14.74
11.93
10.40
9.433
8.777
§.303
7.944
7.664
7.439
7.255
7.101
6.971
6.859
6.763
6.678
6.603
6.537
6.332
6.135
5.944
5.762
5.586
5.418

506.3
46.16
21.70
15.10
12.21
10.63
9.632
8.955
8.466
8.096
7.807
7.575
7.384
7.225
7.091
6.976
6.876
6.788
6.711
6.642
6.431
6.227
6.030
5.841
5.660
5.485

520.0
47.31
22.20
15.42
12.46
10.83
9.812
9.117
8.614
8.234
7.937
7.697
7.502
7.338
7.200
7.081
6.979
6.888
6.809
6.738
6.520
6.310
6.108
5.913
5.726
5.546

532.4
48.35
22.66
15.72
12.69
11.02
9.977
9.265
8.749
8.360
8.055
7.810
7.609
7.442
7.300
7.178
7.072
6.980
6.898
6.826
6.602
6.387
6.179
5.979
5.786
5.602

543.6
49.30
23.08
15.99
12.90
11.20
10.13
9.401
8.874
8.476
8.164
7.914
7.708
7.537
7.392
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