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LOI MO PAU
(Xudt bén lan diu)

Trong qua trinh nghién ctu, lam viéc trong phong thi nghiém, trai thuc nghi¢m
hodc tai cac co s san xuét, cac ban hoc vién thuong gap phai hai vén dé 1on:

+ Tha nhét, khao sat, theo ddi cac hién tuong da lya chon trudce khi xay dung dé
tai nghién ctru hodc cac hién tugng méi xuat hién nhung c6 anh hudng 16n dén dé tai.
Khi khao sat phai ghi chép ty my, khoa hoc cac dit liéu thu dugc va bao quan can than
vi d6 1a cac s lidu gbe. Sau do, trir cac dit lidu c6 tinh chit mé ta phai phan chia céc dit
liéu con lai thanh hai loai bién, bién dinh tinh va bién dinh lugng. Tiép theo 1a khao sat
céc bién va néu can thi tién hanh céac bién déi thich hop, sau do can ctr vao muc tiéu dat
ra dé xur 1y s6 lidu theo cac cong thirc da trinh bay trong 1y thuyét xac suat thong ké.
Dua vao két qua xur 1y dé dua ra cac két luan, thuong goi 1a cac két luan théng ké. Phan
tiép theo ciing 1a phan quan trong nhat 1a cin ctr vao két luan théng ké dé dua ra cac
danh gia, cac Iy giai vé mat chuyén mén va dua ra cac dé xuét, cac kién nghi cy thé.

+ Tht hai, d6 1a viéc thuc hién mot thi nghiém dé giai quyét mot muc tiéu cu thé.
Cong viéc nay bao g@)m nhiéu bude nhu chon van d&, chon muc tiéu, chon cac bién can
theo ddi, chon céac bién can diéu khién, cic bién can khong ché. Tiép theo 1a chon céc
murc cu thé d6i voi cac bién can diéu khién. Trén co so vat chat hién co nhu chudng trai,
vat tu, thoi gian, cic vat nudi dung dé thi nghiém... chon mot thi nghiém cu thé. Thi
nghiém nay duoc thuc hi¢n theo mot so dd phu hop vé1 muyc tiéu va véi co s¢ vat chat
hién c6. Viéc thi nghiém theo so do da chon duoc goi 14 bd tri thi nghiém hay thiét ké
thi nghiém (Experimental design). Sau khi thi nghiém, cac dit liéu dugc xtr ly theo quy
trinh pht hop véi kiéu bd tri thi nghiém da chon, tuyét d6i khong duge xir 1y theo quy
trinh ctia kiéu bé tri thi nghiém khac.

Nhu vay du khdo sét, theo doi, hay b tri thi nghiém ludn ludén co sy dong gop cua
ba nganh hoc: K¥ thuat nong nghiép, toan hoc va cong nghé thong tin. C6 thé coi k¥
thuat nong nghiép nhu don vi chu quan, don vi dé xuét van dé can khao sat, can nghién
ctru sau d6 phdi hop vé6i toan hoc ma chi yéu 1a théng ké dé dé ra muc tiéu cu thé, lya
chon céc bién theo ddi, chon cac md hinh xir 1y, giai thich cac két qua va dé& xuat cac
van d& méi. Khi xtr 1y va trinh bay két qua thi khong thé thiéu may tinh va cac g dung
khac ctia cong nghé théng tin. Nhu vay mén thiét ké thi nghiém 13 mon hoc ra doi trén
co s& ba nganh noi trén

Cudn gido trinh Thiét ké thi nghiém nay di siu vao cac khia canh chuyén mén
ctia cac nganh hoc dé trinh bay cach chon van dé nghién ctru, cic diém can cha ¥ khi bd
tri thi nghiém nhu kich thudc, hudng cua chuéng trai, cach chon céc vat thi nghiém,
cach tién hanh thi nghiém, cac hoa chét, cac loai thudc, thoi gian cach ly, céc chi tiéu
can do, cac dung cu va céach do... Nhung do c6 rat nhidu moén hoc, nén kho co thé dé
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cap dﬁy du tt ca cac khia canh, do d6 nén dé cac mon hoc tu trinh bay. Gido trinh nay
chi tap trung vao viéc xir 1y dir liéu va cac kiéu bd tri thi nghiém thuong dung.

Gi4o trinh dugc viét theo d& cwong mon hoc Thiét ké thi nghiém cia Khoa Chin
nuoi tuong ung vdi 3 don vi hoc trinh (45 tiét). Boi voi nhiing 16p cd thoi luwong day 30
tiét c6 thé chi hoc mot sd phén.

Cac chuong 1, 2, 6, 7 chi trinh bay cach dat van dé, cac cong thuc, céac két luan
théng ké, con viée tinh toan cu thé duoc thuc hién khi thuc hanh & phong may tinh.
Trudc mat c6 thé chua day hét chuong 4 va chuong 5, cic phan dé lai chic chin s&
dugc day trong vai nam téi.

Déi tuong str dung gido trinh nay 14 sinh vién hé chinh quy, hé vira hoc vira lam
cac nganh Chan nuéi, Chan nuéi tha y, Thii y va Nudi trong thuy san; dong thoi 1a tai
lidu tham khao cho cac ddi tuong 13 can bd nghién ciru trong nganh chan nuéi, tha y.

Dbé c6 thém kién thic bd trg cho mon hoc nay, ban doc cé thé tham khao thém
mot sd tai liéu vé toan xac suit théng ké, vé tin hoc va cac sach chuyén nganh cua chan
nuoi thu y.

Dé hoan thanh gio trinh ndy, nhém tac gia xin chan thanh cam on Ban giam ddc
Hoc vién Nong nghiép Viét Nam di giup d& va tao diéu kién thudn loi dé tai ban cudn
gido trinh nay.

Nhom tac gia cling xin cdm on GS.TS. Pang Vi Binh, PGS.TS. Pinh Van Chinh,
PGS.TS. Nguyén Hai Quéan, PGS.TS. Nguyén Xuan Trach, GS.TS. Pascal Leroy,
PGS.TS. Fédéric Farnir, PGS.TS. Peter Thomson, GS.TS. Mick O'Neill d4 cung cp cac
tu lidu va c6 nhiéu ¥ kién dong gop trong qua trinh xay dung ndi dung mén hoc va viét
gido trinh.

Ha Noi, thang 02, nam 2007
T/M. BAN BIEN SOAN

NGUYEN DINH HIEN



LOI TUA
(Cho lan tdi ban thir nhat)

Gi4o trinh Thiét ké thi nghiém dwoc xuit ban 1an dau tién vao nim 2007 nhim
trang bi cho sinh vién cac nganh Chin nuéi, Thu y va Nudi trdong thuy san nhirng kién
thirc co ban vé thiét ké thi nghiém, xtr 1y dit liéu tir cac mé hinh thi nghiém va rat ra két
ludn tir két qua xtr 1y dit liéu. Trong sudt 10 nim qua, nhom bién soan gi4o trinh tc gia
Nguyén Dinh Hién (Chi bién) va DS Pirc Luc (tham gia bién soan) dd nhan dugc nhiéu
phan hdi tich cuc tir sinh vién, hoc vién cao hoc, nghién ctru sinh cling nhu ban doc.
Bén canh d6, cong nghé thong tin ngay cang duoc ap dung rong rii trong thiét ké thi
nghiém doi hoi phai bd sung ndi dung va k¥ thuat xu 1y.

Trong lan tai ban nay, gido trinh tiép tuc duoc bién soan boi nhom tic gia:
Nguyén Dinh Hién, Pd Pirc Lyc va Ha Xuén Bo. Ciu trac gido trinh dugc chia thanh 2
phan - Phan A: Ly thuyét va Phan B: Thuc hanh. Tat ca cac chuwong cua lan xuét ban
dau tién (tir Chuong 1 dén 7) dugc dwa vao Phan A - Ly thuyét. Noi dung cac chuong
trong phan A déu duoc bo sung va cap nhat thém thong tin. Phan B - Thuc hanh 14 phan
dugc bién soan mai bao gdm 6 bai tap thuc hanh. Cac bai thuc hanh déu c6 phan gisi
thiéu cac budc tinh, cach thuc hién trong phén mém Minitab 16, két qua tom tat va cac
két luan.

Gi4o trinh Thiét ké thi nghiém (tai ban lan thir nhat) duoc viét theo dé cwong mén
Thiét ké thi nghiém cta Khoa Chin nudi twong ung véi 2 tin chi (30 tiét). Ddi tuong su
dung gido trinh 1a sinh vién cac nganh Chan nuoi, Chan nuéi thi y, Thii y va Nudi trong
thuy san; dong thoi 14 tai liéu tham khao cho cac ddi tuong 1 can bd nghién ciru trong
linh vuc sinh hoc.

Nhom tac gia xin chan thanh cam on Ban giam d6c Hoc vién Nong nghiép Viét
Nam da giap do va tao diéu kién thuan loi dé tai ban cudn gido trinh; GS.TS. Pang Vi
Binh, GS.TS. Pham Tién Diing, PGS.TS. Vii Binh Tén, PGS.TS. Nguyén Vin Puc di
c¢6 nhiéu ¥ kién dong gop cho ndi dung ciia 1an tai ban nay.

Mic du c6 rat nhiéu cd gang trong qua trinh bién soan, xong khong thé tranh duoc
nhimng thiéu sot, nhom tac gia rit mong sy gép ¥ cua ban doc dé 1an tai ban sau duoc
hoan thién hon.

Ha Noi, thang 02, nam 2017
T/M. BAN BIEN SOAN

PO PUC LUC



PHAN A - LY THUYET

' Chuong 1 ' '
MOT SO KHAI NIEM TRONG XAC SUAT THONG Kk MO TA

Muc dich cua chwong nay la hé thong lai mot so khai niém vé xac suat, cac phan
phoi thuong dwoc swr dung trong sinh hoc noi chung va trong chan nuoi, thu y noi riéng;
phan loai cac bién sinh hoc va dong thoi khai quat hoa va néu y nghia cua mot so tham

$6 thong ké mé ta co ban.
1.1. TOM TAT VE XAC SUAT VA BIEN NGAU NHIEN

1.1.1. X4c suit co ban

§ !
SO chinh hgp chép k trong n vat: A =n(n-1)(n-2)(n—k+1)= ( n.k)'
n—k)

I Ak '
Sotohop chagpk cianvat:  Cl="2= n
k! kKl(n—-k)!

SO0 hoan vi cua k vat: A,’; =k!

S6 chinh hop lip chap k cta n vat: Z,f =n*
Nhi thtre Niu-ton: (a+b)" =) Cra""b*

k=0
Quy tic cong tong quat:p(A U B) =p(A) + p(B) - p(ANB).
Quy tic cong don gian: p(A U B) =p(A) + p(B) néu ANB=@.
Quy tic nhén tong quat: p(An B) = p(A). p(B/A)= p(B).p(A/B).
Quy tic nhan don gian: p(An B) = p(A). p(B) néu A, B doc lap.

1.1.2. H¢ sy kién day du
Hé sy kién day du hay hé su kién toan phan néu:
Ua=0 va 404, =0véi i#j
i=1

Cong thuc xé4c suét toan phan: p(B) = Z p(4,).p(B/ 4,)

k=1



(4 By = DA PBIA)

Cong thuc Bayes:
p(B)
1.1.3. Bién ngiu nhién, bang phan phoi, ham phan phéi

Ky vong toan hoc: MX = ZXipl.
1

Phuong sai: DX = Zn:(xl. ~MX)’ p, hay: DX = inzpi —(MX)?
1

i=1

Bang phan phdi cta bién ngau nhién roi rac:

X X1 X2 Xn Téng
pi p1 p2 Pn 1
Ham phan phdi
( 0 x < Xg
p1 X1 £X<X2
Fx)=p(X<x)= < pl +p2 X2 <X <X3
pl +p2+p3 X3 <X <X4
\ 1 Xn <X

1.1.4. Mt s6 phan phdi thwong gip

Phdn phéi Bécnuli
X | 0 1
Ky vong MX=p=p Phwong sai DX = pq
pi ‘ p q
Phdn phéi nhj thirc B (n, p)
X 0 1 K n MX =np DX=npq
ModX la s nguyén
. n 1 n-1 Ck Kk n-k . n
P q Cloba T "Pq P np-q < ModX <np+p

Phdn phoi siéu bi
Néu trong N bi ¢6 M bi trang, rat n bi, X 1 s bi tring

Ck Cn—k
X =0,nvéi pr=pX=k) L1

MX="  DX=p——
N



Phdn phéi hinh hoc
X =1, o véi px=p(X =k) =pq*"' (p la x4c suat thanh cong, q = 1- p).

MX = — DX =",

Phdn phéi Podtxéng (Poisson)

— A
X = 0, o0 véi xic suit px = p(X =k) = < P ak
MX=DX=A
Phdn phéi chuan N (1, &°)
1 =)’

202

Ham mat do xac suat: f(x) =

e
\N2mo

pla<X.b) = ) o H)

Véi ®(z)1a ham phan phdi cta bién chuan tac.

Phdn phéi chuan tic N (0, 1)

1 —

e
27w

z
2

Mat d6 xac suat: @(z) =

, 1
Ham phan phéi: ®(z) = —=— [e ?dx
N2 S,

Tinh gan ding phan phéi nhi thirc bang phan phdi chuan khi n 16n:

pk<X <D~ o =2y - pkP)
npq Jnpq
1 k—np

pX=k))~ ( )
Jnpq | npa

Dung lugng mau can thiét dé trung binh cong khac p khong qua & (d6 chinh xéc)
khi c¢6 phan phdi chuan N(p,67) va mirc tin cdy P=1 - ..

z2c?

n= z 1a gia tri sao cho ®(z) = 1-o/2.

82
Dung lugng mau can thiét dé tan suat khac xac suat khong qué & trong phan phdi
nhi thtc vamac tincdy P=1 - a.
2

n> 42—2 7 14 gié tri sao cho ®(z) = 1-a/2.
&€



1.2. BIEN SINH HQC

Trong qua trinh thyc hién thi nghiém, chiing ta tién hanh thu thap dir liéu dé sau
do6 xir 1y va dua ra cac két luan. Cac dir liéu c6 thé 1a cc gia tri bang sd hodc bang chir
dic trung cho mot ca thé hodc mot nhom va thay dbi tir ca thé ndy qua cé thé khac. Cac
dir liéu nhu vay duoc goi la cac bién, hay con duogc goi 1a céac bién ngau nhién vi cac dit
liéu thu duoc 1a két qua cua viéc chon mot cach ngau nhién ca thé hay nhom ca thé
trong tong thé (trong truong hop véi thi nghiém thuc nghiém) hodc két qua quan sat cac
dic trung cua cac ca thé (trong trudng hop voi thi nghiém quan sat).

1.2.1. Khai niém veé bién sinh hoc

Déi tugng nghién ciru trong chin nudi 1a cac vat séng, vi vy cac bién nhu di néu
trén goi chung la cac bién sinh hoc. Co thé phan loai cac bién sinh hoc nhu sau:

Bién dinh tinh (qualitative)

Bién dinh danh (nominal).
Bién thir hang (ranked).
Bién dinh lwong (quantitative)
Bién lién tuc (continuous).
Bién r0i rac (discontinuous).

Bién dinh tinh bao gom cic bién c6 hai trang thai (binary): Thi du nhu gidi
tinh (cai hay duc), vat nuoi sau khi dugc diéu tri (song hay chét, khoi bénh hay khong
khoi bénh), tinh trang nhiém bénh (c6, khong), mang thai (co, khong)... Tong quat hon
c6 cac bién cé nhiéu trang thai, tor do chia ra cac 16p (loai) thi du mau long cta céac
giong lon (trang, den, loang, hung,...) cac kiéu gen (dong hop tur trdi, di hop tir, dong
hop tur lan...); gidng bo (bo Vang, Jersey, Holstein...). Cac bién nhu thé dugc goi la
bién dinh danh (nominal) hay bién c6 thang do dinh danh, cling con goi 1a bién thudc
tinh. Trong céc bién c6 nhi€u trang thai, c6 mot so bién c6 thé sap thur tu theo mot cach
nao do, vi du mirc d6 mac bénh cta vat nudi. Thuong dung so thir ty dé xép hang cac
bién nay, thi du xép dong vat theo mirc d¢ mac bénh (--, -, -+, +, ++), thé trang cta vat
nuoi (doi voi bo tur 1-5, 1-rat gay,..., 5-rat béo). Cac bién nay goi la bién thir hang
(ranked) hay bién c6 thang do thir bac.

Bién dinh lwong 1 bién phai dung mét gbc do, mot don vi do dé xac dinh gid tr
(s0 do) cua bién. Bién dinh lugng bao gom: bieén roi rac, thi du so trimg né khi ap 12
qua (X =0, 1,..., 12), s0 lon con sinh ra trong mot Itra dé, so t€ bao hong cau dém trén
dia cta kinh hién vi va bién lién tuc, thi du khoi luong ga 45 ngay tudi, san lugng stra
bo trong mot chu ky, tang khoi lugng trén ngay ctia dong vat, nong do canxi trong mau.
Sau khi chon don vi do thi gia tri cu thé cua X 1a mot s6 nam trong mdt khoang [a, b]
nao do.

Dbi v6i cac bién dinh lwong co thé phan biét: 1) bién khoéng (interval) hay bién
c6 thang do khoang, bién nay chi cht y dén muc chénh léch giira hai gi tri (gia tri 0



mang tinh quy udc, ty s6 hai gia tri khong co ¥ nghia). Thi du d6i v6i nhiét do chi néi
nhiét d6 ting thém hay giam di may °C ( thi du co thé dang tir 36,5°C tang 1én 38°C 1a
biéu hién bit dau sbt cao) chir khong néi vét thé ¢ nhiét d6 60°C nong gip doi vat thé
¢6 nhiét d6 30°C. Hudng gié c6 quy udc 0° 1a hudng Béc, 45° 1a huéng Dong Bic, 90°
1a huéng Dong, 180° 1a hudng Nam..., khong thé néi hudng gié Pong gap d6i hudng
gi6 Dong Bic; 2) bién ty sb (ratio) hay bién co thang do ty 1&, dbi vi bién nay gia tri 0,
mirc chénh 1éch giita hai gia tri va ty s6 hai gia tri déu co y nghia. Thi du khdi luong bét
dau thi nghiém cua lon 1a 25 kg, khéi lugng két thuc 1a 90 kg, vay khdi lugng két thic
thi nghiém ning gip 3,6 lan.

1.2.2. Tong thé va miu

Mot dam dong gom rat nhiéu ca thé chung nhau ngudn gbc, hoic chung nhau noi
sinh séng, hodc chung nhau ngudn lgi... duoc goi 1a mot tong thé. Liy timg ca thé ra do
mot bién sinh hoc X, duoc mot bién ngiu nhién, c6 thé dinh tinh hodc dinh lugng.

Mudn hiéu biét day dii vé bién X phai khao st toan bo tong thé, nhung vi nhiéu ly
do khong thé 1am duge. Co thé do khong du tién tai, vat luc, thoi gian..., nén khong thé
khao sat toan b, ciing c6 thé do phai huy hoai ca thé khi khao sat nén khong thé khao
st toan b, cling c6 khi can nhic gitra murc chinh x4c thu duoc va chi phi khao sat thiy
khong can thiét phai khao sat hét.

Nhu vay 14 ¢6 nhiéu 1y do khién ngudi ta chi khao sat mot bd phan goi 1a miu
(sample) sau d6 xir 1y cac dir liéu (sd lidu) rdi dua ra cac két luan chung cho tong thé.
Céac két luan nay dugc goi la “két luan théng ké”.

Dé cac két luan dua ra ding cho téng thé thi mau phai “phan anh” dugc tong thé
(con no6i 12 mau phai “dai dién”, phai “dién hinh” cho tong thé...), khong dugc thién vé
phia “t5t” hay thién vé phia “xau”.

1.2.3. So lwge vé cach chon miu

Tuy theo dic thu ciia nganh nghé nguoi ta dua ra rat nhiéu cach chon mau khac
nhau, thi du chon rugng dé git nham dénh gia nang suat, chon cdc san pham cua mot
may dé danh gia chat lugng, chon cac hd dé diu tra dan s6 hodc di€u tra xa hdi hoc,
chon mdt s6 san pham ra ki€ém tra trudc khi xuat khau mot 16 hang... Cach chon mau
phéi hop ly vé mat chuyén mon, phai dé cho nguoi thuc hién va phai dam bao yéu cau
chung vé mat xac suat thong ké 1a “ngau nhién” khong thién 1éch.

Thuan tuy vé thong ké cling c6 nhiéu cach chon mau:

Chon mau hoan toan ngiu nhién (rat tham, dung bang s6 ngiu nhién dé lya chon...).

Chia tong thé thanh cac 16p dong déu hon theo mot tiéu chuan nao d6 thi du chia
toan quoc thanh cac vung (vung cao, trung du, dong bang), chia theo tang 16p xa hoi,
chia theo thu nhép, theo nganh nghé, chia san pham thanh cac 16 hang theo nguon vat
li¢u, theo ngay san xuat... Sau khi c6 cac 16p thi can cir vao mirc dong déu trong ting
16p ma chon s6 lugng cé thé (dung lugong mau) dai dién cho 16p.



C6 thé chia téng thé thanh cac 16p, sau d6 chon mot s 16p goi 1a miu cip mot.
MB&i 16p trong mau cAp mot lai duoc chia thanh nhiéu 16p nhé hon, déu hon. Chon mét
s6 trong d6 goi 1a mau cap hai. C6 thé khao sat hét cac ca thé trong miu cap hai hoic
chi khdo sat mdt bd phan.

Khong di sdu vao viéc chon miu chung ta chi nhan manh mau phai ngiu nhién,
phai chon mau mot cach khach quan khong dugce chon mau theo cht quan ngudi chon.

1.2.4. Cac tham sb thong ké ciia miu

Goi s0 ca thé dugc chon vao mau la kich thude (cd, dung luong) mau n. Goi céc
s0 liéu do duoc trén cac ca thé cuamau la x,, x,,..., x,, néu c6 nhi€u so liéu bang nhau

thi c6 thé ghi lai dudi dang c6 tan s (s6 lan gap).

Gia tri X, X, X, . X,

k
2 m=n
i=1

tan sé mi m, m, . m,

Céc tham s6 (sd dic trung) ctia mau, hay con goi 1a cac théng ké, dugc chia thanh
hai nhom: 1) cac tham sd vé vi tri va 2) cic tham sé vé d6 phan tan caa sb lidu.

Céac tham s6 vé vi tri thuong gom: a) trung binh, b) trung vi, ¢) mode. Cac tham
s6 vé d phan tan gdm: a) phuong sai, b) do 1éch chuin, c) sai sé chuan, d) khoang
bién dong va e) hé sb bién dong.

TRUNG BINH
Trung binh cong ky hi¢u la x
n k
le- Z'ximi
x== hay x =+ khi c6 tan sb hodc tan suét (m;).

" 2m,

i=1
Vi du 1.1: Khéi luong (g) cia 16 chudt cai tai thoi diém cai sita nhu sau:
54,1 49,8 24,0 46,0 44,1 340 52,6 544

56,1 52,0 51,9 54,0 58,0 39,0 32,7 585

2% 5414498+..+585 7612
n 16

X= =4758¢g

Vi du 1.2: Pé tinh khéi lugng trung binh cta 4547 lgn Piétrain x (Yorkshire x
Landrace) nudi v béo dén 210 ngay tudi (kg), cin ctr theo khdi lwong cua lon dé chia
thanh cac nhom tir thap dén cao, xac dinh khdi lugng trung binh ciia ting nhdém va tan
s6 xuét hién ctia mdi nhom.



Tan suat

Nhom khoi Khoi lwong Tin sé Tin suit
lwong (kg) trung binh nhém (kg) tich luy
60,73 - 66,99 63,86 11 0,24 0,24
67,00 - 74,99 71,00 31 0,68 0,92
75,00 - 82,99 79,00 80 1,76 2,68
83,00 - 90,99 87,00 218 4,79 7,48
91,00 - 98,99 95,00 484 10,64 18,12
99,00 - 106,99 103,00 951 20,91 39,04
107,00 - 114,99 111,00 1083 23,82 62,85
115,00 - 122,99 119,00 907 19,95 82,8
123,00 - 130,99 127,00 512 11,26 94,06
131,00 - 138,99 135,00 203 4,46 98,53
139,00 - 146,99 143,00 55 1,21 99,74
147,00 - 156,10 151,55 12 0,26 100,00

k
25 638611+ 71,00x3 1+ .. +15155x12

= =110,48kg
11+31+....+12

X =
m;
i1

Gia tri trung binh cong co6 bat 1gi 1a bi cac gia tri ngoai lai 1am anh huéng. Gia tri
ngoai lai 1a gia tri c6 xu hudng khong thich hgp véi toan bo s6 liéu thu thap duoc,
thudng 14 cac gia tri qua 1on hodc qua bé so vai binh thuong. Néu gia tri ngoai lai qua
16m s€ 1am cho gié tri trung binh c¢6 xu hudng tang qua mirc hoac ngugc lai.

Trung binh nhan ky hiéu la G

G = 4/xx,..x, G =14/x"x,"..x"

Vi du 1.3: Bénh dai da ting 10% trong nam thir nhat, 11% trong nam thir 2 va
15% trong ndm thr 3. Mtc ting trudng trung binh ctia bénh 14 bao nhiéu phan tram?

Khong thé tinh tang truéng trung binh nhu sau (10 + 11 + 15)/3 = 12 ma phai tinh
muc tdng trudng trung binh la G = Vxlxz...xn =3/L1x111x1,15=1,11979. Nghia 1a
muc tang trudng trung binh 1a 0,11979 hay twong duong muc 11,979 %.

Vi du 1.4: Mot loai mo bao sinh truéng sau 3 thang s& tang gip doi khdi lugng.
Murc ting trudng trung binh mdi thang 1a bao nhiéu?

Mirc tajmg truong trung binh mdi thang 1a: G = V2= 1,26; nghia 1a 26% mdi
thang. C6 thé minh hoa sy tang trudng qua 3 thang nhu sau:

1x1,26 = 1,26.

1,26x1,26 = 1,5876.

1,5876x1,26 =2,00037.

Trung binh diéu hoa ky hiéu 1a H.

hoic H=




Vidu 1.5: Ba lo md mdi 16 md 1000 con; 10 mo thir nhat ¢6 ning suat giét md 10
con/gid, 10 mo thwr hai 15 con/gio va 10 mo thtr ba 30 con/gio. Trung binh mot gid giét
md duogc bao nhiéu con?

Trung binh sé khong phai la (10 + 15 + 30)/3 = 55/3. Pay la trung binh cdng,
chinh béng trung binh mdi gio néu ca 3 10 mo song song song voi nhau.

Gié tri trung binh phai la H = ”1 = f =15 con/gior

Y
~x. 10 15 30

1

Diéu nay c6 thé minh hoa nhu sau: Dé giét md duoc 90 con 10 thir nhit phai thue
hién trong 9 gid, 16 thtr hai trong 6 gio va 16 tht 3 trong 3 gid; nghia 1a 270 con lgn
dugc giét mo trong 18 gid; tire 1a trung binh 15 con/gio. Chi y rang s6 lon giét md dugc
¢ dinh khi bat dau.

TRUNG VI ky hi¢u Med

Néu sép Xép cac gia tri tor nhd Qén 16n thi gid tri & vi tri chiqh gitta duogc goi la
trung Vl (Med). Noi mot 7céch 1y thuyét thi Med la gia tri cq SQ% sO gid tr1 nho hon va
50% s0 gié tri 16n hon. DBé tinh nhanh gia tri trung vi ta c6 thé tién hanh cac budce sau:

1. Sap xép cac gia tri theo trinh ty ting dan.
2. Danh sd thir tu cho cac dix lidu.
3. Tim trung vi & vi tri c6 s6 thur ty (n+1)/2.

Néu n 1a s 1é va céac gia tri déu khac nhau thi c6 mot gia tri chinh ¢ gita.

Vi dy 1.6: Nong d6 vitamin E (umol/l) ctia 11 bé cai c6 dau hiéu 1am sang cia
phat trién co khong binh thuong dugc trinh bay nhu sau:

4,2 3,3 70 6,9 5,1 34 25 86 35 29 49

Sau khi sap xép theo thi ty ting dan s& co:

2,5 29 33 34 35 42 49 5.1 69 70 8,6

1 2 3 4 5 6 7 8 9 10 11

Nhu vay vi tri trung vi s€ 1a (n + 1)/2 = (11 + 1)/2 = 6, do 6 1a vi tri cua trung vi
nén gia tri cua trung vi s€ 1a 4,2.

Néu n 1a s6 chin va cac gid tri déu khac nhau thi c6 2 sé dung giira, ca hai déu
dugc goi 1a trung vi. Khoang gitra 2 s6 ding gilra dugc goi 1a khoang trung vi. Néu
dugc phép dung so thap phan thi lay diém gitra cia khoang lam trung vi Med.

Xét vi du 1.1: Khéi luong (g) ctia 16 chudt céi tai thoi diém cai sita nhu sau:
54,1 49,8 24,0 46,0 44,1 34,0 52,6 544
56,1 52,0 51,9 54,0 58,0 39,0 32,7 585

Vi tri ctia trung vi s& 1a (16 + 1)/2 = 8,5; khoang trung vi s& ndm & vi tri s6 8 va sd
9, tirc 1a tr 49,8 — 51,9. Nhu vay gia tri cua trung vi Med = (49,8 + 51,9)/2 = 50,9.



. Néu céc sb liéu chia thanh 16p c6 tan sd thi phai chon 16p trung vi sau d6 ndi suy
de tinh gan dang trung vi.

Ngoai trung vi con c6 cic phén vi, trong d6 hay ding nhat 13 t phan vi dudi Qi
ma chung ta c6 thé dinh nghia mdt cach ly thuyét 1a gia tri c6 25% so gié tri nhd hon, ti
phan vi trén Q2 1a gié tri c6 25% so gia tri 1on hon.

MODE ky hi¢u Mod

Mode 14 gia tri c6 tan suat cao nhit. Thong thu:orng Mode co6 gia tr1 khac voi gia tri
trung binh cong va trung vi. Ba gia tri ndy nay sé bang nhau khi s6 liéu co phan b
chuan. Nhém Mode hay 16p Mode 14 nhém hodc 16p ma mét sé 16n cac quan sat roi vao
d6. Thong qua td chirc d6 ta c6 thé xac dinh duoc gia tri caa 16p nay.

Xét truong hop vi du 2, nhom Mod dugce dai dién bé“mg cac gia tri tir 107 dén 115
kg. Tir 4547 lon quan sat c6 1083 con nam trong khoang tir 107 dén 115 kg; day la tan
sut cao nhat. Ciing theo vi du 1 ta thdy Mod c6 gi4 tri khoang 111 kg.

P 60,7 670 750 830 910 990 107,0 1150 123,0 131,0 139,0 147,
(kg) 66,9 749 829 909 989 1069 1149 1229 130,9 138,9 146,99 156,1

n 11 31 80 218 484 951 1.083 907 512 203 55 12

Trudng hop c6 nhiéu gié tri co tan s 16n bang nhau va 16n hon céc tan sb khac thi
khong xac dinh dugc Mod.

Trudng hop s liéu chia 16p thi tim 16p co tan sé 16n nhét sau d6 dung cach nodi
suy dé tinh gan dung Mod.

PHUONG SAI MAU ky hiéu s

Phuong sai mau chua hiéu chinh s%, tinh theo cong thirc:

n

k
Z(xi _)_5)2 Z(xi _)_C)zmi
s) = hay s, =""———— Khicé tan suat (m;).

n n
Phuong sai mau dugc ding trong tai liéu nay 1a phwong sai da hi¢u chinh, goi tat
1a phuong sai mau s2:

n

> (x, - ) > (x, ) m,

2 _ =l 2 _ =l
s, ==———— hay s, =

) khi ¢6 tan suat (m;).
n—1 n—1

Déi v6i may tinh bo thi, co thé tinh phuong sai theo cong thirc sau:

Q)
O

(n—l)

Khi c6 phuong sai mau chua hiéu chinh s, c6 thé tinh s theo cong thc:

S =

2 h 2

= s
(n=1 "




Xét vi du 1.1, khéi luong cua 16 chudt cai tai thoi diém cai sira; gia tri trung binh
da tinh 12 47,58 g. Nhu vay phuong sai mau hiéu chinh sé& 1a:

n

N2
X, —X

o Z( 1 j _ (54,1—47,58)2+(49,8—1467,5f)2+....+(58,5—47,58)2 10327 &2
o —

PO LECH CHUAN ky hiéu 1a SD

Cin béc hai cua s? goi 1 do 1éch chuan: SD = Js?

Xét vi du 1, khéi lugng cua 16 chudt cai tai thoi diém cai sita. Cac s6 liéu nay da
duoc str dung dé tinh gia tri trung binh (47,58 g) va phwong sai (103,27 g?) nhu d3 néu
trén. Nhu vay do léch chudn s& la: SD = /s* = 103,27 =10,16 ¢.

HE SO BIEN PONG ky hiéu 1a CV (%)

Hé sb bién dong duogc tinh theo cong thure:

CV = g x100
X

Xét vi du 1.1, khdi luong ctia 16 chudt céi tai thoi diém cai sira. Vi gia tri trung
binh (47,58 g) va d6 1éch chudn (10,16 g) nén phuong sai mau hiéu chinh s& 1a:

_SD 100 1016

X 47,
KHOANG BIEN THIEN (pham vi chira s6 liéu Range)

Goi Xumax 12 gid tri 16n nhat, Goi Xmin 12 gia tri nho nhét, ta c6 khoang bién thién:

cv x100=21,36%

R = Xmax - Xmin

Véividu 1.1, khéi lugng cta 16 chudt tai thoi diém cai sira.
CO R = Xmax - Xmin = 58,5-24,0=34,5 g.
SAI SO CHUAN (sai s ciia trung binh cong) ky hiéu 1a SE
_SD
I

~ Xeét vi dy 1.1, khoi luong cta 16 chugt céi tai thoi diém cai sita. Vi da co do léch
chuan (10,16 g) nén sai so chuan s la:
_SD 10,16

i V16

Ngoai cac tham s6 trén, trong théng ké con dung dd léch (do bat dbi xung), do
nhon. Hai tham s6 nay duoc dung khi xem xét ¢ nén chuyén doi sd liéu khong phan
phdi chudn thanh s6 liéu phan phdi chuan hay khong.

SE

SE =2,54¢g
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1.2.5. Biéu dién s6 li¢u bang dd thi

D) thi 1a tom tit sb liéu ¢ cac dang hinh anh khac nhau va cho phép d& dang phat
hién nhitng diém dic biét hon so voi tom tit bang s6. Db thi dic biét hiéu qua khi ta
mudn biét dugc cac thong tin vé sb liéu mot cach nhanh chong.

C6 nhiéu cach biéu dién s liéu bang dd thi: DO thi tan sb, d6 thi hinh thanh, db
thi da giac, chir nhat (t6 chirc dd).

Déi vé6i bién dinh tinh hodc bién roi rac c6 thé biéu dién s liéu bang d6 thi thanh
hodc db thi banh hinh tron.

. . Sbcondéra  Tansust ansuat
350 Lira (con) (%) tich luy
(o]
300 (%)
1 337 30,12 30,12
7 %0 2 275 24,58 54,69
5 3 213 19,03 73,73
%lw 4 137 12,24 85,97
8 5 86 7,69 93,66
@ g0 6 49 4,38 98,03
ol 7 22 1,97 100,00
o= : ] ] : : y Biéu d6 thanh biéu dién s lon so
La sinh qua 7 lira (n = 1.119)
o Kiéu gen Sbé con déra(con) Tan suét (%)
NN S
668; 24.2% %ﬁ%ﬁ% 704 26.2%
R
S
G nn 724 2620
BRI
s
BRI
R
B s
RS
S Nn 1.368 49,60
SRR
NN 668 24,20
7 Biéu d6 banh biéu hién tin s6 kiéu gen
1368: 49 6";2 Halothane ciia lgn so sinh Pietrain (n = 2.760)

Dbi v6i bién dinh luong ¢ thé st dung dd thi da gic, d6 thi hop hay to chuc do
dé thé hién.

Vi du: San lugng sita (kg) cia 108 dé Bach Thao trong mot chu ky tiét sita ghi lai

nhu sau:
147,9 125,4 104,1  164,4 193,8 188,4 222,4 287,3 158,1
132,0 224,0 163,8 153,3 100,6 219,5 130,4 114,0 182,1
156,9 66,3 140,6 128,3 193,2 127,1 125,0 129,9 89,7
254,4  240,3  148,2 1%90,0 176,7 73,8 147,9 222,7 191,6
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174, 3 211,0 214,5 169,5 115,0 193, 6 168,0 196, 9 87,3

144,14 138,14 171,6 100,0 125,6 283,9 116,5 71,0 220,1
139,7 140,7 270,5 176,8 155,0 163,5 161,6 152,0 141,0
180,0 202,6 112,8 153,5 77,9 140,7 136,4 272,3 90,0
197,5 96,8 96,8 137,8 150, 4 101,5 132,0 146, 3 242,3

311,0 118,7 146, 6 184,2 243,8 260,7 279,2 135,9 109,5
96,8 119,0 109, 3 143, 8 102,9 229,3 244,2 137,1 143, 6

130,06 72,0 105,1 135,0 320,14 182,2 217,8 172,5 136,4

25
20

T 15

S

=

g

i 104
5_
0 T T T T T

100 150 200 250 300

San lu'gng siia
T6 chirc d6: Phan bo tin suit san lwong sita dé Bach Thao trong chu ky tiét sira

3504

* ok

3004

2501

2004

San lugng sira

1504

1004

Do thi hop: Phan bd tin suit sian lwong sira dé Bach Thao trong chu ky tiét sira
Tém tit va biéu dién dit liéu cta cac tinh trang sb lugng (dit ligu 2 chiéu).

Do thi phan tan dugc st dung mdt cach rat hitu hiéu khi ta quan tam dén méi lién
hé gitra 2 bién lién tuc. P thi dugc xay dung khi ta v& n cac diém trén hé toa do, cac
diém nay co6 toa do 1a x;yi. Van dé€ nay s€ duoc dé cap cu thé trong chuong 6.
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Ngay cai sifa

Do thi phan tan thé hién mdi quan h¢ giira thoi gian cai sira (ngay)
va khoi lwgng so sinh sinh/con (kg) ciia lgn Landrace n =321

Ky hiéu céc tham so thong ké cia mau va quan thé

Tén tham sb Tiéng Anh Quéan thé Mau
Gia tri trung binh Mean 7] X , Mean
Phwong sai Variance c? S?
Do léch chuan Standard Deviation c SD
Sai s6 chuén Standard Error - SE, SEM
Trung vi Median - Med
Mode Mode - Mod
Hé s6 bién dong Coefficient of Variation - cv
Ty 18, xac suét Proportion, Probability n, P p
1.3. BAI TAP
1.3.1

Xéc suat mac mot bénh 1a P = 0,35 (0,35 13 xé4c suat nhidém bénh duoc tinh toan
dwa trén mot quan sat véi dung lwong mau 16n). Hay tinh x4c suat mic bénh ciia 2 trong
s0 10 dong vat.

1.3.2

Xac suat miac mot bénh 1a 0,25. Hay tinh x4c suit khong phat hién dugc ca nhiém
bénh trong s6 30 dong vat kiém tra.

1.3.3

Bénh dai xuit hién véi tin suit 0,005. Can tién hanh kiém tra bao nhiéu cho trong
vung dé phat hién bénh dai véi do chinh xéc 95%.
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1.34

Khdi lugng (kg) & 210 ngay tudi ctia lon Pietrain ¢ cac kiéu gen Halothane khac

nhau dugc trinh bay & bang so6 liéu dudi day. V€ do thi va tinh cac tham so6 thong ké mo
ta cua bd so li€u vira néu.

NN

Nn

Nn

118,54
123,66
97,10

96,30

112,20
124,40
109,51
110,98
128,80
119,51
120,24
114,10
100,20
114,00
104,15
101,71
86,27

106,34
110,49
128,54
112,68
107,47
103,90
101,50
114,88

133,90
127,07
136,34
120,10
107,60
102,68
89,50

119,02
125,61
94,70

91,33

114,60
144,88
102,89
116,80
117,56
112,44
116,34
117,11
136,10
111,57
120,00
110,98
113,20
83,90

105,85
100,49
108,54
80,00

106,27
121,95
111,50
130,00
112,20
110,49
101,20
137,56
122,68
102,00
116,34
116,63
111,22
111,50
112,00
121,71
103,66
131,95
104,15
121,50
153,70

102,00
109,76
110,73
123,90
110,70
117,60
135,37
78,29
95,00
102,17
103,61
92,44
116,30
113,66
67,07
119,28
102,41
126,59
108,78
131,71
96,34
88,29
74,15
121,50
120,50

112,77
82,20
108,78
105,78
117,07
105,78
101,46
98,50
107,95
118,00
96,39
121,95
114,22
111,81
105,78
111,33
113,73
97,56
100,00
125,61
121,93
101,46
108,92
91,00
103,00

115,42
109,76
102,00
101,69
115,12
109,00
100,98
111,71
107,80
118,78
91,22

92,00

97,59

99,76

118,05
95,66

101,70
108,67
105,61
74,88

118,00
107,95
112,53
138,07
108,54

109,76
93,73

129,27
81,20

100,96
109,02
113,25
102,93
112,29
121,69
126,83
104,34
107,00
124,39
120,96
95,85

96,10

110,36
131,95
108,00
126,99
84,10

105,61
92,68

76,39

115,66
98,07

100,00
120,98
118,05
111,00
125,06
145,37
125,54
120,24
116,63
89,76

111,57
105,12
121,95
99,27

109,27
103,13
122,65
96,87

93,66

85,37

111,08
94,15

106,75

107,23
109,16
102,89
99,02

114,94
101,93
110,84
88,43

97,32

113,98
117,83
120,24
107,56
129,76
119,76
110,49
110,36
110,73
81,93

101,93
105,54
93,90

95,18

105,78
93,01

109,76
91,81

115,90
107,23
86,02
93,01

95,85
104,58
130,60
113,17
104,34
90,36
88,67
108,43
113,90
105,54
133,01
111,95
65,85
118,78
97,11

123,37
111,33
122,20
96,63

101,20
104,58
111,81
107,71
104,34
86,51

94,70

114,70
108,19
99,27

131,08
102,65
106,34
95,85

115,37
104,10
118,54
97,56

111,33
120,96
94,94

81,22

111,33
109,40
110,60

96,39
112,29
106,27
134,63
108,92
130,98
114,94

98,05

90,36
123,13
111,57

91,71
105,78
104,82
114,39
110,36
109,40
104,10
102,17
120,98
126,10
108,43

96,59
116,63
109,88
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Chuwong 2 '
UOC LUQNG VA KIEM PINH GIA THIET

Muc dich ciia chiwong ndy nham cung cdp cho ban doc cdc buéce dé kiém wéc
luwong va kiém dinh gia thiét; phan biét duwoc su khac biét giita kiém dinh mot phia va
hai phia ciing nhi cach hea chon kiém dinh phit hop; viéc dp dung cdc kién thirc ndy
trong gidi quyét cac bai todn cu thé trong chdan nudi, thit y va thity san.

2.1. GIA THIET VA DOI THIET

Khi khao sat mot tong thé (hodc nhiéu tong thé) va xem xét mot (hodc nhiéu) bién
ngau nhién c6 thé dwa ra mot gia thiét nao d6 lién quan dén phan phdi cia bién ngiu
nhién hogc néu biét phan phdi roi thi dua ra gia thiét vé tham sb ciia tong thé. Dé co thé
dua ra mot két luan théng ké nao d6 ddi vai gia thiét thi phai chon mau ngéu nhién, tinh
tham s6 mau, chon mirc v nghia o sau d6 dua ra két luan.

Bai toan kiém dinh tham s6 © ctia phan phdi c6 dang Ho: ® = @, véi O, 13 mot s6
d3 cho nao d6. Két luan thong ké co dang: “chap nhan Ho” hay “bac bo Ho”. Nhung
néu dit van dé nhu vay thi cach giai quyét hét sitc kho, vi néu khong chap nhan Ho: © =
O, thi diéu d6 c6 nghia 14 ¢ thé chdp nhan mot trong vo s6 @ khac ©,, do d6 thuong
dua ra bai toan dudi dang cu thé hon nita: cho gia thiét Ho va d6i thiét Hi, khi két luan
thi hodc chap nhan Ho hodc bac bo Ho, va trong truong hop nay, tuy khong hoan toan
tuong duong, nhung coi nhur chap nhan dbi thiét H,.

Néu chap nhan Hy trong luc gia thiét ding 1a H; thi mac sai 1am loai II va xac
suat mic sai 1am nay duoc goi 1a rui ro loai hai B. Nguoc lai néu bac bé H trong liic gia
thiét ding chinh 1a Ho thi méc sai IAm loai I va xac suat mac sai 1am d6 goi 14 rui ro loai

mét a.
Quyét dinh
Gia thiét Bac bd Ho Chép nhan Ho
Ho dung Sai lIam loai | (a) Quyét dinh dang
Ho sai Quyét dinh dang Sai 1am loai Il (B)

Nhu vy trong bai toan kiém dinh gia thiét luén luén c6 hai loai rui ro, loai I va
loai II, tuy van d& ma nhan manh loai rii ro nao. Thong thuong ngudi ta hay tap trung
chd ¥ vao sai 1dm loai I va khi kiém dinh phai khong ché sao cho riii ro loai I khong
vugt qua mot muac o goi la mire y nghia.

Trudc hét xem xét cu thé bai toan kiém dinh gia thiét Ho: © = @, ddi thiét Hi: ©
= @) voi O 1a mot gia tri khac ©,. Pay 1a bai toan kiém dinh gia thiét don. Quy tic
kiém dinh cin ct vao hai gia tri cu thé @ va @,, vao mirc y nghia a va con can cur vao
ca sai 1am loai hai. Viéc nay vé 1y thuyét thong ké khong gap kho khan gi.

15



Sau d6 mé rong quy tic sang cho bai toan kiém dinh gia thiét kép. Hi: @=0,; © >
0, hoidc O < @, viéc md rong nay cd khé khin nhung cic nha nghién ctru Iy thuyét xac
sudt théng ké da giai quyét duoc, do d6 vé sau khi kiém dinh gia thiét Ho: © = @, 6 thé
chon mot trong 3 dbi thiét H; sau:

Hi: © # O, goi la ddi thiét hai phia.

Hi: ® > @, goi la ddi thiét phai.

Hi: ® < 0, goi 1a d6i thiét trai.

Hai d6i thiét sau goi 1a ddi thiét mot phia. Viéc chon dbi thiét nao tuy thudc van
dé khao sat cu thé. Néu chi thu thap dir li€éu hodc thi nghiém dé so sanh 2 giong, 2
phuong phép, khong c6 uu tién giong hay phuong phap nao thi chon Ho: w1 = p2 doi
thiét Hy: i # po.

Néu so sanh gidéng moi (phuong phap méi: p2) voi myc dich xem giéng méi
(phuong phap maoi) c6 hon giong cii (phuong phap cti: pu1) dang dung hay khong thi
chon dbi thiét Hi:pr <o (Khong quan tam den trudng hop p2 < pi vi dang tim g1ong
(phuong phap) tét hon gidng cii). Nguoc lai néu quan tam dén gia thanh khi san xuét
gidng hay khi st dung phuong phép thi lai dung dbi thiét Hy: i > 2 (vi chi chon gia
ré hon).

Trong y hoc néu ngudi bénh c¢6 huyét ap cao thi myc dich dung thudc 13 dé giam.
Gia str huyét ap nguoi bénh dang giao dong quanh mirc Ho: p = 150 dung thudc phai dat
muc dich giam do d6 Hi: p < 150. Nguoc lai néu nguoi bénh huyét ap thap Ho: p = 90
thi dung thudc dé tang do d6 Hi: p > 90.

Tom lai kiém dinh gia thiét 13 bai toan do chii quan ngudi ding dit ra trude khi
thu thap mau va xt 1y dir liéu. Binh thuong chon d6i thiét hai phia (chd ¥ trong thuc té
phai hiéu gia thiét Ho: p1 = po c6 nghia 1a hai trung binh khong khac nhau ro rét, con H
wi# u2 co nghia 2 trung binh khac nhau r6 rét. Trong pham vi gido trinh nay dé cap chu
yéu dén dbi thiét hai phia hay con goi 1a hai dudi.

2.2. UOC LUQNG GIA TRI TRUNG BINH p CUA BIEN PHAN PHOI
CHUAN N(u, 6?)
2.2.1. Uéc lwgng p Khi biét phwong sai o2

Dua vao 1y thuyét x4c suat co thé dua ra uwéc luong gia trj trung binh quan thé (p)
theo cac budc sau day:
+ Chon mau dung luong n, tinh trung binh congx .

+ O mirc tin cay P da cho lay o = 1- P, sau d6 tim gié tri t6i han z@sp) trong Phu
luc 3 (ham ®(z) tim z sao cho ®(z) =1 - a/2)

+ Khoang tin ciy dbi ximg ¢ muc tin cay P:

T-z2(a/2) L < u<it+z(al2)L

Jn Vn
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Vi du 2.1: Khéi luong bao thirc dn gia stc phin phdi chuan N (w,6%) véi o =
1,5kg. Cén thir 25 bao duogc khéi lugng trung binh ¥ = 49kg. Hiy udc lugng ky vong pt
v6i muc tin cdy P =0,95; z (0,025) = 1,96.

L5 15
49 -1,96—2 < 41 <49 +1,96—2
V25 V25

49-0,588< p < 49 +0,588
4841kg < p <49,5%g

2.2.2. Uéc lwong p khi khong biét phwong sai o2
Dua vao phan phdi Student c6 thé dua ra wéc lugng p theo cac budc sau day:
+ Chon mau dung lugng n, tinh trung binh cong x va do léch chuén s.
+ O mic tin cay P ldy o = 1- P, tim gia tri t&i han t(o/2, n-1) trong bang 2, cot
o/2, dong n-1.

+ Khoang tin cay ddi ximg & mtc tin cay P:

s s
x—ta/2,n-1)—=<ux+t(a/2,n-1)—
Jn Jn
Vi du 2.2: Tir mot quan thé dong nhét, chon va cén ngau nhién 30 con ga dugc
khéi luong trung binh X = 3,03 kg; s = 0,0279 kg. Hiy udc luong p v6i mic tin ciy P
=0,98; a=1-P=0,02; a/2=0,01 t(0,01;29)=2,756.

3,03-2,756 0,027 <u<3,03+2,756 0,027
V30
3,03- 0,014 < < 3,03+0,014

1)
3,0l6kg < p < 3,04dkg

2.3. KIEM PINH GIA TRI TRUNG BINH p CUA BIEN PHAN PHOI
CHUAN N(u, 6?)
2.3.1. Kiém dinh gia thiét Ho: p = po khi biét o2

Tién hanh kiém dinh theo cac cac budc sau:

+ Chon mau dung luong n, tinh trung binh cong X .

+ Chon murc y nghia a.

+ Tim gia tri toi han z (0/2) néu kiém dinh 2 phia hoic z(ct) néu kiém dinh mét phia.

+ Tinh gia tri thuc nghiém: Z1n = (¥ _G'UO) _& _'u(’)\/;
o o
Jn
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So sanh Zn va z t6i han dé rat ra két luan theo nguyén tic sau:

Két luan:

Véi Hi: p# o (Kiém dinh hai phia). Néu| Zrn | (gié tri tuyét déi ciia Zrn) nhé
hon hay bang z(o/2) thi chip nhan Ho néu nguoc lai thi bac bo Ho, tirc 1a chap nhan Hj.

Vé6i Hi: p> po (Kiém dinh mot phia). Néu Ztn nho hon hay bang gia tri toi han
z(ov) thi chip nhan Ho, nguoc lai thi chip nhan Hj.

Vé6i Hi: p < po (Kiém dinh mot phia). Néu Ztn 16n hon hay bang gia tri t6i han -
z(o) thi chdp nhan Ho, nguoc lai thi chp nhan Hj.

Vi du 2.3: Nudi 100 con ctru theo mot ché @6 riéng. Muc dich cua thi nghiém la
xem ché d6 nay c6 lam ting khéi luong cta ctru mot ndm tudi hay khong. Biét rang 100
ctru nay duoc 1ay méiu tir mot quan thé c6 khéi lugng trung binh mot nam tudi 1a 30 kg
va phuong sai 1a 25 kg2 Gia thiét ting khbi lugng phan phéi chuan N (u, 25), hiy kiém
dinh gia thiét Ho: pu = 30 ddi thiét Hi: u > 30 & mirc o = 0,05. Biét rang khéi lugng
trung binh ctia 100 ctru thi nghiém 1a 32 kg.

_ (32-30)v100 _
5

Z1N 4; z(0,05=1,064

Két luan: Vi Zrn > Zit nén gia thiét Ho bi bac bo, nhu vay tang khdi luong trung
binh khong phai 1a 30 kg. Ché d6 nudi méi da 1am tang khéi lugng clru mot nam tudi.

Vi du 2.4: M6t mau cho trude gdm 100 bo sita co san luong sita mot chu ky tiét
sita trung binh 1a 3850 kg. SO bo ndy c6 xuét phat tir quan thé co gia tri trung binh 1a
4000 kg va do 1éch chuan 1a 1000 hay khong? Gia sir san lugng sita ciia quan thé tuan
theo phan phdi chuan N (u,1000%). Hay kiém dinh gia thiét Ho: pu = 4000 d6i thiét Hy: p
#4000 & muc o = 0,05.
~ (3850—-4000)~/100

1000

Két luan: Chép nhén Ho, sd bo sita néu trén xut phat tir mdt quﬁn thé ban dau co
san lugng stra chu ky 1a 4000 kg.

7N =—15 > |z = 1,5 2(0,025)=1,96

2.3.2. Kiém dinh gia thiét Ho: p = po khi khong biét o2

Day 1a truong hop phd bién khi kiém dinh gia tri trung binh ctia phan phdi chuan.
Tién hanh cac budc sau:

+ Liy mau dung luong n, tinh ¥ va s

+ Tinh gia tri T thyc nghiém T~ = m
s
+ Tim gid trf t61 han t (02, n-1) v6i kiém dinh 2 phia hogc tim t (0, n-1) néu kiém

dinh 1 phia trong bang 2.
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Két luin:

Véi Hi:p# po (Kiém dinh hai phia). Néu | Trn | (gid tri tuyét ddi ctia Ti) nhéd
hon hay bang t (o/2, n-1) thi chdp nhan Ho néu nguoc lai thi bac bé Ho, tic 1a chap
nhan H;.

Vé6i Hi: p > po (Kiém dinh mot phia) Néu Trn <t (o, n-1) thi chap nhan Ho,
nguoc lai thi chép nhan H;

Véi Hi: p < po (Kiém dinh mot phia) Néu Tty > - t (a, n-1) thi chdp nhan Ho,
nguoc lai thi chap nhan H;.

Vi du 2.5: Thoi gian mang thai ctia bo phan phdi chuan N (285, 6?). Theo ddi thoi
gian mang thai (ngay) ctia 6 bo dugc cac s6 liéu.

307 293 293 283 294 297

Kiém dinh gia thiét Ho: p =285 ngay ddi thiét Hy: p = 285 ngay
~ (307+293+293+283+294+297) 1767

6

Tinh x =2945

2
3072 +293" + ..+ 294 + 2977y - /%7

st = ; 6 _599: ¢=1/59.9 =7,7395~ 7,74

29452
T = H52289) 62 95 _3007: 1(0,025:5) =2.571
7,74 3,16

Két luan: Vi | Trn| = 3,007 > 1(0,025:5) nén bac bé Ho nhu vay thoi gian mang
thai khong phai 285 ngay.

Vi du 2.6: Trong diéu kién chin nudi binh thuong, lugng sita trung binh ctia mot
con bo 1a 19 kg /ngay. Trong mot dot han, nguoi ta theo doi 25 con bo va dugce lugng
sita trung binh 17,5 kg/ngdy, d6 léch chuan s = 2,5 kg. Gia thiét luong sita phan phdi
chuén, hiy kiém dinh gia thiét Ho: p = 19 v6i ddi thiét p < 19 & mirc o = 0,05.

(17,5-19)25 _
2,5

Tmn = -3;  t(0,05;24)=1,711
Két luan: Tt~ < 1,711 nén gia thiét Ho bi bac bo, nhu vay san luong sita trung
binh khong con 1a 19 kg/ngay nita ma thap hon.

2.4. KIEM DPINH HAI GIA TRI TRUNG BiNH CUA HAI BIEN
PHAN PHOI CHUAN

Gia sir ¢6 hai tong thé va theo ddi mot bién dinh lwong X nao d6, vi du khdi luong
sau 6 thang nudi cta hai dan ga, ning suit cia hai gidng lta, ning sut cua mot gidng
ngd khi bon theo hai cong thirc phan boén khac nhau, san lugng mot loai qua khi trong
theo hai khoang cach hang . . .

19



Goi bién X trén tong thé thir nhat 1a X, (phan phdi chuan N (i, 012)) va bién X
trén tong thé thtr hai 1a X, (phan phdi chuin N (u2, 62%)). Dé so sanh pi va e chung ta
phai chon mau. C6 hai cach chon mau: Chon mau theo cip va chon miu doc lap.

2.4.1. Chon miu theo cip

Tu téng thé tht nhét ta chon mot mau n ca thé duoc cac gia tri X1, X2, . . . ,Xn , tU
tong thé thir hai chon mot miu ciing gdm n c4 thé duoc yi, ya, . . ., ya.

Giira hai mau nay c6 mdi quan hé cip, tirc 1a c6 n cip (xi, yi) (i = 1, n). Cac cip
nay hinh thanh do khi chon mau ta da dung nhitng quan hé cip nhu quan hé gia dinh (vo
ché)ng, anh em, thi du chon n td chim sau dé bt chim duc vao mau dai dién cho téng
thé chim duc, bét chim cai vao mau dai dién cho téng thé chim cai), quan h¢ trudc sau
(thi du ca thé duoc do mét chi sb trude khi dung thude va s lidu nay dai dién cho téng
thé trude khi dung thude, mot thoi gian sau khi dung thube lai do lai chi sé va sb liéu
nay dai dién cho tong thé sau khi dung thudc), ciing c6 khi cac cip nay la cac cip sb liéu
do chung ta b tri thi nghiém theo cip: chon 2 6 ruéng, mot 6 rudng(hay mot chudng)
bb tri gidng thir nghiém, mot 6 rudng (mot chudng) bb tri gidng d6i chimg.

Viét lai sb liéu dudi dang hai cdt hay hai hang roi tinh hiéu s6 d; = Vi - Xj

X1 X1 X2 . Xn
X2 Y1 y2 ce Yn
d di d2 ca dn

Tiép theo tinh gid tri trung binh d va d6 1éch chuén sq

Gia thiét Ho: o = pu ddi thiét Hi: o # w1 dugce chuyén thanh Ho: pg =0 dbi thiét
Hi: pa# O (twong ty Hi: g > i chuyén thanh Hi: pa > 0 va Hyi: w2 < py chuyén
thanh Hy: pg < 0).

O mirc ¥ nghia o viéc kiém dinh gom céc budc sau:

R ) dn
+ Tinh gi4 tri thyc nghiém Ttn= —
5

+ Tim gia tri ti han t (o/2, n-1) néu kiém dinh 2 phia hodc t(a, n-1) néu kiém
dinh mot phia bang 2.

Két luan:

+ Kiém dinh hai phia Hi: p2 # pi. Néu | T | <t (a/2, n-1) thi chip nhan Ho,
nguoc lai thi chép nhan H;.

+ Kiém dinh mot phia Hi: p2 > . NéuTrn < t (o, n-1) thi chép nhéan Ho, ngugc
lai thi chdp nhan Hj.

+ Kiém dinh mot phia Hi: p2 < . Néu Trnv >- t (o, n-1) thi chép nhan Ho,
nguoc lai thi chip nhan H;.
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Vi du 2.7: Tang khéi luong (kg) cta 10 cip bé sinh doi gibng hét nhau dudi hai
ché d6 chim séc khac nhau (A va B). Bé trong ting cip dugc bat tham ngiu nhién vé
mot trong hai cach chim séc. Gia thiét ting khdi luong c6 phan phdi chuan. Hay kiém
dinh gia thiét Ho: Tang khéi lugng trung binh & hai cach chim séc nhu nhau, d6i thiét
H;: Tang khdi luong trung binh khac nhau ¢ hai cach chim séc véi mirc y nghia a =
0,05. S6 liéu thu dugc nhu sau:

Cap sinh doéi 1 2 3 4 5 6 7 8 9 10
Tang khéi lwong & cach A 19,50 17,69 17,69 19,05 20,87 19,50 17,24 19,96 23,13 19,50
Tang khéi lwong & cach B 16,78 15,88 1542 18,60 17,69 16,78 1588 18,14 21,77 16,32

Chénh léch (d) 2,72 1,81 227 045 318 2,72 136 182 136 3,18

2,09410

n=10; d =2,09;s4=0,89; Trn= 0.85 =7,43;t(0,025; 9) = 2,262

Két luan: Bac bo gia thiét Ho, chdp nhan Hi: “Tang khdi luong trung binh & hai
cach cham soc 1a khac nhau”.

Vi du 2.8: C6 15 trai phéi hop tham gia thir nghiém khau phan an binh thuong
(A) va khau phan in c¢6 bo sung dong (B). Mdi trai 1y 2 khu nudi lon twong tu vé moi
mat sau do chi dinh ng'fiu nhién mot khu an khéau phén A, mdt khu an khéu phén B.
Tang khdi lugng trung binh (kg/ngdy) ciia mot con lon dugc trinh bay ¢ bang dudi.
Kiém dinh gia thiét Ho: “Hai khau phan A va B cho két qua ting khéi lwong trung binh
nhu nhau” véi d6i thiét Hy: “Khau phan c6 bd sung dong cho ting khéi luong trung
binh cao hon”.

Khau phan Khau phan Khau phan

Trai A (xi) B (yi) Trai A (xi) B (yi) Trai A (xi) B (yi)

1 0,42 0,53 6 0,50 0,52 11 0,50 0,51

2 0,53 0,47 7 0,44 0,44 12 0,54 0,54

3 0,48 0,56 8 0,45 0,46 13 0,46 0,50

4 0,50 0,59 9 0,30 0,43 14 0,48 0,50

5 0,42 0,47 10 0,52 0,57 15 0,53 0,59

Gié tri trung binh d =0,0407; d6 1éch chuén sq= 0,0489

0,0407
™~ = x~/15=3,22; t(0,05;14) =1,761

~0,0489
Két luan: Vi Tn > t nén bac bé Ho, chdp nhan Hi. Nhu vay khau phan b sung
ddng cho tang khoi lugng trung binh cao hon khau phan an thuong.
2.4.2. Chon miu déc lap

Tt hai téng thé chon ra hai mau doc 1ap, dung luong co thé béng nhau hoac khac
nhau. Tinh cic tham sb thong ké X,; s1? cia mau thu nhat; X, ; s> ctia mau thir hai. Dé
kiém dinh gia thiét Ho: po = pu v6i cac dbi thiét Hy & mic y nghia o can phai chia ra 3
truong hop:
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a. Biét phwong sai o/’ va 67

A X, =X

+ Tinh Z thuc nghiém: Ztn= m o)
ol o)
- + =
n, o n,

+ Tim gi tri t6i han z (0/2) néu kiém dinh 2 phia hodc z (o) néu kiém dinh mot
phia trong bang 1.

Két luin:

+ Kiém dinh hai phia Hi: p2 # p1. Néu | VAN | < z (0/2) thi chip nhan Ho, nguoc
lai thi chép nhan H;.

+ Kiém dinh mot phia Hy: p2 > pi. Néu Ztv < z (o) thi chdp nhan Ho, nguoc lai
thi chap nhan H;.

+ Kiém dinh mot phia Hi: p2 < pi. Néu Zrn > - z (o) thi chap nhan Ho, nguoc lai
thi chap nhan H;.

Vi du 2.9: Chiéu dai ca trong 2 ao phan phdi chudn voi d6 1éch chuan o1 =2 cm
va 62 = 2,2 cm. Lay mau 100 con ciia ao thir nhat dwgc gia tri trung binh X, = 8 cm; lay
mau 120 con cua ao thi hai dugc gi4 tri trung binh X, = 8,5 cm. Hay kiém dinh gia
thiét Ho: p = p2 v6i ddi thiét Hy: i # o ¢ mire y nghia oo = 0,05.

Zn=— 78 1,764 ; z(0,025)=1,96
2% 227
=4
100 120

Vi |Zm] = 1,764 < 1,96 nén chap nhan Ho: “Chiéu dai cé trung binh trong 2 ao
nhu nhau”.

b. Khéng biét phwong sai o1’ va 622 mdu lon (n; 230, nz > 30)

, s i n X, —X
+ Tinh gi4 tri thuc nghiém Zn= %
S %
nonm

+ Tim gia tri toi han z (0/2) néu kiém dinh 2 phia hoic z (o) néu kiém dinh mot
phia trong bang 1.

Két luan:

+ Kiém dinh hai phia Hi: p # 1. Néu |Zn | <2 (0/2) thi chdp nhan Ho, ngugc
lai thi chdp nhan Hj.

+ Kiém dinh mét phia Hi: w2 > 1. Néu Ztn < z (o) thi chap nhan Ho, nguoc lai
thi chap nhan H;.
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+ Kiém dinh mot phia Hi: p2 < pi. Néu Zn > - z (o) thi chap nhan Ho, nguoc lai
thi chap nhan Hj.

Vi dy 2.10: DPé danh gia ting khéi luong cta lon & haivché do an khac nhau.
Khoi luong sau 4 thang & hai ché d6 nudi c6 cac so6 liéu sau. O ché do thir nhat, tién
hanh thi nghiém 64 con (n1 = 64) dugc gia tri trung binh X, = 73,2 kg biét 1= 10,9
kg; tuong tu v6i ché do thir 2 s& c6 np = 68; X, = 76,6; 62 = 11,4 kg. Gia thiét khoi
lugng phan phdi chuan N (p1, 61%) va N (2, 62%). Kiém dinh gia thiét Ho: po = w1 véi
doi thiét Hi: p2 > .

76,6 —73,2
10,9° 11,4°

+
64 68

=1,75; z(0,05) = 1,645

VAN

Két luén:
Zt >z (0,05) vi vay chap nhan H;: “ché d6 an thir hai cho két qua trung binh cao
hon ché d¢ an thir nhat”.
c. Khong biét phwong sai or’ va o>, mdu bé ( it nhit mét trong 2 sé n1, n2 <30)
Pay 1a mot bai toan con rat nhidu vudng mac vé mit 1y thuyét do dé, chi trinh bay
truong hop c6 thém gia thiét phu: 612 = 6>

—1N¢? 1\ o2
+ Tinh phuong sai chung: % = (n, —1)s; +(n, —1)s,

n+n,—2

+ Tinh TN = —(xz 1_ il )1
[$C+2)
n.n

+ Tim gia tri toi han t (o/2, n1 + n2 - 2) véi kiém dinh 2 phia hodc t (o, nj + n2 -
2) néu kiém dinh mét phia.

Két luin:

+ Kiém dinh hai phia Hi: p2 # 1. Néu | Trn| < t (a/2, ni+n -2) thi chép nhan
Ho, nguoc lai thi chép nhan Hj.

+ Kiém dinh mét phia Hi: p2 > . Néu Trn <t (o, ni+n2 -2) thi chdp nhan Ho,
nguoc lai thi chép nhan H;.

+ Kiém dinh mot phia Hi: p2 < pi. Néu Trn > - t (o, ni+n2 -2) thi chip nhan Ho,
nguoc lai thi chép nhan Hj.

Vi du 2.11: Dé so sanh khéi lwong ciia 2 gidng bo, chon ngiu nhién 12 bo cia
gidng thir nhat va 15 bo cua gidng thir 2. Khdi luong (kg) cua timg bo duoc xac dinh va
thu duogc cac tham sb théng ké sau: n; = 12; x,=196,2 kg; s1 = 10,62 kg; no = 15; X, =
153,70kg; s> = 12,30 kg. Kiém dinh gia thiét Ho: Hai giéng bo c6 khdi lwong trung binh
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nhu nhau véi ddi thiét Hy: Gidng bo thtr nhit c6 khdi lugng trung binh 16n hon gidng bo
thir hai. Gia sir khéi lwong cua 2 giéng bd ¢6 phan phdi chudn va hai phuong sai bang
nhau v&i1 muac y nghia o = 0,05.
g (11x10,62% +14x12,30%)
‘ 11+14
(196,2-153,7) 425

1 1 _4,489
13433x| — +—
12 15

Két luan: O murc y nghia o = 0,05 vi Ttx >t nén bac bo Ho. Nhu vay giéng thi
nhat ¢6 khéi luong trung binh cao hon gidng thir hai.

=134,33

=9,46; 1(0,05,25)=1,708

Trn=

’ Vi du 2.12: Hai giéng ga cb khéi lwong phan phéi chpén, ldy mau 10 ga qd(‘)i voi
giong thtr nhat va 16 ga cuia giong thir 2. Cac tham s6 vé khoi lugng 45 ngay tudi cua 2
mau néu trén nhu sau:

V&i mau thtr nhit n; = 10; x,= 2,8 kg; s12 = 0,1111 kg2 véi mau tht hai no =
16;x,= 2,35 kg; 82 = 0,0667 kg2 Kiém dinh gia thiét Ho: Hai giéng ga c6 khdi lugng
trung binh nhu nhau véi dbi thiét H;: Hai gidng ga c6 khdi lugng trung binh khac nhau.
Mtrc y nghia a = 0,05.

2 9x0,1111+15x0,0667 _ 1,99995
‘ 9+15 24
Tin= =-3,866 2 | Trn|=3,866; t(0,025; 24) = 2,064
Két luan: Bac bo Ho, nhu vy hai gidng ga c6 khdi lugng trung binh khac nhau.

=0,83331

2.5. UOC LUQNG VA KIEM PINH XAC SUAT
Trudng hop tong thé c6 2 loai ca thé A va A’, loai A chiém ty 1& p va A’ chiém ty
1& q = 1-p. Sau khi chon miu c6 thé dung phan phoi chuan dé tinh gan dang phan phoi
nhi thuc, tor d6 suy ra cong thue ude lugng p.

2.5.1. Uéc lwong xac suit P
Khi dung lwong mau 16n (n > 100) va p khong bé qua, ciing khong 16n qua ( np >
5,nq > 5). T mau c6 dung lugng n, tinh s6 ca thé loai A duoc tan s6 m va tan suat f =
m/ n v4i muc tin cay o c6 khoang tin cay doi xung sau:

f -z LD cpep i zaray [LA=D)
n

n
Vi du 2.13: Dé biét ty 1¢ trimg nd p ctia mot loai trimg; cho vao may ap 100 qua,
két qua c6 80 qua no.
f=80/100 = 0,8 & muc tin cay a = 0,05 va z(0,025) = 1,96. Ta co thé tinh duoc
khoang tin cdy nhu sau:

24



0.8—1,96 /M <P<08+196,] 0.8x0,2
100 100

0,8-0,0784 <P <0,8+0,0784«< 0,72 < P <0,88

2.5.2. Kiém dinh gia thiét Ho: P = Po

Khi dung lwong mau 1én (n > 100) va p khong bé qué, ciing khong 16n qua (np > 5,
nq > 5). Tir miu ¢ dung luong n, tinh s6 ca thé loai A dugc tan s m va tan sudt f=m/n.
O murc y nghia a tinh z(a/2) v6i kiém dinh 2 phia hodc z(o) néu kiém dinh mét phia.

Tinh: ZTN = f _ PO

|P,(-F)
n

Véi d6i thiét hai phia Hi: P # Po. Néu |z <z (a/2) thi chdp nhan Ho, nguoc
lai thi chap nhan Hj.

Két luin:

Vi d6i thiét mot phia Hy: P> Po. Néu Zn < z (o) thi chap nhan Ho, nguoc lai
thi chap nhan H;.

Véi dbi thiét mot phia Hi: P <Py. Néu Zmn> - z (o) thi chép nhéan Ho, ngugc lai
thi chap nhan Hj.

Vi du 2.14: Ap 100 qua tring c6 82 qua nd. Kiém dinh gia thiét Ho: ty 16 ng P =
0,80, d6i thiét Hy: P = 0,8 v6i a.= 0,05.

n=100; m=82;f =82/100 =0,82;
. 0,82-080
(0802

100

Két luan: Chap nhan Ho: “Ty 1¢ 4p no 12 0,80”.

TN 0,5; z (0,025) = 1,96;

2.5.3. Kiém dinh gia thiét Ho: P> = P,

Khi dung luong ca 2 mau déu 16n (n; > 100, n, > 100) va cac pi khong bé qua
(hodc 16n qua) co thé kiém dinh nhu sau (& muc y nghia o).

; £ A m m
Tinh c4c tan suat: f, =—-; f, =—=
n, n,

; A J4 . m, +m,
Tinh tan suat chung: f = —1——2

n, +n,

Tim gia tri t6i han z (o/2) néu kiém dinh 2 phia hodc z(o) néu kiém dinh mét phia.
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fz _fl
1 1
\/f(l—f)(Jr)
n,n,

Tinh gié tri thyc nghiém: Zmn=

Két luin:

Véi dbi thiét hai phia Hy: P»# Pi. Néu | Zin| < z (o/2) thi chép nhan Ho, nguoc
lai thi chdp nhan H;

Véi dbi thiét mot phia Hi: P> > Py. Néu Z1n < z (o) thi chép nhan Ho, nguoc lai
thi chap nhan H,

Véi dbi thiét mot phia Hi: P2 <Pj. Néu Zrn > - z (o) thi chdp nhan Ho, nguoc lai
thi thi chap nhan H,

Vi du 2.15: Dung thudc A diéu tri cho 200 bénh nhén thay 150 ngudi khoi bénh.
Tuong ty voi thude B dbi vai 100 bénh nhén thi 72 nguoi khoi bénh. Hay kiém dinh gia
thiét Ho: Ty 18 khoi bénh cua hai thuéc nhu nhau véi dbi thiét Hi: ty 16 khoi bénh cua
hai thudc khac nhau v&i mirc ¥ nghia o = 0,05.

=200; m; = 150; f; = 150/ 200 = 0,75; n2=100; mx = 72; f>=72/100 = 0,72;

150+72

= D02 04,
7= 200+100
Zin= 072075 = ~0,5584 > |Zn| = 0,5584; z (0,025) = 1,96.
\/0 74x026x (- + L)
200 100

Két luan: Chip nhan Ho; tirc 1a ty 18 khoi bénh & 2 loai thude 1 nhu nhau.

2.6. PHAN TICH PHUONG SAI

Mo rong bai toan so sanh hai trung binh cua hai tong thé & muc trén khi c6 nhiéu
hon 2 trung binh ching ta ¢ bai toan phan tich phuwong sai mot yéu t6. Thi du ¢6 a tong
thé, dé khao sat cac bién X1, Xa,..., Xa trén cc téng thé d6 chung ta léy & moi téng thé
modt mau cac quan sat doc 1ap:

Mau 1 X11, X12, ... , XIrl
Mau 2 X21, X22, .... , X212
Mﬁu a Xal, Xa2y +..ey X2ra

Tat ca c6 n = Zr; quan sat. Viét lai cac quan sat x;; dudi dang
= Wit €ij eij goi la sai s6 hay phan du (2.1)

Gia thiét cac bién X; doc lap, phan phdi chuan N(u,, c?), céc quan sat trong mau
doc 1ap.Tir gia thiét trén c6 thé néu cu thé 3 gia thiét sau dbi voi cac sai sd eij
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e Céc bién e j doc 1ap véi nhau
e Céc bién eij phan phdi chuan véi ky vong bang 0
e Céc bién eij c6 phuong sai bang nhau (c?)

Bai toan phan tich phuong sai mot yéu té chinh 1a bai toan kiém dinh gia thiét Ho:
“Cac trung binh p; bang nhau” v6i dbi thiét Hy: “Co it nhat mot cdp trung binh khac
nhau”. Néu goi pt1a trung binh ctia cac pi thi ¢6 thé viét (2.1) lai nhu sau:

Xij= u+ a +eij (2.2)
Vol ai=pi- W 2ai=0

Gia thiét Ho bay gid 1a: “Cac a; déu bang 0” con Hy 1a “Khéng phai tit ca cac ai
déu bang 0”.

Dé phan tich phuong sai chung ta goi cac trung binh cong ctia cic mau quan sét 1a
X,. Néu gia thiét Ho dting thi cac Xi c6 cting phan phdi N(u,67) va co thé coi cac miu
quan sat noi trén duoc 1ay ra tir cing mot tong thé.

Goi x la trung binh chung cia tt ca cac mau.

Tinh tong binh phuong tit ca céc sai so (goi 14 tong binh phuong toan bd SSto)

sst0=3 3, -0 =35 e
i=l j=1 i=l j=1

Pem tong binh phuong nay chia cho (n - 1) dwoc mot udc lwong cua 2.

SSto/ 6% phan phdi y2 véi dfro = (n - 1) bac tu do.

Péi voi mbi miu quan sat tinh tong binh phuong sai s6 trong mau (ma néu dem
chia cho bac tu do twong tng (nj - 1) thi dugc mot uéc lugng cua 6?) sau do gop lai
thanh tong binh phuong do sai s6 SSg (Gidong nhu cach da lam khi di tim phuong sai
chung s trong truong hop mau bé va hai phuong sai bang nhau & muc 2.4.2.3).

SSE=> "> (x, - %)
i=1 j=l

Dem SSk chia cho n - a dugc mot udce luong cla 62

SSk /o° phéan phdi > v6i dfs = (n - a) bac tu do.

Co6 thé chimg minh hé thirc sau:

2205 =X) =2 2 (5 = %) + D D (% - %)’

i=l j=1 i=l j=1 i=l j=1

Tong tht ba goi 1a tong binh phuong do yéu t& SSa.

Néu xi j phan phdi chuan N(ui, 6°) thi cic trung binh cong x; phan phdi chuan
N(ui, 6%/n;). Tir 46 suy ra néu dem SSa chia cho (a - 1) thi duoc uéc luong cua o2,
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Téng SSa/c? phan phbi y2 v6i dfa = (a-1) bic tu do.
Nhu vay d3 tach tong binh phuwong toan bo ra hai tong:
SSto= SSa+ SSe
Dé)ng thoi bac tu do toan bo cling tach thanh 2 bac tu do:
dfro= dfa+ dfe

M&i téng binh phuong chia cho bac ty do twong Gng s& cho mot wdc lugng cua

phuong sai 6> va mdi tong sau khi chia cho o s& phan phdi y2 v6i sé bac tu do twong
ting. Xét ty s6 MSa / MSE v6i MSa = SSa / dfa va MSg = SSg / df:

Dua trén 1y thuyét vé phan phéi Khi binh phuong (%) va phan phéi F c6 két luan

sau: MSa / MSk phan phdi Fisher- Snederco (F). Tir 6 ¢6 cach kiém dinh sau day déi
v6i gia thiét Ho (d6i thiét H):

+ Tinh gi4 tri thuc nghiém Frn = MSa / MSEk.
+ Tim gid tri té1 han Fa,afa dfE).
+NéuFrn<F (a,dfAdfE) thi chép nhan Ho, nguoc lai thi chap nhan H;.

Toan bd quy trinh phan tich phuong sai dugc tom tit trong bang phan tich phuong

sai sau:
Ngudn bién dong  Bactwdo  Tdng binh phwon Trung binh F F t&i han
g ong T 9 P 9 binh phuwong ™ ;
Yéu tb dfa = a-1 SSa MSa = SSa/dfa MSA/MSe  F(q,qtadfE)
Sai sb ngau nhién  dfe = n-a SSe MSE = SSe/dfe

Téng bién ddng  dfro = n-1 SSto

Dé thuan tién thuong ké bang chira dit 1i€u va tinh theo thur tu sau:
+ Tinh dung luong n;, tong hang TH;, trung binh x,, TH?%/n;.

+ Tong cac dung lwong n = Zn; , tong tit ca cac xij ST =XI X

+ 86 diéu chinh G = ST%n.

+SSt0=22x%;-G bac tu do dfro =n — 1.
+ SSA=3XTH?*/ni-G bactwdo dfa=a-—1.
+ SSE = SSt0 - SSa bactudo dfg=dfro-dfa=n-a.

+ Tinh c4c trung binh MSa = SSa / dfa va MSg = SSg/ dfE.

+ Tinh Frn = MSa / MSk.

+ Tim gié tri F(a,dfa dfE).

+ So sanh Frn vO1 Fo,dfa dfe).

Vi du 2.16: Khéi lwong (kg) ctia 20 lon lai Duroc x (Landrace x Yorkshire) duoc

nudi ¢ 5 trai (A, B, C, D va E) tir cai sita (21 ngay tudi) dén 90 ngay tudi. S lidu duoc



trinh bay trong bang dudi. Gia thiét khdi lugng tuan theo phan phdi chuan. Kiém dinh
gia thiét Ho: Khéi luong trung binh ciia lon 90 ngay tudi ¢ 5 trai bang nhau véi dbi thiét
H;: Khéi luong trung binh cia lon 90 ngay tudi & 5 traih khéng bang nhau. Mirc ¥ nghia
a=0,05.

Trai Khéi lwong (kg) ni THi TH?/ni

Xi.

A 322 349 297 3 96,8 3123413 32,27

B 28,4 28,0 22,8 285 294 5 137,1 3759,282 27,42

C 28,8 295 231 20,1 4 101,5 2575,563 25,38

D 415 36,3 31,7 31,0 382 5 178,7 6386,738 35,74

E 33,0 26,0 30,6 3 89,6 2676,053 29,87

Téng 20 603,7 18521,0492
n=20 ST =603,7 YTH? / ni = 18521,0492
S6 diéu chinh G = 603,77 / 20 = 18222,6845
Téng cac binh phuong XX x% ;= 18727,6900
SSto = 18727,69 - 18222,68 = 505,0055; bac ty do dfro=20-1=19
SSa = 18521,0492 - 18222,6845 =298,3647; bactwdo dfa=5-1=4
SSE = 505,0055 -298,3647 = 206,6408; bactw do dfg=19-4=15
MSa =298,3647/4 = 74,5912; MSEg = 206,6408/15 = 13,7761
Frn = 74,5912/ 13,7761 = 5,4145 F(0,05;4;15) = 3,056
C6 thé tong hop cac két qua thu duge theo bang phan tich phuong sai (ANOVA) sau:
Ngudn bién dong Bac ty do Téng binh phwong  Trung binh binh phwong ~ Frn F t&i han
Trai 4 298,3647 74,5912 5,4145  F(0,054;15 = 3,056
Sai s6 ngau nhién 15 206,6408 13,7761
Téng bién déng 19 505,0055

Két luan: Bac bo Ho, nhu vay la bac bd gia thiét “Khoi luong trung binh cia lgn
90 ngay tudi & 5 trai bang nhau”.

Sau khi c6 két luan nhu trén thi van dé dit ra 13 phai so sanh 5 trung binh cua 5
trai dé tim ra cac trung binh nao bang nhau, cac trung binh nao khac nhau. Véan dé nay
s€ duogc trinh bay k¥ & phan sau.

Qua cach lam nhu trén chung ta thay dé kiém dinh gia thiét Ho: “Céc trung binh
bang nhau” v6i dbi thiét Hy: “C6 it nhat mot cdp trung binh khac nhau” phai tim cach
tach tong binh phuong toan bd SSto thanh cac tong binh phuong SSa va SSE ¢in ci vao
2 ngudn bién dong cua sb lidu: bién dong do su khac nhau giita cac mau va bién dong
do su khac nhau giira cac s6 liéu trong ciing mot mau. Pong thoi phai tach bac tu do
toan bo dfro thanh cac bac tu do dfa va dfe twong Gmg véi cac tong SSa, SSk. Tir d6 ¢6
tén phan tich phuong sai.

Trong phéan sau khi c6 nhiéu nguon bién dong thi phai tich SSto thanh nhiéu tong
g v&i cac ngudn bién dong va tach bac ty do dfro thanh nhiéu bac tu do, sau d6 kiém
dinh cac gia thiét twong mg vai cac ngudn bién dong nho phan phdi Fisher- Snederco.
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2.7. BAI TAP

2.71
Tang khdi lugng trung binh (g/ngay) cua 36 lon nudi v4 béo gidng Landrace dugc
rut ngau nhién tir mat trai chan nudi. SO li¢u thu duoc nhu sau:
577 596 594 612 600 584 618 627 588 601 606 559 615 607 608 591 565 586
621 623 598 602 581 631 570 595 603 605 616 574 578 600 596 619 636 589
Can bo k¥ thuat trai cho rang ting khdi lugng trung binh cua toan dan lon trong
trai 1a 607 g/ngay. Theo anh chi két luan d6 dung hay sai, vi sao?

2.7.2

Anh chi hiy kiém tra két luan véi bai tap twong ty nhu 2.7.1, biét ring d6 léch
chuan cta tinh trang nay ¢ Landrace 13 24 g/ngay.

2.7.3

Ty 1é thy thai bang thu tinh nhén tao tir tinh tring cta 2 bo duc giéng duoc xac
dinh trén nhom bo cai gdm 50 con; 18 nhom bo céi sir dung tinh tring ctia bo duc A va
16 dbi v6i bo duc B. Ty 1¢ thu thai (%) thu dugc nhu sau:

Bo duc A 74,2 62,1 57,7 71,7 62,0 76,1 70,6 68,3 68,4 79,8
71,1 70,9 65,5 61,2 60,8 73,9 51,9 63,7

Bo duc B 49,6 49,2 53,2 56,5 69,1 54,2 80,7 62,7 71,5 67,5
64,6 75,4 79,6 59,8 68,8 60,2

Hay cho biét ty 1€ thu thai ctia 2 bo duc néu trén.
2.7.4

Nong d6 fructoza (mg%) trong tinh dich bo trude va sau khi u duge xac dinh trén
12 mau tinh bo duc; cac gia tri thu duogc nhu sau:

Mau sé 1 2 3 4 5 6 7 8 9 10 11 12
Trudce khi 116 190 570 375 236 505 120 322 429 102 167 299
Sau khi u 30 58 100 48 58 153 54 66 67 34 69 82

Két luan vé ndng do fructoza trong tinh dich bo trude va sau khi 1.

2.7.5

Mot thi nghiém duoc tién hanh nhdm nghién ciru anh hudng cia progesterone 1én
chu ky dong duc cuia clru Merino. St dung 4 lidu khac nhau (0, 10, 25 va 40 mg/ngay)
tiém duoi da lién tuc trong 4 ngay tinh tr ngay dong duc. Chu ky dong duc (ngay) ctia 8
ctru trong mdi nhém thu duoc nhu sau:

LiduOmg/ngay 18 14 18 18 18 18 18 19
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Lidu 10 mg/ngay 15 14 17 14 12 13 12
Lidu 25 mg/ngay 113 11 11 12 11 11
Lidu 40 mg/ngay 9 0 12 10 11 11 10

Cho biét anh hudng cta progesterone 1én chu ky dong duc & ciru Merino.

13
12
11
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' Chuwong 3 '
MOT SO KHAI NIEM VE THIET KE THi NGHIEM

Thiét ké thi nghiém la ldp ké hoach nghién citu nham im ra nhitng van dé moi
hodc khang dinh lai hodc bdc bo két qua ciia nhitng nghién ciru trude dé. Théng qua thi
nghiém, nguoi nghién curu co thé tim duoc cdu tra 1oi cho mét sé van dé dat ra hodc rit
ra dwoc két ludn vé mot hién twong nao do. Theo mot nghia hep, thi nghiém dwoc thiét
ké trong mét méi truong qudn 1y nham nghién ciru dnh hieéng ciia mét hay nhiéu yéu té
lén cdc quan sat. Muc tiéu ciia chwong nay nham cung cdp cho nguoi hoc cdch phdn
logi thi nghiém,; cac khadi niém thong dung dwoc su dung trong thiét ké thi nghiém,
nguyén tdac bo tri thi nghiém; phwong phdp chon mau va wéc tinh dung lwong mau can
thiét cho mét thi nghiém.

3.1. PHAN LOAI THi NGHIEM

Theo ban chét cua thi nghiém, céac thi nghiém co thé chia thanh hai loai: 1) thi
nghiém quan sat, 2) thi nghiém thye nghiém. Trong phan thiét ké thi nghiém cua gido
trinh nay, ching t6i s€ tap trung vao cac thi nghiém thuc nghiém.

Trong chdn nudi, thu y, cac thi nghiém thuong tip trung vao 2 linh vuc: 1) cac
nghién ctru trong chin nudi vé dinh dudng, ning suat va di truyén & vat nudi; 2) cac
nghién ctru trong tha y vé tinh hinh dich bénh va cac bién phap phong, diéu trj bénh.

3.1.1. Thi nghiém quan sat

Trong thi nghiém quan sat, chi don thuan quan sat cac dong vt thi nghiém va ghi
lai cac dit lidu lién quan dén céc tinh trang quan tim. Khong tac dong dé can thiép vao
sy ton tai cuia dbi tuong quan sat. Trong loai thi nghiém quan sat, cac dong vét khong
thé bd tri mot cach ngau nhién vé cac cong thirc thi nghiém.

Piéu tra 13 mot trudng hop dic biét cua thi nghiém quan sat. Trong diéu tra, cin
tién hanh kiém tra toan b hodc mot nhom dong vat dé tim ra cac gia tri cua nhitng tham
s6 khac nhau trong quan thé. Didu tra c6 thé 1a mot trong cac truong hop sau:

e Diéu tra quan thé - tién hanh kiém tra tat ca cac dong vat trong quan thé.
e Diéu tra miu - tién hanh kiém tra nhimg nhom dong vat dai dién va dua
vao két qua diéu tra ta c6 thé rut ra két luan cho ca quén thé.
3.1.2. Thi nghiém thuc nghiém

Trong thi nghiém thyuc nghi¢m, cadc nha kha hoc can thi€p vao nghién ctu b?mg
cach 4p dung cac cong thuc thi nghi€ém khac nhau Ién cac nhém dong vat nghién ctru.
Sau d6 chiing ta tién hanh quan sat anh hudng cia cic cong thirc thi nghiém lén ddi
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tuong nghién ciru. Ddi véi loai thi nghiém nay, cac dong vat duoc bd tri mot cach ngﬁu
nhién doi véi cac cong thire thi nghiém trong qué trinh thiét ké.

3.2. MOT SO KHAI NIEM TRONG THIET KE THi NGHIEM

3.2.1. Yéu t6 thi nghiém

Yéu t6 thi nghiém 12 mot bién doc 1ap gdm hang loat cac phan tir 6 chung mot
ban chat ma c6 thé so sanh trong qua trinh thyc hién thi nghiém. Vi du nhu mot gidng
vat nudi, kiéu gen Halothane & lon, ham luong protein trong khau phan, thuc khang
sinh, véc xin trong phong va diéu tri bénh, ...

Mot thi nghiém cé thé c6 mot hodc nhiéu yéu td thi nghiém va céc yéu td thi
nghiém nay c6 thé 1a yéu t6 c¢b dinh hodc yéu td ngiu nhién.

3.2.2. Murc

Céc phan tir riéng biét khac nhau trong cting mot yéu t6 thi nghiém dugc goi 1a
mirc. Vi du c6 mot yéu t thi nghiém la kiéu gen Halothane ¢ lon thi s€ c6 3 ph?ln tr
khac nhau twong tmg v6i 3 kiéu gen (NN, Nn, nn) hay con duoc goi 13 3 mire. Hodc khi
nghién ctru anh hudng cua protein dén san luong sira bo ta c¢6 thé nghién ciru ¢ 3 muc
protein khac nhau. Trong thu y, cac nha nghién ctru hi€u qua diéu trj bénh cua cac loai
thudc khac nhau; c6 thé coi mdi loai thube twong duong voi 1 mie.

3.2.3. Cong thirc thi nghiém (cong thirc thi nghiém)

Mot td hop cac muic cia cac yéu té dugce goi 1a mot cong thire thi nghiém hay
cong thire thi nghiém. Vi du nghién ctru anh hudng cia protein & 3 mirc khac nhau dén
san lugng stra bo, trong truong hop nay ta s€ c6 3 cong thirc. Ta xét mot hoan canh
tuong ty nhung c6 thém yéu t6 thir 2 1a thirc 4n tinh ¢ 2 mirc, luc nay s& co tit ca 6 cong
thtrc thi nghiém.

3.2.4. Don vi thi nghiém

Pon vi thuc hién nhé nhat ing véi mot cong thirc duge goi 1a don vi thi nghiém.
Don vi thi nghi¢m trong chan nuoi, tht y thuong la tirng dong vat nhung doéi khi 1a mot
nhom dong vat. Vi du: khi nghién ctru vé kha ning san xuit ciia vat nudi, mdi dong vat
duoc danh sd tai (hodc deo sb canh), tién hanh can do timg ca thé tai ting thoi diém
nghién ctru, mdi ca thé cho mot quan sat do d6 don vi thi nghi¢ém la ting dong vat. Tuy
nhién, khi nghién ctru tiéu tén thirc an dbi voi mot kg tang khdi lwong, trong thyc té ta
khong thé theo ddi duge luwgng thire dn thu nhan cua timg vat nudi (ngoai trir timg dong
vat duogc gén chip dién tur va c6 hé théng theo ddi thuce an thu nhén ty dong) ma ta chi
biét duoc s6 thirc an thu nhan duge ctia mot nhom gém nhiéu ca thé khac nhau. Tuc la
tir mot nhom ca thé nhu vay ta chi c6 mot quan sat duy nhat, dy ciing chinh 1a diéu ma
cac nha nghién ctru can phai chu y.
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3.2.5. Dit liéu (s6 liéu)

Néu don vi thi nghiém 13 mot ca thé thi sau khi can, do ta duoc mot dit liéu (data)
hay mot quan sat (observation). Néu don vi 14 mot nhoém gdm nhiéu ca thé thi c6 thé
can, do chung cho ca nhoém hoac léy mot s ca thé nhat dinh trong nhém dé can, do sau
do suy ra mét dir liéu chung cho don vi thi nghiém. Céc s6 liéu cua cac nhom c6 thé luu
trir dé danh gi4 sai s6 ctua don vi thi nghiém.

3.2.6. Khoi

Tap hop cac don vi thi nghiém c6 chung mdt hay nhiéu dic tinh duoc goi 1a khéi.

3.2.7. Lip lai

MBJi cong thirc, trir truong hop dic biét , déu duogc lp lai mot s6 1an nhat dinh. S6
lan 1ap lai thuong chon béng nhau vi nhin chung, ddi voi nhiéu mo hinh, khi céac 1an lap
clia cic cong thirc bang nhau c6 thé dwa ra cac cong thirc tinh kha thuan tién va don
gian. Néu s6 lan lap khong bang nhau thi phai sir dung cach tinh theo mo6 hinh hoi quy
nhiéu bién téng quat kha phuc tap, kém theo do viéc kiém dinh cac gia thiét, dic biét
viéc tinh cic ky vong cua cac trung binh binh phuong, ciing gip rat nhiéu kho khan.

Trong thyc té, s6 lan lip bang nhau nhung trong qua trinh thi nghiém ta it khi thu
thap duoc day du dir liéu vi c6 mot s6 dong vat bi chét hodc bi loai thai do khong dap
tmg dugc cac yéu cau cua thi nghiém. S6 lwong dong vat thi nghiém song sot dén khi
két thuc thi nghiém phu thudc vao timg loai thi nghiém va loai vat nudi khac nhau. Néu
mat it dit liéu, c6 thé tim cach thay thé dit liéu bj mat béng to hop ctia cac dir liéu con lai
theo mot cong thuc cu thé, kém theo su diéu chinh cua cac béc tu do tuong Ung; ngugc
lai, phai coi nhu s lan 1ap khac nhau va ding mé hinh héi quy tong quat.

3.2.8. Nhic lai
Nhic lai 12 1am lai thi nghiém trong diéu kién twong tu ¢6 thé dé két luan dat muc
do tin cay.
3.2.9. Nhém ddi chirng
La nhom dong vat thi nghiém duogc tao ra trong qua trinh b trf thi nghi¢m nhung
dugc nudi dudng, chim soc trong diéu kién binh thuong hién co.
3.3. CAC BUOC TIEN HANH THi NGHIEM

Mot thi nghi€ém thudng dugc b6 trf va co thé mé ta qua céc budc sau: 1) Dat van
dé, 2) Phat biéu gia thiét, 3) Mo ta thiét ké thi nghiém, 4) Thyc hién thi nghiém (thu
thap s6 liéu), 5) Phan tich s6 liéu thu thap duogc tir thi nghiém va 6) Giai thich két qua
lién quan dén gia thiét.

Lap ké hoach cho mot thi nghiém bat dau bang viéc néu 1én nhimg van dé cap
thiét; bén canh d6 1a tp hop céc tai liéu lién quan bao gdm ca nhitng nghién ctru trude
do; tiép dén 1a néu 1én hudng giai quyét van dé. Sau nhiing van dé vira néu, myc dich
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nghién ctru duge xac dinh. Muc dich nghién ctru phai 1 rang béi vi cac budc tiép theo
trong qua trinh thiét ké thi nghiém déu phu thudc vao muc dich dit ra.

Budc tiép theo 1a xac dinh nguyén liéu va phuong phap phuong phap nghién ciru.
Thiét ké thi nghiém phai moé ta s liéu duoc thu thap nhu thé nao. S6 liéu c6 thé thu thap
tir cac nghién ctru quan sat tir cac qua trinh tw nhién hodc tir cac thi nghiém dugc bd tri
trong moi truong thi nghiém. Néu chiing ta biét théng tin nao duoc thu thap va bang
cach nao s€ dugc sir dung dé thu thap cac s6 liéu nay, thi vi¢c rut ra két luan s& d& dang
va hiéu qua hon rat nhiéu. Piéu ndy dung voi ca thi nghiém quan sat va thi nghiém thuc
nghiém; dong thoi ciing rat quan trong dé phat hién ra nhiing thong tin bat ngd dan dén
nhitng két luan méi.

bdi vé6i cac nha théng ké, thiét ké thi nghiém la dat ra céc ti€u chuan dé su dung
khi chon mau. Péi v6i thi nghiém thuc nghiém viéc thiét ké thi nghiém bao gom: Xac
dinh cac cong thirc thi nghiém, x4c dinh cac don vi thi nghiém, s 1an 1ap lai, viéc bd tri
cac don vi vao céac cong thuc thi nghiém, céc sai s6 thi nghiém co thé mic phai.

Gia thiét thong ké thuong di theo sau gia thiét nghién ctru. Chap nhan hay béac bo
gia thiét thong ké giup tim duogc cau tra 1oi cho muc dich nghién ctru. Trong kiém dinh
gia thiét cac nha thdng ké sir dung mé hinh thong ké. M6 hinh thdng ké theo sau mo
hinh thi nghiém thuong dugc giai thich vdi cac cong thire toan hoc.

Thu thap s lidu dugc thyc hién theo thiét mo hinh thiét ké thi nghiém. Phan tich
théng ké duoc tién hanh sau khi thu thap duoc sb liéu bao gém phan tich, miéu ta va
gia thich két qua. M6 hinh sir dung trong phan tich dugc xay dung dua trén muc dich va
mo hinh thi nghiém. Thong thudng cach phan tich sd lidu dugc xac dinh trudc khi thu
thap sd liéu; doi khi lai duoc xac dinh sau khi thu thap s6 liéu néu ngudi nghién ciru tim
duoc mot cach tdt hon dé rut ra két luan hodc xac dinh duge mot khia canh méi lién
quan dén van d& nghién ctru.

Cudi cing, ngudi nghién ctru phai ¢ kha nang rat ra két luan dé hoan thién muc
tiéu nghién ctru. Két luan phai rd rang va chinh xac. Nguoi nghién ctru phai thao luan
cac ung dung vao thyc té clia nghién ciru dong thoi néu ra nhitng kha nang dit ra trong
tuong lai lién quan dén van dé tuong tu.

3.4. SAI SO THi NGHIEM

Ban chat cta vat liéu sinh hoc 1 su bién dong. Toan bd su bién dong nay co thé
phan chia thanh phan bién dong c6 thé giai thich dugc va khong giai thich dugc. Mdi
don vi thi nghiém (yij) ¢6 thé dugc biéu dién nhu sau:

Yii = Hi &

Trong do, p la gié tri udc tinh miéu ta sy anh huong giai thich dugc cua nhom thi
1 va ejj anh huong khong gidi thich dugce. Vi vay, cac quan sat (yj) khadc nhau nguyén
nhan 1a do danh huong giai thich dugc cia cidc nhom (i) khac nhau va cac anh hudng
khong giai thich dugc (eij) khac nhau. Udc tinh pi duge giai thich do anh huéng cua
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nhom i, nhung su khac nhau gitra cdc don vi thi nghiém trong cing mt nhom thi khong
thé giai thich duoc. Bién dong nay thuong duoc goi 14 sai s6 thi nghiém.

Sai s thi nghiém c6 thé bao gdm 2 dang sau day: Sai s6 ngdu nhién va sai s hé
théng. Sai s6 hé thong 13 cac anh hudéng nhit dinh 1am léch cac gia tri do dugc trong
mot nghién ciru. Sai s6 ndy c6 thé xuat phat tir sy thiéu dong nhat trong qua trinh thyc
hién thi nghiém, c6 thé do dung cu thi nghiém khong dugc hi¢u chinh, do anh hudng
cua nhiét do khong on dinh, do thién I¢ch trong qua trinh sur dung thiét bi. Néu su thién
léch nay duoc phat hién thi hiéu chinh 13 bién phép hiéu qua nhat. Chung ciing ddc biét
kho giai quyét néu khong phat hién duoc vi ching anh hudng 18n cac gia tri mot cach co
hé thong nhung khong biét theo xu hudng nao.

Sai s6 ngau nhién xuat hién do cac tic dong ngiu nhién, khong du doan duoc.
Chiing tao ra céc bién dong khong giai thich duoc. Ky vong cua bién dong nay bang 0
vi vay khi c6 mdt loat cac quan sat thi céc tinh toan dua vao trung binh s€ khong bi
thién léch vé mot hudng. Trong sinh hoc ludn ton tai sai sb ngﬁu nhién vi du trong chan
nuoi, cac dong vat khi do hay phan tich mot chi tiéu nao do, luon cho cac két qua khac
nhau tuy c¢6 thé khong 16n lam.

Dé giam duoc sai s6 c6 hé théng va sy thién 1éch ta xem xét 2 giai phap sau day:

1 B6 tri dong vat vao cac cong thirc thi nghiém

2 Phuong phép lam mu
3.5. BO TRi THi NGHIEM VAO CAC CONG THUC THi NGHIEM

3.5.1. Sw cin thiét ciia phan chia ngiu nhién

Sy thién 1éch c6 thé xuét hién trong qué trinh phan chia dong vat vao cac cong
thire thi nghiém. Sy thién 1éch nay c6 thé do yéu té chu quan. Vi du chung ta phéan chia
cac dong vat vao cac cong thirc thi nghiém theo s& thich chi quan (thich cong thirc thi
nghiém nao thi bd tri cac dong vat ‘ot <, khong thich thi bd tri dong Xéu’) hoac co su
khac nhau c6 hé thong giita nhom dbi chimg va nhom thi nghiém, lic d6 chung ta
khong thé két luan duoc sy sai khac sau khi thuc hién thi nghiém 13 do anh hudng cua
cong thirc thi nghiém hay do sy khac nhau c6 h¢ thong.

Mot phuong phap tiép can hay duoc st dung dé loai bo su thién 1éch nay 1a bd tri
ngau nhién hay con goi 1a ngau nhién hod cac dong vat thi nghiém vao cc cong thirc thi
nghiém. Trong qua trinh bd tri ching ta phan dong vat vao cac cong thirc thi nghiém véi
cac yéu ciu sau:

o Tét ca cac dong vat thi nghiém déu c6 co hdi nhan duge mot cong thtrc thi
nghiém bat ky;

e Viéc bd tri dong vat vao cong thirc thi nghiém nay khong anh hudng dén
viée bd tri dong vat vao cong thure thi nghiém khéc;

e Chung ta khong biét trude cong thirc thi nghiém ma tung dong vat dugc
phan vao.
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e Ngiu nhién hoa c6 mét sé wu diém sau:
e Loai bo duogc su thién 1éch trong qua trinh b tri dong vat thi nghiém;

e Tao dugc su giong nhau gitra cac nhom.

3.5.2. Cac phuong phap phan chia ngiu nhién

Tt nhét 1a tranh st dung cac phuong phap co hoc nhu tung déng xu hodc ném
con xtic xdc dé bd tri dong vat vé cac cong thirc thi nghiém. Mic du cac phuong phap
nay vé mit xac sut van duogc chép nhan dé tao ra sy ngﬁu nhién, nhung no céng kénh
va khong kiém tra dugc. Thong thudng, bang s6 ngau nhién duoc st dung dé phan dong
vét vé v6i cong thire thi nghiém. Ngoai ra ta c6 thé sir dung mdy tinh dé tao ra cac sb
ngiu nhién. Khi thiét ké thi nghiém, s6 don vi thi nghiém thuong bang nhau & cc cong
thure thi nghiém.

a. Phén chia ngéu nhién don giin

bay la cach ngﬁu nhién hod co ban khong c6 sy phan biét hodc han ché. Vi du tién
hanh phan 12 dong vat thi nghiém dugc danh sb tir 1 dén 12 vé 2 cong thiic thi nghiém
(d6i chimg - C va thi nghiém - T). Tién hanh chon s ngau nhién tir bang s6 ngu nhién
phén phu luc. Gia su ta léy 10 sb ¢o 1 chit s6 & hang déu tién; nhu vay ta s¢ duogc day sb
ngiu nhién sau 813766407765. Néu sé ngiu nhién 1a s6 chin dong vat s& phan vé v4i C
va s 16 vé vai T.

Pon vj thi nghiémsé 1 2 3 4 5 6 7 8 9 10 11 12
Sbé ngAu nhién 8 1 3 7 6 6 4 0 7 7 6 5
Cbng thirc C T T T C Cc C Cc T T C T

C6 thé tién hanh cac budc tuong tu dbi véi thi nghiém cé s cong thire thi nghiém
nhiéu hon 2. Vi du c6 3 cong thuc thi nghiém A, B va C, chon cac sb6 1-3, 4-6 va 7-9
tuong tmg véi cac cong thirc thi nghiém va bo qua s6 0. Twong ty nhu vi du trén ta co
diy s6 ngiu nhién 8137664077652 va két qua thu dugc CAACBBBCCBBA. Trong
trudng hop ndy, su ngau nhién di khong duoc tuan thu vi co 3A, 5B va 4C. Cach phan
chia ngau nhién han ché dugc dua ra nham khéc phuc nhitng han ché nay.

b. Phin chia ngéu nhién theo khoi

Phan chia ngiu nhién don gian dya trén nguyén tic tit ca cac dong vat twong dbi
déng déu, mdi dong vat déu ¢ co hoi nhu nhau khi sép vao mot cong thuc thi nghiém.
Tuy nhién diéu nay khong con dang khi dung lwong mau 16n. Can cr vao mét tiéu chi
lra chon cu thé thi du lira chon theo ltra, theo tudi, theo khdi luong, theo hanh vi . . .
chung ta s€ phan chia cadc dong vat thanh mot s6 nhom sao cho céc dong vat cung nhom
tuong dbi dong déu, sau d6 méi chia ngiu nhién cac dong vat trong timg nhom vao céac
cong thirc thi nghiém. Pay chinh 1a cach phdn chia ngdu nhién theo khoi.

Vi du 3.1: Nghién ctru bénh viém khép & chd. Tao ra 3 khdi khac nhau twong tmg
v6i 3 nhém c6 khdi luong co thé 16n, trung binh va nhé. Nhu vay sé biét duoc khdi
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lugng co thé cua dong vat anh hudng dén muc do mic bénh cua tung cong thuc thi
nghiém. Ttrc 1a so sanh cac cong thic thi nghiém c6 dé€ cap dén khoi lugng co the.

c. Phan chia ngdau nhién han che

Nhin chung, ta mong mubn c6 s don vi thi nghiém bang nhau & cac cong thirc thi
nghiém. K§ thuat ngiu nhién don gian d duoc st dung dé dat duoc diéu nay néu dung
lwong mau du 16n. Tuy nhién ching ta c¢6 thé gip su thiéu can bang khi dung luong miu
tuong dbi bé. Piéu ndy da duogc minh hoa & vi du phan phdn chia ngdu nhién don gidn
v6i sy phan bd 3A, 5B va 4C. C6 thé sir dung kiéu phdn chia ngdu nhién han ché dé
khic phuc nhitng han ché nay.

Vi du c6 16 don vi thi nghiém, can chia vé 4 cong thue thi nghiém A, B, C va D.
Ta s& chon céc s6 1-2, 3-4, 5-6, 7-8 tuong (mg vdi cac cong thic thi nghiém A, B va C
va bo qua s6 9 va 0. Twong tu ta c6 ddy sd ngdu nhién 81376646776529997742 va két
qua DABDCCBDD. Nhu vay dén s6 ngiu nhién thir 9 da c¢6 du 4 dong vat vé véi cong
thirc thi nghiém D. Cac s ngau nhién 7- 8 ciing s& bo qua vi da du sb lugng va di c¢é 1
dong vat thi nghiém vé véi A, 2 véi B va 2 vé v6i C. Tiép theo ta s& c6 CC, & sd ngau
nhién thr 11 da da 4 don vi cho cong thue C. Tuong tu nhu vay chic chén sb don vj thi
nghiém & céc cong thirc thi nghiém bang nhau.

Phan chia ngiu nhién theo khéi thuong duoc dung két hop v6i phan chia ngiu
nhién gidi han.

d. Phén chia ngéu nhién theo nhém (Cluster)

Thong thuong, mdt dong vat thi nghiém dugc coi nhu mdt don vi thi nghiém. Tuy
nhién trong chan nuoi va thi y, thi mot nhom dong vat cling duge coi nhu mdt don vi
thi nghiém. Béi vi thirc an, thude va vic xin thuong duoc st dung cho mot nhom dong
vat trong cung mot lra, nudi trong cung mot chuéng, mot bai hodc dugce st dung cho ca
dan hay tat ca ca nudi trong mot bé. Trong truong hop nay, ta tién hanh s dung k¥
thuat ngau nhién hod cho ca nhém dong vat thi nghiém hay con goi 1a ngdu nhién hod
theo nhom. Nhu vay tat ca dong vat trong nhém s€ nhan dugc cung mdt cong thirc thi
nghiém sau d6 can phai tap hop két qua trén cac nhom dé danh gia anh huéng cia cac
cong thirc thi nghiém. Luu ¥ rang trong kiéu phan chia ndy mot nhém dong vat chi duge
coi nhu mét don vi thi nghiém.

Vi du 3.2: Nghién ciru tiéu t6n thirc an trén mot kg tang khdi luong dbi véi lon
nudi vd béo. V& 1y thuyét c6 thé tién hanh quan sat lwong thirc n ma timg con lgn thu
nhan hiang ngay; nhung vé thyuc té diéu nay rat kho thyuc hién. Ta chi co thé quan sat
duogc lugng thic an tiéu ton trong mot 6 chudng c6 nuodi khoang 30 — 50 con va tir day
c6 thé tinh duoc tiéu tén thire an cho 1 kg ting khéi luong. O ddy 1 6 chudng nudi 30 -
50 con dugc coi nhu mot don vi thi nghiém. Dé co thé nghién ctru dugc tiéu tdn thirc an
trén 1kg ting khoi lwong ta phai tién hanh thi nghiém trén nhidu 6 chudng va phai bat
tham 6 chudng nao ap dung cong thirc thi nghiém nao.
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3.6. PHUONG PHAP LAM MU

Trong phan néu trén ta di dung ky thut bd tri dong vat vao cic cong thirc thi
nghiém bang k¥ thuat ngiu nhién hoa dé dam bao khong co sy sai s6 c6 hé thong. Tuy
nhién sy thién léch c6 thé xuat hién do nhitng dinh kién cua nguoi tryc tiép thyc hién va
ngudi danh gia. Dé dam bao trong thi nghiém khong c6 sy thién 1éch nhu dd néu trén ta
st dung k¥ thuat [am mu. C6 2 k¥ thuat [am mu:

1) K¥ thuat [am mu don va 2) Ky thuat lam mu kép.

K¥ thuat 1am mu kép 13 k¥ thuat ma ca ngudi truc tiép thuc hién va ngudi va nguoi
danh gia khong biét cac thong tin vé thi nghiém. Pdi voi ky thuat lam mu don, hodc
nguoi truc tiép thyuc hién hodc nguoi danh gia khong biét cac thong tin vé thi nghiém.

bé nguoi truc tiép thuc hién khong thé phan biét dugc sy khac nhau gitta nhom
doi chung va thi nghiém, c6 thé su dung nhitng vat nom, vat gia vo (placebo). Placebo
la nhiing vat ma bé ngoai trong giong hét vat thi nghiém, chi khic nhau vé ban chat.
Placebo thuong dugc dung trong cac nghién ctru vé thuoc.

3.7. TANG PQ CHINH XAC CUA UOC TINH

3.7.1. Lap lai

Nhin chung, sb lugng don vi thi nghiém cang 16n thi d§ chinh xé4c cta udc tinh
cang cao va cang c6 nhidu co hoi dé phat hién dwoc anh hudng cia cong thic thi
nghiém néu no ton tai. Chi tiét vé xac dinh dung lugng mau tdi wu dugc trinh bay &
chuong 4 va chuong 5.

Lap lai tuc la tién hanh thu thap cung mot kiéu sb liéu nhiéu lan trén cung mat
dong vat hay cing mot don vi thi nghiém. Bang cach nay ta ¢6 thé phan tach duoc bién
dong do sinh hoc gay ra hay do tdc dong ctuia cong thire thi nghiém.

3.7.2. Ky thuat khoi

Co6 thé st dung k¥ thuat nhom don vi thi nghiém nhu mot cong cu bd tro dé giam
bién dong trong qua trinh so sanh. Tao ra cic nhém dong vat (khdi) tuong ddi dong déu
nhau, nhu vay sy bién dong ngiu nhién trong mdi khdi s& bé hon giita cac khdi. Tién
hanh ngiu nhién hoa trong timg khdi. Trong qué trinh phan tich s liéu, c¢6 thé phan tich
duoc sy bién dong do cong thirc thi nghiém gay ra véi bién dong do khoi gy ra. Vai
cach tiép can theo k¥ thuat khéi ta s& c6 mot ude tinh chinh xac hon.

Déi voi ki thuat khdi c6 2 mo hinh thiét ké thi nghiém: 1) khéi ngau nhién day
du, khi trong mdi khdi bd tri ddy du tat ca cac cong thirc thi nghiém va 2) khéi ngau
nhién khong day di, khi trong mdi khdi khong co day du cac cong thirc thi nghiém.

3.7.3. Ky thuat cap

K¥ thuat cip dugce dé cap khi ta xem xét trudong hop chi c6 2 cong thirc thi nghiém
(2 nhém) va 2 nhém nay c6 mdi lién hé véi nhau. Néu cic quan sat trong 2 nhém tao
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thanh cdp hodc mot ca thé tham gia ¢ ca 2 nhom thi cac quan st & 2 nhom phai bang
nhau. Véi k¥ thuat cép, so sanh cac cong thure thi nghiém véi nhau dugce thuc hién trong
ting cap. Su bién dong trong timg cip bao gid ciing bé hon giita cac ca thé khong cung
cap, nhu vay udc tinh s€ chinh xac hon. C6 céc kiéu cap nhu sau:

1 Cip tu tao - moi dong vat tham gia ca 2 cong thire thi nghiém.

2 Cap tu nhién - dong vat sinh doi hodc nhan ban.

3 Cap nhan tao — tao ra cap vdi cac ti€u chi lya chon tuong ddi déng nhat, vi
du dong nhat vé tuoi, khoi lugng, chi ti€u sinh ly, sinh hoa...

3.8. DUNG LUQNG MAU CAN THIET

Can bao nhiéu dong vat thi nghiém, bao nhiéu khdi, bao nhiéu 6 16n, bao nhiéu 6
nhd? Pay 1a mot cau hdi thuc sy kho. Chung ta xét mot s6 cach tiép can sau:

S6 dong vat thi nghiém phai du sao cho cic dic tinh riéng biét cua timg cé thé
khong 1am anh hudng dén két qua thi nghiém. Néu s6 dong vat trong thi nghiém qua it
thi d6 tin cdy cua két qua thu dugc tir thi nghiém s& khong cao. Nguogc lai, néu s dong
vét quéa nhiéu thi c6 thé giy lang phi. Pé dat duoc do chinh xac cao khong phai luc niao
cling can sb luong dong vat thi nghiém qua 16n. Néu qua nhiéu dong vat tham gia thi
nghiém thi c6 thé gdy ra nhiéu kho khin trong qua trinh theo ddi timg ca thé, kho khin
khi chung ta mubn tao ra cac diéu kién déng nhét cua thi nghiém cho moi ca thé vi du
nhu khi cho dong vat an... nhimg khé khan d6 da lam giam d6 chinh xac vé mit k¥ thuat
cua thi nghiém.

Dung luong mau can thiét con phy thudc vao chét luong ctia dong vat tham gia thi
nghiém. Pong vat tham gia thi nghiém c6 d6 dong déu cao thi s6 lugng giam xudng va
nguoc lai. DO tudi ctia vét nudi cling dong vai trd quan trong trong qua trinh chon dung
lugng mau. Pong vat cang non thi s6 lugng can phai ting 1én va nguoc lai, boi vi ddi
v6i loai dong vat nay muc do bién dong rat 1on (ca vé mit sinh 1y va ngoai hinh). Ngoai
ra, dung lugng mau con phu thudc vao ting loai vat nuoi; mdi loai vat nudi co nhiing
dic diém riéng vi vay trong qua trinh thiét ké thi nghiém ciing phai chu y dén yéu té
nay. Cudi cing, két qua mong doi cta thi nghiém (sw chénh léch giita cac cong thirc thi
nghiém) ciing anh hudng rat nhiéu dén dung lugng mau.

Co6 thé phéc so qua cac yéu td anh huong dén dung lwong mau nhu sau:

Dung lwgngmau

Yéu t6 anh huéng

bé trung binh I&n
Bién dong trong dan nho > Ion
Déi twong nghién ctru dai gia suc > gia cadm
Giai doan nghién ctu dau > cubi
Loai dé tai thire &n gibng phong bénh
Phuwong tién bang tay > c6 may méc
Nhan lyc va vat luc han ché > nhiéu
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Trén day 1a cac tiéu chi dé 1am co s& quyét dinh chon dung lrong mau. Bén canh
do, dé xac dinh dugc so lugng dong vat thi nghiém can thiét c6 thé dua phai dya vao
cac tiéu chi sau:

3.8.1. S6 cong thirc thi nghiém

Cach tiép can thir nhat dé xac dinh duoc dung luong mau can thiét d6 1a dua vao:

1

2
3
4

Sb cong thirc thi nghiém (a).

Mirc d6 ddng déu cua tinh trang can nghién ctru (62).

Sai lam loai I (o)

Sai 1am loai II ().

Thong thudng mot cong trinh nghién ciru chdp nhén sai sot loai I khoang
1% hay 5% (t@cc a = 0,01 hay 0,05) va xac suat sai sot loai II khoang B =
0,1 dén 0,2 (tic power = 0,8 — 0.9).

Sai khac mong doi (su khac biét mudn phat hién) hodc chénh léch bé nhat
gilra 2 gia tri trung binh bat ky dé phat hién su sai khac néu co (A).

Doi véi truwong hop wéce tinh mdt gia tri trung binh

Dung lugng miu can thiét dé gia tri trung binh cong wéc tinh khac p khong qua A
khi c6 phéan phéi chuan N(u,6%) va mirc tin cdy P = 1 - o. dya vao cong thirc sau:

Cxo?
AZ

Trong d6: C 13 hang s6 lién quan giira a va p; C = (Z1-w2 + Z1p)%; bang 3.1.

Biang 3.1. Bang tham chiéu hing s6 C lién quan giira o va p

a B =0,2 (power = 0,8) B =0,1 (power = 0,9) B = 0,05 (power = 0,95)
0,1 6,18 8,56 10,82
0,05 7,85 10,51 12,99
0,01 11,68 14,88 17,81

Vi du 3.3: Can quan sat bao nhiéu bo sira dé wéc tinh duge nang suat trong chu ky
tiet stta 305 ngay vdi muie do tin cay 95% nam trong khoang + 75 kg so véi gia tri thuc
cua quan thé. Biét rang san luong stra c6 phan bo chuan o = 500 kg.

Can thiét: n >

Cxo? _ 7,85x% 5007
- 2

A2

=348,88

Nhu vay can it nhit 349 bo sita dé thoa méan diéu kién bai toan.

Péi voi truong hop wée tinh mot ty 18

Dung luong méu can thiét dé ty 1 udc tinh p khac khong qué d so véi ty 1é thuc

. Néu biét ty 18 hién hanh p (prevalance) va kiém dinh & mirc tin cdy P =1 - o dua vao
cong thuc sau:
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n> (Z1an)’ >;p(1 -Pp)
A
Luu ¥: Ty 18 hién hanh p co thé tim duoc thong qua cac tai liéu, cac nghién ciu
trude hoac xuat phat tir kinh nghiém va sy hi€u biét cia ngudi nghién ctru. Néu khi tién
hanh thi nghiém khong c6 thong tin vé ty 1€ luu hanh, ta s€ chon p = 0,5. Khi do:

2
(Z1_as2)

n
40

Vi du 3.4: Can dung luong mau bao nhiéu dé xac dinh ty 1¢ hién nhiém maot loai
vi khuan trén than thit Ilgn @ mot 10 mo véi udce tinh chénh 1éch khong qua 5%. Biét rang
ty 1€ hién hanh p=0,2 va kiém dinh & muc tin cay 95%.
(Zan)? xp(=p) 196> x0,2x(1-0,2)
A 0,05°
Nhu vay can khéo sat it nhat 246 than thit.
Poi véi treong hop so sanh 2 gia tri trung binh

Can thiét 5 >

= 245,86

Dung lugng mau can thiét (d6i véi mdi cong thirc thi nghiém) dé phat hién duoc
su sai khac néu chénh léch gitra 2 gid tri trung binh 1a A, sai 1am loai I va loai I & muc
tuong Gng 1 o va B. Gia sir s liéu co phan bd chuin. Phuong sai cia tinh trang nghién
ctru la 6%

nz zifz

Trong d6: C 13 hang s6 lién quan gitra a va p; C = (Z1-w2 + Z1p)%; bang 3.1.

Vi du 3.5: Mudn thiét ké mot thi nghiém dé so sanh san luong sita cua dé Bach
Thao & 2 cong thuc thi nghiém véi yéu ciu o = 0,05; B = 0,2; chénh léch mong dogi 30
kg stra biét o = 50 kg.

2 2

Chn thiét n > 269 - 200

A? 302

~ 43,55

Nhu vay can it nhat 44 dé cho mdi cong thirc thi nghiém.

P6i voi trueong hop so sanh hai ty 18

Vi cac nghién ciru tién ctru (Cohort studies), dung lwong mau can thiét dé so
sanh 2 ty I¢ la:

(Zl—alz\/(r-'—l);g T2, 5P T D19y )z

r(pl _Pz)z

nlzi X

2(r+1)
(bl 2

r(p-p,)

1+ |1+

2

r‘p] 7p2‘
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Trong do:

n; = dung luong mau ti thiéu can thiét cho nhom thir nhat (khéng phoi nhiém).
2 = dung lugng mau tdi thiéu can thiét cho nhom thir hai(co phoi nhiém).
r=ni/ny.

p1 = ty 1é méic bénh hién hanh & quan thé thu 1.

p2=tylé méc bénh du doan & quén thé thu 2.

—_Ptp,

;g=1-p;q=1-p.
r+1

Z(1-a2) = Gié tri z & muc tuong tng 1-a/2 (o — xac sudt méc sai lam loai ).

Za-p = Gia tri z & mirc tuong tng 1- B (B— x4c sudt macsai 1am loai II).

Vi du 3.6a: Mot tién ciru duoc tién hanh dé nghién ciru ty 18 ton thwong num va &
bo sita gitra hé thong vat stra ty dong (A) va hé thong binh tay (B). Thoi gian nghién
ctru dugc tién hanh trong 12 thang véi dy doan ty 1€ ton thuong ¢ h¢ thong B 1a 34,5%
(p1 =0,345); a = 0,05; B = 0,20; n; = nz. Biét rang ty 1¢ ton thuong & hé thong vat sira tu
dong 1a 15% (p2 = 0,15). Hay tinh dung lwong mau can thiét d6i véi mot nhom dé thoa
man diéu kién bai toan.

Can thiét:

| 1[196/2x0,2475x0,7525 +084,20345x0,655)
"4 (0,345-0,15)
2
1+ |1+ 4 = 84,82

2
((1,96\/2 x 0,2475% 0,7525 + 0,84+/2 x 0,345 % 0,655)2]

(0,345-0,15)°

0,345-0,15

Nhu vay can it nhat 85 bo sita cho mot nhom.
Dung luong méu can thiét dé so sanh 2 ty 1é (trong cac nghién ctru dich t& hoc thu
y) ¢6 thé dugc tinh bang cong thurc sau:

2
(Z(a/z)xﬂp(l—p) +7(1-)y/P1(1—-P1) +p2(1—p2))

A2

n = dung lugng mau tbi thiéu can thiét cho mot nhom.

p1 = ty 1é méic bénh hién hanh & quan thé thi 1.
p2 =ty 1& méc bénh dy doan & quan thé thi 2.

p=p1+p2

;q=1-
5 a=l-p
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Z-w2) = Gia tri z & murc twong tng 1-a/2 (o — x4c suat mac sai 1am loai I).

Z.p) = Gia tri z & mirc twong tng 1- B (B— xac suat micsai 1am loai II).

A: Sai khac mong doi (su khac biét mudn phat hién); A = p1 — pa.

Vi du 3.6b: Mot thi nghiém duoc thiét ké dé danh gia hiéu qua diéu tri ciia mot
loai cao mat dong vat trén bénh lon con phan tréng. Nhom 1 duge diéu tri béng cao mat
dong vat; nhém 2 1a nhom ddi ching (khong diéu tri). Cac nha nghién ctru gia thiét ring
ty 1 bénh lon con phén tring & nhém 2 khoang 10% va cao mat dong vat c6 thé lam
giam ty 1€ nay xudng khoang 6%. Néu cac nha nghién ciru mudn thir nghiém gia thiét
nay voi sai sot I (a=0,01) va power = 0,9, bao nhiéu lgn con cho nghién ctru nay?

(2,57*«/2*0,08*0,92 +1,28*JO,1*0,9+0,06*O,94

)2
n= 5 =1366
(0,04)

Nhu vy can it nhat 1366 lon con cho mot nhom.
Truong hop so sanh nhiéu gia tri trung binh

Céc truong hop uwéc tinh ¢& mau & trén sir dung phuong phap ude tinh truc tiép.
Tuy nhién, truong hop so sanh nhiéu gia tri trung binh st dung phuong phap ude tinh
gian tiép dé xac dinh dung lwong mau can thiét. Cach xac dinh nhu sau:

+ Goi sd trung binh ctia g nhom 13 p1, po, ..., pe

g .

+ Tinh trung binh chung: p= Zﬁ .
— 8
i=l

g
+ Tinh tong binh phuong: SS= Z(ui —n?.
i=1
SS
(g-1o

+ Tim gié tri F* = F(o, u, v), trong dé: u=g—-1vav=ghn-1).

+ Tinh gi4 tr1 Lamda: %=

Thay céc gia tri g, A, F* va dung lugng mau (n) dé sao cho Zg dap ung dugc yéu
cau do manh cta phép thir (Power) dat tdi thiéu 0,8 hodc 0.9.
1

X

ZB = =
\/ (g-DA+n0)F +g(n—1)(1+2n))

[\/g(n —1)[2(g “Da+m)2 - +2nx)] ~JF gD+ m)2em 1) —1))

Vi du 3.7: Thiét ké mot thi nghiém dé so sanh ting khéi luong (g) cua ga & 4
khau phan thire an (A, B, C, D). Céac gia trj trung binh dugc chon 1an luot 1a: pa= 79, us
=171, pc =80, up= 102, v6i o = 0,05 va 1- § =0,8; biét 62 = 352. Can bao nhiéu ga tham
gia thi nghiém nay?
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g .

- Tinh trung binh chung: p = Zﬂ =i(79+71+80+102) =83
— g
i=1

- Tinh téng binh phwong:

SS = 24:(“1- —10)2 = (79-83)2 +(71-83)2 +(80—83)% + (102 -83)% =530
i=1

+ Tim gid tri F* = F(0,05, u, v), trong d6: u=4—-1=3vav=4(n-1).

+ Tha‘ly lan luot timg gia trj dung lugng mg}u dé’ thoa man diéu kién Zp dap ung
duoc yéu cau do manh cia phép thir (Power) dat t6i thiéu 0,8 hoac 0,9.

+n=1 =‘> F* =F(0,05, 3, 0) => khong xac dinh dugc gia tri F* =>n = 1 khong
thoa man yéu cau.

+n=2=>F*=F(0,05, 3, 4) =6,591

1
i JE—1)(1+2%0,144)%6,591+4(2 — )(1+2%2%0,144) b

(\/4(2—1)[2(4—1)(1+2*o,144)2 —(1+2*2*o,144)] —\/6,591(4—1)(1+2*0,144)(2*4(2—1)—1))

zg =-1,34159 => Power = 0,0898 (8,98%) < 0,8 (80%) =>n =2 khong thoa man
yéu cau.

+n=3,4,5, ...

+n=10=>F*=F(0,05, 3, 36) = 2,866.

ZB: ! X
J3*(1+10%0,144)%2,866 +4*9*(1+2%10*0,144)

[\/4*9*[2*3*(1“0*0,144)2—(1+2*10*O,144)}—\/2,866*3*(1+10*0,l44)(2*4*9*—1)]

zg =-0,37255=> Power = 0,3547 (35,47%) < 0,8 (80%) => n = 10 khong thoa mén
yéu ciu.

+n=11,12,13, ...

+n=20=>F*=F(0,05, 3, 76) = 2,724.

1
ZB = X
J3F(1+20%0,144) 2,724+ 4*19*(1+2*20*0,144)

(\/4*19*[2*3*(1+20*0,144)2—(1+2*2o*o,144)}—J2,724*3*(1+20*0,144)(2*4*19—1)j

zg =0,4510=> Power = 0,6740 (67,40%) < 0,8 (80%) =>n =20 khong thoa man
yéu ciu.
+n=21,22,23, ...
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+n=25=>F*=F(0,05, 3, 96) = 2,699.
1
ZB = X
JB3F(1+25%0,144)%2,699 + 4% 24 % (1+2%25%0,144)

[\/4*24*[2(4—1)(1+25*o,144)2 —(1+2*25*o,144)] —\/2,699*3*(1+25*0,144)(2*4*24—1)j

zg =0,78326=> Power = 0,78326 (78,32%) < 0,8 (80%) => n = 25 khong thoa
mén yéu cau.
+n=26=>F*=F(0,05, 3, 100) = 2,695.

ZB = ! X
J3*(1+26%0,144)%2,695+4%25% (1+2%26*0,144)

(\/4*25*[2*3*(1+26*0,144)2—(1+2*26*0,144)]—42,695*3*(1+26*0,144)(2*4*25*—1)}

75 = 0,84564 => Power = 0,80112 (80,11%) > 0,8 (80%) =>n =26 thoa mén yéu cAu.

Nhu vay, dung lugng mau cho mot nhém (n = 26) dé sao cho Zp dap ung dugc
yéu cdu d6 manh ctia phép thir (Power) dat t6i thiéu 0,8. Téng s6 ga tham gia thi nghiém
nay la: 4 x 26 = 104 con.

Tuy nhién, yéu cau do manh ctia phép thir dat t6i thiéu 0,9, dung lwong miu cho
mot nhom (n = 34) va tong sb ga tham gia thi nghiém nay: 4 x 34 = 136 con (Bang 3.2)

Bang 3.2. Bang tham chiéu dung lwrgng miu twong ing véi dd manh ciia phép thir

n u v F* Zbeta Power

1 3 0 #NUM! #NUM! #NUM!

2 3 4 6,591382 -1,34181 0,089829
3 3 8 4,066181 -1,23865 0,107738
4 3 12 3,490295 -1,09323 0,137147
5 3 16 3,238872 -0,95224 0,170487
6 3 20 3,098391 -0,8207 0,205908
7 3 24 3,008787 -0,69824 0,242513
8 3 28 2,946685 -0,58369 0,279714
9 3 32 2,90112 -0,4759 0,317074
10 3 36 2,866266 -0,37388 0,354246
11 3 40 2,838745 -0,27686 0,390946
12 3 44 2,816466 -0,18417 0,426941
13 3 48 2,798061 -0,09529 0,462042
14 3 52 2,7826 -0,00979 0,496094
15 3 56 2,769431 0,072694 0,528975
16 3 60 2,758078 0,152465 0,56059
17 3 64 2,748191 0,22978 0,590869
18 3 68 2,739502 0,304859 0,619763
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n u \' F* Zbeta Power
19 3 72 2,731807 0,377889 0,647244
20 3 76 2,724944 0,449036 0,673297
21 3 80 2,718785 0,518442 0,697925
22 3 84 2,713227 0,586234 0,721141
23 3 88 2,708186 0,652523 0,742968
24 3 92 2,703594 0,717409 0,763439
25 3 96 2,699393 0,780979 0,782593
26 3 100 2,695534 0,843315 0,800474
27 3 104 2,691979 0,904488 0,817132
28 3 108 2,688691 0,964562 0,832618
29 3 112 2,685643 1,023598 0,846987
30 3 116 2,682809 1,081649 0,860296
31 3 120 2,680168 1,138765 0,8726
32 3 124 2,677699 1,194992 0,883955
33 3 128 2,675387 1,25037 0,894418
34 3 132 2,673218 1,304939 0,904043
35 3 136 2,671178 1,358733 0,912884
36 3 140 2,669256 1,411788 0,920994
37 3 144 2,667443 1,464132 0,928421
38 3 148 2,665729 1,515796 0,935215
39 3 152 2,664107 1,566805 0,94142
40 3 156 2,662569 1,617185 0,947081
41 3 160 2,661108 1,666958 0,952239
42 3 164 2,65972 1,716148 0,956933
43 3 168 2,658399 1,764775 0,961199
44 3 172 2,65714 1,812858 0,965073
45 3 176 2,655939 1,860416 0,968587
46 3 180 2,654792 1,907466 0,97177
47 3 184 2,653695 1,954024 0,974651
48 3 188 2,652646 2,000106 0,977256
49 3 192 2,65164 2,045727 0,979608
50 3 196 2,650677 2,090901 0,981732

Néu anh huéng cua cong thue thi nghiém rat it, mudn phét hién dugc sy anh
huong nay doi hoi dung lugng miu 16n. Bén canh d6 cac gia tri sai 1am loai I va do
manh ctia phép thir twong tng 13 a va 1 — B ciing anh hudng rat nhiéu dén dung lugng
mau can thiét.

Dung lugng méu can thiét ddi v6i mdi cong thire thi nghiém (n) dé phat hién sy
sai khac néu c6 khi chénh léch bé nhat giita 2 gia tri trung binh bat ky 1a d, sé cong thic
thi nghiém la a va phuong sai cua tinh trang nghién ctru 1a 6> duge dua trén cong thirc
dudi day:
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45 = nd’*
2a0°

Tham sb ¢ s& duoc dé cap chi tiét & chuong 4. O day ta sé& sir dung dudng cong
cho san & phan phu luc dé tim dung lugng mau can thiét.

Vi du 3.8: Nghién ctru ting khdi luong (g/ngay) cia lon nudi vd béo dén 5 thang
tudi ¢ 3 cong thirc thi nghiém. Hay xac dinh dung lugng mau (n) can thiét d€ phat hién
su sai khac gitra cac cong thirc thi nghi€ém néu cé. Biét rang su chénh l¢ch gitra 2 gia tri
trung binh luc két thac thi nghiém 1a 40g, tang khoi lugng c¢6 phan bd chuan véi phuong
sai 6 = 480.

Str dung cong thirc néu trén cing vé6i cac duong cong ¢ phan phu luc ta cé thé tim
ra dung lwong mau can thiét & cac mire chinh x4c twong tmg:

Néua=0,05 1-p=0,80>n="7;

Néua=0,05 1-$=0,90=>n=09;

Néua=0,01; 1-p=0,80=>n=10;

Néua=0,01; 1-p=0,90=>n=12.

Mot s6 van dé vé wée tinh dung lwong miu

Piéu chinh dung hrong mau dy phong riii ro

Céc truong hop udc tinh ¢d mau ¢ trén déu dya trén gia dinh thi nghiém dugc
thuc hién thuén lgi, suén sé va khong gap rai ro. Tuy nhién, cac thi nghiém chan nu6i
trong thuc t€ sau khi chon dugc dong vat dé tién hanh thi nghi€ém, mot s6 dong vat
khong dép Uimg duoc yéu cau cua thi nghiém (sttc khoé kém, bi bénh, thé trang yéu),
hién tugng nay chiém ty 1€ khoang tir 10 — 30% tuy theo doi tuong vat nuoi va do tuoi
tién hanh thi nghiém. Do vay, khi wdc tinh dung lugng mau can phai tinh dén truong
hop phai du phong khi giip riii ro va diéu chinh dung lwgng mau cho phu hop:

- Néu dung lugng mau theo 1y thuyét: n.

- Ty 1€ du phong rui ro: q.

- Dung luwong méu thuc té: n/(1-q).

Vi du 3.9: Thiét ké mot thi nghiém dé so sanh ting khdi luong (g) ctia ga ¢ 4
khau phan thtrc an (A, B, C, D). Cac gié tri trung binh dugc chon lan lugt 1a: pa= 79, us
=71, pc = 80, pup= 102, v&i a = 0,05 va 1- B = 0,8; bict 6> = 35°. Theo 1y thuyét can 104
con ga, néu ty I¢ du phong 1a 20%, so6 ga thuc t€ can lay: 104/(1-0,2) = 130 con.

Piéu chinh dung lwong mau cho hién twong mat can doi giiva hai nhom

Céc truong hop udc tinh ¢& mau ¢ trén déu dua trén gia dinh thi nghiém duoc
thue hién véi hai nhém, dung lwong miu cua hai nhém bang nhau (udc tinh dung lugng
mau cho mot nhém va nhan d6i dé co dung lugng miu ctia nhém thir hai). Tuy nhién,
nhiéu thi nghiém chan nuéi tha y (dic biét ddi voi nghién ciru bénh ching) rat kho dé co
thé tim dugc nhom bénh bang v6i nhom ddi chimg. Mit khac, viée dé dung lwong mau
ctia nhém dbi ching (nhom khong duge diéu tri) bang vi nhom bénh (nhém duge didu
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tri) s& gdy anh huong dén san xuit va thiét hai vé kinh té rat 16n. Do vay, khi u6c tinh
dung lugng miu can phai tinh dén trudong hop mat can ddi giita hai nhom va diéu chinh
dung luong mau cho phu hop:

- Néu dung lwong méu theo 1y thuyét: n.

- Ty s ¢& mau gitra nhom 1 va nhém 2 1a k.

+ C& méu thyc té: n(1+k)>/4k

Vi du 3.10: Mot thi nghiém duoc thiét ké dé danh gia hiéu qua diéu tri ciia mot
loai cao mat dong vat trén bénh lon con phan tréng. Nhém 1 duoce diéu tri béng cao mat
dong vat; nhom 2 1a nhém ddi chimg (khéng diéu tri). Dung lugng mau theo 1y thuyét
(n = 2722) va dung lugng miu nhém 1 16n hon nhém 2 1 1,5 lan (k = 1,5) dung luong
mau thuc té: 2722*(1+1,5)%/(4*1,5)= 2835 con.

3.8.2. Bac tw do ctia sai s6 ngau nhién

Gia sir so sanh hai hodc nhiéu cong thtc thi nghiém véi nhau ta mong mudn bac
tir do cua sai s6 ngau nhién > 20 bdi vi v6i bac ti do cua sai s6 ngau nhién bé gia tri t6i
han cta F rat 16n nhung né s& giam rat nhanh khi bac tu do nay ting l1én. Khi bac ty do
sai s& ngau nhién 16n hon 20 thi gi4 tri F giam rat it. Trong d6 thi dudi day, vi va va
tuong ung voi bac tu do ctia cong thirc thi nghiém va bac tu do ciia sai s6 ngau nhién s&
minh hoa diéu nay.

F té1 han

Do thi. Gia tri téi han ciia phan phdi F véi bac tw do vi, v2 va a = 0,05

Str dung quy tic béc ty do tdi thiéu dé tinh dung lwong mau can thiét cho cac vi
du sau:

Vi du 3.11: Thiét ké thi nghiém kiéu hoan toan ngiu nhién véi sd cong thic thi
nghi¢m a = 5. Can bao nhiéu don vi thi nghiém cho mot cong thure thi nghiém ?
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Bac tir do cua sai s6 ngdu nhién df = (r - 1)xa.
Ta can c6 (r - 1)xa > 20, nhu vay r > 5. Can it nhat 5 don vi thi nghiém.

Vi du 3.12: Thiét ké thi nghiém kiéu khéi ngiu nhién dy da vé6i s cong thirc thi
nghiém a = 5. Can bao nhiéu khdi (b) ?

Bac tir do cua sai s6 ngdu nhién df = (b - 1)x(a — 1).

Ta can ¢ (b - 1)x4 > 20, nhu vy b > 6. Vi vy can it nhit 6 khéi.

Diéu nay chimg to rang khi dung lugng mau ting 1én s& cho ta c6 két luan chinh
xac hon. Tuy nhién, d6 thi trén cho ta thay khi bac tu do ctia sai so ngau nhién 16n hon
40 thi gia tri F c6 thay doi khong dang keé.

Ngoai cac cach tiép can néu trén, cac nha nghién ctru ciing dua ra cac nguyén tic
khéc nhau dé dwa vao né ma c6 thé tim ra dung lugng mau phu hop:

Trong nghién ctu vé dai gia suc, Preston (1995) cho rang sd dong vat trong mot
cong thirc thi nghiém khong duoc it hon 3 va bac tu do clia sai s6 ngau nhién it nhat 13 15.

Trong cac nghién ciru vé dai gia sic va lgn, Ovesiannhicov (1976) khuyen cao

s6 dong vat trong mot cong thire thi nghiém it nhét 12 6 va thuan loi hon néu con sb
nay la 12.

3.8.3. Phuong phap chon miu

Céc phuong phap wéc tinh dung lwong miu & trén méi chi dap tng dugc vé mat
s6 luong. Bén canh vé mit sd luong, viéc thuc hién dung cac k¥ thuat léy mau dong vai
tro quan trong trong thiét ké thi nghiém dé dam bao nguyén tic ngau nhién, dai dién cho
quéan thé va khach quan. Cac phuong phap chon mau dugc sir dung nhu phuong phép
chon mau ngau nhién don, phuong phép chon mau ngiu nhién theo hé théng, phuong
phap phan ting va phuong phap theo chum.

Chon miu ngiu nhién don (simple random sampling)

Mot tap hop con céc ca thé (mau) duoc lya chon tir mot tip hop 16n hon (quén
thé), trong do mdi c4 thé duoc chon ngéu nhién hay mdi mot ca thé déu co cung co hoi
(xac suat) dugc chon. Qué trinh thyc hién 14y mau nhu vdy duoc goi 1a 14y miu ngiu
nhién don. Nhu vay, ky thuat 1dy mau ngiu nhién don 1a k¥ thuat 1dy mau ma tat ca cac
c4 thé trong quan thé co xéac suit dé duoc chon vao mau bang nhau. K¥ thuat chon miu
ngiu nhién don 1a dang don gian nhét ciia mau xac suat. Pay 1a loai hinh co ban cia
viéc iy mau va 1a mot phan cia phuong phap 1y mau phic tap hon.

Cach thyc hién chon mau ngéu nhién don:

- Chuan bi khung miu: Danh sach chira dung tat ca cac don vi mau va danh sb thu
tutr 1 dén N.

- Xac dinh dung lwong mau cén thiét (n).
- Sir dung cach bdc tham hoic bang s6 ngiu nhién hodc phin mém may tinh dé
chon mau.
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o/ Miu
(m)

So d6 chon miu ngiu nhién don

Vi du 3.13: chon 100 con lon Piétrain khang stress trong quén thé gdm 1000 con.
Chon ngau nhién don véi xac suét: 0,1.

Sw dung cach boc thﬁm Str dung danh sach cua 1000 con lon Piétrain khéng
stress, moi con lon nhan mot sé the tu (tir 1 t6i IOOO) Nhung s6 thtr tu nay duoc viét
trén mgt manh glay nho. Toan bd nhung manh gidy cd sO nay dlmc gap lai bo vao mot
cai hop, lac k§ dé dam bao 1 ngau nhién. Tiép theo, 100 manh gidy dugc iy ra va sb
ctia chiing duoc ghi lai. Nhitng con lon ¢6 nhitng sé nay nam trong mau nghién ctu.

Sir dung bang s6 ngiu nhién: Str dung danh sach ciia 1000 con lgn Piétrain
khang stress, mdi con lon nhan mot sb thi ty (tir 1 téi 1000). Liy 100 s6 ¢ 3 chir sé ké
tiép nhau trong bang (3 chir sé6 dau hodc 3 chit s6 cudi hodc 3 chir sé gitra). Dung but
chi, khong nhin vao bang, chdm vao mot diém nao d6 trong bang bat dau tir diém do
doc 1an luot theo chiéu tir trén xudng dudi va tir trai qua phai, vi du dugc cac s 440,
258, 632, 162, 832, 003, 760, 807, 613, 207,... Chon ra 100 s6 c¢6 3 chit s6 (khong lay
cac ky tu 000, chi léy ra mot lan, khong léy cac ky tu 1ap lai); Nhu vay ta da c6 mdt
mau 100 con lon Piétrain khang stress.

Chon miu ngiu nhién theo hé thong (systematic samples)

Mot tap hop con céc ca thé (mau) duoc lya chon tir mot tip hop 16n hon (quén
thé), trong do mdi cé thé dugc chon theo mot trinh tu hay mdt khoang céch nhét dinh
goi 14 khoang cach mau. Qué trinh thuc hién 14y mAu nhu vay goi 1a chon miu ngiu
nhién theo hé thong.

Céch thyc hién chon miu ngiu nhién theo hé thong:

- Chuén bi khung mau: danh sach chira dung tat ca cac don vi mau va danh s thu
tu tir 1 dén N.

- X4c dinh dung luong mau can thiét (n).

- Xéc dinh khoang cach mau k = N/n (N dung lugng quan thé va n dung lugng miu).
- Chon ngau nhién mét s6 r bat ky trong khoang tir 1 dén k.

- Chon céc don vi mau twong tng véi sb thir ty r + ik (i = 0 dén n-1).

k=N/n QUAN THE.

r 1k r+1k r+o-Dk ||

So' @6 chon miu ngiu nhién theo hé thong
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Vi du 3.14: 14y 246 mau thit lon (n) dé kiém tra ty 1¢ hién nhiém mot loai vi
khudn trén than thit lon tai mot 10 md véi cong sudt 5000 con/ngay (N).

- Xac dinh khoang cach mau k = 5000/246 = 20.

- Chon ngiu nhién mét sb r bat ky trong khoang tir 1 dén 20, vi du chon duoc sb
5. Nhu vy, miu thir nhit dugc 1iy ¢ than thit mang s6 5 va cir 20 than thit s& 14y mot
mau cho dén khi di 246 mau.

- Chon cac don vi mau tuong (mg vai s6 thi tu 5 +i20 (i = 0 dén 245).

Chon miu phin t?mg (simple random sampling)

Mot tap hop con céc ca thé (mau) duoc lwa chon tir mot tap hop 16n hon hay goi la
quan thé, trong d6 quan thé dugc phéan chia thanh cac ting khac nhau (nhom khac biét)
theo mot s tinh chét nao do, trong moi tang chon madt s6 don vi nhat dinh bang phuong
phap ngiu nhién don hay chon ngau nhién theo hé théng. Qua trinh thuc hién ldy mau
nhu vay goi 1a chon mau phan tang.

Chon mau phan tﬁng duoc chia thanh 2 loai: chon mau phan té‘lng ty 1€ va chon
mAu phan ting khong ty 1é.

+ Chon mau phan tang ty 18: s6 don vi mau cua mdi tang dugc chon ty 16 véi kich
thudc cia tang.

+ Chon mAu phan tang khong ty 1¢: S6 don vi mau ctia mdi tang duge chon
bang nhau.

Chon mau phan tﬁng ty 1¢ dam bdo tinh dai dién cho quﬁn thé t6t hon so véi chon
mau phan ting khong ty 1.

Cach thuc hién chon mau phéan tﬁng:

- Chia quén thé thanh céc téng khac nhau (nhém khac biét) dua vao mdt hoac mot
vai ddc diém nao d6 nhu quy mé chin nudi, tinh biét, 4 tudi.. ...

- Xéc dinh dung lwong mau céan thiét (n).

- Thuc hién chon mau ngﬁu nhién don hoac hé théng trong tung tﬁng.

QUAN THE MAU

So @6 chon miu phan ting ty 1¢
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QUAN THE MAU
So dd chon méu phan ting khong ty 18

Vi du 3.15: Mot thi nghiém dugc thuc hién nham danh gia anh hudng cia quy mod
den nang suat sinh san cua lgn nai.

- Dya trén s6 lugng lon nai dé chia thanh cc quy mé bao gom:

+ Quy md: nhd hon 100 nai.

+ Quy mo: tur 100 — 200 nai.

+ Quy mo tir 200 — 300 nai.

+ Quy md tur 300 — 500 nai.

+ Quy md 16n hon 500 nai.

- Chon méu phan tang ty 1&: s6 don vi mau cua mdi quy mé dugc chon ty 18 voi
kich thude cua tirng quy mo.

+ Chon mau phan tang khong ty 18: s6 don vi mau ciia mdi quy mé dugce chon
bang 20% so v&i tong sO dung luong mau can lay.

Chon miu theo chum (cluster sampling)

Mot tap hop con cac ¢4 thé (mau) dugc lya chon tir mot tap hop 16n hon (quan
the), trong d6 quan thé dugc phan chia thanh cac nhom dugc goi 1a cac chum. Viéce lya
chon ngau nhién cac chum tir nhiéu chum trong quan thé nghién ctru dugc goi 1a chon
mau theo chum. Pon vi mau 1a cadc nhom cé thé (chum) chir khong phai ca thé.

Chon mau theo chum duoc chia thanh 2 loai: chon mau chum mot giai doan va
chon mau chum hai giai doan.

- Chon miu mat giai doan: st dung phwong phap chon ngiu nhién don dé chon ra
cac chum tir nhi€éu chum ctia quan thé va tat ca cac ca thé trong cac chum dugc chon ra
do6 tao thanh mau nghién cuu.

- Chon mau chum hai giai doan:

+ Giai doan 1: sir dung phwong phéap chon ngau nhién don dé chon ra cac chum tir
nhiéu chum cua quan thé nghién ctru.
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+ Giai doan 2: Lya chon ngau nhién mot s6 ca thé tir cac chum da dugce chon &
giai doan 1 va tdp hop tat ca cac ca thé d6 tao thanh mau nghién ctru.

Céch thyc hién chon mau chum:

- Chia quﬁn thé thanh cic nhom (chum) dua vao mot hoac mot vai dac diém nao
d6 nhu quy trong cung mdt 6 d¢, cung mot 6 chuong, dugc nhot cung mot 10ng. . ..

- Xay dung khung mau: danh s6 cho cic chum va lap danh sach tit ca cac chum
trong quan thé

- Thuc hién chon mau mot giai doan hodc hai giai doan dé c6 dugc mau nghién curu.

90
0'eS

v

QUAN THE MAU

So d6 chon miu chim 1 giai doan

v v

QUAN THE CHUM MAU

So d6 chon miu chim 2 giai doan

Vi du 3.16: M4t thi nghiém dugc thuc hién nham danh gia hiéu qua diéu trj cua
mot loai ché phém trén bénh lgn con phan tréng. Dé thuc hién thi nghi¢m nay can chon
ra 2700 lon con dé chia vé hai nhom thi nghiém va d6i chimg.

- Xéc dinh céc chum: 1 Ign néi + 10 lgn con = 1 chum. Nhu vay, thi nghiém can
phai chon ngau nhién 270 lon nai tir danh sach 1000 lon nai.

- Xay dung khung mau: 1ap danh sach s6 tai ctia toan bo lon nai trong trai va danh
sO thir ty twong tng.
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- Thyc hién chon mau chum 1 giai doan: st dung phuong phap chon miu ngau
nhién don chon ra 270 lgn nai (10 lgn con/nai) va toan bd s6 lon con cua 270 lon nai
ndy tao thanh mau nghién ciru.

- Thuc hién chon mau chum 2 giai doan:

+ Giai doan 1: sir dung phuong phap chon mau ngau nhién don chon ra 450 lon
nai (10 lon con/nai) tir quan thé c6 1000 lon nai.

+ Giai doan 2: lya chon ngau nhién 6 lgn con/chum x 450 chum = 2700 lon con.

3.9. BAI TAP

3.9.1

Gia sir anh (chi) mudn udc tinh ting khdi lugng trung binh ngay ciia lon nudi vo
béo giét thit tir 60 dén 180 ngay tudi. Tir viéc tong quan tai liéu, anh (chi) tim duoc do
léch chuén cua tinh trang nay 1a 200 g/ngay. Vi khoang tin cdy 95% va gia tri ude tinh
nam trong khoang + 50 g/ngay so v&i gia tri thyc ciia quan thé, hdy tinh dung lugng
mAu can thiét

3.9.2

Mot thi nghiém duogc tién hanh nhiam nghién ctru anh hudng cia viéc bo sung
dong dén tang khdi lugng ciia lon. Chon ra 20 lon thi nghiém giéng Yorkshire & 80
ngay tudi (bt dau thi nghiém) dong déu va chia vé 2 cong thirc thi nghiém (d6i chung
va thi nghiém) hoan toan ngiu nhién. Khéi luong (kg) & 210 ngay tudi (két thuc thi
nghiém) cua 20 lgn néu trén thu dugc nhu sau:

Dbi chimng 120 125 130 131 120 115 121 135 115 128
Thi nghiém 135 131 140 135 130 125 139 119 121 134

Theo phan loai, dy 1a loai thi nghiém nao? Cho biét yéu t6 va so cong thirc thi
nghiém. Néu anh (chi) 1a nguoi thiét ké thi nghiém nay, s6 dong vat can thiét 1a bao nhiéu.

3.9.3

Bénh East Coast Fever (ECF) gay ra ty 18 chét & vat nudi 1a 50%. Sir dung mot
loai vic xin véi mong muén c6 thé bao vé dugc 95% vat nudi. Vi mirc do tin cay la
95% va d6 manh ciia phép thir 1a 90%, hiy xac dinh dung luong miu can thiét.

3.9.4
Tinh s lwong ca thi nghiém can thiét cho mdi bé dé co thé phat hién ra hiéu qua
ctia viéc dung véc xin. Gia sir rang ty 1& ca nhiém bénh trong trudng hop st dung véc
xin va khong str dung vac xin tuong ung la 10 va 30%, mtc d¢ tin cay la 0,95 va do
manh cta phép thu 1a 0,80.
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~ Chuong4 o
THIET KE THi NGHIEM MOT YEU TO

Muc tiéu cua chwong nay nham gioi thiéu cho ban doc cach thiét ké thi nghiém va
phan tich két qua doi véi thi nghiém mét yéu té; cdc wu, nhwoe diém ciia mé hinh nay va
cdc gidi phdp han ché nhiing nhwoc diém nay. Ba mé hinh dwoc gidi thiéu cho ban doc
gom: (1) Thi nghiém hoan todn ngdu nhién, (2) Thi nghiém khoi ngau nhién day di va
(3) Thi nghiém o6 vuong La tinh.

4.1. THi NGHIEM HOAN TOAN NGAU NHIEN
(Completely randomized Design - CRD)

4.1.1. Pic diém

Pay 1a phuong phéap thiét ké thi nghiém thong dung nhit trong cic nghién ciu
chdn nuoi - th y. Thi nghiém dugc thiét ké don gian va viéc phan tich cac dir liéu cta
thi nghiém ciing dé dang.

Pdi véi mo hinh thi nghiém nay, cac don vi thi nghiém dugc bd tri mot cach hoan
toan ngau nhién vao cac cong thirc thi nghiém, hay n6i mot cach khac, moi dong vat thi
nghiém déu c¢6 co hoi duge phan vao mot cong thirc thi nghiém bat ky va chiu anh
hudng tac dong cua cong thurc thi nghiém do. Chinh vi vay, mo hinh thi nghiém nay doi
hoi cac dong vat thi nghiém phai dong déu. M6 hinh nay chi xem xét anh hudng ciia
mot yéu t6, vi du nghién ctru anh hudng cua thirc dn dén ting khdi luong, ton du thude
khang sinh trong co thé vat nuéi..., cac yéu to con lai duge cho 1a khong co sai khac, vi
du tat ca cac dong vat duge chon c6 cung mot ltra tudi, tit ca cac trai déu sir dung cac
thirc &n nhu nhau...

V6i nhitng yéu cau néu trén, trong linh vuc chin nuoi va tht y, m6 hinh nay chi
thuc hién c6 hi€u qua khi dong vat c6 tinh dong déu cao va cac diéu kién phi thi nghiém
duoc kiém sodt mot cach dé dang va co6 tinh 6n dinh cao.

4.1.2. Chit lwong dong vat

Dong vat thi nghlem doi héi phai co su dong déu cao, Vl vay trong qua trinh chon
dong vat thi nghlem can phai lvu y dén cac yéu td nhu: gidng, ngudn gdc, gidi tinh,
thanh tich ctia b6 me...

Chon dong vat cung mot giéng. Pong vat dugc chon ra phai tiéu biéu cho giéng
do, khong qué khac biét vé ngoai hinh va dac diém sinh 1y. Pé dat duoc su déng déu
cao, chon nhirng dong vat la anh em rudt, ntra rudt thit hoac nhiing dong vat cé quan h¢
ho hang trong ciing mot dong, mot gia dinh. Véi thi nghiém bd tri theo cip tot nhat
dung nhitng dong vat sinh d6i cung tring. Tuy nhién trong thuc té, xac dinh dugc 2

56



dong vat sinh déi cing trimg 13 phirc tap va tén kém. C6 thé chon nhitng dong vat
khong cung dong, ho nhung c6 ngoai hinh twong déi dong déu va dac tinh 6n dinh.

Dé c6 dong vat ddng déu, chi chon nhirg dong vat cung tinh biét, ddng déu theo
Ira tudi, muc do tang trudng, cung thé chat, tinh trang sttc khoé... Trong mdt so truong
hop can thiét tién hanh nhitng nghién ctru kiém tra mdt s6 chi ti€u hoa sinh, sinh 1y.

4.1.3. Dung lwgng miu cin thiét

Mot trong nhimng yéu t6 quan trong trong qué trinh thiét ké thi nghiém 1a xac dinh
s6 don vi thi nghiém can thiét (don vi thi nghiém la mdt dong vat hodc la mot nhom
dong vat). Tang sé luong s& lam ting d6 chinh x4c cta wdc tinh, tuy nhién khi sb lugng
tang s& doi hoi nhi¢u khong gian, thoi gian va nguén luc. S6 lugng c6 thé bi han ché boi
cac yéu td tai chinh va diéu kién thuc té.

Su sai khac, mic du c¢6 ¥ nghia théng ké, nhung c¢6 thé khong c6 ¥ nghia thyc tién.
Vi du, thi nghiém so sanh ting khdi lugng cta lon & 2 khau phan. Sy chénh léch vé ting
khéi lugng trung binh ngay giita 2 khau phan vai g khong co y nghia vé mit thyc tién
ciing khong ¢ ¥ nghia vé kinh t&; mac du dy 1a mot thi nghiém dugc thiét ké véi quy
mo 16n va sy sai khac nay c6 ¥ nghia thong ké.

Dbi voi truong hop thi nghiém c6 nhiu cong thirc thi nghiém cé thé dung cac
duong cong cho san (Phuy luc 9) dé xac dinh dung luong mau céan thiét. Dung luong mau
s& phu thudc vao sy sai khac mong doi giita cac cong thirc thi nghiém, muc sai 1am loai
I (o) va mirc sai 1am loai II (B). Pé c6 thé sir dung duoc cac dudng cong ndy ta can phai
x4c dinh dugc gid tri ¢* . Gid tri nay duoc tinh theo cong thirc:

nzaldi2

2 =1
¢_1—2

ac
Trong do: n = s6 don vi thi nghiém can thiét cho mot cong thirc thi nghiém.
a = sb cong thirc thi nghiém.
d; = sai khac mong dgi ctia cong thirc thi nghiém thir i voi p.
6 = phuong sai ciia tinh trang can nghién ctru.
Pé xac dinh dugc ¢ can phai chon cac gia tri trung binh, vi du ta ¢ w1, p, ..., fa
la cac gia tri trung binh cua ting cong thirc thi nghiém. Ta s€ co u:(l /a)z u, va
i=1
d,=p—H.
Vi du 4.1: mudn thiét ké mot thi nghiém dé so sanh tang khéi luong (g) cua ga
& 4 khau phan. Céc gié tri trung binh dugc chon lan luotla =71 g, o =79 g, u3 =
80 g va s = 102 g v6i a = 0,05 va 1 - B = 0,80; biét 6> = 352 Can bao nhiéu don vi
thi nghiém?
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Ta co:
pu=(71+79+80+102) /4 =83.
di=71-83,00=-12.

d> =79 -83,00 =-4.

d; =80 - 83,00 =- 3.
ds=102-83,00=+09.

4
de =530, vay ta co:

i=l1

a d2
;o "Z " n(530) _
ac?’ 4(35)2

0,11n

Str dung duong cong vai bac tu do ciia cong thirc thi nghiém lavi=a—-1=4-1
=3, clia sai s ngdu nhién la v =N-a=na—a=a(n—1)=4(mn—1) va a =0,05 & phan
phu luc 9.

Néu ta thir v6i n = 24 thi s& ¢6 céc giatri ¢ =0,11x6 =2,64; ¢ = 1,62 vo = 4(24 -
1) = 92. Dya vao duong cong s& ¢ p = 0,23. Bang cach tuong tu ta co:

n ¢ ¢ 4(n—1) B 1-p
24 2,64 1,62 92 0,23 0,77
25 2,75 1,66 96 0,21 0,79
26 2,86 1,69 100 0,19 0,81
27 2,97 1,72 104 0,17 0,83
28 3,08 1,75 108 0,16 0,84

Dé thoa man diéu kién cua bai toan, ta can chon it nhat 26 don vi thi nghiém cho
mot cong thure thi nghiém.

Pé co thé sir dung dugc dudng cong cho sin, khé nhat dbi véi nguoi thiét ké thi
nghiém 1a phai chon ra cac gia tri trung binh cho timng cong thirc thi nghiém dé tir d6 co
thé xac dinh duoc dung luong mau can thiét. Co mot cach tiép can khac don gian hon
dé xéac dinh dung luong mau dé 1a chi can xac dinh mot gia tri d. Su sai khac cta 2 gia
tri trung binh bat ky néu vuot qua gia tri d thi gia thiét Ho bi bac bo. Khi dé gid tri ¢
dugc tinh theo cong thire rit gon sau day (xem muc 3.8.1):

,  nd’
2a0°
Dé minh hoa, ta c6 thé 1dy vi du trén. Néu chon d = 33 g ta s& c6

nd’* B 11(33)2
2a0”  2(4)35)

Tuong ty nhu trén, ta can it nhat 26 don vi thi nghiém cho mot cong thic thi
nghiém dé thoa man diéu kién bai ra.

0=

~=0,11n
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4.1.4. Uu diém va nhuoc diém

Uu diém ciia mo hinh nay 14 thi nghiém thiét ké don gian, chinh vi vay cho nén
han ché dugc nhiéu sai sot trong qua trinh thu thap dir li€u. M6 hinh phan tich s6 lidu
khéng phc tap, két qua phan tich don gian, dé doc va d& hiéu.

Mo hinh ¢6 loi thé 13 thich nghi mot cach dé dang véi truong hop cac don vi thi
nghiém khong déu nhau vi cic nguyén nhan nao do6, vi du nhu sb liéu bi khiém khuyét
do tac dong cua bénh trong qua trinh lam thi nghiém.

Nguoc lai, mo hinh thi nghiém hoan toan ngiu nhién thudong khong c6 hiéu
qua cao, hi¢u lyc cua thi nghiém khong 16n do sy khong thuan nhét cta cac vat liéu
thi nghiém.

4.1.5. Cach thiét ké thi nghiém

Chon n don vi thi nghiém, bat thim n; don vi dé b tri mirc Ay, bat tham > don vi
dé bd tri mlc 42, . .., bat thim ne1 don vi dé bd tri mic Aa1, 1. don vi con lai bd tri
muc A.. Nhu vay 13 bdt tham toan bg cdc don vi thi nghiém dé bé tri mét cach hoan
toan ngdu nhién cac mirc ciia yéu té. Cach thiét ké ngau nhién dugc trinh bay chi tiét ¢
chuong 3.

Vi du yéu td thi nghiém A c6 4 cong thtrc thi nghiém A1, A2, A3 va A4 véi cac 5
don vi thi nghiém trong mdi cong thtrc thi nghiém. Nhu vay toan bd s6 don vi thi
nghiém 1a 20 va gia s s6 dong vat nay duoc dénh sé tir 1 dén 20. Sau khi bd tri mot
cach ngiu nhién ta c6 thé duge mo hinh thiét ké thi nghiém nhu sau:

A1 A2 A3 As
6 11 19 2
1 8 17 18
9 7 13 12
4 14 16 5
20 10 3 15

Khi két thiic thi nghiém, s liéu c6 thé ghi lai dé dé dang va thuan tién cho viéc
tinh toan nhu sau:

A1 A2 As Ay
6 X 11 Xy, 19 X3 2 X4
1 X, 8 Xy 17 X3 18 X4
9 X3 7 Xy 13 X35 12 X3
4 X4 14 Xy 16 X34 5 X4
20 X5 10 X5 3 X35 15 Xy4s

A1 A2 Aa
X1 X1 Xa1
X2 Xy Xa2
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A1 A2 Aa
X3 Xo3 Xa3

» aee ar

4.1.6. Phan tich s6 liéu

V6i cac thi nghiém duoc bd tri don gian voi 2 cong thirc thi nghiém. Tién hanh so
sanh két qua ctia 2 cong thirc thi nghiém bang phép thir 7. Néu thi nghiém bao gdm
nhiéu cong thic thi nghiém, thi phan tich phuong sai (ANOVA) 1a phu hop nhit. Phép
thir t va phan tich phuong sai dugc trinh bay chi tiét & Chuong 2.

a. Mo hinh phan tich
=u+ajtej (i=1laj=1,1)
Trong do: 4 : Trung binh chung.
ai : Chénh léch do anh hudng cua muc i.
eij: Sai sd ngau nhién; cac e;; doc 1ap, phan phdi chuin N (0,62).
b. Cach phan tich

Céch phan tich s liéu duac trinh bay chi tiét o Chuong 2. Luuy rang, trong mo
hinh thi nghiém hoan toan ngiu nhién c6 2 ngudn blen dong 1) bién dong giira cac
cong thire thi nghiém (SSa) va 2) bién dong do sai s6 ngiu nhién (SSE) toan bd bién
dong cta thi nghiém (SSto) bang téng sb cac cac bién dong thanh phan (SSa va SSk)
hop thanh. Cac ngudn bién dong nay co thé duoc tinh nhu sau:

Tong binh phuong toan bd bién dong

SSto =2 > (x, =%) =3 > x; -G
i=1 j=I i=1 j=I

Tong binh phuong do yéu t6

TA;
SSa —ZZ(x -x ) —Z——
i=l j=1 ‘

Téng binh phuong do sai sd

2
t n _
SSk =8S10 - SSa= D Z(yl-j —yi.]

i=1j=1
Cacbactudodfro=n-1;dfa=a-1; dfg=n—a.
Céc trung binh MSa = SSa / dfa; MSg = SSE / dfE.
Frn = MSa / MSg; gia tri to1 han Fa,ara,dfE).

Két luan:

Néu Frx < Fiaafaare) thi chap nhan Ho, nguoc lai thi bac bo Ho,
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Béang phéan tich phwong sai

Ngudn bién déng df SS MS Frn F
Yéu t6 a-1 SSa MSa MSa/ MSE F(a, dfa, dfe)
Sai sb n-a SSe MSe
Toan bd n-1 SSto

Vi du 4.2: Mot thi nghiém dugc tién hanh dé so sanh mirc do tang khéi luong cua
ga & 4 khau phan an khac nhau. Chon 20 con ga déng déu nhau va phan mot cach ngiu
nhién vao mdt trong 4 khéu phﬁn. Nhu vay ta c6 4 nhom dong vat thi nghiém, mdi
nhom gom 5 ga; két qua thi nghiém dugc ghi lai & bang sau (don vi ting khéi luong tinh
theo g):

Khau phan 1 Khau phan 2 Khau phan 3 Khau phan 4
99 61 42 169
88 112 97 137
76 30 81 169
38 89 95 85
94 63 92 154

Pay 1a vi du vé thi nghiém dugc b tri theo mé hinh mét yéu té hoan toan ngiu
nhién. Yéu t6 thi nghiém 1a Khdu phan véi 4 cong thie thi nghiém (Khdu phdn 1, 2, 3
va 4).

Ta c6 bang phan tich phuong sai

Nguén bién déng df SS MS Frn F(0,05; 3; 16)
Khau phan 3 16467 5489 6,65 3,24
Sai sb ngau nhién 16 13212 826
Tbng bién déng 19 29679

Két luan: Bac bo Ho, nhu vy tiang khdi luong ctia gi & 4 khau phan in khong
phéi nhu nhau.

Su sai khac nhé nhit c6 ¥ nghia (Least Significant Difference - LSD) dbi voi 2
mirc A;i va Aj ¢6 s6 1an 1p n; va n; tinh theo cong thic:

LSDa = ta2,dfE) < \/MSE (i + L)
n. n.

z J

Néu chon mtc y nghia a = 0,05 t(0,025;16) = 2,12; nj =n; =5 do d6 khi so sanh
céc trung binh c6 thé ding LSDoos = 2,12 x /826x§ =38,54.

So cac trung binh:
(A1) sovoi(A2) |79-71]=8<38,54 Sai khac khong c6 y nghia
(A1) sovoi (Az) |79 -81,4/=2,4<38,544 Sai khéac khong c6 y nghia
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(A1) sovoi(As) |79 - 142,8| = 63,8 > 38,54 Sai khac c6 y nghia
(A2) sovoi(As) |71-81,4/=10,4<38,54 Sai khac khong co y nghia
(A2) sovoi (A4) |71 -142,8/=71,8> 38,54 Sai khac c6 y nghia
(A3)sovoi(A4)  |81,4-142,8|=61,4 > 38,54 Sai khac c6 y nghia

Ta c6 thé xay dung mot bang c¢6 cac chit cai a, b, c... dé thé hién sy sai khac gitra
cac cong thuc thi nghi¢m theo cac budc sau:

1) Sép xép céc gia tri trung binh theo th{r tyr giam dan nhu sau:

Khau phan Trung binh Khau phan Trung binh
1 79,00 4 142,80
2 71,00 > 3 81,40
3 81,40 1 79,00
4 142,80 2 71,00

2) Duya vao két qua so sanh dé tao cac dudng gach chung cho cac khau phan c6
gi4 tri trung binh bang nhau; cu thé nhu sau:

Khau phan Trung binh
a
4 142,80 | b
3 81,40
1 79,00
2 71,00

Mbi mot duong thang tuong tmg voi mot chi cai (a, b, c...).

3) Tir bang trén, ta co thé dit cac chit cai bén canh cac sb trung binh va sip xép
khau phan theo tht ty ting dan nhu ban dau ta c¢6 nhu sau:

Khau phan Trung binh Khau phan Trung binh
4 142,802 1 79,000
3 81,40P > 2 71,00P
1 79,000 3 81,400
2 71,000 4 142,802

Viéc so sanh hai trung binh theo LSD thuong chi ding dé so sanh mét sd cip
trung binh ma trudc khi thi nghiém chiing ta da c6 ¥ d6 so sanh. Néu so sanh tat ca cac
cap trung binh, hay con goi 1a kiém dinh sy bang nhau cua tit ca cac cip trung binh
(multiple comparisons) thi mirc ¥ nghia khong con 13 o ma nho di nhiéu, do d6 cac nha
nghién ctru thong ké da dé xut nhiéu cach kiém dinh khac dé dam bao muc ¥ nghia a
nhu kiém dinh Scheffé, Tukey, Bonferroni, Dunnett, kiém dinh da pham vi (multiple
range test) Duncan, Student- Newman - Keuls,... Trong cdc chuong trinh mdy tinh
chuyén vé thdng ké con c6 nhiéu cach so sanh khac.

Thi du mudn so sanh theo Duncan (cac 1an lap bang nhau va goi la r) phai sap cac
trung binh tir nhé dén 16n. Khi so sanh hiéu sd cac trung binh thi, tuy theo cac trung
binh & k& nhau hay cach nhau mét trung binh, cach nhau hai trung binh, ma ding cac
ngudng so sanh khac nhau. Viéc so sanh tién hanh nhu sau:
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MS,
r

1) Tinh sai s6 cta trung binh s =

2) Ly gia tri rp trong bang Duncan tng voi bac tu do dfi nhéan véi S dé co
khoang R,

3) So sanh hiéu x, —x; v6i Ry,

Néu hai trung binh lién nhau thi lay p = 2, cach nhau mét thi p = 3, cach nhau hai
thip=4,...

Néu hiéu bé hon hay bang R, thi sai khac khong c6 ¥ nghia, nguoc lai thi sai khac
c6 y nghia.

Trong thi du trén

(A2) (A1) (As) (A4)

71,0 79,0 (81,4)  (142,8)

S 82—6 =12,853 v&i bac tu do dfg = 16
p 2 3 4
o 3,0 3,15 3.23
Ro 38,56 40,49 41,52

(A1) - (A2)=79,0-71,0=8 <R»=38,56 Sai khac khong c6 y nghia.
(A3) - (A2)=81,4-71,0=10,4 <R3=40,49 Sai khac khong c6 y nghia.
(A1) - (A2)=142,8 -71 =71,8 > R4 =41,52 Sai khac c6 y nghia.
(A3)- (A1) =81,4-79,0=2,4<R>=38,56 Sai khic khong c6 y nghia.
(A4) - (A1)=142,8 -79=63,8>R3=40,49  Sai khac c6 y nghia.
(Asg) -(A3) =142,8- 81,4= 61,4 >R>=38,56 Sai khac c6 y nghia.

Trong vi du nay cac két luan khong khac véi so sanh theo LSD

4.2. THi NGHIEM KHOI NGAU NHIEN PAY PU
(Randomized complete block design - RCBD)

Nhu d4 néu trén, mé hinh thiét ké thi nghiém kiéu hoan toan ngiu nhién chi thyc
su co6 hiéu qua khi toan by dong vat thi nghiém co6 su déng déu cao va cac diéu kién
ngoai canh phai duoc kiém soat d& dang. Trong thyc té, dic biét 1a trong chan nudi tha y
rat kho c6 thé thoa man cing mot luc cac diéu kién da néu. M6 hinh thiét ké thi nghiém
theo kiéu khoi ngdu nhién day dit dugc dua ra nham han ché nhitng kho khan do.

Nguyén tac tao khéi 1a dat dugc su déng déu téi da trong mot khdi va su khac
nhau 16n nhit giita cac khéi. Cac khéi duoc goi 1a ddy di khi trong mdi khdi co day du
cic dai dién clia cac cong thirc thi nghiém va ngau nhién khi cac don vi thi nghiém duoc
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b6 tri mot cach hoan toan ngdu nhién vao cac cong thirc thi nghiém. Trong qua trinh thi
nghiém, tat ca cac don vi thi nghi€ém trong cung mot khoi nhan dugc tat cac dicu kién
nhu nhau ngoai trir yéu t6 thi nghiém.

Trong chén nudi - tha vy, khdi co thé coi 1a cac nhom dong vét cing mot gidng,
gidi tinh, tudi, cung khoi lugng hodc ciing c6 thé 1a nhém dong vat sinh ra cung mot bo,
cung lua.

Mot s6 1y do dé chon mé hinh thi nghiém khéi ngdu nhién day di 1a:

a) Do khong tim dugc di n = a x b don vi thi nghiém dong déu do dé phai chon b
khoi, moi khoi ¢6 a don vi thi nghiém dé sap xEp cho a mirc cua yéu t0.Vi du so sanh 6
cong thtrc thi nghi¢m, moi cong thire 1ap lai 5 1an. Gia su ta khong tim dugc 30 con Ign
dong déu veé khoi lugng, do dé chon 5 16, moi 16 6 con dong déu de bo tri 6 cong thure.

b) C6 thé c6 mot ngudn bién dong theo mot hudng, thi du hudng ning, hudng gid,
hudéng doc, hudng chay cia nude ngam, hudng thay doi cua chat dat, . . . khi d6 phai bo
tri cac khoi vudng goc vai hudng bién dong nham can bang tac dong ctua bién dong (vi
moi cong thue déu cd mat & tat ca cac khoi, moi khoi mot lan).

4.2.1. S6 khoi cén thiét
Céc ky thuat dung dé xac dinh dung lugng mau trong md hinh thiét ké thi nghiém

mot yéu to hoan toan ngau nhién c6 thé dugc ap dung truc ti€p doéi véi mo hinh khoi
ngau nhién day du. Cac duong cong cho san c6 thé dugc su dung vdi cong thire:

by d;
2 — i=1
¢ ac’
Hoac:

, bd’

- 2
2a0

Vi b = s6 khéi can thiét.
Vidu ta chond=0,76; a =0,05; 1 - =0,8; ) cong thuc thi nghiém a =4; ¢ =
0,70; ta s€ co:

2 2
= bl __ b(1,72) o0
2ac”  2(4)0,68)

Véicicbictwdovi=a-1=4—-1=3vav=(—1)b-1)=@A—1)b-1)=3(

1.
b ¢ o 3(b—1) B 1B
3 2,40 1,55 6 0,60 0,40
4 3,20 1,79 9 0,30 0,70
5 4,00 2,00 12 0,20 0,80
6 4,80 2,19 15 0,12 0,88
7 5,60 2,37 18 0,08 0,92
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Nhu vay can it nhat 5 khdi dé thoa man diéu kién bai toan.

4.2.2. Uu diém va nhuoc diém

Mo hinh thi nghiém kiéu khéi ngau nhién ddy du duoc thiét ké don gian gan nhu
mo hinh thi nghiém kiéu hoan toan ngiu nhién. M6 hinh thi nghiém theo khdi c6 thé
duoc thiét ké v6i s6 cong thire thi nghiém va véi sb 1an lip bat ky; nhung doi hoi sb lan
1ap lai phai bang nhau & cac cong thirc thi nghiém. M6 hinh thi nghiém khéi ngiu nhién
day du chi thé hién diy du cac uu thé cho dén khi c6 mot hay nhiéu cong thirc thi
nghi¢m hodc khdi bi loai bo, vi du ¢o nhiing s6 liéu bi khuyét trong qua trinh thu thap
hoac trong qua trinh phan tich.

So v6i mo hinh thi nghiém kiéu hoan toan ngiu nhién, mé hinh khdi ngau nhién
dz‘iy du cho hi¢u qua va do chinh xac cao hon. Diéu nay duoc thé hién rd, véi cung mot
nguyén vat liéu thi nghiém s& cho két qua chinh xac hon hodc véi cing mot do chinh
xé4c c6 thé giam duoc nguyén vt liéu thi nghiém. D¢ chinh x4c cua thi nghiém ting 1én
boi vi bién dong giita cac khdi di duoc loai bod trong qua trinh phén tich va kha ning
phat hién duoc anh hudng cta cac cong thire thi nghiém ting 1én. Tuy nhién v6i mot sd
cong thirc thi nghiém twong d6i 16n (vi du nhidu hon 20 cong thire thi nghiém) va véi
cac nguyén vat liéu c6 do dé)ng déu thép thi hiéu qua cua mo hinh bi gidm mot cach
dang ké; khi ¢6 mé hinh khdi khong ddy du s& duoc ap dung.

4.2.3. Cach thiét ké thi nghiém

Chon b khéi, mbi khéi c6 a don vi thi nghiém, bét tham ngﬁu nhién dé Xép a don
vi thi nghiém vao a cong thirc thi nghiém trong khéi 1, sau d6 bat tham dé xép a cong
thirc vao a 6 trong khéi 2, . . ., cudi cung 1a bat tham cho khdi b.

Vi du bd tri thi nghiém véi 4 cong thirc thi nghiém (A1, A2, A3 va A4) vai 5 khdi
khéc nhau (1, 2, 3,4 va 5). Nhu vay tas€ taora 5 khéi khac nhau dam bao su déng déu
t6i da trong timg khdi, mdi khdi c6 4 don vi thi nghiém (4 1an lip lai) va k¥ thuat bat
tham hoan toan ngiu nhién dé phan 4 dong vat thi nghiém trong timg khdi vé véi 4 cong
thtrc thi nghi€ém.

Néu dong vat thi nghiém dugc danh s6 theo so db sau:

Khoi
1 2 3 4 5
1 5 9 13 17
. 2 6 10 14 18
?]Q”h?é‘ﬁt;g' 3 7 11 15 19
gnic 4 8 12 16 20

Sau khi bd tri cac don vi bang cach bdc thim ngiu nhién, so do thiét ké thi
nghiém co thé dugc trinh bay theo so do:

Khbi
Cong thirc 1 2 3 4 5
A1 1 8 11 14 18
A2 4 6 9 15 19
A3 2 7 10 16 17
Ad 3 5 12 13 20
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S liéu thu duoc khi két thiic thi nghiém c6 thé dugc trinh bay

Khéi
Cong thirc 1 2 3 4 5
A1 1 X11 8 X12 11 X13 14 X14 18 X15
A2 4 X21 6 X22 9 X23 15 X24 19 X25
A3 2 X31 7 X32 10 X33 16 X34 17 X35
A4 3 X41 5 X42 12 X43 13 Xa4 20 X45

Hay ¢ dang tong quat v6i a cong thirc va b khoi

Khéi
Codng thirc 1 2 . b
A1 X11 X12 .. X1b
A2 X21 X22 X2b
Aa Xat Xa2 Xab

4.2.4. Phan tich so liéu

Phén tich phuong sai (ANOVA) duoc sir dung dé phan tich s liéu. Trong mo
hinh thi nghiém kiéu khéi ngu nhién day du co 3 ngudn bién dong: 1) bién dong giira
céc khdi (SSk), 2) bién dong giira cac cong thirc thi nghiém (SSa) va 3) bién dong do sai
s6 ngu nhién (SSk); toan bd bién dong cua thi nghiém (SSto) chinh bang tong cac cac
bién dong thanh phan (SSk, SSa va SSk). Cac ngudn bién dong nay co thé duge trinh
bay qua mo hinh phan tich dudi day

a. Mo hinh phan tich

Xij = MU+ aj+bjteij i=1,...,a)=1,..b

u 1a trung binh chung.

a; 1a chénh léch do anh hudng ciia mirc i cia yéu td, = ai = 0.

b; 1a chénh léch do anh huong ctia khéi j , Zb; = 0.

eij 1 sai s6 ngdu nhién; cac ej doc 1ap, phan phéi chuan N(0,6°).
b. Cach phdn tich

Tinh tong binh phuong toan bo SSto

a b
SSt0 =33 (x, - %)’
i=1 j=l
Tinh tong binh phuong do yéu t6 SSa

SSa - Zalz}):(ff, _f)z

i=1 =1

Tinh téng binh phwong do khdi SSk
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SSk =3 3%, — %)

i1 1

Tinh trung binh do sai s6 SSE:

SSE = Zalzb:(xy —X, X, +x)°

o1 a1

Ciing c6 thé tinh nhanh cac tong binh phuong nhu sau:

Tinh tong hang (cong thirc thi nghiém) TA, (i =1, ), trung binh hang (cong thirc
thi nghiém) x. .

Tong cot (khdi) TK; (j =1, r), trung binh ¢t x;

ToOng sO quan sat n=a x b.

Tong toan bd cac s6 lidu ST =22 xi;, trung binh toan by x
Tinh s6 hiéu chinh G = ST?/n

SSto =Za:zb:x; -G

i=1 j=1

SSa = %ZTA? -G
i=1

1 b
SSk =— > TK; -G
a j:1 ’

SSE = SSt0 - SSa - SSk
Bactudodfro=n-1=axb-1; dfa=a-1;dfk =r- 1; dfg = (a-1)(b-1)
Céc trung binh binh phuong:

MSa =SSa /dfa; MSk =SSk /dfxk; MSg=SSE/dfg

Trong qué trinh phan tich thuong it chi ¥ kiém dinh kh6i ma chi tap trung kiém
dinh yéu t6. Gia thiét Ho: “Cac trung binh cua cac mirc bang nhau”, dbi thiét H;: “Co it
nhit mot cdp trung binh khac nhau”.

Tinh Frn= MSa/ MSg; so voi gia tri t&1 han Fa, afa, dfE)

Két luin:

Néu Frx < F(o, dafa, afe) thi chap nhan Ho, nguoc lai thi bac bo Ho.
Duéi dang tong hop ta c6 bang phén tich phuong sai:
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Ngudn bién dong df SS MS Frn F t&i han

Yéu td a-1 SSa MSa MSa/ MSE F(a, dfa, dfE)
Khéi b-1 SSk MSk

Sai sb (a-1)(b-1) SSe MSe

Toan bd ab -1 SS1o

Vi du 4.3: (Mead va cong su) Nghién ctru sé luong té bao lymphd & chudt
(x1000 té bao mm™ mau) duoc st dung 4 loai thudc khac nhau (A, B, C va D; thuéc D
la placebo) qua 5 lira; s6 liéu thu duge nhu sau:

Lra 1 Lra 2 Lora 3 Lira 4 Lwra 5
Thudc A 71 6,1 6,9 5,6 6,4
Thubc B 6,7 5,1 59 5,1 5,8
Thube C 71 5,8 6,2 5,0 6,2
Thubc D 6,7 54 5,7 5,2 53

Diy la md hinh thi nghiém ’kiéu khéi ngiu nhién day du véi sd cong thuc thi
nghiém a = 4, s6 khoi chinh bang s6 ltrab = 5.

n=4x5=20; ST=119,3; G=119,32/20=711,6245; % x?%;= 720,51

(ETA%)/r=23567,35/5=713,47; (XTK?)/a=2872,11 /4 = 718,0275

SSto = 720,51 —711,6245 = 8,8855

SSa=713,47 - 711, 6245 = 1,8455

SSk =718,0275 — 711,6245 = 6,4030

SSE = 8,8855 — 1,8455 — 6,4030 = 0,6370

Bang phan tich phuong sai

Nguén df SS MS Frn F(0,05; 3; 12)
Thubc 3 1,8455 0,6152 11,59 3,49
Lira 4 6,4030 1,6007
Sai sb 12 0,6370 0,0531
Tbng s6 19 8,8855

Két luan: Bac bo gia thiét Ho, diéu nay chimg t6 khi sir dung céc loai thudc khac
nhau d3 1am cho s6 lugng té bao lympho trong mau thay doi.
Sai sb thi nghiém se=/MS, =/0,0531=0,2304

C6 thé sir dung sai khac bé nhét c6 ¥ nghia & mirc 5% (LSD) dé xac dinh sy sai
khac c6 ¥ nghia théng ké clia cac cap gia tri trung binh bat ky

LSD(0,05) = (%) /% =2,179x% /w - 03176

Trung binh
(A)=16,42
(B)=5,72
(C)=16,06
(D) =(5,66)
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So (A)véi(B) 6,42 -5,72 |=0,70 > LSD Khac nhau c6 y nghia
So (A) v6i (C) 16,42 -6,06 | =0,36 > LSD Khac nhau c6 y nghia
So (A)véi (D) |6,42-5,66|=0,76 > LSD Khac nhau c6 y nghia
So (B) voi (C) |5,72 - 6,06 | = 0,34 > LSD Khéac nhau c6 y nghia
So (B) voi (D) | 5,72 - 5,66 | = 0,06 <LSD Khac nhau khong c6 y nghia
So (C) voi (D) 16,06 - 5,66 | =0,40 > LSD Khac nhau khong c6 y nghia

Sau khi so sanh ta c6 dugc cac gia tri trung binh cung véi cac chir cai twong ung
thé hién su sai khac nhu sau:

A 6,422
B 5,720
C 6,06¢
D 5,66P

Nhu vay, cac gia tri trung binh khong c6 chit gidng nhau thi khac nhau (P < 0,05).

4.3. THi NGHIEM KHOI NGAU NHIEN VOI NHIEU PON VI ’
THi NGHIEM TRONG MQT CONG THUC THi NGHIEM VA KHOI

4.3.1. Cach thiét ké thi nghiém

Trong phan trudc, ddi v6i thi nghiém khdi ngdu nhién ddy du chi c6 mot don vi
thi nghiém trong mot t6 hop (cong thirc thi nghiém x khéi) va sai s6 ngiu nhién cia mo
hinh chinh bang twong tac giita cong thirc thi nghiém va khéi. Chinh vi vay khong thé
kiém tra dugc tic dong twong tac giita cong thire thi nghiém va khéi. Giai phap duy nhat
dé kiém tra tac dong tuong tac 1a ting s don vi thi nghiém trong mdi t6 hop (cong thirc
thi nghiém x khoi) 1én it nhat 2 don vi. Mot 1an nita xem xét a cong thirc thi nghiém va
b khbi, nhung trong mdi t6 hop (cong thirc thi nghiém x khéi) c6 n don vi thi nghiém.
Nhu vay sé don vi thi nghiém trong mdi khdi s& 1a (n x a) va duoc bd tri mot cach ngau
nhién vao véi cac cong thic thi nghiém dam bao mdi cong thirc thi nghiém trong khoi
c6 n don vi thi nghiém.

Vi du: Mot thi nghiém c6 5 khdi, 4 cong thirc thi nghiém va 8 don vi thi nghiém
trong timg khdi; do d6 s& c6 2 don vi thi nghiém trong mot t& hop (cong thirc thi
nghiém x khdi). So d6 thiét ké thi nghiém duoc thé hién nhu sau:

Khbi
Cdbng thirc 1 2 3 4 5
Al 1 12 23 26 39
7 11 18 31 37
8 9 19 25 36
A2 6 15 20 32 38
4 10 24 29 33
A3 5 16 17 27 40
3 13 22 30 35
A4 2 14 21 28 34
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S liéu khi két thuc thi nghiém c6 thé duoc trinh bay nhu sau:

Khoi
Cong thirc 1 2 3 4 5
A1 X111 X121 X131 X141 X151
X112 X122 X132 X142 X152
A2 X211 X221 X231 X241 X251
X212 X222 X232 X242 X252
A3 X311 X321 X331 X341 X351
X312 X322 X332 X342 X352
Ad X411 X421 X431 X441 X451
X412 X422 X432 X442 X452
4.3.2. M6 hinh phan tich
Xijk = M+ ai+ b +axb;+te; i=1,...,a; j=1,...,b;k=1,...n
Xi jk La quan sat tha k ciia khoi thir j va cong thure thi nghiém thur i
u Trung binh chung.
aj Chénh I¢ch do danh hudéng ciia muirc i cua yéu to X a; =0
b; Chénh l¢ch do danh hudng ctia khoi j , Xbj=0

axb;  Chénh léch do tuong tac giita cong thirc thi nghiém va khéi
€ijk Sai s6 ngau nhién; cac ek doc lap, phan phdi chuan N(0,6%)
4.3.3. Cach phan tich
Trong mo hinh ndy, cac ngudn bién dong bao gdm: 1) bién dong giita cac khoi
(SSk), 2) bién dong giita cac cong thirc thi nghiém (SSa), 3) bién dong do anh huong
tuong tic (SSak) va 4) bién dong do sai sb ngau nhién (SSk); toan bd bién dong cua thi
nghiém (SSto) chinh bang tong cac cac bién dong thanh phan (SSk, SSa, SSak va SSE).
Céac ngudn bién dong nay c6 thé tinh nhu sau:
Tinh tong binh phuong toan bd SSto
a b n
SSt0 =YD > (x; - %)’
i=1 j=1 k=1
Tinh tong binh phuong do yéu t6 SSa
a b n a_ _
SSa=>>> (x.-X) =bn) (xi—x)’
i=l j=1 k=1 i=1

Tinh tong binh phwong do khdi SSk.

a

SSk = Zb:

i=1 j=l1 k=1

n

(x; —X)’ = anzb:()_c_j.—)_c)z

Tinh tong binh phuong do tuong tac giita yéu té va khdi SSak
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a b
SSak=nY > (X, —X)*- SSk - SSa

i=l j=1
Tdng binh phuong do sai s6 SSk = SSto - SSa - SSk
a b n B 2
SSk =Zzz(x,jk —x,,;j
i=1 j=1 k=1

Co6 thé tinh nhanh cac tong binh phwong nhu sau:

b n 2
Z[ Xy | —SSk—SSa-G
k

SSE = SSto - SSa - SSx

Bac tu do dfro= abn -1; dfa=a-1;dfk =b - 1; dfax =

Cac trung binh binh phuong:

(a-1)(b-1); dfi = ab(n-1)

MSa =SSa/dfa; MSk =SSk /dfk; MSak = SSak / dfax; MSE = se? = SSE / dfg

Gia thiét ddi voi tuong tac gitra cong thirc thi nghiém va khdi; Ho: Khong co

tuong tac giita cong thirc thi nghiém va khdi voi dbi thiét Hi: Co twong tac gitta cong
thire thi nghiém va khéi.

Tinh Frn = MSak / MSE; so v6i gia tri t6i han F, arak. afe); néu Frn < Fa, afak. dfe)

thi chap nhan Ho, nguoc lai thi bac bo Ho

Gia thiét doi1 véi yeu to thi nghiém; Ho: “Céc trung binh cua cac muc bang nhau”

v6i d6i thiét Hy: “C6 it nhat mot cip trung binh khac nhau”.

Tinh Frn = MSa/ MSE; so véi gia tri ti han Fa, aea, am); néu Fin < Fa, afa, am) thi

chép nhan Ho, ngugc lai thi bac bo Ho.

Duéi dang tong hop ta ¢ bang phan tich phuong sai:

Ngudn bién déng df SS MS Frn F
Yéu tb a-1 SSa MSa MSa/ MSe F(q, dfA, dfE)
Khéi b-1 SSk MSk
Yéu t6 x Khéi (a-1)(b-1) SSaxk MSak MSak / MSe F(q, dfAK, dfE)
Sai sb ab(n-1) SSe MSe
Toan bd abn -1 SSto
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Vi du 4.4: Mot thi nghiém duoc tién hanh dé xac dinh anh hudng cta 3 cong thirc
thi nghiém (A1, A2 va A3) dén ting khdi luong trung binh trén ngdy (g/ngay) cia bé
duc. Bé duc dugc can va chia thanh 4 khéi dua theo khéi luong bat dau thi nghiém.
Trong mdi khéi c¢6 6 dong vat thi nghiém duoc chon ra va duoc phan ngau nhién vé voi
cac cong thirc thi nghiém. Nhu vay toan bd ) dong vat thi nghiém tham gia thi nghiém
12 4x3x2 = 24 bé. S6 liéu thu thap sau khi két thuc thi nghiém nhu sau:

Khoi

I I M v

A1 826 864 795 850
806 834 810 845

A2 827 871 729 860
800 881 709 840

A3 753 801 736 820
773 821 740 835

Téng binh phuong do cong thirc thi nghiém SSa = 8025,58.

Téng binh phuong do khdi SSk = 33816,83.

Téng binh phuong do twong tac gitra khdi va cong thic thi nghiém SSak = 8087,42.
Téng binh phuwong do sai s6 SSk=2110,00.

Bang phan tich phuong sai (ANOVA).

Ngudn bién déng df SS MS Frn F
Yéu td 2 8025,58 4012,79 22,82 F0.05,2 12)= 3,89
Khéi 3 33816,83 11272,28
Yéu té x Khoéi 6 8087,42 1347,90 7,67 F(0.05,6,12) = 3,00
Sai sb 12 2110,00 175,83
Toan bd 23 52039,83

Nhu vay, & mirc a = 0,05; gia thiét Ho bi bac bo dbi véi ca cong thirc thi nghiém
va tuong tac (cong thirc thi nghiém x khdi). Piéu nay ching to rang c6 anh huong cua
cong thirc thi nghiém va anh hudng nay khac nhau & timg khéi khac nhau. Hay néi mot
cach khac, anh hudng cta cong thire thi nghiém khac nhau tuy thudc vao khdi lugng
vao thoi diém bét dau thi nghiém.

4.4. THi NGHIEM O VUONG LA TINH

Ngoai kiéu b tri hoan toan ngiu nhién va khéi ngiu nhién day du con hay dung
kiéu 6 vuong La tinh trong thi nghiém mot yéu t5. Trong mo hinh nay cong thic thi
nghiém duoc bd tri vao cac khéi theo 2 hudng khac nhau, thuong goi 1a hang va cot.
Mdi hang va mdi cot 1a mot khdi ddy du chira tit ca cac cong thic thi nghiém.

Kiéu thi nghiém nay dwoc lya chon khi khao sat yéu té trong hoan canh cé hai
hudng bién dong ma ching ta mudn can bang, vi du theo ddi san luong sita clia cac bo
stta & cac cong thire thi nghiém khac nhau va trong cac giai doan tiét sita khac nhau &
chu ky tiét sira.

Mo hinh nay dic biét hiru ich d6i voi thi nghiém c6 sé luong dong vat bi han ché
va sy dong déu khong cao. Vi du nghién ctru sy bién doi protein trong da c6 bang cach
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su k¥ thuat 16 do da co & 4 dong vat; 4 loai thie an (A, B, C va D) duoc tién hanh
nghién cuu, mdi loai thirc dn chira trong cac ti nilon dugc dat trong da co cua tung
dong vat trong cac khoang thoi gian khac nhau.

Dic diém cua cach thiét ké thi nghiém nay 1a mdi mirc cia yéu t6 co6 mat mot lan
0 moi hang va mot 1an & moi cot, su sap xEp nay la hoan toan ngau nhién; vi du theo doi
luong stta cua 4 con bo sita trong 4 giai doan trong chu ky ti€t stra, khi cho an theo 4
cong thuc A1, Az, Az, As.

S6 cong thirc thi nghiém chinh bang sb hang va s cot con s6 6 vudng can thiét
chinh la binh phuong cua s6 cong thic thi nghiém. Luu y rang, tat ca cac dong vat tham
gia thi nghiém phai dugc gitt lai dén khi két thuc thi nghiém, néu khong trong qué trinh
xur 1y 0 1i€u s€ gap nhiéu kho khan.

Mo hinh 6 vuéng La tinh thuong duoc str dung véi sd cong thirc thi nghiém tir 4
dén 8, hay st dung nhat 1a mé hinh 4x4 va it str dung d6i véi mo hinh 16n hon 8x8.

4.4.1. Uu diém va nhwoc diém ciia mé hinh

Trong md hinh thi nghiém nay, hai huéng bién dong dugc kiém soat dong thoi, vi
vay md hinh nay vé co ban cho hiéu qua cao hon so voi mé hinh thi nghiém kiéu hoan
toan ngau nhién va khéi ngau nhién day du, dong thoi giam dugc sd dong vat tham gia
thi nghiém cling nhu khéc phuc duoc sy kém déng déu cua dong vat thi nghiém.

Tuy nhién, kiéu thi nghiém nay c6 nhiing nhugc diém 1a s6 mirc ctia hai huéng
bién dong phai chon bang nhau va bang sd muc cua yéu td, gia thiét rang khong co
tuong tac gitra cac hudng voi nhau va voi yéu td; thém vao do, sd bac tu do cua sai sb
ngiu nhién twong d6i nho, nén cac kiém dinh F trong phan tich phuong sai va cac kiém
dinh vé cac trung binh kém chinh xAc.

4.4.2. Cach thiét ké thi nghiém

Co a mirc ctia yéu t6 (A1, Az, . . . ,As). Chon g muc ctua hudng bién dong thir
nhat, go1 do6 la a hang. Chon a muc cua hudng bién dong thu hai, goi do6 1a a cot. Chon
mot so d6 6 vudng La tinh a x a dé sau d6 bat thim a mirc ciia yéu td vao cac 6 trong
so db. Luu ¥ riang, can phai tién hanh ngiu nhién hoa theo hang hoic theo cot ciing
nhu bd tri cac cong thic thi nghiém trong cic hang va cac cot phai tuan thi theo
nguyén tic ngau nhién.

Vi du bd tri thi nghiém theo mo6 hinh 6 vudng La tinh 4 x 4, so dd thiét ké thi
nghiém co ban c6 trong cac bang in san hoic co thé tu 1am mot cach don gian nhu sau.
Hang dau viét cic chit cai a b ¢ d; hang thir hai ddy b 1én ddu con a chay xudng cudi,
hang thir ba day ¢ 1én con b chay xudng cudi, . . . Cach nay goi tit 1a xép hang vong
quanh, sau do6 ta duoc:

o0 |(T|Q

O (T |

O |a|lo|T
T|o |0
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Bit tham ngiu nhién 4 thé c6 ghi cac s6 1, 2, 3, 4. Thi du dugc 3 4 1 2; nhu vy
chung ta c6 tuong ing: a > A3, b > A4, c > A, d > Ao

Az Aa Ai Az
A4 A1 Az As
Ad Az Az As
Az As A4 Ad

Ta c6 mot so dd thiét ké thi nghiém vé6i 4 cong thirc thi nghiém. Cac cot va hang
dugc bicu thi trong ing véi cac giai doan va cac dong vat thi nghiém nhu sau:

Cét (Bong vat)

Hang (Giai doan) 1 2 3 4
1 As As A4 Az
2 As Ad Az Az
3 A1 Az As As
4 Az Az As A1

Néu xij 12 gia tri & hang thir i, cot thir j va & cong thirc thi nghiém k; thi s6 liu
thu thap duoc tir mo hinh c6 thé duoc trinh bay dudi dang tong quéat nhu sau:

Cot (Bdng vat)

Hang (Giai doan) 1 2 3 4
1 X11(3) X12(4) X13(1) X13(2)
2 X21(14) X22(1) X23(2) X23(3)
3 X31(1) X32(2) X33(3) X33(4)
4 X41(2) X42(3) X43(4) Xa3(1)

4.4.3. M6 hinh phéan tich

Xijk = Ut+h +c¢ +ta +eijx (1=1,a)j=1,k k=1,a)

Xijk La quan sat ¢ hang thur 1, ¢0t thir j va ¢ cong thirc thi nghiém k.
v Trung binh chung.
h; Chénh Iéch do anh huong cua hang 1, £ h; = 0.
Cj Chénh léch do anh hudng cua ¢t j, Zc; = 0.

ag Chénh 1éch do anh hudng ctia mirc k ctia yéu t6, T ax = 0.

eijc  Saisb ngdu nhién; gia sir cac eijx doc lap, phan phdi chuan N(0,?) .
4.4.4. Cach phan tich
Toan bd bién d@ng du~qc hop thanh tir cac bién dong thanh phan hang, cot, cong
thirc thi nghiém va sai s6 ngau nhién.
SSto =SSy + SSc + SSa + SSg
Vi cac bac tu do twong ung:
(@-1D=(@-D+@-1)+@-1)+@-2)a-1)

a 2
SSi ZaZ(x[—x}

i=1
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a 2
SSc =a2[xj—xj

1

a ~ . 2
SSa= aZ(xk —x)

k=1

a a 2
SSE=aZZ(xij—x,-—x,~—xk+2xj

i=l j=1

a a 2
SSto0 = ZZ(XW — xj

i=l j=1

Bac ty do dfro = a?-1; dfy=a-1;dfc =a- 1; dfa = a-1; dfg = (a-1)(a-2)

Céc trung binh binh phuong:
MSH = SSa / dfu; MSc = SSc / dfc;

MSa = SSa / dfa; MSg = SSg / dfe

Gia thiét d6i véi yéu t6 thi nghiém; Ho: “Céc trung binh ctia cac mirc bang nhau”
v6i doi thieét Hi: “Co it nhat mot cdp trung binh khéac nhau”.

Tinh Frn= MSa/ MSE; so voi gia tri t6i han F, afa, afe); néu Frn < Fia, afa, afe) thi

chap nhan Ho, nguoc lai thi bac bé Ho.

Kiém dinh dbi véi hang va cot thuong it duge quan tdm dén vi khong mang lai
nhi€u y nghia, tuy nhién ciing cé thé lam tuong tu nhu kiém dinh doi vdi cong thic

thi nghiém.

C6 thé tinh nhanh cac tong binh phwong nhu sau:
Tinh téng hang TH;, tong cot TC;, tong theo timg mic cua yéu td TAg, sau do
tinh n = a x a; Tong toan bo gia tri s lidu trong bang ST = Ix;; hodc ST = XTH;

Tinh tong cac gié tri s6 liéu binh phuong SST = ZEx%;

86 diéu chinh G =ST?/n

Téng binh phuong toan bd

Tdng binh phuong do hang

Téng binh phuong do cot

Téng binh phuong do yéu t6

Téng binh phuong do sai s6

Bang phan tich phuong sai (ANOVA)

SSto =SST- G
SSh=2TH?/a-G
SSc=3XTC?/a-G
SSA=2TA* /a-G

SSE = SSt0 - SSa - SSH- SSc

Ngudn bién dong df SS MS Frn F t&i han
Yéu tb a-1 SSa MSa MSA/MSE F(a, dfa, dfE)
Hang a-1 SSH MSH MSH/MSE F(«, dfH, dfE)
Cot a-1 SSc MSc MSc/MSE F(, dfc, dfE)
Sai sb (a-1)(a-2) SSe MSe
Toan bd az-1 SS1o
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Vi du 4.5: Mead va cong su tién hanh nghién ctru anh huéng cua thirc n mua
dong dén san luong sita theo md hinh 6 vudng latinh. Cé 4 khau phan an khac nhau
(A1, Az, A3, A4), 4 giai doan thi nghiém (1, 2, 3 va 4) mdi giai doan kéo dai 3 tuan va co
4 dong vat thi nghiém (1, 2, 3 va 4). Mdi bo an tirng khau phan trong 3 tuan va mdi bo
tham gia & ca 4 giai doan thi nghiém. San luong sita chi duogc tinh tong cong trong tuin
thir 3 ctia mdi giai doan. S6 litu duoc ghi lai nhu sau (don vi tinh kg)

Bo (cot)
1 2 3 4 Téng sb
1 A1192 A2 195 A3 292 A4 249 928
Giai doan 2 A2 190 A4 203 A1218 A3 210 821
(hang) 3 A3 214 A1139 A4 245 A2 163 761
4 A4 221 A3 152 A2 204 A1134 711
Tbng sb 817 869 959 756 3221
Ta c6 bang phan tich phuong sai:
Ngudn bién dong df Ss MS Frn F
Khau phan 3 8608,70 2869,20 21,22 F(005:3:6) = 4,76
Giai doan 3 6539,20 2179,20 16,12
Bo 3 9929,20 3309,70 24 47
Sai sb 6 811,40 135,20
Toan bd 15 25887,50

Két luan: O muc o = 0,05 ta bac bo gia thiét Ho, tirc 1a cac khau phan an khac
nhau d3 lam anh huong dén san luong sira.

C6 thé dung phuong phap LSD dé so sanh sy khac nhau giita timg cip cong thirc

thi nghi¢ém nhu sau:
LSD = (0,025;6)x /% =20,12

Cac gié tri trung binh trudce va sau khi so sanh:

Khéu phan Trung binh Khau phan Trung binh
A1 170,80 A1 170,802
Az 188,00 > Az 188,002
As 217,00 As 217,000
A4 229,50 Aq 229,500

Ngoai 3 kiéu thiét ké thi nghiém d3 néu trén (Hoan toan ngiu nhién, Khdi ngiu
nhién day du va 6 vudng La tinh) con mgt so kiéu bo tri thi nghi¢ém mot yéu té phurc tap
hon nhu:

Khi mdi khéi khong chira da cac mirc ciia yéu t6 (s6 6 trong mot khdi nho hon sb
muc a) thi co thé bo tri kiéu khoi ngau nhién can d6i khong du (BIBD).

Khi ¢6 3 huéng bién dong thi co thé mé rong kiéu 6 vudng La tinh thanh 6 vudng
La tinh Hy lap (Greco Latin square).

Khi bd tri 6 vuong La tinh véi $6 cong thirc thi nghiém it thi sb bac tu do con lai
cho sai s ngau nhién nhé do d6 co thé lap lai 6 vuong La tinh d€ tang bac ty do cho
sai sb.
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Trong cac thi nghiém vé gidng khi khao sat ban dau voi sé luong cac dong

(gidng) qua 16n thi co thé chon kiéu ludi 6 vudng (Lattice design).

4.5. BAI TAP

4.5.1: Mot thi nghiém dugc tién
hanh nhdm nghién ctu anh huéng cua 4
cong thirc thuc an khac nhau (A, B, C va
D) dén tang khdi luong cia bo BBB.
Chon 24 bo ddng déu va chia hoan toan
ngiu nhién vé voi cac cong thirc. Khbi
luong (kg) khi két thi nghiém cta 24 bod
néu trén thu dugc nhu sau:

Két luan anh huong cia cac cong thic thirc an dén ting khoi luong ciia bo BBB.

A B C D
456 365 502 457
436 400 476 456
432 375 487 467
463 387 499 487
454 408 476 469
453 355 453 432

4.5.2: Tang khéi luong ciia ga ¢ 16 cong thic thi nghiém, cic cong thirc khac
nhau & cac mirc axit amin. Mdi gi tri trong bang dudi day 1 toan bd khdi lwong (g) cua
3 ga cung mot 10ng trong giai doan tir 10 dén 20 ngdy tudi. C6 6 khu chudng khac nhau,
cac cong thire thi nghiém duoc phan vé cac 10ng mot cach hoan toan ngiu nhién trong
cung mot khu chuéng ¢c6 diéu kién tiéu khi hau & mic do d@)ng déu cao nhit co thé. Két
ludn vé anh hudng cua axit amin dén ting khdi lugng cua ga.

Khu chudng
Céng thirc
1 2 3 4 5 6
A 125 95 121 92 80 87
B 201 169 152 174 141 128
C 251 216 209 231 226 230
D 332 323 310 317 320 291
E 224 170 176 193 163 153
F 294 290 268 279 274 267
G 206 187 172 180 170 147
H 298 237 281 291 267 184
I 116 101 103 146 94 80
J 135 137 129 138 121 131
K 171 160 156 207 171 144
L 262 277 233 249 213 221
M 165 155 135 165 145 124
N 222 196 184 200 164 167
(0] 180 156 187 187 162 157
P 247 264 211 247 222 229
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4.5.3: Mot thi nghiém duoc tién
hanh nhdm xéc dinh 4nh hudng cua cac
loai thirc an bd sung khac nhau (A, B,
C va D) dén luong c6 khé ma bé nudi
v0 béo thu nhan duoc (kg/ngay). Thi
nghiém duoc thiét ké theo mo hinh 6
vuong la tinh voi 4 dong vat trong 4
giai doan, moi giai doan 20 ngay.
Trong mdi giai doan 10 ngay dau duogc
coi la giai doan thich nghi, 10 ngay
tiép theo 1a giai doan thi nghiém dé thu
thap s6 liéu. S6 liéu thu dugc & bang
bén canh 1a khdi luong co khd trung
binh bé thu nhin dugc ¢ 10 ngay thi
nghiém. Hay rat ra két luan tir thi
nghi¢m néu trén.

4.5.4: Gia stt, mot thi nghiém
duge thiét ké twong tu nhu & bai tap
4.5.3, nhung c6 c6 2 6 vudng la tinh
duoc thiét ké dong thoi va mdi 6 déu co
4 dong vat thi nghiém va 4 cong thic
thi nghiém khac nhau. S6 liéu & 6
vuodng la tinh thir nhat nhu trong bai tap
4.5.3, & 6 vuong la tinh thtr 2 nhu trong
bang bén. Hay tién hanh phan tich dé
dua ra két luan va dua ra nhan xét vé
mo hinh thiét ké trong bai tap 4.5.3 va
bai tap 4.5.4.
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Giai
doan 1 2 3 4
1 10,0 9,0 11,1 10,8
(B) (D) (€) (A)
9 10,2 11,3 9,5 11,4
(€) (A) (D) (B)
3 8,5 11,2 12,8 11
(D) (B) (A) (C)
4 11,1 11,4 11,7 9,9
(A) (©) (B) (D)
Giai
doan 1 2 3 4
1 10,9 11,2 9.4 11,2
(€) (A) (D) (B)
9 10,5 9,6 11,4 10,9
(B) (D) (C) (A)
3 11,1 11,4 11,7 9,8
(A) (C) (B) (D)
4 8,8 12,9 11,4 11,2
(D) (B) (A) (©)




Chuong 5
THIET KE THi NGHIEM HAI YEU TO

Muc tiéu cua chuwong nay nham gioi thiéu cho ban doc cach thiét ké thi nghiém va
phan tich két qua doi véi thi nghiém hai yéu t6,; cdc wu, nhwoc diém ciia mé hinh nay va
cdc gidi phdp han ché nhitng nhirge diém ndy. Trong phan ndy, bon kiéu thi nghiém
thwong ding sé dwoc gidi thiéu ciing ban doc gom: (1) Thi nghiém hai yéu t6 chéo nhau
(cross), hay hai yéu té truc giao (orthogonal); (2) Thi nghiém hai yéu té6 phdn cdp
(hierachical), hay con goi la chia 6 (nested); (3) Thi nghiém hai yéu té chia é (split
plot) va (4) Thi nghiém hai yéu t6 chia bang hay chia dai (strip plot).

5.1. THI NGHIEM HAI YEU TO CHEO NHAU (Cross hay Orthogonal)

Trong thi nghiém kiéu hai yéu t6 chéo nhau, chl'mg ta tién hanh nghién ctu dong
thot ha1 yeu t6 thi nghiém va kiém dinh tat ca cac to h0’p gitra cac mirc khac nhau cua
cac yéu td thi nghlem Ngoal anh huong cua timg yéu to rleng biét goi 1a cac yéu t6
chinh, con cé thé tim thiy tac dong cung v&i nhau cia 2 yéu t6 goi 1a tuong tac. Mo
hinh nay ciing dugc thiét ké hoan toan ngau nhién vi vay cac don vi thi nghiém duoc
phan vé véi cac to hop cua cac yéu to 13 hoan toan ngiu nhién. Gia st yéu tb A c6 a
mirc, yéu to B ¢6 b mirc, tit ca co a x b cong thirc, mdi cong thirc aixb; (i=1, a;j =1,
b), lap lai r 1an. Tat ca cd a x b x r=n don vi thi nghiém.

Xem xét mot thi nghiém nham dénh gla anh hu’cmg cua ham luong protein Va cac
loai thirc an dén san lugng sita ctia bo. Yéu t6 thtr nhat 13 ham luong protein va yéu t6
thtr 2 1a cac loai thirc an. Protein duoc xac dinh & 3 muc va ¢6 2 loai thirc an dugce st
dung. Mdi bd c6 kha ning tham gia vao mot trong 6 to hop (protein x thirc an). Thi
nghiém nay dugc goi 1a mo hinh 2 yéu t6 truc giao hay bat chéo 3 x 2 vi ¢6 3 mirc ciia
yéu t6 thir nhat va 2 murc cua yéu t thu 2 d3 duge xac dinh. Muc dich cia thi nghiém la
xac dinh phan g cua bo khac nhau & cac muirc protein khac nhau véi cac loai thirc an
khac nhau. Muc dich chinh cta thi nghiém truc giao 13 c¢6 thé phan tich duoc tuong tac
clia cac yéu t6. Ngoai ra, md hinh nay ciing dic biét hiru ich khi toan bd cac yéu td thi
nghiém va t6 hop dugc tién hanh phan tich tir d6 c6 thé két luan t6 hop nao 1a t6t nhat.

5.1.1. Uu diém va nhuoc diém

Thiét ké thi nghiém hai yéu t6 theo kiéu chéo nhau co hiéu qua cao hon so véi mo
hinh thiét ké thi nghiém mot yéu t5. N6 ¢6 vu diém 1a co thé nghién ciru dong thoi anh
huong cua ting yéu té doc 1ap va anh hudng cua twong tac giita cac yéu té. Mo hinh
nay that sy can thiét khi ton tai sy twong tac giita cac murc yéu to nhim tranh nhiing két
luan sai Iéch.

Trong mo hinh thi nghiém, tat ca cac t6 hop ctia muc yéu t6 duge bd tri va thyc
hién. Nhu vay khi cac mirc ciia timg yéu t6 ting 1én mot cach dang ké thi sb cac t6 hop
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s& tang 1én mot cach nhanh chong; diéu nay sé& kéo theo hang loat cic van dé phirc tap
doi cac nguyén vat li€u thi nghi¢m. Tham chi khi c6 cac nguodn vat li€u thi nghiém thi t6
chtrc thyc hién cling gap kho khan.

Thiét ké thi nghiém kiéu chéo nhau dugc khuyén céo t6i da & 4 mirc ddi véi timg
yéu to thi nghi€ém. M6 hinh nay khong phai cach ti€p can phu hop nhat néu mudn
nghién ctru rat nhiéu mirc doi véi tung yeu to.

5.1.2. S6 don vi thi nghiém cin thiét

S6 don vi thi nghi¢m can thiét duoc chon theo cac tiéu chi déng déu nhu d3 néu &
Chuong 3. S6 lugng can don vi thi nghiém can thiét c6 thé dugc tinh theo cong thirc sau:

Dé loai bo gia thiét Ho khi chénh léch d giira 2 gia tri trung binh bat ky & yéu td
thi nghiém A

, nbd 2
2a0°

Dé loai bo gia thiét Ho khi chénh léch d giira 2 gid tri trung binh bat ky ¢ yéu td
thi nghi¢m B
5= nad’
2bo?
Dé loai bo gia thiét Ho khi chénh 1éch d giira 2 gi trj trung binh bat ky cia tuong
tac giita cac mirc yéu to thi nghiém A va B

nd?

= o1 +1]

5.1.3. Cach thiét ké thi nghi¢ém

Gid sir yéu to A c6 a mirc, yéu to B ¢6 b miic, tit ca ¢ a x b cong thirc, mdi cong
thirc aixbj (i=1,a;j=1,b), lap lair1an. TAt cacéa x b x r=n don vi thi nghiém. S6
don vi thi nghiém (n) duoc phan mot cdch ngau nhién vao a x b cong thic.

Néu bb tri thi nghiém 2 yéu té theo kiéu khbi ngau nhién day da thi mbi lan lap lai
14 mot khoi; mdi khéi chia a x b cong thirc (khdi dy dir). Trong phan tich tich ngoai cac
téng binh phuong SSto, SSa, SS, SSas con cd thém SSk (tong binh phuong cia khdi)
sau d6 mai dén SSk.

Trudng hop don gian nhit cia mo hinh chéo nhau 13 yéu t6 A ¢6 2 miic A va As,
yéu t6 B ¢6 2 mirc By va Ba. Cac t6 hop c6 thé ciia cac mirc yéu t6 1a:

. Yéu tb B
Yéu to A
B B2
Ad A1B-1 A1B2
Az A2B- A2B2
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Néu 6 mbi cong thic thi nghiém c6 3 don vi thi nghiém (r = 4) thi s6 dong vét can
thiét s& 1a 2x2x4. Gia st sd dong vat thi nghiém nay duogc danh s6 tir 1 dén 16; sau khi
phan mot cach ngu nhién vé voi 4 t6 hop c6 thé nhu trén ta s& co so do thiét ké thi
nghiém nhu sau:

A1 A2
B B2 B1 B2
7 12 3 13
bong vat thi 11 8 1 10
nghiém sb 2 6 15 5
14 4 9 16

Két thuc thi nghiém, sé liéu c6 thé ghi lai dé dé dang va thuan tién cho viéc tinh
toan nhu sau:

A1 A2

B B> B B2
7 X111 12 X121 3 X211 13 X221
11 X112 8 X122 1 X212 10 X222
2 X113 6 X123 15 X213 5 X223
14 X114 4 X124 9 X214 16 X224

Dudi dang tong quat voi a cong thirc thi nghiém véi sb 1an 1ap lai 1a 7 ta co:

A1 A2

B B2 B B2
X111 X121 X211 X221
X112 X122 X212 X222
X11r X12r X21r X22r

5.1.4. Mo hinh phan tich
Xijk =1 tai+ by +(ab)ijteijxk (1=1,a)j=1,b;k=1,1)

p 1a trung binh chung.

ai 1a chénh léch so vdi trung binh chung ctiia mtic A cia yéu td A, Xa; = 0.

bj 1a chénh léch so véi trung binh chung ctia mirc B; ciia yéu t6 B, Zb; = 0.

(ab)i j 1a chénh Iéch so v&i trung binh chung ctiia cong thirc AiB; sau khi trir b6t
chénh 1€ch a; cia murc A; va chénh I¢ch bj cua muc B;.

a b
Zabij =0 v&dimoi j va Zabij =0 v&i moi i.
i=1 Jj=1
eijk 1a sai s6 ngdu nhién, gia sir cac sai s ei jx doc 1ap, phan phdi chuin N(0,6).

5.1.5. Cach phén tich

Tinh tong binh phuong toan bd (SSto) duoc cau thanh tir cac tong binh phuong
thanh phan cua yéu to A (SSa), yéu to B (SSp), tuong tac giita cac yéu t6 (SSas) va sai
s6 ngau nhién (SSk)

SSto=SSa+ SSg+ SSas+ SSk

81



Céc tong binh phwong duogc tinh nhu sau:

SSro- iji[xﬁk _;T

i=l j=1 k=1

Hoic c6 thé tinh nhanh c4c ng binh phuong nhu sau:

Tinhn=axb x1; ST =3XZ Xijk; SST = ZXT x%jk; S6 diéu chinh G = ST?/ n;
Sau khi c6 cac tong AiB; (goi 14 yij), sip xép lai thanh bang hai chiéu; tir bang d6 tinh
cac tong TA,, tong TB;

SSto=SST-G
la

SSa= — Y TA*-G

A brz '

i=1

1 b
SSp= —>» TB’-G
= 2B

J
1 a b 5
SSaB= =Y. > y; —G - SSa-SSg
Voial =1

SSE = SSto - SSB - SSa- SSaB

Cac bac tuy do dfto = abr — 1; dfa =a — 1; dfg = b -1; dfa = (a-1)(b-1) va dfg =
ab(r-1).

Chia cac téng binh phuong cho cac bac tu do tuwong tng dugc cic binh phuong
trung binh.

MSa = SSa / dfa; MSg = SSg / dfs; MSas = SSap / dfas; MSg = SSg / dfE;

Chia MSa, MSg, MSag cho MSg dugc céac gia tri F thuc nghiém Frna, Fras ,
Frnag. Céc gia tri F t6i han cua yéu td A 13 Fia, ata, ar); B 12 Fia, am, am) va AxB 1a Fo,
dfAB. dfE). SO VOi cac gid tri t61 han ¢ thé kiém dinh ba gia thiét theo nguyén tic Frn >
Fisi han $& bac bo Ho va chap nhan dbi thiét H;:
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Hoa: “ Cac a; bang khong” dbi thiét Hia:  C6 a; khac 07 .
Hop: “ Céc b; bang khong” ddi thiét His: “ C6 b; khac 0.

Hoap: “ Cac abjj bang khong” ddi thiét Hiag: “ Co aby; khac 07 .
Duéi dang tong hop ta c6 bang phan tich phuong sai

Ngudn bién déng df SS MS F t6i han
Yéu td A a-1 SSa MSa MSa/ MSe F(q, dfA, dfE)
Yéuté B b-1 SSe MSs MSs/ MSe F (o, dfB, dfE)

Tuwong tac AxB (a-1)(b-1) SSas MSas MSas/ MSe F(a, dfAB, dfE)

Sai sb ab(r-1) SSe MSe
Toan bo abr -1 SSto

Vi du 5.1: Mot nghién ctru duoc tién hanh dé xac dinh anh hudng cua viéc bod
sung 2 loai vitamin (A va B) vao thirc an dén ting khdi lwong (kg/ngdy) cua lon. Hai
mirc d6i v6i vitamin A (0 va 4 mg) va 2 mirc di voi vitamin B (0 va 5 mg) dugc st
dung trong thi nghiém nay. Téng s6 20 lon thi nghiém duoc phan vé 4 to hop (cong
thire thi nghiém) mot cach ngiu nhién. S liéu thu duoc khi két thuc thi nghiém duoc

trinh bay nhu sau:

Vitamin A 0 mg 4 mg
Vitamin B 0 mg 5mg 0 mg 5mg
0,585 0,567 0,473 0,684
0,536 0,545 0,450 0,702
0,458 0,589 0,869 0,900
0,486 0,536 0,473 0,698
0,536 0,549 0,464 0,693
Téng 2,601 2,786 2,729 3,677
Trung binh 0,520 0,557 0,549 0,735

Céc tong binh phuwong duoc tinh nhu sau:

ST=3XX¥ xXijk=0,595+....4+ 0,693 = 11,793
SST = 23% x%jk = 0,5952 + .....+ 0,693% = 7,275437
G=ST?/n=11,7932/20 = 6,953742

TAo=2,601+ 2,786 = 5,387 va
TBo =2,601 + 2,729 = 5,330 va

TaoBo=2,601; Taops=2,786; Taago=2,729; Tasps=3,677;

TA4= 2,729+ 3,677 = 6,406

TBs=2,786 + 3,677 = 6,463

SSto = SST - G =7,275437 - 6,953742 = 0,32169455

1 a
SSa = b—ZTAf — G =(1/10)x(5,387> + 6,406%) - 6,953742 = 0,05191805

¥ oo

b
SSg = iZTBf —G = (1/10)x(5,330% + 6,463?) - 6,953742 = 0,06418445
ar Jj=1 ’
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a

SSaB =

N =

b
> y; -G -SSa-SSp = %X(2,6012 +2,786% + 2,7292 + 3,677?) -
1 j=I

6,953742 - 0,05191805 - 0,06418445 = 0,02910845

SSE = SSto - SSa- SSg - SSas = 0,32169455 - 0,05191805 - 0,06418445 -
0,02910845 = 0,17648360

Co thé tong hop vao bang phén tich phuong sai sau:

Ngudn bién déng df ss MS Frn F
Vitamin A 1 0,05191805  0,05191805 4,71 F(0.05: 1:16) = 4,49
Vitamin B 1 0,06418445  0,06418445 5,82 F(0.05:1:16) = 4,49

Vit A x Vit B 1 0,02910845  0,02910845 2,64 F(0.05:1:16) = 4,49
Sai sb 16 0,17648360  0,01103023
Toan bo 19 0,32169455

Két luan: B6 sung vitamin A va B di 1am cho ting khdi lugng cua lon thay doi (vi
Frn > 4,49 ¢ muc o = 0,05); tuy nhién khong c6 tuong tac giita cac yéu t6 (vi Frn < 4,49
o muc a = 0,05).

5.2. THI NGHIEM HAI YEU TO PHAN CAP (Hierachical hay Nested)

Kiéu thi nghiém hai yéu t6 phan cdp (Hierachical) hay chia 6 (Nested) thuong
dugc dung trong cac nghién ctru vé di truyén. Trong d6 mot yéu td 1a cp trén, mot yéu
t6 1a cap dudi, thi nghiém 1ap lai r 1an.

Cu thé xét thi du A 1a bo duc gidng, tit ca co 4 con A1, Aa, A3, As. Mi con duc
cho phéi v6i 3 con céi goi tat 1a Bi, Bs, Bs. Mdi con bo cai sinh 4 con. Ta ¢6 so do sau:

A 1 2 3 4
B 1 2 3 1 2 3 1 2 3 1 2 3
X111 X121 X131 X211 X221 X131 X311 X321 X331 X411 X421 X431

X112 X122 X132 X212 X222 X232 X312 X322 X332 X412 X422 X432
X113 X123 X133 X213 X223 X233 X313 X323 X333 X413 X423 X433

X114 X124 X134 X214 X224 X234 X314 X324 X334 X414 X424 X434

Can phai chu y 1a 3 con cai cho phoi voi con duc By khac vdi 3 con cai cho phodi
v6i con duc By, khac véi 3 con cai cho phdi véi con duc B3, khac véi 3 con céi cho phoi
vo1 con duc Ba.

M&i cip bd me sinh duoc 4 con. Nhu vay chung ta c6 mé hinh phan cp véi con
duc 1a cap trén, mdi con duc phdi v6i 3 céi la cap dudi, mdi cap bd me c6 4 con la cap
dudi nira. Cling c6 thé coi nhu ¢6 4 6, mdi 6 c6 mdt con duc va 3 con cai, mdi cap vo
chdng ¢ 4 con.

Pé thdng nhét ky hiéu chiing ta coi yéu t thtr nhat (A) 1a cip trén c6 a muc, yéu
t6 thur 2 (B) 1a cap dudi c6 b mirc va mdi cong thire AiB;lap lai r lan.
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5.2.1. Uu va nhwoc diém ciia md hinh

Trong thi nghiém hai yéu t6 phan céap, cac don vi thi nghiém cua yéu té tht hai
trong cung mot muirc ciia yéu t6 thir nhit s& doc 1ap vé6i cac don vi twong tu nhung nim
khac mirc cta yéu t6 thir nhét.

Ta c6 thé so sanh su khac nhau giita cac mirc ctia yéu té thi nghiém cip trén va
anh huéng giira cac mirc khac nhau cta yéu t6 cAp dudi trong cung mot mirc cua yéu td
thir nhat nhung khong thé so sanh sy khac nhau giita cac mirc cta yéu té ndm trong céc
murc khac nhau cua yéu t6 tha nhat. Vi du ta c6 thé so sanh 4 con duc vé6i nhau, so sanh
cac con cai dugc phdi voi cung mot duc nhung khong thé so sanh su khac nhau giita cac
con cai dugc phéi va1 cac con duc khac nhau.

5.2.2. Cich thiét ké thi nghiém

Trong a mirc cia A phai bt tham dé xem muc nao goi 1a A, mic nao 1a Ao,...,
A.. Trong axb ca thé (twong d6i dong déu) phai bat tham b ca thé lam cp dudi cho Aj,
sau d6 bat tham b ca thé cho Ao,..., bit thim b c4 thé cho A.. Mbi cap AiBj(i=1,a;j=
1, b) c6 r 1an 1ap (tirc 13 thu duoc r s6 lidu) ky hidu 13 xij.

5.2.3. M6 hinh
Xik =W+ ai +bj * ek (i=1l,a;5=1,b; k=1,r)

u 1a trung binh chung.

a; 1a chénh léch do anh hudng ctia mirc A; clia yéu td A; Xa; = 0.

bj) 1a chénh léch do anh huéng ciia mirc Bj (trong 6 Aj) ciia yéu to B; Xbj g =0

vO1 moi 1.

ei jk 12 sai s6 ngau nhién; gia sir cac eij doc 1ap phan phéi chuan N(0,6°) .
5.2.4. Cach phan tich

Goin=axbxr; ST=XIZxiji; SST =3I x%jk

r b r
Sé diéu chinh G =ST?/n; TABij = )X, ; TAi= DD X,
k=1 j=1 k=1
Téng binh phuong toan b
SSto=SST -G
Tong binh phuong do yéu té A

SSa= O TA) [(bxr)—G
i=1

Tong binh phwong do yéu té B trong A
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SSun) = (3 Y TAB) /(3 T4 (b r) =(3. Y TABZ ) /17— G = S5,

i=1 j=1 i=1 j=1

Téng binh phwong do sai sb
a b r a b
$5:= 333 x5, — (3747 /7 =S5 - 5555
i=1 j=l k=l i=1 j=1

Cac bac tu do dfro = abr — 1; dfa = a-1; dfg = a(b-1) va dfg = ab(r-1). Chia cac
téng binh phwong cho bac ty do tuong tmg duoc cac binh phuong trung binh:

MSa = SSa / dfa; MSpa) = SSp(a) / dfsa); MSE = SSE / dfg
Frna = MSa / MSg(a) so véi gia tri té1 han Fo,draama))
Frne = MSg(a) / MSE so véi gia tri té1 han Fo,am(a),dfE)
Néu Frx > F t6i han, Ho s& bi bac bo

Duéi dang tong hop ta ¢ bang phan tich phuong sai

Ngudn bién déng df Ss MS Fn F
Yéutd A a-1 SSa MSh MSa/ MSg() F (o, dfA, dB(A)
Yéu t6 B trong A a(b-1) SSg(a) MSg(a) MSg»)/ MSE F(a, afB(a), dfE)
Sai s6 ngau nhién ab(r -1) SSe MSe
Toan bo abr -1 SSto

Céc udc tinh cia trung binh binh phwong E(MS) dugc x4c dinh twong tng khi yéu
t6 A va B 1a ¢ dinh hay ngau nhién nhu sau:

E(MS) Ava B cb dinh A cb dinh va B ngau nhién A va B ngau nhién
E(MSa) 0%+ Q(A) 02 +ro’% + Q(A) 0%+ r 0% + rbo?a

E(MSs@)) o2+ Q(B(A)) o2+ro%s o2+ro%
E(MSE) o2 o2 (o

Trong chan nudi, nhan cép trén dugc gia thiét 1a ¢o dinh néu tat ca cac con duc
hién c6 1a nhiing con cu thé hodc gia thiét 1a ngcfu nhién néu con duc duoc chon ngau
nhién tir s6 duc gidng trong dan, yéu té cip dudi dugc gia thiét 1a ngdu nhién vi con cai
luén dugc chon ngiu nhién trong dan. Tir d6 udc lugng duge cac phuong sai thanh
phan: phirong sai o cua sai s6 eijk, phwong sai o’ cia bién ngau nhién “cai” va phwong
sai ¢4 cla bién ngdu nhién “duc”. Tl cac phuong sai thanh phan nay co thé tinh duoc
hé s di truyén theo bd hodc theo me.

Vi du 5.2: Muc dich caa thi nghiém 1a x4ac dinh anh hudng cta lon duc gidng va
lon nai dén khéi luong so sinh cta thé hé con. M6 hinh phan cip 2 yéu t6 dugc sir dung.
Bén lon duc giéng duoc chon ngéu nhién (a = 4), méi duc phéi v6i 3 lon nai (b=3) va
mdi nai sinh duoc 2 lon con (r = 2). Khéi luong (kg) so sinh cia timg lon con thu duoc
nhu sau:
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Buc 1 2 3 4
4 - ) '@ A Y ' - N ' A
Nai 1 2 3 4 5 6 7 8 9 10 11 12
1,2 1,2 1,1 1,2 11 1,2 1,2 1,3 1,2 1,3 14 1,3
1,2 1,3 1,2 1,2 1,2 11 1,2 1,3 1,2 1,3 14 1,3
Ta c6 bang phan tich phuong sai:
Ngudn bién déng df SS MS Frn F t&i han
Puc 3 0,093333 0,031111 6,22 F(.05:3 8 = 4,07
Cai (cung duc) 8 0,040000 0,005000 3,00 F(o.05:8 12) = 2,85
Sai s0 ngau nhién 12 0,020000  0,001667
(Con cung bo me)
Toan bod 23 0,153333

Két luan: Ta thay cac gia tri F thuc nghiém déu 16n hon gia tri F t61 han, chung to
c6 su sai khac gitra cac con dyc va gilra cac nai cung duc.

Theo nhu vi du da néu; duc giong va nai la cac yeu to ngau nhién, vi vay céac gia
tri ciia phuong sai thanh phan dugc udc tinh trong bang sau:

=) I e
buc 0% + 20% + 60°% 0,004352 56,63
Cai cung duc 0%+ 20% 0,001667 21,69
Sai s6 ngau nhién o? 0,001667 21,69
Téng sb o%r 0,007685 100,00

Tir cac phuong sai thanh phan nay ta ¢ thé tinh dugc hé s di truyén. Tuy nhién
dé wéc tinh hé sb di truyén mot cach chinh xac thi bac tu do cua cac nguén bién dong
phai du 16n. Ttc 1a thi nghiém phai bd tri trén nhiéu duc, cii va sd lugng quan sat &
doi con cling phai du 16n. Trong di truyén ) lugng, m6 hinh nay cling dugc dac biét
chu trong.

5.3. THi NGHIEM HAI YEU TO CHIA O

Thi nghiém hai yéu té chia 6 thich hgp dé nghién ciru anh hudng ciia 2 yéu t6 bd
tri theo cach sau. Nguyén vat liéu thi nghiém chia thanh mét sb cac 6 16n va cac muc
ctia yéu to thir nhat duge bd tri ngiu nhién vao cac 6 1on. Sau d6, mdi 6 16n lai duge
chia thanh céc 6 con va cac muc cua yéu tb thir 2 duoc bd tri ngdu nhién vao cac 6 con.

Mo hinh thi nghiém hai yéu t6 chia 6 dugc sir dung khi mot yéu to can nhidu
nguyén vat liéu hon yéu t thir hai. Néu mot yéu té duoc ap dung mudn hon so véi yéu
t6 con lai thi yéu t&6 mudn hon s& duogc bd tri vao 6 con. Ngoai ra, tir kinh nghiém thyc
té ta biét dugc mot yéu t6 c6 mirc do bién dong 16n hon thi yéu t6 ngay s& duoc bd tri
vao 6 16n. Hodc ta mudn c6 mot két luan chinh xac dbi voi mot yéu td thi yéu t6 do
dugc bd tri vao 6 nhé. Yéu td trén 6 16n ¢ sai sd goi la sai s6 0 16m, yéu td trén 6 nho
c6 sai s6 goi 1a sai s6 6 nho.
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5.3.1. Uu va nhwoc diém ciia md hinh

Thi nghiém chia 6 c6 cach phan tich phuc tap hon hai thi nghiém giao nhau hay
phan cép. Mtic chinh x4dc cta hai yéu t6 khac nhau, yéu t6 trén 6 16n c6 do chinh xac
thap hon yéu t6 trén 6 nho.

Thi nghiém nay rat phu hop néu ta chi quan tdm dén mot trong hai yéu t6 va
tuong tac gitta chiing. Vi du, nghién ctru anh hudng cua cac loai thirc dn khac nhau dén
tang khéi luong cua vt nudi, dong thoi ciing quan tim dén twong tac cua thuc in véi
gidi tinh.

Trong cac nghién ctru vé ndng nghiép mo hinh nay ciing dugc sir dung rong rii,
trong mot khu dién tich 16n dat duoc coi nhu mot 6 16n va nhiing 16 dugc chia ra dugc
goi 1a 6 nho.

M5 hinh nay s& gip kho khan trong viéc wéc tinh néu sd liéu bi khiém khuyét. SO
bac tu do cta sai s ngdu nhién bi giam rat nhiéu do ¢6 hai 1an tuong tic (twong tac giita
hai yéu t& AxB va tuong tac giita yéu to A véi khdi hay con goi 13 sai s6 6 10n), chinh vi
vay ciling lam giam d6 chinh x4c cia cac udc luong va cac két luan.

5.3.2. Cich thiét ké thi nghiém

Thudng bb tri thi nghiém theo khéi, mdi khdi chia thanh a 6 16n dé bat tham cho a
mirc cta yéu td A. Viée bat tham dugc thyc hién riéng ré cho timg khdi. Mi 6 16n chia
thanh b 6 nho dé bat tham cho b muc cua yéu té B. Viéc bat tham thyc hién riéng ré cho
tung 0 16n.

Thi du yéu td A c¢6 4 muic (A1, A, Az va As), yéu td B c6 2 mirc (B1 va By). Ba
mirc ctia yéu t6 A dugc bb tri trén 6 16n trong 3 khdi. Mdi 6 16n chia nho thanh 2 6 nho
dé bd tri ngau nhién cac mirc ciia yéu t6 B. So b tri thi nghiém c6 thé duoc trinh bay
nhu sau:

Khoi 1 Khéi 2 Khoi 3
A4 Ad Az As A2 Ad A4 As Ai A2 A4 As
B2 B2 B1 B2 B+ B2 B+ B+ B2 B B2 B1
B1 B+ B2 B1 B2 B+ B2 B2 B+ B2 B1 B2
5.3.3. M6 hinh
Xijl=pu+ ai +ki +(ak)i+bj+(ab)j+tej;(i=1,aj=1,b;1=1,1)
Trong do:
u 1a trung binh chung.

a; 1a chénh 1éch do anh hudng cia mic i ciia yéu td A (trén 6 16n); Za; = 0.

bj 1a chénh 1éch do anh huéng cta mirc j cua yéu td B (trén 6 nho); Sb; = 0.
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ki 1a chénh 1éch do anh hudng cua khdi 1; Tk = 0.
(ak)ii 1a twong tac giita yéu td A va khdi va duoc dung 1am sai s6 6 10n se?r..
(ab); 1a twong tac ciia hai yéu tb A va B.

b
Y (ab), =0 vé&i moi i; > (ab), =0 VOi Mo j

Jj=1 i=1
eijk 1a sai s ddc 1ap phan phdi chuan N(0,62) .
Trong mé hinh nay khdi coi nhu yéu t6 ngiu nhién, khong twong tac voi B. Hai
yéu td A va B coi nhu yéu t c¢b dinh.
5.3.4. Cach phén tich
n=axbxr; ST=23XX3xjj; SST =2IX x%ji; G=ST?/n;

Tir bang s6 liéu gde tinh tong cac xij theo j dugc TACik sau d6 1ap bang hai chiéu
A x K. Tir bang s6 liéu gdc 14y tong cac xij theo k duoc TABj; sau d6 1ap bang hai
chiéu A x B.

Céc tong binh phurong dugc tinh nhu sau:
Téng binh phuong toan bo:
SSt0o=SST-G
Téng binh phuong cta khbi:
SSk = (XTK?)/(a x b) - G
Téng binh phuong cua yéu tb A
SSa=(XTA%)/(bx1)-G
Téng binh phuong tuong tac giita yéu t A va khdi (sai s6 6 16n)
SSak = (EXTAK?)/ b - G - SSA - SSK
Tong binh phwong cua yéu t6 B
SSg=(XTB%)/(ax1)-G
Tong binh phuong tuwong tac gitta yéu td A va B
SSap = (ZXTAB?j)/1- G - SSA - SSB
Téng binh phuong ciia sai s6 ngiu nhién (sai s6 6 nho)
SSE = SSt0 - SSa - SSk - SSak - SSp — SSas

Vi cac bac tu do dfro = axbxr — 1; dfk =r-1; dfa =a - 1; dfax =(a - 1)(r — 1);
dfs =b - 1; dfap = (a — 1)(b — 1); dfE = a(b -1)(r — 1). Chia cac tong binh phuwong cho
bac tu do tuong ung dugc cac binh phuong trung binh (MS):

MSa = SSa / dfa; MSg = SSg / dfs; MSas = SSap / dfas; MSg = SSg / dfg
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Ta c6 cac gia tri F tuong ung:

FTNA = MSA / MSAK so véi gia tri téi han F(o,dfA,dfAK) .
FTNB = MSB / MSE so vo6i gia tri t61 han F(a,dfB,dfE) .
FTNAB = MSAB / MSE so voi gia tri t61 han F(a,dfAB,dfE).
Néu FTN > F t6i han, HO sé& bi bac bo.

Kiém dinh gia thiét d6i v6i yéu t6 trén 6 16n (A)

HOA: “cac ai déu bang 0” v6i dbi thiét H1A: “c6 ai khac 0.
Kiém dinh gia thiét dbi voi yéu t6 trén 6 nho (B)

HOB “Céc bj déu bang 0” véi d6i thiét HIB “c6 bj khac 0”
Kiém dinh gia thiét d6i véi twong tac gitra A va B

HOAB: “Cac (ab)ij déu bang 0” v&i ddi thiét HIAB “c6 (ab)ij khac 0”.
Dudi dang tong hop ta c6 bang phén tich phuong sai

Ngudn bién déng df Ss MS Fn F
Khéi r-1 SSk
Yéu td A a-1 SSa MSa MSa/ MSax F(a, dfA, dfAK)
Sai s6 6 lon (r="1)(@-1) SSak MSak
Yéuté B (b-1) SSs MSs MSs/ MSe F (o, dfB, dfE)
Tuwong tac AB (a—1)b-1) SSas MSas MSas/ MSE F (a, dfAB, dfE)
Sai s6 6 nhd a(b -1)(r-1) SSe MSe
Toan bd axbxr -1 SSto

Vi du 5.3: Mot thi nghiém duoc tién hanh dé nghién ctru 4anh huong ciia bii chin
tha A (1, 2,3 va 4) va luong khoang b6 sung B (1 va 2) dén ning suét sita. C6 tit ca 24
bo tham gia thi nghiém. Thi nghiém duoc thiét ké theo mé hinh hai yéu t6 kiéu chia 6
v6i yéu td A duge bb tri trén 6 1on va yéu t6 B trén 6 nho trén 3 khdi. Nang suat sita
trung binh dugc ghi lai nhu sau (kg /ngay):

Khéi 1 Khéi 2 Khéi 3
As A1 A2 Az A2 A1 As As A1 A2 As As
B, 30 B2 B B2 B B2 B B B2 B B2 B
27 26 26 32 30 34 33 34 30 36 33
B: 29 B B2 B B2 B B> B> B B2 B1 B2
25 28 24 37 31 37 32 31 31 38 32
Ta co:

n=axbxr=4x2x3=24;

ST = 2XZxi1 =39 + ....+32 = 746;

SST = 2X¥ x%; = 302 +....+ 322 = 23530;

G =ST?/n=746>/24 =23188,167;

STK?% =30 +...+ 24)> + (32 +....+32)> + (34 +....+ 32)> = 187206

STA?% = (27 +... 4312 + (26 +...+ 31> + (26 +....+ 32)> + (30 +....+ 38)
= 139556
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SETAKZ = (27 +25) + (26 + 28)% +....+ (36 + 38)2 = 46996
YTB%=(29+25+...+ 332+ (30 +27 +....+ 32)2 = 278356
SYTAB?j = (25 + 31 + 312+ (27 + 30 + 34)> +...+ (30 + 37 + 36)> = 69820
Céc tong binh phuong duogc tinh nhu sau:

Téng binh phuong tong sd

SSto =SST — G =23530 - 23188,167 = 341,833

Téng binh phuong cua khbi

SSk = (ZTK*)/(a x b) — G = 187206 / (4 x 2) - 23188,167 = 212,583
Téng binh phuong ctia yéu to A

SSa=(ZTA%) /(b x1)-G=139556/(2 x 3) - 23188,167 = 71,167
Téng binh phuong tuong tac giita yéu t6 A va khdi (sai s6 6 16n)

SSak = (ZXTAK?%)/ b - G - SSA - SSK = 46996 / 2 - 23188,167 - 71,167 -
212,583 =26,083

Tong binh phwong cua yéu t6 B

SSg = (XTB?)/(ax1)—G=278356/(4 x 3) - 23188,167 = 8,167

Téng binh phuong tuong tac giita yéu to A va B

SSas = (ZXTAB?%j)/ r - G - SSa - SSg = 69820 / 3 - 23188,167 - 71,167 -
8,167 =5,833

Tong binh phuong ciia sai s6 ngiu nhién (sai s6 6 nho)

SSe = SSto - SSa - SSk - SSak - SSg - SSap =
=341,833-71,167 -212,583 - 26,083 - 8,167 - 5,833 = 18,000

Vi cac bac tu do:

dfro=axbxr—1=23;dfx =r-1=2;dfa=a-1=3;
dfak=(a-1)(r—-1)=6;dfs=b-1=1;
dfap=(a—-1)(b-1)=3;dfE=a(b-1)(r—1)=8.
Bang phan tich phuong sai

Ngudn bién déng df Ss MS Frn F t&i han
Khéi 2 212,583 106,292
Bai chan tha (A) 3 71,167 23,722 5,46 F(0.05:3:6) = 4,76
Sai s6 6 16n 6 26,083 4,347
Khoang bd sung (B) 1 8,167 8,167 3,63 F(0.0s;1:8) = 5,32
Tuong tac AxB 3 5,833 1,944 0,86 F(005:3 8) = 4,07
Sai s6 6 nhd 8 18,000 2,250
Toan bd 23 341,833
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Két luan: Qua két qua phan tich duoc trinh bay & bang néu trén ta thiy, ning suat
stra ¢6 sy khac nhau gilra cac bai chan tha (Frn = 5,46 > Frt = 4,76), tuy nhién viéc bd
sung cac khoang chat khong 1am anh huéng dén ning suét sira va ciing khong co anh
huong twong tic gitra bi chin tha va viéc bo sung khoang.

5.4. THIi NGHIEM HAI YEU TO CHIA O HOAN TOAN NGAU NHIEN

Phan trudc, ta dd nghién ctru mo hinh kiéu chia 6 ma cac 6 16n dugc bb tri trén
cac khdi mot cach ngdu nhién. Ngoai ra ciing c6 thé thiét ké dé mot yéu t6 duoc bd tri
ngau nhién trén cac 6 16m. Vi du yéu té thir nhat (A) c6 4 mic (A1, A2, A3 va Ag) duoc
bd tri ngdu nhién trén 12 6 1én. Mbi mirc cia yéu td A duoc 1ap lai 3 1an (r = 3). Yéu td
th hai (B) ¢6 2 mirc (B1 va Bz). Mdi 6 16n duge chia thanh 2 6 con dé bd tri ngau nhién
cac mirc ciia yéu t6 B. Pay chinh 1a mé hinh thi nghiém 2 yéu t6 kiéu chia 6 hoan toan
ngau nhién. M6 hinh b tri thi nghiém c6 thé duoc trinh bay nhu sau:

As A1 A2 Az A2 A1 As As A1 A2 Aa As
B2 B2 B B2 B B2 B B B> B B2 B+
B B B> B B> B B> B> B B> B B2

Ta s& c6 mo hinh phan tich s6 liéu nhu sau:
Xjl=p+ ai +okp+bj+(ab)jt+ej; i=1,a,j=1,b;k=1,1)

u 1a trung binh chung.

a; 1a chénh léch do anh hudng ctia muc i cta yéu to A (trén 6 16n); Za; = 0.

bj 1a chénh léch do anh huéng ctia mirc j ctia yéu t6 B (trén 6 nho); Zb; = 0.

ok() 12 chénh 1éch do anh huoéng cta 6 16n k trong murc i ciia yéu td A (sai sb 6
16n); Zoki = 0.

(ab); 1a twong tac ciia hai yéu tb A va B

b
Z;(ab),,j =0 v6i moi i; > (ab), =0 VOi moi j
Jj= i=1

eijk 1a sai s6 doc lap phan phdi chuan N(0,6?).

Trong md hinh nay hai yéu t& A va B coi nhu yéu t6 ¢6 dinh. Cac tong binh
phuong clia yéu t6 A, B, twong tac AB, sai s6 ngau nhién (sai s6 6 bé) va cac bac tur do
tuong tng dugc tinh tuong tu nhu ¢ phan 4.3.3. Tong binh phuong ctia 6 16n nam trong
yéu t6 A (SSoka)) dugc tinh theo cong thirc SSon) = (EXTAO%)/ b - G — SSA va bac
tu do dfoa) = a(r -1).

Twong tu nhu phan 4.3.3 ta c6 bang phan tich phwong sai:

Ngudn bién déng df Ss MS Fn F
Yéu td A a-1 SSa MSa MSa/ MSo) F(a, dta, dfo(a))
Sai s6 6 1én a(r—1) SSon) MSon)
Yéut6 B (b-1) SSs MSg MSg/ MSe F (o, afB, dfE)
Twong tac AxB (@a-1)b-1) SSas MSas MSas/ MSe F (o, dfAB, dfE)
Sai s6 6 nho a(b -1)(r -1) SSe MSe
Toan bd axbxr -1 SSto
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Két luan cling tién hanh tuong tu nhu cac budc két luan & muc 5.3.4.

Vi du 5.4: Ta lay lai vi du & muyc 5.3.4. Anh hudng cta béi chin tha A (1, 2,3 va
4) va lugng khoang bo sung B (1 va 2) dén ning suat sita. Co tat ca 24 bo tham gia thi
nghiém. Tuy nhién trong thi nghiém nay, khoi s& khong c6 ma ta c6 12 6 16n dé b tri
ngau nhién cac muc cta yéu t6 bai chin tha, mdi muc dwoc lip lai 3 1an. Ning suét sita
trung binh dugc ghi lai nhu sau (kg /ngay):

As Ad Az Az Az Ad As Az Ad Az As As
B2 B2 B B2 B B2 B B B2 B B2 B+
30 27 26 26 32 30 34 33 34 30 36 33
B B B2 B B2 B B2 B2 B B> B B2
29 25 28 24 37 31 37 32 31 31 38 32

Ta c6 bang phan tich phuong sai sau:

Ngudn bién déng df SS MS Fn F t&i han
Bai chan tha (A) 3 71,167 23,722 0,80 Fo.05:3;8) = 4,07
Sai s6 6 lon 8 238,667 29,883
Khoang b6 sung (B) 1 8,167 8,167 3,63 Fo.05;1;8) = 5,32
Twong tac AxB 3 5,833 1,944 0,86 F(0,05;3;8 = 4,07
Sai s6 6 nhd 8 18,000 2,250
Toan bd 23 341,833

Két luan: Ning suat sita khong c6 sy sai khac giita cac bii chan tha; viée bd sung
khoéang ciing khong anh hudng téi niang suat va khong c6 anh hudng cia twong tac gitra
bai chan tha va viéc bo sung khoang

So sanh 2 vi du & md hinh hai yéu t6 kiéu chia 6, thdy rang phuong phap ngiu
nhién hoa cac bai chan tha khac nhau di khong anh huong dén ning suét sita. Tuy nhién
str dung khoi da lam ting do chinh xac ctia phép thir ddi véi yéu t6 bai chin tha. Trén
thuc té, nhitng 6 lién ké nhau c6 khuynh huéng giéng nhau; chinh diéu nay giai thich tai
sao cach tiép can theo mo hinh khbi pht hop hon.

5.5. BAI TAP

5.5.1

Mot thi nghiém duoc tién hanh nham nghién ctru anh hudng cua progesterone 1én
chu ky dong duc ciia ctru Merino. Str dung 4 liéu khac nhau (0, 10, 25 va 40 mg/ngéy)
tiém dudi da vao ngay dong duc hoac 1 ngay sau d6. Chon 32 ctru thi nghiém dong déu
nhau va phan ngiu nhién vé véi cac cong thirc thi nghiém, mdi cong thirc c6 4 ctru. Chu
ky dong duc (ngdy) ctia 4 ciru trong mdi nhém thu duge nhur sau:

Naav sir d Lidu duing
gay st dung 0 10 25 40
17 15 12 8
0 18 15 12 9
17 14 11 11
17 16 11 6
18 16 16 12
1 20 14 14 13
17 16 11 12
14 16 14 12
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Cho biét anh hudng cua progesterone 1én chu ky dong duc & ciru Merino.
5.5.2

Mot thi nghiém duoc tién hanh nhim x4ac dinh anh huong cua ga tréng va ga mai
dén khéi luong thé hé ga con & 8 tudn tudi.Chon ngau nhién 4 ga trong, mdi ga tréng
cho phdi v6i 3 ga mai, mdi ga méi cho 3 ga con. Khdi lwong (kg) 8 tudn tudi cua cic ga
con dugc trinh bay nhu sau:

Ga tréng Ga mai Khdi lwong ga con (kg)
1 965 813 765
1 2 803 640 714
3 644 753 705
1 740 798 941
2 2 701 847 909
3 909 800 853
1 696 807 800
3 2 752 863 739
3 686 832 796
1 979 798 788
4 2 905 880 770
3 797 721 765
1 809 756 775
5 2 887 935 937
3 872 811 925

Hay cho biét anh huong cua ga trong va ga mai dén khéi luong ga con 8 tuan tudi
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Chueong 6 ’
TUONG QUAN VA HOI QUY TUYEN TiNH

Churong nay sé givip ban doc hiéu diege moi quan hé tuyén tinh gitta cdc bién dinh
liwong diege khdo sdt dong thoi trén mét dam dong; woe tinh hé sé twong quan va xdy
dung phwong trinh hoi quy tir cdc bién dinh lwong; dp dung cdc kién thire ndy trong
chan nudoi, thu y va thuy san.

6.1. SAP XEP SO LIEU
Khi c6 it s6 liéu co6 thé dé day n cip sé dudi dang cot hay hang, néu nhiéu hon thi
c6 thé sap dudi dang c6 tan s6, néu nhiéu nira thi chia khoang ca X va Y dé sip thanh
bang hai chiéu.
1) Sép thanh hang

X X1 X2 - Xn
Y Y1 y2 .. Yn

2) Sap thanh hang c6 tan sb

X X1 X2 e Xk
Y Y1 y2 e Yk
m mi m2 Ce Mk n

3) Sép thanh cot hodc thanh cot co tan sb

X Y X Y m
X1 y1 X1 1 m1
X2 y2 X2 y2 m2
Xn Yn Xk Yk Mk
Téng n

4) Sip thanh bang, X gom k 16p, Y gom 1 16p vai cac diém giira x; va y;

y1 y2 e Vi
X1 mai1 mi12 P ma1i
X2 ma1 ma22 PP mai
Xk Mk1 Mmk2 P mki

Tir dang bang c6 thé dé dang chuyén thanh dang cot hay hang c6 tan s6 va nguoc
tro lai chuyén tir dang cot hay hang c6 tan s6 thanh bang.

O phan sau cic cong thirc tinh toan dwa ra chi dung khi s6 liéu viét dudi dang hai
cdt khong c6 tan so, khi c6 tan so thi phai thém tan s6 vao cac cong thuec.
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6.2. HE SO TUONG QUAN

Trong toan hoc khi c¢6 hai diy sb x; va yi ngudi ta co thé khao sat méi quan hé
gitta X va Y bang khai niém ham sb.

Trong thong ké x; va yi 1a cac gia tri thu dugc trong miu quan sat cia hai bién
ngau nhién X, Y va ngudi ta mudn dua ra mot con sé dé danh gia hai bién ngiu nhién X
va Y c6 quan hé voi nhau hay khong.

C6 kha nhiéu con sb dugc dung dé danh gia X va Y c¢6 quan hé hay khong nhung
khong ¢ con s nao thoa man duoc moi mong mudn cua ching ta. Trong thyc té, cac
nha nghién ctru thudng quan tim dén méi quan hé tuyén tinh giira 2 tinh trang. Muc d6
quan hé nay dugc thé hién bang hé s twong quan. Hé sé twong quan dugc danh gia 1a
don gian, dé dung va co nhiéu vu diém, nhung chi thé hién duoc mdi quan hé¢ tuyén tinh
giita X va Y chir khong thé dung dé danh gid mbi quan hé néi chung cia hai bién.

6.2.1. Tinh hé s6 twong quan

Dua trén ly thuyet xac suat vé hé so twong quan chiing ta ¢6 cong thirc sau dé tinh
hé s6 twong quan mau rxy gitra hai bién ngau nhién X va'Y

Z(xi _x)(yi _J_/)
= ! (6.1)
\/Z (xi_)_c)zz (yi_)_))2
1 1
Khai trién cong thirc ndy duoc cong thire (6.2) thuan tién hon vé mat tinh toan

n DD 0
2 XY > x,y, - nxy
— 1 n — : 1 — 2 — (6.2)
oy Sy V@@ )

(o =) ———)
n n

T'xy

Néu tinh tuan ty cac tham s thi c6 thé 1an lugt tinh phuong sai mau cta bién X,
phuong sai mau cia bién Y, hiép phuong sai mau cua X va Y.

—_ Cov,, (6.3)
SxSy
D (x —x) D -y D (x5 =X -¥)
Trong d6: s> = sP=1 — : cov, =-

T ooy YT e (n—1)

6.2.2. Tinh chit ciia hé sé twong quan miu

1) La mdt s nim giita -1 va + 1, néi cach khic |rxy | <1
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2) Néu Y va X c¢6 quan hé tuyén tinh Y =a + bX thi [rxy|=1va nguoc lai néu
| Xy ‘ =1thi Y va X ¢6 quan h¢ tuyén tinh Y =a+bX

3) Néu X va Y doc 1ap vé xéc suit thi rxy = 0 nhung nguoc lai khong dung, néu
rxy = 0 (goi 1a khong tuwong quan) thi chwa thé két ludn X va Y doc lap vé xéc suit.
(Nhu vay doc 1ap vé xac suat suy ra khong twong quan nhung khong twong quan khong
suy ra doc lap vé xac sudt).

4) Néu thyc hién hai phép bién déi tuyén tinh

U=aX +b; V=cY+d thi ruv=rxy

Tinh chit nay dugc phat biéu dudi dang: Hé sb twong quan bat bién dbi voi phép
bién doi tuyén tinh.

Trong thong ké thuong dung cach chon géc do méi va don vi do méi. Néu goi xo
12 gbc mdi, h 1a don vi méi, s do x ctia bién X bay gid 1a u:

_ (x—x0)

== hay x=xo0+hu

Nhu vay ta da thyc hién phép bién do6i tuyén tinh X = xo + hU. Tuong tu d6i véi
Y ta bién d6i Y = yo + kV

Bon tinh chét ndy c6 thé chirng minh chit ché nho cac bat dang thic toan hoc ddi
v6i 2 ddy s6 nhung ¢ ddy chung ta thira nhan khong chimg minh.

Hé sd twong quan dugc coi la mdt s6 do mdi quan h¢ hay lién hé tuyén tinh gitra
X va'Y vikhi |rxy| gin vé phia 1 (thuong goi 14 twong quan manh) thi c6 thé két luan
X va'Y ¢ quan hé gan v6i quan hé tuyén tinh, con néu | rxy | gan vé phia 0 ( thuong goi
1a trong quan yéu) thi khong két luan duoc gi vi ¢6 thé X va Y doc 1ap hodc c6 thé c6
quan hé, nhung néu c6 thi quan hé nay khong thé 1a quan h¢ tuyén tinh.

Vé dau thi néu rxy > 0 ta c¢6 twong quan dwong, néu < 0 thi twong quan am.

H9r>0vyéu
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Vi du 6.1: Nghién ctru mbi quan hé tuyén tinh gitra dudng kinh 16n x (mm) va
khéi lugng y (g) cia mot loai trimg ga. Tién han do duong kinh 16n va can khéi lugng
ctia 10 qua trimg. S6 liéu thu thap duoc nhu sau:

Qua trirng 1 2 3 4 5 6 7 8 9 10
Duong kinh 1&n (x) 57 54 55 52 55 60 56 56 57 58
Khéi lwong (y) 61 59 58 56 57 59 56 58 56 60

Duya vao cong thirc 6.1 ta c6 thé tinh dugc hé sb trong quan nhu sau:

X y (x-X) (y-y) (x-X )2 (y-yr (-x)y-y)
57 61 1 3 1 9 3
54 59 -2 1 4 1 2
55 58 -1 0 1 0 0
52 56 -4 -2 16 4 8
55 57 -1 -1 1 1 1
60 59 4 1 16 1 4
56 56 0 -2 0 4 0
56 58 0 0 0 0 0
57 56 1 -2 1 4 2
58 60 2 2 4 4 4

560 580 0 0 44 28 16

Ta co: n=10; 2x;=560; Zy;=580; x=156; y=2358.
Néu tinh theo (6.1)

= 16 =0,4558

T Jaax2s
Néu tinh theo (6.2) thi
Txi2 = 31404; Tyi? = 33668; (X )*=3136; Ixi’- n(x )= 44
2xiyi=32496; Zxiyi-nxXx xy=16; Tyi - n(y ) =28

16

Fy = ———=0,4558

T Ja4%28
Néu tinh tuan tu theo (8.3) thi:
sy :ﬁ:4,8889; sy :§=3,1111; COV 4y =§=1,7778
9 9 9
Py = L7778 =0,4558
\4,8889x3,1111

6.3. HOI QUY TUYEN TiNH

V& cac diém quan sat Mi(xi,yi) trén hé toa do vudng goc, cac diém nay hop thanh
mdt ddm may quan sat nhin chung c6 dang mdt elip (tror mot vai dieém tach ra xa goi la
diém ngoai lai), néu | rxy | gan bang 1 thi elip rat det, néu | rxy | vira phai thi elip bau
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binh, néu ‘ rxy‘ gan bang khong thi ¢6 2 kha ning: Hoic ddm may quan sat tan man
trén mdt pham vi rdng (khong quan hé¢), hodc ddm may quan sat khong con dang elip
ma tap trung thanh mot hinh cong (phi tuyén).

Truong hop |rxy| gin 1 elip ddm may quan sat kha det. D& giai thich su thay ddi
ctia Y khi cho X thay doi ngudi ta thudng dua ra mé hinh hoi quy tuyén tinh:

Y =a+bX

C6 thé tim hiéu m6 hinh hdi quy tuyén tinh theo hai cach sau day:

6.3.1. Puong trung binh ciia bién ngiu nhién Y theo X trong
phan phoi chuén 2 chiéu

Khao sat dong thoi 2 bién ngau nhién dinh lugng (nhu di 1am tir ddu chuong nay).
Cap bién X,Y thuong tuan theo luét chuén hai chiéu, khi éy néu theo doi bién X trude
thi tng v6i mdi gia tri x ctia bién ngiu nhién X c6 vo s6 gia tri cua bién Y, cac gia tri
nay c6 gia tri trung binh 1y thuyét 1a ky vong M(Y/ x).

Khi x thay d6i ky vong M(Y/x) thay doi theo va cac diém P(x,M(Y/ x)) chay trén
mot duong thang goi 1a duong hdi quy tuyén tinh Y theo X.

Néu theo ddi bién Y trude thi ing voi mot gia tri y cia Y ¢6 vo sb gi tri cta bién
X ¢6 trung binh 1a ky vong M(X/ y). Piém Q(y, M(X/ y) chay trén mot duong thang goi
1a duong hoi quy tuyén tinh X theo Y.

Nhu vy, vé mit 1y thuyét, khi c6 phan phdi chuan hai chiéu cac duong hdi quy
tuyén tinh Y theo X va hoi quy tuyén tinh X theo Y chinh 1a cac dudng ky vong c6 diéu
kién M(Y/x) va M(X/y).

Trong truong hop tong quat ciia phan phdi hai chidu cac duong ky vong co didu
kién c6 thé 1a duong thang hodc duong cong va dugc goi 1a hdi quy Y theo X (hay X
theo Y). Trong thuc nghiém chung ta khao sat 2 bién dinh lwong bang cach liy mau voi
dung lugng n kha 16n.

Thay cho dudng hoi quy tuyén tinh 1y thuyét c6 duong hdi quy thuc nghiém. Goi
(x, y) 1a toa do ciia mot diém chay trén duong thang hdi quy, X va y la trung binh cong
ctia X va Y, sx va sy 1a d9 léch chuan ctia X va Y, phuong trinh hdi quy tuyén tinh thyc
nghiém co6 dang:

— N _
y=y=ry —(x-X) (6.4)
Sx
Néu viét phuong trinh duong thang dudi dang y =a + bx thi:

Sy

Hé sb goc: b=r,,— tungdd gbc a =y —bx (6.5)

Sx

Néu dung cong thirc (6.2) dé tinh hé sé twong quan thi:
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ny, Z Z)’,

Hé sb goc b= tung do gbc a =

3 (ZX)

20 mb2 (6.6)
n

Néu dung cong thirc (8.1) dé tinh hé s twong quan thi:

b= Z(‘xi _f)(yi _J_7)
Z(xi_)?)z

DPuong hdi quy tuyén tinh thuc nghiém X theo Y ¢6 phuong trinh:

hé sb goc tung do gbc a = y — bx (6.7)

~¥ =d(y- y) véi hésbgocd=ry, X

Sy

Néu viét dudi dang x =c +dy thi hoanh dd géc c= X -cp

Néu nhan hé s6 goc b ctia hdi quy tuyén tinh Y theo X vai hé sé goc d ciia hdi quy
tuyén tinh X theo Y thi dugc r’y:

bxd=r’y
, Véi vi du 6.1: Nghién ctru moi quan’hé tuyén tinh giita duong kinh 16n x (,mm) va

khoi lugng y (g) cﬁa} mot loai trung ga. Tién hanh do duong kinh 16n va can khoi luong
cua 10 qua trang. SO liéu thu thap dugc nhu sau:

Tadaco: x=56; y=58;sx =4,8889; s7y=3,1111; rxy=0,4558
Hoi quy tuyén tinh Y theo X
-58= 0,4558—— 31111 (x— 6)
74,8889
Viét dudi dang y = a + bx thi
(1) Néu tinh theo (5.5) ta co:
N N3, 1111 . . X
H¢ s0 goc b =0,4558———==0,3636 vatung dd goc a=58-0,3636.56 =37,6384

\4,8889

Néu tinh theo (5.6) ta co:

Hé s goc b = ii =0,3636 va tung do gbc a 580 0. 31(6)36XS60 =37,6384

6.3.2. Puong thing gin ding ciia Y theo X
Xét bai toan thuong gdp trong cac thi nghiém nong nghi€p va sinh hoc sau:

Mot bién X dinh luong c6 cac gia tri xi(i = 1, n), bién nay hodc do chung ta chu
dong diéu khién vi dy thoi gian cai sita, mirc protein trong khau phan, mat d6 nuéi trong
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chuéng, lidu lugng thude,..., hodc quan sat trong ty nhién nhu tudi cta vat nuédi, thoi
gian tiét sira, sO con dé ra trén Iira, sO con cai sira, ti€u ton thic an . . .

Bién thr hai 1a mot bién Y ma qua quan sat thdy thay d6i theo X, vi du khéi lugng
vat nudi thay d6i theo tudi, nang suit sita trong mot chu ky thay doi theo thoi gian tiét
sira, chi tiéu Y vé phan xa ctua chudt thay ddi theo luong thude X da tiém ...

Vén dé dat ra [a im mot ham cta X dé tinh gan dung cac gia tri cua Y.

Ham nay thuong chon trong cac 16p ham: bac nhét (tuyén tinh), bac hai, 16garit,
mil... ham phai don gian va d& 1y giai vé mit chuyén mon.

Néu dung x; lam hoanh do, i lam tung d6 thi c6 n diém quan sat Mi(xi,yi) va bai
toan ¢ day la dung mot dudng thang, duong parabon, dudng logarit, duong mi, . . . dé
1y giai su thay doi ciia Y theo X, dudng nay khong budc phai di qua tat ca cac dlem ma
chi can di “sat”, di “gan” cac diém quan sat M.

Trong phan ham nhiéu bién cila toan hoc cao cap sau khi tinh dao ham riéng c6
dé cap dén duong thang “t6t” nhét theo nguyén tic (hay phuong phap) binh phuong
bé nhét.

200 1Y

sasfpen

100 :

80 100 120 140 160 180 200 220 240 X
Héi quy tuyén tinh Y theo X

Gia sir chon dudng gan dung 1a dudng thang z = a + bx, ta s& c6 mo hinh tuyén
tinh sau:

yi= zitei=a + bxj+e; (6.8)

ei 1a do chénh l@ch giﬁ:a‘gié tri thyc yi va gia tri twong Ung z trén duong thang
(thuong goi e; 1a sai s hay phan du).

Theo nguyén tic binh phuong bé nhat thi duong “tot” nht trong cac duong thang
dung 1am duong gin ding 1a dudng co tong binh phuong cac phan du e nho nhét.

Dung cach tinh cuc tri cﬁavhémqhai bién dé tim min Ze% thu dugc hé hai phuong
trinh (goi 1a hé phuong trinh chuan) dé tim a va b.
an + bXxi = Xy
a¥xi + bIx% = IXxiyi
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C6 nhiéu cach giai hé hai phuong trinh bac nhét véi hai an sd. Néu dung dinh thirc
de gidi thi c6 ngay két qua sau:

inzyi
foyi_i o .
- n 2y —byx (6.9)

2
X, n
n

Trung v&i cong thire (5.6) di ding dé tinh cac hé s6 hdi quy a va b ¢ phan a.

Néu cac bién ngiu nhién ei trong mo hinh tuyén tinh (5.8) phan phdi chudn thoa
man 3 diéu kién:

a/ Ky vong bang
b/ Phuong sai bang nhau (6.10)
¢/ Doc lap véi nhau

Thi sau khi tinh cac hé sb theo (5.9) co thé tinh duoc sai sb cua cac hé sb, phan
tich va danh gia cac ngudn bién dong, phan tich sai s6 du bao.

Puong thang gan dung t6t nhat vira tim duoc theo (8.9) trong trudng hop nay
cling duoc goi la duong hoi quy tuyén tinh Y theo X.

(Dé phan biét c6 khi ngudi ta goi duong nay la duong hdi quy tuyén tinh dang I,
con duong trung binh trong mé hinh phan phdi chuan hai chiéu ¢ a/ 1a duong hoi quy
tuyén tinh dang II).

Trong md hinh héi quy tuyén tinh dang I bién X (khong ngau nhién) duoc goi 1a
bién doc 1ap, bién giai thich hay bién diéu khién con biénY (ngau nhién) thay doi theo X
duogc goi 1a bién phu thudc, bién két qua hay bién dap.

Tro lai duong hdi quy tuyén tinh & phan a/, néu chon trudc bién ngiu nhién X va
coi nhu bién ddc 1ap thi bién thay doi theo Y trong phan phoi chuén hai chiéu thod man
cac diéu kién vira néu ¢ (5.10). Nhu vay duong hoi quy tuyén tinh dang II, theo nghia
duong trung binh ctia bién Y theo bién X, cling chinh 1a duong hoi quy tuyén tinh theo
nghia vira trinh bay: “duong thing gan ding tot nhat doi vai bién Y, tirc la dudong hoi
quy tuyén tinh dang I.

Tom lai khi can tinh hdi quy tuyén tinh theo nghia “Puong thiang gan dung tot
nhat d6i v&i bién Y thi du X 1a bién khong ngau nhién véi cac sai s6 ei cia mo hinh thoa
man diéu kién (5.10), hay X 13 bién ngiu nhién trong mé hinh phan phdi chuan hai
chiéu ta déu co thé tinh cac hé s6 a va b bang cach dung cac cong thuc (5.5), (5.6), (5.7)
hodc giai hé 2 phuong trinh chuan.

Viéc tinh sai s6 ciia a va b, viée phan tich bién dong chung thanh bién dong do hdi
quy va bién dong do sai s0, vi¢c tinh va danh gia dy bao hoan toan giong nhau.

Véi vi du 6.1: Nghién ctru mdi quan hé tuyén tinh giita duong kinh 16n x (mm) va
khéi lugng y (g) ciia mot loai trimg ga. Tién hanh do dudng kinh 16n va can khéi luong
ctia 10 qua trang. S6 lidu thu thap dugc nhu sau:
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Tadacé: n=10;n=10; Zxi=560; Xy;= 580; TxiZ = 31404; 2xiyi = 32496
10a + 560b = 580
560a + 31404b = 32496

Giai hé phuong trinh ta duoc a = 37,6; b = 0,364. Nhu vay hoi quy tuyén tinh khoi
luong theo duong kinh 16n cta trung la:

y =37,6 + 0,364x
6.4. KIEM PINH POI VOI HE SO TUONG QUAN
VA CAC HE SO HOI QUY

Trong md hinh phan phéi chuin hai chiéu thi hé sb twong quan miu 1a mot théng
ké c6 ky vong 1a hé sb tuong quan Iy thuyét p. Dé kiém dinh gia thiét Ho: p = 0 véi ddi
thiét Hi: p = 0 phai tinh gi tri T~ theo cong thirc:

r0i so voi gia tri toi han t(a/2,n-2) (6.11)

TTNR =
1-r

n—2

Két luan:
Néu | Trn | < t (a/2, n-2) thi chép nhan Hy, nguoc lai thi bac bo Hy
’ Véi vi du 6.1: Nghién ctru mdi quan hé tuyén tinh giita duong kinh 16n x (mm) va
khoi lugng y (g) cua mdt loai tring ga.
Tadaco:n=10; r=0,4558
0,4558

TiN= ——— ——
/1—0,45582
10-2

Két luan: chap nhan Ho: p=0

=1,448;  (0,025; 8)= 2,306

Pé kiém dinh gia thiét Ho: p = po v6i ddi thiét Hi: p # po thuong thue hién phép
bién doi

1+7

2= I

Bién nay phan phdi chudn véi ky vong %ln(i-'_—pJ va phuong sai 1/(n-3)
~-pP

Tir d6 ¢ quy tic kiém dinh:

\/2 (1 (1+r) (1+p0)j \/n—3lr{(l+r)(l—po)J
—-p 2 (I=r)1+py)

ZtNn=

So v6i gia tri toi han z (a/2) ctia phan phdi chuan tic
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Két luan: Néu |Z1 | < z (ov2) thi chip nhan Ho, nguoc lai thi bac bo Ho
Trong md hinh hdi quy tuyén tinh y = a + bx cac sai s6 duoc gia thiét phan phdi
chuin N (0,6%).
Sau khi tinh cac hé sé a va b ciia dudng hdi quy c6 thé tinh dugc chénh 1éch giita
gid tri quan sat (yi) va gid tri twong tng trén duong hoi quy (y')
yli=a+bxi & ei=y- yi=yi- (a+bx)
Phuong sai 6> duoc uée lugng béi se?
> (- (a+ b))

SE2= " (6.12)

SE duoc goi 14 sai s6 ciia mot quan sat trong mo hinh hoi quy tuyén tinh.

Tung d6 goc a c6 sai so:

(6.13)

H¢ s0 goc b co sai so:

se

ORI

Véi vi du 6.1: Nghién ctru mdi quan hé tuyén tinh giita duong kinh 16n x (mm) va
khdi lwong y (g) ctia mot loai trimg ga.

SE(b) = (6.14)

X y yH = 37,6+0,364xi ei= yi-y e?
57 61 58,36 2,64 6,95
54 59 57,27 1,73 2,98
55 58 57,64 0,36 0,13
52 56 56,55 -0,55 0,30
55 57 57,64 -0,64 0,40
60 59 59,45 -0,45 0,21
56 56 58,00 -2,00 4,00
56 58 58,00 0,00 0,00
57 56 58,36 -2,36 5,59
58 60 58,73 1,27 1,62

560 580 580 0,00 22,18
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Taco: T e% =22,182; SE*=22,182/(10-2) =2,773; se = 1,664;

Yx%=31404; (xi- x)*=44

31404 1,664
SE(a) = 1,664, —14,07 va SE(b)= 2% ~0.251
@) 10 44 va SEMY= 7

Tur d6 c6 quy tac kiém dinh doi véi cac h¢ so a va b:

Gia thiét Hoa: a = 0 dbi thiét Hia: a # 0

Tinh Tna= % so vO1 gia tri to1 han t(a/2, n-2)
s(a

Két luan:

Néu |Ttna | € t(a/2, n-2) thi chap nhan Hoa, néu nguoc lai thi bac bo Hoa

Gid thiét Hos: b = 0 d6i thiét Hip: b= 0

Tinh TN = E va so voi gia tri téi han t(o/2, n-2)

Két luan:

Néu |Ttng | < t(o/2, n-2) thi chap nhan Hog, néu nguoc lai thi bac bé Hop

, Vé6i vi du 6.1: Nghién ctru mdi quan hé tuyén tinh giita dudng kinh 16n x (mm) va

khoi lugng y (g) cua mdt loai trimg ga.

Trna=37,6/14,07=2,672 t(0,025;8)=2,306  Kétluan:a=0

Tme =0,364 /0,251 = 1,450 t(0,025,5)=2,306  Két ludn: b=0

6.5. DU BAO THEO HOI QUY TUYEN TiNH

Khi ¢6 dudng hdi quy tuyén tinh thi c6 thé dung duong d6 dé du bao gia tri Yum

ung véi gia tri xm ngoai cac gia tri Xi da cd clia mau quan sat:
yMm =a+bxm (6.15)
Trong vi du 6.1 hoi quy khdi luong theo duwong kinh 16n ctia tring 1a
y=37,6 +0,364x

Dung dudng hoi quy dé du bao khéi luong mot qua tring c¢6 dudng kinh 16n 1a

59 mm
ys9 = 37,6 + 0,364x59 = 59,076 g

Cac du bdo nay cho ta mdt gia tri du bao ym va co thé tinh duoc sai s6 du bao, sai
s0 nay lon dan néu diém du bao xm ¢ xa gia tri x , nhu vay du bao xa x khong tot vi sai
sO qua lon.
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—\2
Sai s6 dy béo: SEw = SE [14+1+ Cu=9)" (6.16)
EEDNCESS

i=1

_ 2
1 (59-56)

V&i vidu 1 ta co sai sd du bao 1a SEso=1,664 \/1 + 0 =1,834

6.6. PHAN TICH PHUONG SAI VA HOI QUY

Dua theo ¥ tuong cta phuong phap phan tich phuong sai c6 thé khao sat tong
binh phuong toan bd (bién dong toan b cia y)

SSto= D, (¥, —¥)’
i=1

C6 thé tach SSto thanh hai tong binh phuong: 1) tong binh phuong do hdi quy
SSr va 2) tong binh phuong do sai s6 SSg

SSk= Y (v ~7)* v6i ¥ = a-+ bxi (gid tr trén dudng hdi quy)

i=1
SSE=Y(3,~ /') =3¢’
i=1 i=1

Ttr d6 c6 bang phan tich phuong sai sau:

Ngudn bién déng df Ss MS Fn F t&i han
Hbi quy 1 SSkr MSr= SSr/dfr MSr / MSE F(o,dfr,dfe)
Sai sb n-2 SSe MSEe = SSe/dfe= se?
Toan bo n-1 SSto

Gia thiét Ho: Khong c6 hdi quy (hé sb hdi quy b = 0) voi ddi thiét Hi: hé s6b =0
NéuFmn< F (o, dfr,dfE) thi chép nhan Hy nguoc lai thi chép nhan H;

Chia SSr cho SSto dugc Sk _ r*  va SSg cho SSto duoc SSE =1-7?
SS;, SSTO
1% duogc goi 12 hé sd xac dinh (6.16)
2
Ta con ¢ Fin = msR __r - = T?ur (6.17)
mskl 1-r
n-2

Nhu vay kiém dinh F twong dwong véi kiém dinh T d6i v6i hé s6 tuong quanr va
tuong duong véi kiém dinh T d6i v6i hé sé goc b.

Véi vi du 6.1: Nghién ctru mdi quan hé tuyén tinh giita dudng kinh 16n x (mm) va
khéi luong y (g) ciia mot loai trimg ga.
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Tur d6 c6 bang phan tich phuong sai sau:

Ngudn bién dong df SS MS Fn F t&i han
Hbi quy 1 5,818 5,818 2,10 0,185
Sai sb 8 22,182 2,773
Toan bd 9 28,000

Két luan: Vi Frn > F 61 han cho nén gia thiét Ho bi bac bo
Frn=5,818/2,773 =2,10 = (1,449)* = (Ttxs)? = (TnR)?
6.7. BAI TAP

6.7.1

Xac dinh mbi lién hé giita khéi luong ctia ga mai (kg) va thu nhéan thirc an trong
mot nam (kg). Tién hanh quan sat trén 10 ga mai va thu dugc két qua nhu sau:

Khéi lvgng ga mai 2,3 2,6 2,4 2,2 2,8 23 2,6 2,6 24 2,5
Khéi lvgng thirc an 43 46 45 46 50 46 48 49 46 47

Xay dung phuong trinh hdi quy tuyén tinh va tinh hé s6 twong quan.
6.7.2

Mot thi nghiém duoc tién hanh dé xac dinh mdi lién hé giira khéi luong than thit
lon (kg) va 46 day m& lung (mm). Tién hanh xac dinh cac chi tiéu vira néu trén 8 than
thit lon, két qua thu dugc nhu sau:

Khéi lwgng than thit 100 130 140 110 105 95 130 120
Do day m& lwng 42 38 53 34 35 31 45 43

Xay dung phuong trinh hdi quy tuyén tinh va tinh hé s6 tuong quan.
6.7.3

Pé xac dinh khdi luong cua ciru (kg) thong qua chu vi 1ong ngyec, tién hanh cin do
trén 66 ciru. SO lidu thu duoc nhu sau:

Khdi lugng (Y) va chu vi 1ong nguc (X) cta clru

Y X Y X Y X Y X Y X Y X
30 76 20 63 28 77 29 73 18 62 19 67
24 71 28 70 25 7 30 74 28 70 27 69
20 63 22 65 27 72 21 64 27 71 31 74
25 69 28 72 28 74 28 74 30 73 23 67
25 67 25 67 25 65 48 89 28 72 22 63
19 62 20 62 20 64 17 60 22 69 35 75
35 77 35 78 35 78 46 86 48 90 44 84
37 84 43 81 32 73 43 84 31 73 31 73
39 78 36 81 33 80 44 82 39 80 45 86
43 88 41 87 36 82 43 80 33 79 35 78
38 78 36 76 35 74 39 81 34 74 39 76

Xay dung phuong trinh hdi quy tuyén tinh.
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) Chuwong 7
KIEM PINH MOT PHAN PHOI VA BANG TUONG LIEN

Muc tiéu ciia chwong nay nham gi6i thiéu ciing ban doc cdch phan tich va kiém
dinh doi véi bién dinh tinh, sir dung phép thir Khi binh phwong (°) va phép thir chinh
xdc ciia Fisher doi véi bang twong lién 2 x 2; ddc biét phan tich cdc s6 lidu doi véi cdc
nghién curu vé dich té hoc.

7.1. KIEM PINH MOT PHAN PHOI
Pé khao sat mot bién dinh tinh X ta 14y mau quan sat gdm N cé thé va cin ¢ vao
su thé hién cua bién X dé phan chia thanh k 16p nhu bang sau:
(Li 12 16p thir i, O; 1a s6 1an quan sat thay X thudc 16p i).
Bién X L1 L2 . Lk Téng
Tan sb Oi O 02 S Ok N=X0Oi

T mot 1y thuyét nao dé, co thé 1a mot 1y thuyét da dugc xay dung chat ché, co
gidi thich co ché, ciing c6 thé chi 1a mot 1y thuyét mang tinh kinh nghiém, duc két tir
nhing quan sat truée ddy vé bién X, nguoi ta dua ra mot gia thiét Ho thé hién ¢ day cac
tan suét Iy thuyét f1, £, . . ., fk ciia bién X( c6 nghia 1a diy tan sudt nay duoc tinh tir Iy
thuyét da néu trén). Can cr vao tan suat Iy thuyét f; va tan sd thuc té m; ching ta phai
dua ra mot trong hai két luan:

1) Chap nhan Ho tirc 14 coi tan s thuc té m; pht hop véi 1y thuyét da néu thé hién
& tan sut fi.

2) Bac bo Ho tirc 1a day tan sé thuc t& m; khong phu hop vai 1y thuyét di néu.

Viéc kiém dinh duoc thuc hién véi muc y nghia a , tc 1a néu gia thiét Ho ding
thi x4c sudt dé bac bo mot cach sai 1am Ho bang a.

Cac budc thuc hién:

1) Tinh céc tan s 1y thuyét theo cong thirc: Ei =N. f; (7.1)
2) Tinh khoang céch gitra hai s6 O; va E; theo cach tinh khoang cach
2
X2 _ (Oi —E )
E

1

3) Tinh khoang cach giita hai ddy tan sd thuc t& m; va tan sd 1y thuyét t; theo
cong thuec:
(0,-E)
=Y, - (7.2)
i=1 i

1
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4) Tim gia tri t6i han trong bang 4 (cot o, dong k-1, ky hiéu 13 y*(o.k-1))

5) Néu 12 < y*(ak-1) thi chap nhan Ho: “Tan sd thuc té O; phu hop véi 1y thuyét
d3 néu”. Néu y2m> y2(a.k-1) thi bac bdo Ho, tirc 1a “Tan sb thuc té O; khong phu hop
vé6i 1y thuyét da néu”.

Dé sir dung phép thir %2 can thoa mén cac diéu kién sau:

1) Cac Oi la cac quan sat doc lap.

2) Tét ca cac Ei déu phai 16n hon hoic bang 5.

3) Cac Oi va Ei khong phai 1a cac ty 1 phan tram.

Vi du 7.1: S6 liéu thong ké ndm 1995 cho thiy, ty 1& mau long (fi) trdang, ndu va
den trang cua tho trong mot quan thé tuong tng 1a 0,36; 0,48 va 0,16. Nam 2005, tir
400 con tho rat mot cach ngau nhién tir quan thé néu trén c¢6 140 con mau 16ng tring,
240 con mau ndu va 20 con mau den trdng. Cau hoi dat ra: Sau 10 nam (tir 1995 dén
2005) ty 16 mau 16ng ciia tho trong quan thé co thay d6i hay khong?

Gia thiét Ho: Ty 1é mau 1ong ciia tho trong quan thé sau 10 nam khong thay doi

Ta c6 thé tom tat s6 lidu quan sat thu duge ndm 2005 nhu sau:

Mau léng Trang Nau Pen tréng Téng sb
Tan sb (0) 140 240 20 400

Duya vao ty 1¢ ban dau (nim 1995) ta c6 cac tan suat 1y thuyét (ti)

Mau l6ng Trang Nau Pen tréng Téng sb
fi 0,36 0,48 0,16 1
Ei 400x0,36= 144 400x0,48= 192 400x0,16= 64 400

P _ 2 _ 2 _ 2 _ 2
= Z(Oi E) _ (140-144) +(240 192) L (20-64) _ 42361
~ g 144 192 64

1

Bac tw do df = (3 - 1) = 2; gid tri t&i han %2(0,05; 2) = 5,991

Két luan: x>~ < %%(0,05, 2) nén bac bo gia thiét Ho. Ching to ty 1& mau 1ong thd
trong quan thé sau 10 nim c6 su thay doi.

Vi du 7.2: Trong truong hop diéu tra gidi tinh cia mot quan thé cho trudc.
Trong mdt mua nhat dinh trong nim ngudi ta thay ty 18 giéi tinh lac sinh ra c6 xu
huéng con céi cao hon. Dé giai dap cau hoi trén tién hanh chon ngau nhién 297 con
chim méi sinh thi thdy c6 167 con céi. Liéu yéu té mua c6 1am anh huong dén ty 1¢
gi61 tinh hay khong?

béi voi truong hgp gidi tinh, ta luén thira nhan ty 1¢ duc céi 1a 1:1 hay 0,5:0,5.
Néu mua khong 1am anh hudng dén ty 1¢ gidi tinh thi theo udc tinh 1y thuyét tir 297 con
chim quan sat ta s& c6 s chim duc va sb chim cai bang nhau va bang 297 x 0,5 = 148,5.

Ta c6 bang tong hop sau:
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Cai Téng sb

Puc
Tan sé quan sat (Oi) 130 167 297
Tan s6 ly thuyét (Ei) 148,5 148,5 297
k 2
2 (Oi_Ei)
1N ZI—E
k _ 2 _ 2 _ 2
i = Z(Ol E) _ (130-1485) (167-1485) _ 461
- K 1485 148,5

Bac tw do df = (2 - 1) = 1; gid tri t6i han %2(0,05; 1) = 3,84
Két luan: x*rn < %%(0,05, 1) nén bac bo gia thiét Ho. Ching to ty 1& gidi tinh
khong tudn theo ty 18 duc céi 1:1. Diéu kién khi hau da lam thay ddi ty 1¢ nay.
Hiéu chinh Yate
e (0, - E|-05)

=2 -

i=l1 i

Hé s6 0,5 trong cong thirc néu trén goi 13 hé s6 hiéu chinh Yate hay con goi 1a
hiéu chinh tinh lién tuc dé loai bé su thién léch. Hiéu chinh Yate s& duoc trinh bay chi
tiét & phan tiép theo

Theo vi du trén ta cé gia tri ¥* hi€u chinh la:

, &0 -EY (130-1485-05) (1671485
Y2TN = Z i i — +
E 148,5 148,5

i=1 i

~0.,5)

=436

Gid tri y? hi€u chinh (4,36) bé hon gia tri y? trudc khi hiéu chinh (4,61), tuy nhién
gia tri hiéu chinh van 16n hon gia tri t61 han (3,84) cho nén ta van c6 két luan tuong tu

nhu trén.

7.2. BANG TUONG LIEN L x K
C6 2 bién dinh tinh, bién X chia ra k 1p, bién Y chia ra 1 16p, qua khao st thu
dugc bang hai chiéu chira cac sd quan sat duoc ctia cac 6 Oji (goi 1a bang tuong lién):

Bing cic tan sb Oij

Y
X Y1 Y2 L. Yi TH;
X1 O11 O12 - O TH4
X2 O21 O22 - Oz TH2
Xk Oki1 Ok Ce O TH«
TG N

TCj TC+ TC2
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Cac sd Oj thuong dugce goi 1a cac tan sd thuc té. Bai toan dit ra & day la bién X
(hang) va bién Y (cot) co quan hé hay khong?

Gia thiét Ho: “hang va cot khong quan hé” véi d6i thuyét Hy: “hang va cot cd quan
hé”. Pé kiém tra gia thiét nay phai thuc hién cac budc sau:

1) Tir gia thiét hang va cot khong quan hé suy ra cac sb & trong 6 vé 1y thuyét phai
bang tong hang (TH; ) nhan véi téng cot (TC;) chia cho tong s6 quan sat N (trong thi du
7.4 chung ta sé& 1y giai van dé nay). Goi tan s6 1y thuyét 13 Ej; ta c6:

E. = % (7.3)
Y N
2) Tinh khoang céch giita 2 tan s6 Oj va Ejj theo cach tinh khoang cach x>
O, —E,; )’
E;
3) Tinh khoang cach giita 2 ddy mjj va tij bang y m:
X" ZZ/l(m ) (7.4)

1 7
4) Chon mirc y nghia o va tim gia tri t&i han trong bang 4 2 (o,(k-1)(I-1)) tuong
ung véi cot a va bac tu do (k-1)(1-1)

5) Két luan: O muc y nghia anéu  %m < %2 (a,(k-1)(1-1)) chap nhan Ho, ngurogc
lai thi bac bo Ho

Bai todn vé bing twong lién thwong thé hign dwéi hai dang:

1) X va Y 14 hai tinh trang, gia thiét Ho: “Hai bién X, Y khong c6 quan h¢” hay
con phat biéu mot cach khac 1a “X va Y doc 1ap”. Thuong goi bai toan nay la bai
toan kiém dinh tinh doc lap ciia hai bién dinh tinh, hay kiém dinh tinh doc lap cua
hai tinh trang.

2) Hang X la cdc dam dong, ¢t Y 1a cac nhém, viéc phan chia ddm dong thanh
cac nhom cin ¢t vao mot tiéu chudn nao d6. Bai toan nay thuong duoc goi 1a bai toan
kiém dinh tinh thun nhit ctia cac dam déng (tirc 1 cac dam dong cé cung ty 1¢ phan
chia), hay con goi 1a kiém dinh cac ty 1é.

Vi du 7.3: T mdt dan trude khi cho tiép xuc voi nguén bénh, chon ra 295 dong
vat thi nghiém (tiém véc xin) va 55 dong vat d6i chimg (khong tiém véc xin). S6 dong
vét nay sau khi cho tiép xuc v6i ngudn bénh ta thu dugc két qua nhu trong bang sau.
Liéu vic xin ¢6 lam giam ty 1¢ chét hay khong ?

Két qua
Thubc Séng Chét Tbng hang
Vac xin 120 175 295
Déi chirng 30 25 55
Téng cot 150 200 350
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O day co thé coi hang 1a cac 16p ctia bién thude X (c6 2 16p A, B), cot 1a 1a cac 16p
cta bién két qua Y (c6 2 16p: séng va chét). Ciing ¢ thé coi hang 1a cac dam dong:
“nhirng dong vat tiém véc xin” va “nhitng dong vat khong tiém vic xin”. Cot 13 sy phan
chia mdi dam déng thanh 2 nhom sdng va chét.

Bang tan sb 1y thuyét:

Két qua
Thubc Séng Chét Téng hang
Vic xin 295x130 _1heq 295220040 295
350
Péi chiing 35x130 _5q  39x200 4,4 55
350 350
Tbng cot 150 200 350
_ 2 _ 2 _ 2 _ 2
= (120-126,4) L (75-1686)"  (30-236)" (25-314)" _ 364
126,4 168,6 23,6 31,4

Bic tu do df = (2-1)(2-1) = 1. Gia tri t&i han %?(0,05,1) = 3,84

Két ludn: Vi “y’mn = 3,64 < %%(0,05,1) = 3,84, ta chua c6 du bang chimg dé bac bod
Ho. Hay nodi mot cach khéac vic xin dd khong 1am giam duoc ty 18 chét.

Vi du 7.4: Nghién clru anh hudng cia viée thién dén sy xuét hién bénh tiéu duong
& chudt. Tir 100 chudt thi nghiém, chia ngau nhién vé 1 trong 2 cach xtu 1y thién va
khong thién. S6 chudt & 2 16 thi nghiém dugc theo ddi cho dén 140 ngay tudi va tién
hanh iy mau nghién ciru tir 42 ngay tudi. Bénh tiéu duong duge xac dinh ddi véi chudt
¢6 ham lugng dudng trong méau 16n hon 200 mg/dl. Két qua thi nghiém duogc ghi lai ¢
bang sau:

Cach xt ly Két qua
Mé&c bénh Khéng méc bénh Téng
Thién 26 24 50
Khéng thién 12 38 50
Téng sb 38 62 100

Tan suat Iy thuyét

Cach xtr ly Két qua
Mé&c bénh Khéng méc bénh Téng
Thién S0x38 g 0x62 _ 4, 50
100 100
Khéng thién >0 38 =19 5062 =31 50
100 100
Tbng sb 38 62 100
2 2 2 2
2 =(26 19) +(12 19) +(24 31 +(38 31 832
19 19 31 31

Dbi v6i truong hop bang tuong lién 4 6
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a b
c d

C6 thé tinh y?r~ theo cong thirc

_ 2 _ 2
(ad —bc) _ 100x(26X38 12x24) _832
(a+b)c+d)a+c)b+d) 50x50x38x%x 62

2 —
Xy =nX

Bac ty do df = (2-1)(2-1) = 1. Gia tri t61 han XZ(O,OS;I) =3.84

Két luan: Vi 2~ = 8,32 > %2(0,05;1) = 3,84 nén gia thiét Ho bi bac bé. Chimg t0,
ty 1& chudt sau khi thién mic bénh dai dudng cao hon so véi chudt khong bi thién.

Hiéu chinh Yates
2
Oad - bc| - n) n
2 — 2
(a+bfa+c)b+d)c+d)

Vi vi du trén ta ¢6 gia tri [12 hi¢u chinh la:

2
(|26x38—24><12|—100j x 100
2 = 2 =717
d (26+24)26+12)24 +38)12+38)

Két luin: Véi hiéu chinh Yate, gia tri 2 thuc nghiém bé hon (y* = 7,17) so v6i
trieée khi hiéu chinh (32 = 8,32). Tuy nhién gia tri ¢ thuc nghiém van 16n hon gid trj t6i
han, nén ta c6 két luan tuong tu vé bénh tiéu duong cua chudt nhu da néu & phﬁn trén.

Luuy:

He¢ sb diéu chinh ctia Yate trong kiém dinh mot phan phdi c6 2 16p va trong bang
tuong lién 2x 2.

a) Kiém dinh mgt phan phdi c6 2 16p

Tinh trang nghién ctru Loai 1 Loai 2 Téng
Tan sb thyc té mi m2 N
Tan s6 ly thuyét t1=Nxp1/(p1+p2) t2=Nxp2/(p1+p2) N

Pé kiém dinh gia thiét Ho: “Hai 16p noi trén phan phdi theo ty 18 pi:pa2 “co thé sir
dung phuong phap %2 v6i ndi dung:

Tinh thn _ (m, _tl)z i (m, _tz)z
L f

So 21N voi gia tri toi han y? véi mirc y nghia o va bac ty do bang 1. Néu y’mn <
v*(.1) thi chap nhan Ho, néu yn > y2(a,1) thi bac bo Ho.
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Bai toan kiém dinh nay tuong duong véi bai toan kiém dinh mot xac suat, viéc
tinh toan dya trén cach tinh x4p xi phan phdi nhi thirc bang phan phdi chuan, tir d6 suy
ra %’ xap xi phan phdi x> (1a mot phan phdi lién tuc suy ra tir phan phdi chudn).
Trudng hop N < 100 phép xap xi khong that tdt, thuong cho x> hoi to do d6 Yate dé
nghi diéu chinh lai %*r theo huéng 1am nho bot y 21w, diéu chinh nay thudng goi 13 diéu
chinh do tinh lién tuc.

Cong thirc tinh y?rn diéu chinh nhu sau:

) _ (jm, —1,|-0,5)2 . (m, —1,|-0,5)
tn tl t2

b) Bang twong lién 4 6 (2 x 2)

Tinh trang B
Tinh trang A 2
Lép B1 Lép B2 Tong hang
Loai A1 a b at+b
Loai A2 c d c+d
Téng cot a+c b+d N=a+b+c+d

Dé kiém dinh gia thiét Ho: “Hai tinh trang A va B doc 1ap” c6 thé dung phuong
phap % véi cac ndi dung sau:
+ Tinh céc s0 1y thuyét
(a+b)a+c) A (a+b)b+d)

g=—cTTARTE) _la+0)b+a) é:(c+d)(a+c) c;,:(c+d)(b+d)
N N i, N
— M2 _AZ _a\2 _A 2
¢ Tinh yrmee @=9°  (0-D) (=8 | (d-d)
a b ¢ d

Co thé tinh >t~ bang cong thirc sau:

) (ad —bc)* x N
Ao = d b a+o)c+d)b+d)

+ So v6i gia tri t6i han > v&i muc y nghia o va bac ty do bang 1. Néu y’mn <
v*(a,1) thi chap nhan Ho, néu x’r~ > y2(a.,1) thi bac bo Ho.

Bai toan ndy twong duong véi bai toan so sanh hai xac suat, viéc tinh toan dua
trén cach tinh x4p xi phan phéi nhi thirc bang phan phéi chuan, tir d6 suy ra x> xéap xi
phan phéi 2.

Khi N nho viéc xap xi khong tét do d6 c6 mét sé hudng dan nhu sau:

+ Néu N < 20 thi khong nén dung phuong phap ¥~

+ Néu 20 < N < 40 va c6 6 c6 sb 1y thuyét bé < 5 thi ciing khong nén dung
phuong phép 3>t~
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Ca hai truong hop nay nén ding phuong phap chinh xéc Fisher (xem phén 7.3)
Néu N > 100 thi c6 thé dung phuong phép 2.

Néu N < 100 va khong roi vao 2 truong hop dau thi nén dua thém diéu chinh do
tinh lién tyc Yate nhim lam nhé b6t %’ nhu sau:

(jad —bd —0,5N)* x N
(a+b)a+c)c+d)b+d)

2

Z[n =

7.3. KIEM PINH CHIiNH XAC CUA FISHER
POI VOI BANG TUONG LIEN 2 x2

Khi cac gia tri udc tinh (Ei) trong bang twong lién 2x2 rat bé (Ei < 5) thi viéc st
dung phép kiém dinh ¥ khong con dam bao dwoc do chinh x4c. Truong hop nay hay
gdp trong nghién ctru dich t& hoc va phép kiém dinh chinh xé4c cta Fisher dugc st dung.
Phép kiém dinh ndy cho ta mot xac suat truc tiép va chinh xac thay vi di tim gia tri xac
suét tir bang.

Néu ta c6 bang tuong lién 2x2

a b a+b
c d c+d
at+c b+d n

Fisher dwa trén phan phdi siéu hinh hoc (hypergeometric distribution) dé tinh xac
sudt ctia phép thir theo cong thirc.
B (a+blc+d)(a+c)(b+d)
- alblcld!

Cac budc thuc hién:
1) Tinh p; véi bang s6 liéu da cho
2) Tinh ad — bc.

+ Néu ad — be > 0 thi ting a va d, giam b va ¢ bang 1 don vi rdi tinh xac suit po;
lam tuong tu cho dén khi a béng min cda (a+b) hoac (atc).

+ Néu ad — be < 0 thi giam a va d, ting b va ¢ r6i tinh xac suit pa; 1am tuong tu
cho dén khi a bang 0.

3) Tinh P =2x(p1 + p2 +....+ pn).

4) Néu xac suat P < 0,05 thi két luan bac bo Ho.

Vi du 7.5: Tu mét dan trude khi cho tiép xuc voi nguén bénh, chon ra 10 dong
vat thi nghiém (tiém véc xin) va 10 dong vat d6i chimg (khong tiém véc xin). S6 dong
vét nay sau khi cho tiép xuc v6i ngudn bénh ta thu dugc két qua nhu trong bang sau.
Liéu vic xin ¢ lam giam ty 18 chét hay khong?
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Két qua

Thuoc Séng Chét Tong hang
Vac xin 9 1 10
Dbi chirng 2 8 10
Tbng cot 11 9 20
| | ! | 10101 1'9!
1) pr = (a+b)(c+d)(a+c)(b+d) _ 010119 — 0,002679
alb\c'd'n! 9N1218120!
2)ad —bc=9x8-1x2=70>0
Tang a, d va giam b, ¢ bang 1 don vi ta c6
9 +1 2 -1 11 10 1 11
2>
1-1 8+1 9 0 9 9
10 10 20 10 10 20
101101 119!
py = JOLOTIOY ) 000059537985
10'0119120!

3) P=2x(pl + p2 +....+ pn) = 2x(0,002679 + 0,000059537985) = 0,005477076

4) Vi xac sudt nay, gia thiét Ho bi bac bo. Piéu nay ching t6 vic xin da lam giam
ty 16 chét.

Vi du 7.6: Tuong ty nhu vi du 7.5 tir 15 dong vat thi nghiém (tiém véc xin) c6 2
dong vat méc bénh va tir 13 dong vat ddi chung (khong tiém véc xin) c6 10 dong vat
mic bénh. Liéu vic xin c¢6 1am giam ty 16 mac bénh hay khéng?

% Két qUé 2 N
Thuodc M&c banh Knong Tong hang
VAc xin 2 13 15
Déi chirng 10 3 13
Tdng cot 12 16 28
| | | | n3121e!
D) pi (a+b)(c+d)a+c)(b+d)_ 15131216 _ 0,00098712
alblcld!n! 21311013128!
2)ad —bc=2x3-13x10=-124 <0
Giam a, d va ting b, ¢ bang 1 don vi ta c6
2-1 13+ 1 15 5 1 14 15
10 + 1 3-1 13 11 2 13
12 16 28 12 16 28
n3mn2m1e
P2 = 1sn3n2le! — 0,00003846
11411 112128!
Giam a, d va ting b, ¢ bang 1 don vi ta c6
1-1 14 +1 15 5 0 15 15
11 + 1 2-1 13 12 1 13
12 16 28 12 16 28
15n3n2le!
py = MG 5000004273
onst2m28!
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3) P =2x(pl + p2 +....+ pn) = 2x(0,00098712 + 0,00003846 + 0,0000004273) =
0,00205202

4) Véi xéc suat ndy, gia thiét Ho bi bac bo. Diéu nay chimg to véc xin di lam giam
ty 16 mac bénh.

Cochran khuyén céo nén str dung phép thir chinh xac cua Fisher néu trong thi
nghiém n < 20 hodc 20 < n < 40 va dy doan bé nhit nho hon 5.

7.4. THI NGHIEM NGHIEN CU'U DICH TE HQC THU Y

Mot van dé vé stc khoé dong vat dugc nghién ctru madt cach dﬁy da thong thuong
phai trai qua cac giai doan: mo ta, phan tich, tién hanh thi nghiém, phan tich dir li¢u va
trinh bay két qua.

Hai loai thiét ké nghién ctru co ban dugc thuc hién trong nghién ctru dich t& hoc
tha y: thi nghiém quan sat va thi nghiém thyc nghiém.

- Thi nghiém quan sat: Dua trén nhiing cai c6 san trong thuc té san xuat va khong
su dung bat ky yeu to thi nghi¢ém dé tac dong 1én doi tugng nghién ctru. Thi nghiém
quan sat dugc chia thanh hai loai: thi nghi€ém quan sat mo ta (descriptive study) va thi
nghiém quan sat phan tich (analytic study).

+ Thi nghiém quan sat md ta: quan tdm dén viéc mo ta bénh véi mot hodc mot sb
yeu t0 nguy co dé tim ra moi lién hé gitra yeu to nguy co va bénh tai mot thoi diém. Thi
nghiém quan sat mo t4 dugc chia thanh cac loai: thi nghiém nghién ctu truong hop
(case study), nghién ctru tuong quan va nghién ctru cat ngang (cross sectional studies).

+ Thi nghiém quan sat phan tich: quan tim dén qua trinh dién bién va tap trung di
sau vao phan tich moi lién hé gifra yeu to nguy co va bénh. Thi nghiém quan sat phan
tich dugc chia thanh céc loai: thi nghiém nghién ctru bénh ching hay hoi ctu (case-
control studies) va nghién ctru thuan tap hay tién ctru (cohort study).

- Thi nghiém thyc nghiém: st dung mot hodic mot s6 yéu té thi nghiém (yéu té
nguy co) tdc dong 1€n doi twong nghién ctru, sau do theo doi, thu thap dir liéu va phan
tich moi lién hé gitra yéu to6 nguy co va bénh.

Trong khuon kho cuia gido trinh nay chi dé cap dén cach thiét ké thi nghiém ddi
v61 cac nghién ctu cat ngang, bénh chirng hay hoi ctru va thuan tap hay tién ciu:

7.4.1. Thiét ké thi nghiém nghién ctru cit ngang (cross sectional studies)
a. Dic diém
Thi nghiém nghién ciru cat ngang dugc tién hanh trén miu nham danh gia ty 18

luu hanh. Pay 1a loai nghién ctu thu thap dir li€u trén ting ca thé vé tinh trang mac
bénh va tinh trang phoi nhiém véi yéu t6 nguy co. Thi nghiém nay duoc thuc hién dé
mo td moi lién quan gilra yéu to nguy co vdi hién tugng stic khoé cua quan thé vat nuoi
tai mot thoi diém nhat dinh, hay nham danh gid su khac biét vé tan suat mac bénh gitra
nhom co6 ti€p xtic va nhom khong ti€p xuc véi yéu té nguy co.
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b. Lwa chon déi twong trong nghién ciru cit ngang

Déi tuong trong nghién ctru cit ngang 13 nhitng ca thé trong quan thé duoc quan
tam, ca thé d6 co thé bi bénh, co thé khong bi bénh, c6 thé phoi nhiém véi yéu t6 nguy
co, co thé khong phoi nhiém véi yéu to nguy co.

Dung lwong mau can thiét cho nghién ctru cit ngang: Muc dich ctia nghién ciru cit
ngang nham dénh gid su khac biét vé tan suat mac bénh gitra nhdm co ti€p xuc va nhom
khong tiép xtic voi yéu td nguy co, nén dung lugng mau dugc ude tinh cho truong hop
so sanh hai ty 1€ (xem muc 3.8 chuong 3).

Dung luong méu can thiét dé so sanh 2 ty 1¢ trong cac nghién ciru cit ngang duoc
tinh bang cong thire sau:

2
(%(0/2)32P0=P) + 2(1-p) D1 A= P + P2 (1= D2) )
A2

n = dung luong mau tdi thiéu can thiét cho mot nhom.

p1=tylé méc bénh hién hanh & quﬁn thé thir 1.
p2=tyl¢é méc bénh du doan & quﬁn thé thir 2.

_btp
P 2

Z1-w2) = Gia tri z & mirc tuong tng 1-0/2 (0. — x4c suat mac sai 1am loai I).

;q=1-p

Z-p) = Gia tri z & mirc twong tng 1-p (B — xac suat micsai lam loai II).
A: Sai khac mong doi (su khac biét mudn phat hién); A = p1 — pa.
c. Cdch tién hanh thi nghiém nghién ciru cit ngang:

Chon ngau nhién n d6i twgng ctia quan thé quan tim va tién hanh danh gia cic tan
suat quan sat:

- Tinh trang c¢6 phoi nhidm véi yéu té nguy co va tinh trang c6 mac bénh: a.
- Tinh trang ¢6 phoi nhiém véi yéu té nguy co va tinh trang khong mic bénh: b.
- Tinh trang khong phoi nhidém v&i yéu té nguy co va tinh trang c6 mic bénh: c.

- Tinh trang khong phoi nhidm véi yéu td nguy co va tinh trang khong miac bénh: d.

Tinh trang méc bénh Tbng sbé
Tinh trang phoi nhiém Cé Khong
Cé a b a+b
Khéng c d c+d
Tbng sb a+c b+d n

d. Phén tich sé li¢u

Vi cac thi nghiém bo tri don gidn véi bang tuong lién 2 x 2, tién hanh so sanh tan
suat mac bénh gitta nhom co ti€p xtic va nhom khong tiép xtic vdi yeu td nguy co bang
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phép thir Khi binh phwong (trudng hop dung lwong mau 16n) va phép thir chinh x4c ctia
Fisher (truong hop dung lugng mau bé). Phép thir Khi binh phuong va phép thir chinh
xac cua Fisher dugc trinh bay chi tiét & muc 7.2 va 7.3.

Bén canh vi¢c danh gia ty 1€ luu hanh va so sanh tan sudt méic bénh gitra nhom co
tiép xtic va nhom khong tiép xtic v6i yéu té nguy co, thi nghiém nghién ctiru cit ngang
con c6 thé tinh dugc ty suat chénh OR (odds ratio). Khi sb liéu dugc trinh bay theo bang
tuong lién 2 x 2, OR dugc tinh nhu sau:

OR= /b _ad
c/ld be

e. Uu diém va nhwoc diém

Uu diém cua thi nghiém nghién ciru cit ngang 1a thi nghiém thiét ké don gian, dé
dang td chire thue hién, cho két qua nhanh va chi phi cho loai thi nghiém nay khong 16n.
Tuy nhién, gia tri ctia loai thi nghiém nghién ctru cit ngang thudng khong cao do s lan
khao sat trén moi nhém ddi tugng trong qua trinh nghién ctru thuong 1a mot 1an va tai
mot thoi diém nhat dinh.

Vi du 7.7: Ty 1€ bo méc bénh viém vi gitra 2 trai (A va B) co su sai khac co y
nghia hay khong? Biét ring sau khi kiém tra 96 bo & trai A va 72 bo & trai B trong 1
ngay thay s6 lugng bo mic bénh viém vi tuong ung 1a 36 va 10.

Dung luong mau can thiét dé thuc hién nghién ctu trén:

p1 = ty 1¢ mic bénh cua trai A: 0,38 (38% )

p2 =ty 1& mic bénh ciia trai B: 0,14 (14%)

_2tpe 0384018 56, q=1-p=1-026=0,74
2 2

Z1-0,052)= 1,96

Za-02)=0,84

A: Sai khac mong doi (su khac biét mudn phat hién); A=0,24

2
(1,96*«/2*0,26*0,74 +0,84*\/O,38*O,62+O,14*O,86)

n= 7 =53
(0,24)

Nhu vay can it nhit 53 con bo cho mét nhom.

Gia thiét Ho: Ty 1& bo mac bénh viém v ¢ hai trai 13 nhu nhau véi ddi thiét Hi:
Ty 1& bd mac bénh viém va & 2 trai 1a khac nhau.

Néu st dung phép thir y2 ta duge gia tri x2m~ = 11,535; gid tri x%0.05; 1) = 3,841.

Két luén:
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Vi y?tN > 2 t61 han nén co thé két luan r?mg ty 1€ bo méc bénh viém va & hai trai
1a khac nhau. Mit khéc ta c6 ty sudt chénh OR = (36x62)/(60x10) = 3,72; tic 13 s6 bo
méc bénh viém va & trai A cao gép 3,72 14n so v&i s6 bd méc bénh & trai B.

7.4.2. Thiét ké thi nghiém nghién ciru bénh chirng (case — control study)
a. Dic diém

Thi nghiém nghién ctru bénh chimg 14 loai nghién ctru doc hdi ciru. Nghién ctru
nay thu thap dir lidu trén ting ca thé vé tinh trang méc bénh va khong mic bénh véi
tinh trang phoi nhiém yéu t6 nguy co. Thi nghiém nay duoc thiét ké dé phan tich, so
sanh nham tim ra sy khac biét vé tan suit quan sat giita hai nhém bénh va nhom ching
(khong bénh). Pic trung ndi bat cia thi nghiém nghién ctru bénh chimg 13 xuat phat
diém bat dau tir bénh. Hai nhém dong vat c6 bénh va khong c6 bénh dugc chon ra va
hdi ciru xem cac dong vat trong hai nhém nay co hay khong phoi nhiém véi yéu td
nguy co.

b. Lwa chon déi twong trong nghién civu bénh chirng

Dbi tuong trong nghién ciru bénh ching 13 nhiing ca thé trong quan thé quan tam

dugc chon vao hai nhom bénh va khong bénh (nhom chung).

Dung lwong mau can thiét cho nghién ctru bénh chimg: Muc dich cta nghién ctru
chting nham so sanh nham tim ra su khac biét vé tan sudt quan sat giita hai nhém bénh
va nhom chimg (khong bénh), nén dung luong mau duoc wdc tinh cho truong hop so
sanh hai ty 1¢ (xem muc 3.8 chuong 3).

Dung luong méau cin thiét dé so sanh 2 ty 18 trong cac nghién ctru bénh ching
duoc tinh bang cong thirc sau:
2
(Z(a/z)\/2p(1 —p) +7(1-)yP1—p1) +p2(l —pz))
2
A

n = dung luong mau tdi thiéu can thiét cho mot nhom

p1 =ty 1&é méic bénh hién hanh & quéan thé thir 1
p2 =ty 18 méc bénh du doan & quan thé thir 2

_btp
P 2

Z(1-ar2) = Gié tri z & muc tuong tng 1-a/2 (o — xac sudt mac sai lam loai I)

;q=1-p

Z-p) = Gia tri z & muic twong ing 1-p (B — xac suat micsai 1am loai IT)
A: Sai khac mong doi (su khac biét mudn phat hién); A = p; — p2
c. Cdch tién hanh thi nghiém nghién ciru bénh chirng:

Chon ngiu nhién hai nhom: bénh va khong bénh va tién hanh danh gia cac tan
suit quan sat:
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- Nhom c6 bénh va c¢6 phoi nhidém véi yéu té nguy co: a.
- Nhom khong c6 bénh va c6 phoi nhidm véi yéu té nguy co: b.
- Nhém c6 bénh va khong phoi nhidm véi yéu t6 nguy co: c.

- Nhom khong c6 bénh va khong phoi nhiém véi yéu té nguy co: d.

Tinh trang mac bénh Téng sb
Tinh trang phoi nhiém Co Khéng
Co a b atb
Khéng c d c+d
Téng sb a+c b+d n

d. Phén tich sé liéu

Véi cac thi nghiém bé tri don gian v6i bang twong lién 2 x 2, so sanh nham tim ra
su khac biét vé tan suat quan st giita hai nhom bénh va nhom chimg (khong bénh) bang
phép thir Khi binh phuong (truong hgp dung lugng mau 16n) va phép thir chinh xac cua
Fisher (truong hop dung lwong mau bé). Phép thir Khi binh phuwong va phép thir chinh
xdc cua Fisher dugc trinh bay chi tiét & muc 7.2 va 7.3.

S6 do quan trong trong nghién ctru bénh ching 1 ty suat chénh OR (odds ratio).
Khi s6 liéu duoc trinh bay theo bang twong lién 2 x 2, OR dugc tinh nhu sau:

c/d be
e. Uu diém va nhwoc diém

Uu diém cua thi nghiém nghién ctru bénh ching 13 thi nghiém dé& dang t6 chic
thyc hién, cho két qua nhanh va chi phi cho loai thi nghiém nay khong 16n. Tuy nhién,
sai sb cua loai thi nghiém nghién ctru bénh chung thuong cao.

Vi du 7.8: Trong mét nghién ciru, ¢6 62 bo sita dugc chan doan ung thu biéu mo
mat va 124 khong mic duoc chon ngiu nhién tir quan thé. C6 mdi lién hé ndo giira
gidng bo va ty 1é méic bénh ung thu biéu mé mat hay khong? Néu sé liéu thu thap dugc
nhu sau:

Giéng M&c bénh Khéng mac bénh Téng sb6
Hereford 44 63 107
Gibng khéac 18 61 79
Téng sb 62 124 186

Dung lugng mau can thiét dé thyc hién nghién ctru trén:

p1 = ty 1¢ méic bénh cta gidng bo Hereford: 0,41 (41% )

p2 = ty 1é méc bénh ctia gidng bo khéc: 0,23 (23%)
_pt+p, 041+0,23

- =032;q=1-p=1-0,32=0,68
: 5 q=1-p
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Z1-0,052)= 1,96
Za-02) = 0,84
A: Sai khac mong doi (su khac biét mudn phat hién); A =0,18

(1,96*«/2*0,32*0,68 +O,84*\/O,41*0,59+O,23*0,77

2
he > ) =100
(0,18)

Nhu vay can it nht 100 con bd cho mot nhom.

Gia thiét Ho: Khong co6 mdi lién hé giira gidng va ty 16 mic bénh voi dbi thiét Hy:
C6 mbi lién hé giita bénh va gidng.

Str dung phép thur 2, ta c6 x>~ = 6,876 va x* (0,05;1) = 3,841.

Két luan:

Vi %21n > %2 t6i han nén ta bac bo Ho chdp nhan Hi; ching t6 c6 mbi lién hé giira
gidng va bénh. Ty suit chénh OR = (44x61)/(18x63) = 2,37. Hay néi cach khac gidng
Hereford mic bénh ung thu biéu mé mat cao hon 2,37 lan so véi cac gidng khac.

7.4.3. Thiét ké thi nghiém nghién ctru thuan tip (cohort study)
a. Dic diém
Thi nghiém nghién ctru thuan tap hay tién ctru 13 loai nghién ctru doc mang tinh
theo ddi. Nghién ctru ndy thu thap dit liéu trén timg ca thé vé tinh trang c6 phoi nhiém
hoidc khong c6 phoi nhiém véi yéu t6 nguy co. Thi nghiém nay duoc thiét ké dé phan
tich, so sdnh nham tim ra sy khéc biét vé tan suat mac bénh gitra hai nhém c6 phoi
nhiém va khong c6 phoi nhiém véi yéu to nguy co. Pic trung noi bat clia thi nghiém
nghién ctru thuan tap 1a xuat phat diém bat dau tir phoi nhiém. Hai nhom dong vat co
phoi nhiém va khong c6 phoi nhiém dugc chon ra va theo ddi trong tuong lai xem cac
dong vat trong hai nhom nay c6 hay khong xuat hién bénh.
b. Lwa chon déi twong trong nghién civu thuan tip
Péi tuong trong nghién ctru thudn tap 14 nhitng ca thé trong quan thé quan tim
duoc chon theo hai cach:
+ Céach 1: chon mot mau ngau nhién; trong mau chon ra dé c6 nhém phoi nhiém
va nhém khong phoi nhiém véi yéu t6 nghién ciru.
+ Céch 2: Chon riéng hai nhém mau khic nhau, mét nhém mau phoi nhiém véi
yéu t6 nghién ciru va mot nhém mau khong phoi nhiém véi yéu t6 nghién ciru.

Dung luong miu can thiét cho nghién ctru thuan tap: Muc dich ctia nghién ctru
ching nhdm so sanh nham tim ra su khac biét vé tan suat mic bénh giita hai nhém phoi
nhiém va nhom khong phoi nhiém, nén dung lugng mau duge udce tinh cho trudng hop
so sanh hai ty I¢ (xem muyc 3.8 chuong 3).
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Dung luong mau can thiét dé so sanh 2 ty 1é trong cac nghién ctru thuin tip duoc
tinh bang cong thirc sau:

2
(Z(a/2)x/2p(1 —p) +7(1-)yP1—p1) +p2(l —pz))
A2

n = dung lwong mau téi thiéu can thiét cho mot nhom

p1 = ty 1é méic bénh hién hanh & quan thé thi 1

p2 = ty 1& méc bénh du doan & quan thé th 2

p= Pt p,
2

Z-an) = Gia tri z & mirc twong img 1-a/2 (o — xéc suat méc sai 1am loai I)

;q=1-p

Za-p) = Gia tri z & mic twong ing 1-B (B — xac suat macsai 1am loai II)
A: Sai khac mong doi (su khac biét mudn phét hién); A =p1 —p2
c. Cdch tién hanh thi nghi¢gm nghién civu thuan tip:

Chon ngau n‘hién hai nhém: ¢6 phoi nhiém va khong phoi nhiém va tién hanh theo
doi, xac dinh cac tan suat quan sat:

- Nhom c6 phoi nhiém véi yéu té nguy co va ¢6 bénh: a

- Nhom c6 phoi nhiém véi yéu té nguy co va khong c6 bénh: b

- Nhém khong phoi nhiém véi yéu té nguy co va c¢6 bénh: ¢

- Nhoém khong phoi nhiém véi yéu t6 nguy co va khong c6 bénh: d

Tinh trang méc bénh Tbng sbé
Tinh trang phoi nhiém Cé Khéng
Co a b a+b
Khéng c d c+d
Téng sb6 a+c b+d n

d. Phan tich sé ligu

V6i cac thi nghiém bd tri don gian véi bang twong lién 2 x 2, so sanh nham tim ra
su khéc biét vé tan suat quan sat giita hai nhém phoi nhiém va nhom khong phoi nhiém
bang phép thir Khi binh phuong (truong hop dung lugng mau 16n) va phép thir chinh
x4c cua Fisher (truong hop dung lugng mau bé). Phép thir Khi binh phuong va phép thir
chinh xéc cua Fisher duoc trinh bay chi tiét & muc 7.2 va 7.3.

Sb do quan trong trong nghién ctru bénh ching 13 nguy co twong doi RR (relative
risk). Khi s liéu dugc trinh bay theo bang tuong lién 2 x 2, RR dugc tinh nhu sau:

RRZ%”’

%+d
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e. Uu diém va nhwoc diém

Uu diém cua thi nghiém nghién ctru thuan tap 1a thi nghiém cho két qua chinh xac
hon do sai sb cta loai thi nghiém nay thuong thdp. Tuy nhién, loai nghién ctru nay t6
chure thyc hién phuec tap, chi phi 16n, thoi gian can thiét kéo dai.

Vi du 7.9: Xem xét vi du 7.5, tir mot dan trude khi cho tiép xtc véi ngudn bénh,
chon ra 10 dong vat thi nghiém (tiém vac xin) va 10 dong vat doi ching (khong tiém
véc xin). S& dong vat nay sau khi cho tiép xuc véi ngudn bénh ta thu duoc két qua nhu
trong bang sau. Liéu vic xin c6 lam giam ty 1¢ chét hay khong?

Két qua
Thubc Séng Chét Téng hang
Véc xin 9 1 10
Déi chirng 2 8 10
Téng cot 11 9 20

Dung lugng mau can thiét dé thyuc hién nghién ctru trén:
p1 = ty 1& chét cia nhém tiém véac xin: 0,10 (10% )
p2 =ty 1& nhom ddi chimg: 0,80 (80%)

_ptpe _O10H080 45 q—1-p=1-045=0.55

2 2

Z(1-0,052)= 1,96
Za-02)= 0,84
A: Sai khac mong doi (su khac biét mudn phat hién); A = 0,70

2
(1,96*2%0,45%0,55 +0,84*/0,10%0,90 +0,80%0,20

n= =7
(0,70)>

Nhu vay can it nhat 7 dong vat cho mot nhom.
Néu str dung phép thir chinh x4c ctia Fisher ta c6 xac suit P = 0,005477076.

Két luan: Véi x4c suat nay, gia thiét Ho bi bac bo. Didu nay ching to vac xin da
lam giam ty 1¢ chét. Bén canh d6, nguy co twong dbi RR = (9/10)/(2/10) = 4,5. Hay noi
mot cach khac dong vat sir dung vic xin muc do séng sot gap 4,5 1an so véi dong vt
khong ding vic xin.

7.5. BAI TAP

7.5.1

Mot trung tim thu tinh nhan tao tién hanh thir nghiém 3 phwong phap thy tinh
nhan tao khac nhau. Ty 1& phdi c6 chira & 3 phuong phéap thu dugce nhu sau: ¢ phuong
phép 1, c6 275 bo co6 chtra tir 353 bo tham gia thi nghi€ém; tuong tu & phuong phép 11,
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cac con sb nay 1an luot 12 192 va 256 con, phuong phap III 1 261 va 384 con. Ty 1¢ thu
tinh thanh cong ¢ 3 phuong phap nay c6 khac nhau hay khong?

7.5.2

Chon mAu ngau nhién thé hé con cta bod lang Shorthorn thu duoc két qua sau day:
82 con mau 16ng do, 209 con lang va 89 con tring. Phan b mau 16ng cua bod co tuan
theo gia thiét raing mau 16ng duoc x4c dinh bdi mot cip allen troi khong hoan toan? Biét
rﬁng troi khong hoan toan la truong hop c6 moét allen trdi va di hop tir thé hién sy anh
huong ciia dong thoi ca 2 allen.

7.5.3

Mot thi nghiém duoc tién hanh nhim danh gia su lién hé gitra ty 1€ viém ndi mac
tir cung va gidng. Trong tong sd 700 bo sita trong nghién ciru thuan tap (cohort studies),
¢6 500 con giéng Holstein Friesian va 200 con giéng Jersey. Két qua nghién ctru thu
duogc nhu sau:

Viém ndi mac tt cung Téng sb
Cé Khéng
Gibng Holstein 100 400 500
Jersey 10 190 200
Tbng sb6 110 590 700

C6 su lién hé giira ty viém ndi mac tir cung va cac gidng hay khong?
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PHAN B - THUC HANH

Phan nay ban doc sé dwoc hwong dén thue hién cdac bai thuc hanh trén phdn mém
Minitab 16. Poi véi tieng bai tdp thwce hanh déu cé cdu triic gom cdc phan sau: (1) dé
bai, (2) hinh minh hoa nhdp dit liéu va phén tich trén phan mém Minitab, (3) két qua xir
Iy tir phan mém va (4) trinh bay va gidi thich két qua.

Bai 1. TOM TAT VA TRINH BAY DU LIEU

1.1. GIOI THIEU PHAN MEM MINITAB

Minitab 14 phan mém théng ké tmg dung dugc phat trién & Pai hoc Pennsylvania
(M¥) tir nam 1972. Minitab 1 san pham c6 ban quyén cta cong ty Minitab Inc v&i cac
chirc ndng quan ly dir li¢u, tinh toan, phan tich dit I¢u, v€ cac biéu dd, do thi, mot cach
hoan toan tu dong.

Minitab 16 for Windows dugc st dung dé minh hoa cho cac bai tap trong phan
giao trinh nay. Néu ban doc sur dung cac phién ban khac cua Minitab c6 thé s€ khong ho
tro mot sO cac cong cu va giao dién s€ khac so voi gido trinh nay.

Khéi dong Minitab

Néu cai dat Minitab 16 for Windows theo mic dinh ta c6 thé khai dong phﬁn mém
bang 3 cach sau day:

a) Chon biéu tugng Minitab trén Desktop cia man hinh st 18

b) Theo dudng dan Start > Prog > MINITAB > Minitab 16
statistical software.

c¢) C:\Prog Files\Minitab\Minitab 16\Mtb.exe
Giao dién phin mém Minitab
Giao dién cia phan mém Minitab 16 gom nhiing thanh phan chinh sau (hinh 1):

€@ Menu Bar gém cac 1énh dé diéu khién phin mém Minitab nhu File, Edit,
Data, Calc, Stat, Graph, Editor, Tools, Windows, Help, Assistant);

Q Standard toolbar gém cac lénh tit nhu mo tep da ghi, ghi tép, in, cét,
copy, dan,...;

©® Project Manager Toolbar gdom cac lénh tit didu khién cta s
Project Manager;

@ Worksheet Toolbar (gom cac 1énh tit diéu khién ctra s6 Worksheet);
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O Title;
@ Session Window dé doc két qua phan tich;

@ Data Window chira nhiéu 6 (cell) dugc tao ra boi sy két hop giira hang va cot.
M&i Worksheet bao gdm 10.000.000 hang va 4.000 cot (tir C1 dén C4000);

@ Project Manager Window (quan 1y cac 1énh 1am viéc);

© status bar.

" Minitab - Untitled e o @ =]
File Edit Dats Calc Stst Graph Editor Tools Window Help Assistant o
EEd & 9 tLAG Q% CREeHavn EEE 9
2 @
] —dIx
(EE Session o] 2

9122012 9:59:23 AM

Welcome to Minitabk, press FL1 for help.

@ Cua s6 Session: Doc két qua (Ctrl + M)

o

{ I

I Worksheet 1 o=@ =]
: 1 C2 C3 C4 (%] Cé C7 C8 C9 C10 (w) c12 Cc13 c Cljs

0 Cira sO Worksheet: Nhap dit liéu (Ctrl + D)

e I L o

B o [ =0 | 52 e

Current Worksheet: Worksheet 1 Editable
ENE SN ANCREEN IR < 2 e a0 20

Hinh 1. Cira s6 1am viéc ciia Minitab 16

1.2.TOM TAT VA TRINH BAY POI VOI BIEN PINH LUONG
Vi du M-1.1: Khéi luong (g) ctia 16 chudt cai tai thoi diém cai sita nhu sau:
54,1 49,8 24,0 46,0 44,1 340 52,6 544
56,1 52,0 51,9 54,0 58,0 39,0 32,7 585
Dbi voi cac bién dinh lugng c6 thé tinh cac gia tri théng ké mo ta bang cac tham
s6 nhu trung binh, phuong sai, d¢ 1éch chuin, hé sb bién dong... Bén canh do cé thé
trinh bay ¢ dang biéu dd, do thi.

S6 lidu duoc nhap vao mot cot trong Windows Worksheet nhu sau:
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|| Minitab - ViduML.1b.mpj - [Worksheet 1 ***]
@ Eile Edit Data Calc 5tat Graph Editor Tocls Win

ZHE ¥ & # i C
£ oln iz
| -

+ C1 c2 C3 C4 C5
P Lua
541
495
24.0
46.0
441
340
52.6
644
56.1
520

T-RE-"RCNRE- AT R NN X

Py B = & & & =k =& =k X

-
=

Thay thé ddu phay (,) bang ddu chdm (.) trong phan thap phan. O s6 liéu khuyét
duoc thay thé bang dau sao (*), khéng duogc dé trong.

Cot s0 liéu phai ¢ dang so.
D61 vo1 mot chi ti€u nghién ctru, s6 1iéu duge nhap dudi dang cot.

Tén cdt s6 liéu ludn ndm & trén hang thu 1. Dat tén ¢t ngén gon, khong nén dung
cac ky tu dic biét (;, /...) hodc cac ky tu tiéng Viét (6, 4...). Trong ciing mot worksheet
khong dat tén cot trung nhau. Phan mém Minitab khong phan biét cac ky tu viét hoa va
viét thuong (vi du: MINITAB = Minitab = minitab).

Chon Stat = Basic Statistics = Display Descriptive Statistics

Display Descriptive Statistics *
Ci P Variables:
C2 Lua

p

By variables {optional):

Q Statistics... | Graphs... ‘
Help oK | Cancel |
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Phén 6 bén trai hop thoai hién thi cot (C1) va tén cua cot sb lidu (P).
~ Kich dip chudt trai vao bién P hodc chon bién P va nhan Select dé hién thi cot
can tinh cac tham so0 thong ké mo ta vao 6 Variables.
Chon OK dé hién thi két qua.
Két qua thu dugc tir Minitab nhu sau.

Descriptive Statistics: P
Variable N N* Mean SE Mean StDev Minimum Q1 Median 03 Maximum
P 16 0 47.58 2.54 10.16 24.00 40.28 51.95 54.33  58.50
Pay 1a cic tham sb Minitab cho két qua theo mic dinh. C6 thé st dung mét trong
cac Option sau day dé cho ra két qua theo Iya chon phi hop véi timg truong hop cu thé

= Chon Statistics...co thé lua chon cac tham sb sau day

Display Descriptive Statistics - Statistics @
[V Mean: [ Trirmmed mean [+ M nonmissing
[v SE of mean [ Sum [+ M rnissing
[v Standard deviation [+ Minirmum [ M total
[ Variance [v Maximum [ Cumulative N
[ Coeffident of variation [ Range [ Percent
[ Cumulative percent
[v First guartile [ Sum ofsquares  hack statistics
lv Median [ Skewness {* Default
[+ Third quartile [ Kurtosis {~ Mone
[ Interguartile range [ MssD (™ all
[ Mode

Help | ] Cancel

Mot s6 thudt ngir trong options Minitab ciia thong ké mé ta

Minitab Tiéng Viét Minitab Tiéng Viét
Mean Trung binh Trimmed mean Trung binh thu gon
SE of Mean Sai sb chuén Sum Téng sb
Standard deviation Do léch chuén Minimum Gia tri bé nhét
Variance Phuwong sai Maximum Gia tri I&n nhét
Coefficient of variation Hé sb bién dong Range Khodng bién déng
First quartile T vi thtr nhat Sum of squares Téng binh phwong
Median Trung vi Skewness Do léch
Third quartile T vitht 3 Kurtosis Do nhon
Interquartile T vi thir 2 MSSD
N nonmissing N khéng khuyét Cumulative N N céng gbp
N missing N khuyét Percent Phan trdm
N total N téng sb Cumulative percent Phan trdm cong gop

= Chon Graphs...dé hién thi dd thi sau day (tick V vao).

129



Histog of data to chirc db.

Histog of data, with normal curve t6 chirc dd v6i dudng cong chudn.

Individual value plot thé hién cic diém cua timg gia tri.

Boxplot of data d6 thi hop.
Chon OK.

Vi du chon Boxplot of data dé dugc do thi hop dudi day.

Display Descriptive Statistics - Graphs .

B
[ Histogram of data, with normal curve
[ Individual value plot

[ Boxplot of data

Help | oK |

55

50

45

40-

354

304

254

20

Boxplot of P

= Vio By variables (Optional) dé tinh cic tham sb thong ké theo phan loai nhom.

Trong trudng hop mudn tinh cac tham sé thong ké theo timg cong thirc thi nghiém
hay mirc cua y€u to thi nghiém, can cau tric so li¢u theo ting yeu to thi nghiém.

Xét Vi du M-1.1, gia sir 8 chudt cai dau tién sinh ra ¢ Iira thir nhat va 8 chuot tiép
theo sinh ra & ltra thtr 2. Ta c6 thé bd tri cau trac s6 liéu thanh 2 cot, cot Cl (P) va cot

C2 (LUA).

|| Minitab - ViduML.1b.mpj - [Worksheet 1 ***]
[EH Eile Edit Data Calc Stat Graph Editor Tools Win

=HE & % L] S
e olo i b
| = [

T c1 c2 c3 c4 c5

P Lua

1 541 1

2 498 1

3 24.0 1

4 46.0 1

5 441 1

6 34.0 1

7 526 1

8 54.4 1

9 56.1 2

10 52.0 2

Két qua tir Minitab
Descriptive Statistics: P
Variable LUA N N* Mean SE Mean
P 1 8 0 44.88 3.82
2 8 0 50.28 3.32
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StDev
10.79
9.39

Display Descriptive Statistics x

c1 P
C2 Lua

Variables:
P

By wvariables (optional):

Lua

4 Statistics. .. | Graphs... |

Help oK | Cancel |
Minimum Q01 Median 03
24.00 36.53 47.90 53.73
32.70 42.23 53.00 57.53



Str dung két qua nay dugc st dung dé trinh bay theo ting lira. Trong trudng hop c6
hai hodc nhiéu yéu td, c6 thé khai bao hai hodc nhidu yéu té vao cira s6 By variables.
1.3. TOM TAT VA TRINH BAY POI VOI BIEN PINH TiNH
Déi voi bién dinh tinh sé liéu tho thu thap dugc tir thi nghiém c6 thé dugc trinh
bay theo mdt trong 2 cach sau day:

Vi du M-1.2: S bo sita ¢ ba trai A, B, C lan luot 1a 106, 132 va 122 con. Chon
ngau nhién va kiém tra bénh viém ndi mac tir cung ¢ 3 trai, két qua nhu sau:

Cach 1:
Trai A A A AAAAAAAAA A A A A A
Bo sb 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17
Kétqua + - - - + + + - - - + - - - - - %
Trai B B B B B B B B B B B B B B B B B B B B B B
Bo sb 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22
Kétqua - - + - - - - - + 4+ - - - - -+ - 4+ -+ - -
Trai c cccccccecceccec cc cc c c c c coc
Bo sb 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20
Két qué + + - - - -+ - - - + - + - - - - + + +
Cach 2:
Trai Viém ndi mac t cung Tbng sb
i Cé Khéng
A 6 11 17
B 6 16 22
C 8 12 20

S6 lidu co thé duogc nhap va phan tich bing phan mém Minitab theo 2 cach tuong
g vé6i 2 cach trinh trinh bay s6 liéu tho da néu trén.
Cach 1: S6 liéu duoc nhap vao cit trong Windows Worksheet

Minitak - VIDUM1.2.MPJ - [Worksheet 1]
@ Eile Edit Data Calc 5tat Graph Editor Tools Window He

EE & 4@ & VS
A | =% =& o dig &
| - 17
+ C1-T C2-T C3
TRAI KETQUA

+

o O kR WN
> r P
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Nhap dit liéu vao 2 cot, Trai vao cot C1 (TRAI) va cot Két qua xét nghiém vao
cot C2 (KETQUA).

Luwu y: Sau khi nhap thong tin vao cot C1 va C2 ky hiéu cot thay ddi thanh C1-
T va C2-T. (Minitab thong bao cac thong tin trong cot khong phai dang s ma dang ky
tu (Text).

Véi s liéu & dang tho (cach 1) co thé tao thanh bang tom tit nhu ¢ cach 2 bang
cac 1énh sau:

Stat =» Tables = Cross Tabulation and Chi-Square...

Vao 6 For rows va For columns:

Cross Tabulation and Chi-Square @

Categorical variables:
For rows: |'|'R,a,[

For columns: | KETQUA

For layers: |

Freguencies are in: (optional)

Display
[+ Counts
[ Row percents
[~ Column percents

[ Total percents

Chi-Square... | Other Stats... |
Options...

Help oK | Cancel |

Options Display hién thi:

Count tan sé ddi vé6i timg trudng hop;

Row percents ty 18 (phan trim) theo hang;

Column percents ty 1& (phan tram) theo cot;

Total percents ty 1¢ (phan trim) theo hang/cot tong sd.
Chon OK dé c6 két qua

Tabulated statistics: TRAI, KETQUA

Rows: TRAT Columns: KETQUA

- + All

A 11 6 17
64.71 35.29 100.00

B 16 6 22
72.73 27.27 100.00

C 12 8 20
60.00 40.00 100.00

All 39 20 59

66.10 33.90 100.00
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Cell Contents: Count

o)

% of Row

Déi véi bién dinh tinh ¢ thé mo ta bang biéu do thanh (Bar Chart), biéu dd banh
(Pie Chart).

Graph = Bar Chart...Counts of unique values

Chon OK Chon Multiple Graphs...

Bar Chart - Counts of unique values, Simple X

|Bar Chart - Multiple Graphs ps
1c1t TRAar Categorical variables: | Multiple Variables By Variables I
[[c2  KETQUA KETQUA | [er Tra By variables with groups in separate panels:
2 KETQUA [TRar
By variables with groups on separate graphs:
Chart Options... | Scale... | Labels... |
Data View... | Multiple Graphs... | Data Options. .. |
Help oK | Cancel Help oK Cancel

Chon OK dé c6 biéu dd thanh

Chart of KETQUA
- +
A B
- 16
- 12
-8
- 4
d
5 0
C
S 16
12
8 .
4 -
0 T T
- +
KETQUA
Panel variable: TRAI

Cach 2: S6 lidu duoc nhép vao cft trong Windows Worksheet
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[ Minitab - VIDUM1.2.MP) - [Worksheet 2 =]
@ File Edit Data Calc 5tat Graph Editer Tools

EH & & 2 &

= fi &

| E |

+ C1-T C2.T C3 C4
TRAI KQ TS

1 |A + 6

2 A - "

3 |B + 6

4 |B - 16

5 |C + 8

6 |C - 12

T

8

Nhap dir liéu vao 3 cdt, Trai vao cot C1 (TRAI), cot Két qua xét nghiém vao cot
C2 (KETQUA) va Tan suit vao cot C3 (TANSUAT).

Dang ky tu (Text).

Véi s6 liéu & dang thd (cach 1) co thé tao thanh bang tom tit nhu ¢ cach 2 bang
cac 1énh sau:

Stat = Tables = Cross Tabulation and Chi-Square...

Khai b4o vao 6 For rows, For columns va Frequencies are in

Chon Counts va Row percents trong Tabulated statistics: TRAI, KQ
Display dé co két qua

Using frequencies in TS

Cross Tabulation and Chi-5quare X
I Rows: TRAT Columns: KQ
C1 TRAI Categorical variables:
C2 K VH
o TS For rows |TRAI _ + A1l
For columns: | kal
For layers: A 11 6 L7
yer: | 64.71 35.29 100.00
Frequencies arein: | TS (optional)
_ B 16 6 22
Dy 72.73 27.27 100.00
[v Counts
[ Row percents C 12 8 20
[~ Column percents

[~ Total percents 60.00 40.00 100.00

Chi-Square...| Other 5tats...|
All 39 20 59
Options... 66.10 33.90 100.00

Help OK | Cancel | Cell Contents: Count

[

% of Row

Graph =» Pie Chart... Counts of unique values
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Chon OK

Chon Multiple Graphs...

Pie Chart
C1  TRAI {* Chart counts of unique values
C2 KQ {” Chart values from a table
c3 T5
Categorical variables:
kdl
Pie Options. .. | Labels... |
Select | Multiple Graphs... | Data Options... |

Help | aK | Cancel

Pie Chart - Multiple Graphs X

Multiple Variables By Variables

C1 TRAL By variables with groups on same graph:
C2 KQ
c3 TS

By variables with groups on separate graphs:

Select |

Help oK | Cancel |
Chon OK dé c6 biéu dd banh

Pie Chart - Data Options X
Subset | Group Options  Frequency |
c3 TS Erequency variable(s):
[1s
Select |
Help | oK Cancel
Pie Chart of KQ

Panel variable: TRAI
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Bai 2. UOC LUQNG, KIEM PINH MOT GIA TRI TRUNG BIiNH VA
SO SANH HAI GIA TRI TRUNG BINH

2.1. UOC LUQNG VA KIEM PINH MOT GIA TRI TRUNG BINH
2.1.1. Kiém dinh phan phéi chuén
Déi véi tat ca cac phép thir dbi v6i bién dinh lwong, déu gia thiét rang s liéu thu
thap duoc (sé liéu thd) tuan theo phan phdi chuin. Néu sb liéu khong tuan theo phan
phdi chuan thi cac phép thir dudi ddy s& khong c6 hiéu luc. Trong trudng hop nay can
bién ddi sb liéu vé phan phéi chuén hoic st dung kiém dinh phi tham s6. Gia thiét cua
phép thr:
Ho: S6 liéu phan bd chuan va Hi: S6 lidu khong phan bd chuan
Vi du M-1.3: Tang khdi luong trung binh (g/ngdy) ctia 36 lon nudi vd béo gidng
Landrace duoc rat ngﬁu nhién tir mot trai chian nuéi. S6 lidu thu duge nhu sau:

577 596 594 612 600 584 618 627 588 601 606 559 615 607 608
591 565 586

621 623 598 602 581 631 570 595 603 605 616 574 578 600 596
619 636 589

Can bo ky thuat trai cho rang tang khdi luong trung binh cua toan dan lon trong
trai 1a 607 g/ngay. Theo anh (chi) két luan d6 ding hay sai, vi sao? Biét rang do léch
chuén ciia tinh trang nay 1a 21,75 g.

Nhap s6 liéu vao Worksheet

Minitab - VIDUM1.3.MPJ - [Worksheet 1]

[ Fle Edt Daws Colc Stat Graph Edtor Tooks Stat = Basic Statistics = Normality Test...

iﬁ n é lxl “ Mormality Test @
& =3 di pr Variable: [p
| J |— Percentile Lines
+ MNone
+ Cc1 c2 Cc3 Cc4 i AtY values: |
P " At data values: |
1 877
Tests for Mormality
2 596 + Anderson-Darling
3 £94 {” Ryan-Joiner (Similar to Shapiro-Wilk)
n 612 i~ Kolmogorowv-Smirnov
5 600 Title:
6 584
7 618 b | ok | cancal
8 627
9 588
10 601

Chon OK dé c6 két qua.
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Probability Plot of P

Normal
99

Mean 599.2
StDev  18.66
N 36
AD 0.094
P-Value 0.997

Percent
=
1

1

550 560 570 580 590 600 610 620 630 640
P

Gia tri P-Value = 0,997 trong dd thi trén 16n hon 0,05 (o), nhu vay Ho duoc chép
nhan. Két luan sb liéu tudn theo phan phdi chuan.

2.1.2. Kiém dinh Z

St dung kiém dinh Z dé kiém dinh gi4 trj trung binh khi biét do 1éch chudn cta
quan thé (o). Minitab s& tinh khoang tin cay (CI 95%) va thyc hién phép kiém dinh. Di
v6i kiém dinh 2 phia ta c6 gia thiét: HO: p = po v6i ddi thiét p # po; trong d6 p 1a gia trj
trung binh cta quan thé va po 13 gia tri trung binh ciia quan thé kiém dinh. Str dung s
liéu 6 vi du M-1.3.

Stat =» Basic Statistics = 1-sample Z...
1-5ample Z (Test and Confidence Interval) @

f* Samples in columns:
=]

" Summarized data

—
—

Standard deviation: | 21.75

v Perform hypothesis test

Hypothesized mean: | 607

Graphs... | Options... |
Help OK I Cancel |

Trong Samples in columns khai bao cot s6 liéu (P).
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Trong Standard deviation dién gia tri 21,75 (46 Iéch chuén cta quﬁn thé o).

Kich chuét vao 6 Perform hypothesis test va nhdp gia tri 607 (gia tri quin thé
kiém dinh po) vao 6 Hypothesized mean.

Chon OK dé c6 két qua.
One-Sample Z: P

Test of mu = 607 vs not = 607

The assumed standard deviation = 21.75
Variable N Mean StDev SE Mean 95% CI Z P
P 36 599.194 18.656 3.625 (592.090; 606.299) -2.15 0.031

Véi xé4c suit cta kiém dinh P = 0,031 < 0,05 (a), bac bo Ho va chap nhan d6i thiét
Hi. Két luan: Tang khdi luong cta lon Landrace & trai néu trén khong dat dugc 607 g/
ngay (P < 0,05). Nhu vay, can bo k¥ thuat trai két ludn sai va khoang tin cdy 95% la
592,090 — 606,299 g/ ngay.

1-5ample Z (Test and Confidence Interval) e

"~ Samples in columns:

¢ Summarized data

Sample size: | 36
Mean: 519,194

Standard deviation: | 27,75

[v Perform hypothesis test
Hypothesized mean: |07

Graphs. .. | Options... |
Help oK | Cancel |

Luu y: Trong mot s6 trudng hop, s6 liéu da dugc tom tit (sb lidu di dac két) dudi

dang céc théng ké mo ta. Nhu ¢ vi du 1.3 ta co n = 36; x= 599,194 g. Vi vay céc gia tri
nay cé thé su dung dé khai bao trong lga chon Summarized data, cic gia tri khac (¢ va
n) dugc khai bao twong tu dé co két qua sau.

One-Sample Z

Test of mu = 607 vs not = 607

The assumed standard deviation = 21.75

N Mean SE Mean 95% CI Z P
36 599.194 3.625 (592.089; 606.299) -2.15 0.031
2.1.3. Kiém dinh T

Trong truong hop khong co d6 1éch chuan cia quéan thé (o), kiém dinh T dugc st
dung dé kiém dinh gia tri trung binh va do I¢ch chuin ctia miu (s) dugc st dung thay
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thé do léch chuén o quén thé. Gia thiét cua kiém dinh, ciu trac sb lidu tuong tu nhu ¢
kiém dinh Z.

Stat =» Basic Statistics =» 1-sample t...

. X o . £ g+ re A 1A ~ 7 M A 1A .
Khai bao ddi vdi sd litu thd ... V&1 80 li€u da tom tat (so liéu tinh)
1-Sample t (Test and Confidence Interval) x 1-5ample t (Test and Confidence Interval) x
¥ Samples in columns: (" Samples in columns:
P 3
" Summarized data {+ summarized data
Sample size: 36
’— Mean: ’W
’— Standard deviation: ’W
[ Perform hypathesis test Iw Perform hypothesis test
Hypothesized mean: | 607 Hypothesized mean: | 607
Graphs... | Options... | Graphs. .. ‘ Options... |
Help oK | Cancel | Help oK Cancel |

Chon OK dé¢ c6 két qua

One-Sample T: P

Test of mu = 607 vs not = 607

Variable N Mean StDev SE Mean 95% CI T P

P 36 599.194 18.656 3.109 (592.882; 605.507) =-2.51 0.017

V61 P =0,017 ta ciing c6 két ludn tuong tu nhu ddi voi khi sir dung kiém dinh Z.

2.2. SO SANH HAI GIA TRI TRUNG BINH

Khi tién hanh thi nghiém dé so sanh sy khac nhau giita 2 cong thtc thi nghiém, c6
2 truong hop chon mau c6 thé xay ra: 1) Chon mau doc 1ap va 2) chon méu theo cip
(xem 2.4, tr.23, Giao trinh Thiét ké thi nghiém 2007). Tuy thudc vao céch chon mau b
tri thi nghiém ta c6 thé sir dung phép thir T hay T ¢iip cho phu hop.

2.2.1. Kiém dinh sy ddng nhit ciia phwong sai

Déi voi kiém dinh 2 gié tri trung binh, ngoai gia thiét s6 liéu tuan theo phan phdi
chuan con mot van dé thir 2 dit ra 1a Hai phwong sai c6 bang nhau hay khéng?

D6i v6i kiém dinh hai phia ta c6 gia thiét Ho: Hai phuong sai bang nhau (o =
6%) va Hi: Hai phuong sai khong bang nhau (6% # 6%) . Khi chip nhan gia thiét Ho,
phuong sai chung (c)sé dugc sir dung dé tién hanh kiém dinh trong phép thir T; nguoc
lai (bac bo Ho) thi phép thtr T gan chinh xac s& dugc thyc hién.

Vi du M-1.4: Dé so sanh khdi luong ciia 2 giéng bo, tién hanh chon ngau nhién
va can 12 con ddi véi giéng thi nhat va 15 con ddi véi gidng thir 2. Khéi lwong (kg) thu
duoc nhu sau:
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Gibng bo thw nhat 187,6 180,3 198,6 190,7 196,3 203,8 190,2 201,0
194,7 2211 186,7 203,1

Gibng bo the hai 148,1 146,2 152,8 135,3 151,2 146,3 163,5 146,6
162,4 140,2 159,4 181,8 165,1 165,0 141,6

Theo anh (chi), khdi lugng cua 2 gidng bo c6 su sai khac khong?
Céu tric sb liéu cia bai toan kiém dinh 2 gi tri trung binh c6 thé duoc trinh bay
bang mot trong 2 cach sau day:
Cach 1: Sb liéu cua 2 cong thuc thi nghi€ém dugc nhép vao mot cdt va cdt thur 2
dé xac dinh gia tri cta ting cong thuec.
Minitab - ViduM1.4.MPJ - [Worksheet 1]
@ File Edit Data Calc 5tat Graph Editor

=EH & 4 B
F == o\ dif 7

| E

+ C1 c2 c3 Cc4
KL GIONG
187.6
180.3
198.6
1907
196.3

| L b =
— | =k | =k | =k | =k

Cich 2: S6 liéu duoc nhap vao 2 cot riéng biét theo ting cong thirc thi nghiém.
Tén cot thé hién gi tri trong mdi cong thirc.
Minitak - ViduM1.4.MPJ - [Worksheet 2 %]
@ File Edit Data Calc 5tat Graph Editor

EEH & & B
f | =3 =2 oip df 7
i C1 c2 C3 Cc4

GIONG1 | GIONG2

1 187.6 @
2 1803 1462
3 1986 1528
N 1907 1353
5 1963 1512

Stat =» Basic Statistics = 2 Variances...
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CAu trtc sb liéu tho cach 1 ...cach 2

2 Variances (Test and Confidence Interval) x 2 Variances (Test and Confidence Interval) e
Cl KL Data: [Samples in one column =l C1  GIONG1 Data: [Samples in different columns =]
2 GIONG 2 GIONG2
Samples: [k Eirst: GIONG1
Subscripts: | GIONG Second: [ GIONG2
Optians. .. i Graphs... | Options. ..
Help CK Cancel Help oK Cancel
' ' ' Déi véi s6 liéu da tom tt
Ko re A 1:a ~ .7 <
Poi voi so liéu da tém tat S
2 2 .
5 A 1A A
& dang @6 léch chuan 0 dang phuong sai
- ) 2 Variances (Test and Cenfidence Interval
2 Variances (Test and Confidence Interval) X (T ! X
Data: |Sample standard deviations j Data: |Samp\e variances j
Sample size: Standard deviation: S NETETEE
Fst |12 [10.6160 Frstt |12 1127
Second: [ 1] [12.3014 Second: | 15 [ 151.32

Graphs... Options... Graphs... Options...
ﬁ L m Help oK Cancel

Chon OK dé c6 két qua
Test for Equal Variances: KL versus GIONG

95% Bonferroni confidence intervals for standard deviations
GIONG N Lower StDev Upper
1 12 7.17875 10.6160 19.6238
2 15 8.63359 12.3014 20.8502
F-Test (normal distribution)
Test statistic = 0.74; p-value = 0.631
Levene's Test (any continuous distribution)
Test statistic = 0.46; p-value = 0.503
Xac suit p-value = 0,631 > 0,05 (o) vi vay Ho duoc chép nhan. Két luan Hai
phwrong sai bang nhau (P > 0,05).

2.2.2. Kiém dinh T
St dung kiém dinh T dé kiém dinh 2 gi4 tri trung binh khi khong biét do léch
chuan cua quan thé (o). Minitab s& tinh khoang tin cay (CI 95%) su chénh 1éch giita 2
gid tri trung binh quéan thé va thuc hién phép kiém dinh. D6i voi kiém dinh 2 phia ta c6
gia thiét: Ho: p1 = pa voi doi thiét Hi: w1 # po; trong d6 pi va pa 14 gid tri trung binh cia
quén thé thtr nhat va thi 2.
Stat =» Basic Statistics = 2-Sample t...
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C6 thé str dung Summarized data khi d3 tinh cac théng ké. i v6i truong hop nay
can khai bao dung lvong mau (Sample size), gia tri trung binh (Mean) va d6 1éch chuin
(Standard deviation) d6i v6i timg cong thirc thi nghiém twong tng (First hoic Second).

Chon v Assume equal variances néu 2 phuong sai bang nhau va nguoc lai néu 2
phuong sai khong bang nhau.

Chon hién thj dd thi trong Graphs... va muac tin cay trong Options..., theo mac
dinh Minitab tinh khoang tin cay 95%.

Vi cau trac so liéu tho cach 1:
2-5ample t (Test and Confidence Interval) b

f* Samples in one column

Samples: KL
Subscripts: | SIONG

{~ Samples in different columns

——
——

" Summarized data

[v Assume egual variances

Graphs. .. | Options. .. |
Help 0K | Cancel |

Céch 2:

2-5ample t (Test and Confidence Interval) >

" Samples in one column

——
——

(¢ Samples in different columns

First: GIOMNG1
Second: GIONG2

"~ Summarized data

[v Assume equal variances

Graphs... | Options... |
Help oK | Cancel |
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Vi so liéu da duoc tom tat:

2-5ample t (Test and Confidence Interval) b4
™ Samples in one column
™ Samples in different columns
{¢" Summarized data Standard
Sample size: Mean: devigtion:
First: |12 | 196.17 | 10.62
Second: |15 | 153.70 |12.3

Graphs... | Options... |
Help Ok | Cancel |

Chon OK dé c6 két qua.
Two-Sample T-Test and Cl: KL; GIONG

Two-sample T for KL

GIONG N Mean StDev SE Mean

1 12 196.2 10.6 3.1
2 15 153.7 12.3 3.2
Difference = mu (1) - mu (2)

Estimate for difference: 42.4750

95% CI for difference: (33.2301; 51.7199)

T-Test of difference = 0(vs not =: T-Value = 9.46 P-Value = 0.000 DF = 25
Both use Pooled StDev = 11.5901

Xac suit P-value = 0,000 < 0,05 (o) vi vay Ho bi bac b6 va Hi dugc chap nhén.
Két luan rang Khoi lwong ciia hai giong bo ¢6 sw sai khdc (P < 0,05).

2.2.3. Kiém dinh T ciip

Ddi véi cac thi nghiém chon mau theo cap, diéu kién duy nhét cua bai toan 1a kiém
tra phan phdi chudn ctia chénh 1éch (d) cta cip sb lidu trong 2 cong thirc thi nghiém.

V6i kiém dinh 2 phia ta c6 gia thiét Ho: pa = 0 ddi thiét Hi: pa # 0 (ua 1a trung
binh cua sy chénh 1€ch gitta 2 trung binh p va po).

Vi du M-1.5: Tang khéi luong (kg) ctia 10 cip bé sinh doi giéng hét nhau dudi
hai ché d¢ cham séc khac nhau (A va B). Bé trong timg cip dugc bat thim ngiu nhién
vé mot trong hai cach chiam séc. Hay kiém dinh gia thiét Ho: Tang khdi luong trung
binh & hai cach cham s6c nhu nhau, dbi thiét H;: Tang khdi lugng trung binh khac nhau
& hai cach cham soc véi mire ¥ nghia a = 0,05. S liéu thu duoc nhu sau:
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C&p sinh doi 1 2 3 4 5 6 7 8 9 10
Tangkoond 1950 1769 17,69 1905 2087 1950 17.24 1996 2313 19,50
Té“g 'éggih'%‘-’“g 16,78 1588 1542 18,60 17,69 16,78 1588 18,14 21,77 16,32
Chénhléch(d) 2,72 1,81 227 045 318 272 1,36 1,82 136 3,18

Nhép sb liéu vao Worksheet
1 Minita - VIDUMI.SDONVI KG.MP) - (Worksheet ™) Luuy:

| File Edit Data Calc Stat Graph Editor Tools Window , .
IR #iloe S6 liéu dugc nhap vao Worksheet
ElESo & < — theo mot cach duy nhat vao 2 cot theo ting
= o A 1A ,
n 1 c2 c3 ca c5 cap so 11@11 tuong ung.
A B D
1 1950 1678 4 fn A5 <A 1A A . ;
(LT Thir tu cac cdp so liéu khong dong vai
3 17 .69 15.42 A N a A A
3. e e trd quan trong nhung tung 1 cdp mot ludn
R phai cung nhau.
7 17.24 15.88 Re s ’ = 7 R
5 | 199 1814 Su thay doi vi tri trong 1 cdp c6 thé
2313 21.97 A , A A c A ’ r
w1 e 15w dua ta dén cac ket luan thicu chinh xac.

Calc = Calculator...

Calculator X
Cl1 A Store result in variable: ,[)7
c3 D Expression:
W
Functions:
7|8|9)| +| =|<=| |l functions -
4| 5|6 B < | = | |Absolute value ~
Antilog
1| 2| 3| =] 2=|==| [any
Arcsine
i aj_/ And Arcrosing
== or Arctangent hd
Select m Mot
[ Assign as a formula
Help Cancel

...chon OK dé c6 dugc phén chénh 1éch
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1] Minitab - VIDUM1.5D0NVI KG.MPJ - [Worksheet 1 7]
@EI\E Edit Data Calc 5tat Graph Editor Tools Window |

= & 4 #H S
Fe | =E =B o d @
[ [
+ C1 c2 c3 Cc4 Cc5
A B D
1 19.50 16.78 272
2 17.69 15.88 1.81
3 17.69 15.42 227
4 19.05 18.60 0.45
5 20.87 17.69 318
6 19.50 16.78 272
7 17.24 15.88 1.36
8 19.96 18.14 1.82
9 2313 2177 1.36
10 19.50 16.32 318



Tién hanh kiém dinh phén b6 chuén ctia phan chénh léch D

Stat =» Basic Statistics = Paired t...

Paired t (Test and Confidence Interval) >
1 A f* Samples in columns
c2 B First sample: A
c3 D

Second sample: | 3]
" Summarized data (differences)

=
——
—

Paired t evaluates the first sample
minus the second sample.

EZ
Help

Graphs... | COptions... |

o]

Cancel |

Paired T-Test and Cl: A; B

Paired T for A - B

C6 thé str dung Summarized data
(differences) khi st dung cac thong tin
cua cot chénh léch D dé kiém dinh.

D6i voi trudong hop nay can khai
béo dung lugng mau (Sample size), gia
tri trung binh (Mean) va d6 léch chuan
(Standard deviation) cua cot D.

Chon hién thi d0 thi trong
Graphs... va muac tin cdy trong
Options..., theo mac dinh Minitab tinh
khoang tin cdy 95%.

Chon OK dé c6 két qua

N Mean StDev SE Mean
A 10 19.413 1.734 0.548
B 10 17.326 1.874 0.592
Difference 10 2.087 0.889 0.281
95% CI for mean difference: (1.451, 2.723)
T-Test of mean difference = 0(vs not = 0: T-Value = 7.43 P-Value = 0.000

Xéc suat P-value = 0,000 < 0,05 (o) vi vay Ho bi bac bé va H; dugc chip nhan.
Két luan Tang khoi lwong trung binh ¢ hai cach cham soc co su sai khac (P <0,05).
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Bai 3. SO SANH NHIEU GIA TRI TRUNG BINH

Phan tich phwong sai (Analysis of Variance - ANOVA) la cong cu hitu ich dé so
sanh nhiéu gia tri trung binh. Piéu kién ciia bai todn phdn tich phwong sai 1) s6 liéu
tudn theo phdn bé chuan va 2) phwong sai dong nhat. Trong khuén khé gido trinh nay
chung toi chi de cdp dén viéc kiém tra diéu kién ciia bai todn déi véi cac mé hinh thiét
ké thi nghiém don gidan (Thi nghiém mot yéu té hoan toan ngau nhién).

Gia thiét can kiém dinh Ho: i = 2 = ... = pa d6i thiét Hi: gy # po # ...# pa (p 12
trung binh ctia quan thé & cong thirc thi nghiém thir 1, 2, ...a).

3.1. THi NGHIEM MOT YEU TO HOAN TOAN NGAU NHIEN

Xét truong hop don gidn nhat ddi véi bai toan phan tich phuwong sai. Chi c6 mot
yéu t& duy nhét trong thi nghiém, cac yéu té phi thi nghiém con lai duoc coi 1a ¢ tac
dong nhu nhau dén dbi twong thi nghiém.

Vi du M-1.6: Theo dbi ting khdi luong cua ca (kg) trong thi nghiém véi 5 cong
thire nudi (A, B, C, D va E). Hiy cho biét tang khéi luong cua ca ¢ cac cong thirc nubi.
Néu c6 su khac nhau, tién hanh so sanh su sai khéac cta tung cap gia tri trung binh c6
thé bang cac chir cai.

A B Cc D E
0,95 0,43 0,70 1,00 0,90
0,85 0,45 0,90 0,95 1,00
0,85 0,40 0,75 0,90 0,95
0,90 0,42 0,70 0,90 0,95

Ciu triic 6 liéu cua bai toan kiém dinh nhiéu gié tri trung binh c6 thé dugc trinh
bay bang mot trong 2 cach sau:

Cach 1: SO liéu cua cac cong thirc thi nghiém dugc nhap vao mot cot va cot tha 2
dé xac dinh gia tri cua tirng cong thure
Minitab - VIDUM1.6.MP) - [Worksheet 1]
@ File Edit Data Calc 5tat Graph Editor Teols |

2E&E 2@ 4
fe =2 oo g 2

| E |

+ c1 C2T c3 Cc4 (

KL TA
0.95
0.85
0.85
0.90
0.43
0.45

SR TR R
e e i = - s = o4
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Cach 2: SO li¢u dugce nhap vao cac cdt riéng biét theo cong thirc thi nghi€ém. Tén
cOt the hién gia tri trong moi cong thirc
1 Minitab - VIDUM1.6.MPJ - [Worksheet 2 =]
@ File Edit Data Calc 5tat Graph Editor Tools Windo

=d & ¥ Ml

% & &

| B [

+ C1 c2 C3 C4 C5
A B C D E

1 0.95 043 0.70 1.00 0.90

2 0.85 0.45 0.90 0.95 1.00

3 0.85 0.40 0.75 0.90 0.95

4 0.90 042 0.70 0.90 0.95

5

6

Kiém tra diéu kién cua bai toan (su dong nhét ciia phuwong sai va phan phdi chuan
ctia s6 liéu) s& duoc trinh bay sau. Tién hanh so sanh cac gi4 tri trung binh bang phép
phan tich phuong sai (ANOVA) ddi véi cau tric so liéu cach 1 va cach 2.

Vi cac bai toan sir dung phép phan tich phuong sai dé so sanh, cau trac sb lidu
cach 1 s& phu hop va thuan loi hon trong qua trinh xt 1y s liéu. Trong cac vi du tiép
theo chung toi chi dé cap dén viéc xir 1y s6 liéu ¢6 cau trac cach 1.

Stat = ANOVA = One-Way...

Cne-Way Analysis of Variance >
Response: | KL
Factor: | TA

[v Store residuals
| Store fits

Confidence level: |as5.0

| Comparisons... Graphs...

Help K, Cancel
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Stat = ANOVA = One-Way (Unstacked)...
One-Way Analysis of Variance >

Responses (in separate columns):
A-E

|v Store residuals
[T Store fits

Confidence level: |gs5.0

Comparisons. .. Graphs...
Help QK Cancel

Chon OK dé c6 két qua
One-way ANOVA: KL versus TA

Source DF SS MS F P
TA 4 0.76325 0.19081 60.99 0.000

Error 15 0.04693 0.00313
Total 19 0.81018
S = 0.05593 R-Sgq = 94.21% R-Sg(adj) = 92.66%
Individual 95% CIs For Mean Based on

Pooled StDev

Level N Mean StDev -——t+-——————---- t-———————— t-———————— -

A 4 0.8875 0.0479 (==*--)

B 4 0.4250 0.0208 (-=*--)

c 4 0.7625 0.0946 (==*=-)

D 4 0.9375 0.0479 (==*--)

E 4 0.9500 0.0408 (=*=-)
——t———— fom————— Fo— R
0.40 0.60 0.80 1.00

Pooled StDev = 0.0559

Xac suit P-value = 0,000 < 0,05 (o) vi vay Ho bi bac bo va Hi dugc chap nhén.
Két luan rang Tang khoi heong trung binh cia cd ¢ cdc cong thirc thire dn ¢ sw sai
khac (P <0,05).

So sanh cip khi bac bo gia thiét Ho chap nhén gia thiét H;
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Chon Comparisons... trong hop thoai One-Way Analysis of Variances

Cac lua chon:

One-Way Multiple Comparisons X
% Tukey's, famiy error rate: R ’ Tukey’s, family error rate: voi sai
sO cua toan b cac cap so sanh l1a 5%.
[~ Fisher's, individual error rate: g . . . .
Fisher’s, individual error rate: voi
Dunnetts, fami te: N CX B , .
Bloos s s ’ sai sO cla tirng cdp so sanh 1a 5%.
Dunnett’s, family error rate: so
[ Hsu's MCE, family error rate: 5 sanh voi nhom doi chl'rng, sai sO cua
e toan b cac cdp so sanh 1a 5%.
N

Hsu’s MCB, family error rate:
V01 sai sO cua toan by cac cap so sanh

Help 0K | Cancel | la 5%.

Chon OK dé c6 két qua.

M&i phuong phap so sanh cip déu c6 nhimg wu diém va han ché. Dé Iya chon
dugc phuong phap so sanh cip phi hop, ban doc ¢ thé tham khao Gido trinh Phén tich
s liéu thi nghiém va cong bd két qua nghién ciru chian nudi (Nguyén Xuan Trach va B
buc Lyc, 2016).

Tukey 95% Simultaneous Confidence Intervals

All Pairwise Comparisons among Levels of TA

Individual confidence level = 99.25%

TA = A subtracted from:

TA Lower Center Upper -—-———-———- o Fm———————— e +—
B -0.58471 -0.46250 -0.34029 (——=*--)
C -0.24721 -0.12500 -0.00279 (==*-—-)
D -0.07221 0.05000 0.17221 (—=*-=-)
E -0.05971 0.06250 0.18471 (==—=*—=)
———————— it e e
-0.35 0.00 0.35 0.70

TA = B subtracted from:

TA Lower Center Upper -—--——-—-——--- t-———————— t-———————— t-——————— +-
C 0.21529 0.33750 0.45971 (===*--)
D 0.39029 0.51250 0.63471 (===*--)
E 0.40279 0.52500 0.64721 (==*==)
———————— e it e
-0.35 0.00 0.35 0.70

TA = C subtracted from:
TA Lower Center Upper -——-——-—-——--- t—— e —_—— e 4
D 0.05279 0.17500 0.29721 (—=*--)
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E 0.06529 0.18750 0.30971 (==*===)

———————— e A e
-0.35 0.00 0.35 0.70
TA = D subtracted from:
TA Lower Center Upper —-——---—--- t-—————- t-—————- fo———————- +-
E -0.10971 0.01250 0.13471 (==*-=-)
———————— e e e
-0.35 0.00 0.35 0.70

Ngoai két qua phan tich phuong sai nhu phan trén, Minitab da cung cip két qua so
sanh tung cap. Su sai khac ¢6 y nghia (P < 0,05) gitra cadc cong thuc thi nghi¢m dya trén
khoang tin cdy cta timg cip. Khong cé sw sai khac giita cac cong thire thi nghiém néu
khoang tin cdy c6 chtra $6 0 (gid tri can dudi va cén trén cung déu) va nguogc lai c6 suw
sai khac néu khong chira s6 0 (gia tri can dudi va can trén khac ddu). Vi du trong két
qua néu trén néu so sanh gitra A-B ta c6 khoang tin cdy (-0,58471; -0,34029) khong
chtra s6 0 (cung dau -) nén két luan khong c6 sy sai khac gitra A va B (P >0,05). Néu so
sanh A va D ta c¢6 khoang tin cdy (-0,07221; +17221) ¢6 chira s6 0 (khac dau) nén két
ludn c6 sy sai khac gitrta A va D (P < 0,05). Dé ¢6 thé trinh bay két qua so sanh cdp, ban
doc c6 thé tham khao chuong 4 ciia gido trinh nay.

Bén canh viéc cung cip két qua so sanh timg cip gitra cic cong thirc thi nghiém
dua trén khodng tin cdy cua tung cdp, Minitab 16 con thé hién sy sai khac béng cach tao
thanh cac nhém véi cac chircaia, b, c, ...

Grouping Information Using Tukey Method

TA N Mean Grouping
E 4 0.95000 A

D 4 0.93750 A

A 4 0.88750 A

C 4 0.76250 B

B 4 0.42500 C

Means that do not share a letter are significantly different.
Kiém tra sy dong nhat ciia phuong sai véi cau trac so li¢u cach 1
Stat = ANOVA = Test for Equal Variances...

Test for Equal Variances X

Cl KL Response: | kL
c2 TA
C3 RESI Factors: [ TA
Confidence level: 95.0
Title: |
Storage...
Help 0K Cancel |
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Chon OK dé hién thi dd thi va két qua trong ctra s6 Session:

Test for Equal Variances for KL
Bartett's Test
Aq e Teststatisic  5.76
P-Yalue 0.218
Levena's Test
B e Test Statistic  0.81
P-Yalue 0.539
g cH —e
DA e
E4 |=» |
T T T T T T T
0.0 0.1 0.2 0.3 0.4 0.5 0.6
95%b Bonferroni Confidence Intervals for StDevs

Test for Equal Variances: KL versus TA

95% Bonferroni confidence intervals for standard deviations
TA N Lower StDev Upper

A 4 0.0231412 0.0478714 0.309607

B 4 0.0100628 0.0208167 0.134631

C 4 0.0457534 0.0946485 0.612137

D 4 0.0231412 0.0478714 0.309607

E 4 0.0197348 0.0408248 0.264034

Bartlett's Test

(normal distribution)

Test statistic = 5.76; p-value = 0.218

Levene's Test (any continuous distribution)

Test statistic = 0.81; p-value = 0.539

X4c suét p-value = 0,539 > 0,05 (o) vi vay Ho duogc chép nhén. Két luan ré“mg Cac
Phwong sai bang nhau (P > 0,05).

Kiém tra phan phéi chuin véi cau triic s6 lidu cach 1

Khong tién hanh kiém tra phan b6 chuan cua cot s6 tho (KL) ma tién hanh kiém
tra phan sai s6 ngiu nhién & theo mo hinh:

Yij = Bt ait g (i=laj=1rn)

Trong d6 yij = quan sat thir j & cong thirc 1, p = trung binh chung, ai = chénh léch
do anh hudng ciia cong thirc i va &;j = sai s6 ngau nhién; cac &; doc 1ap, phan phoi
chuan N~(0,67). Néu ,phén §ai s6 ngau nhién tuan theo phan phdi chuan thi sd liéu bai
toan ciing c6 phan phoi chuan.
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Stat = ANOVA = One-Way...

One-Way Analysis of Variance

Response: | kL
TA

[v Store residuals

Confidence level: |gs5.0
| Comparisons... | Graphs... |
oK | Cancel |

Help

Chon Store residuals va OK dé c6 RESI1 (&)

[ Minitab - VIDUM1.6.MPJ - [Worksheet 1]

@ File Edit Data Calc 5tat Graph Editer To

FEH & 4 é

fx =2 o' fig 7

|

4 C1 c3 c4
KL RESIM

1 0.95 A 0.0625

2 0.85 A -0.0375

3 0.85 A -0.0375

4 0.90 A 0.0125

5 043 B 0.0050

B 045 B 0.0250

Tién hanh kiém tra phan phdi chuan cta cot sé liéu RESII (xem 3.1 Kiém dinh
phan phdi chuan). Phép kiém dinh sé& cho ta P-Value = 0,159 > 0,05 (c) nén c6 thé két

luan S6 liéu tudn theo phédn phoi chudn (P> 0,05).

Luuy:

V6i cau triic s6 lidu cach 2, ¢6 thé kiém dinh phan phdi chuan cua s6 liéu voi timg
cong thirc thi nghiém riéng biét. Két qua kiém dinh, xac suat dé sb liéu ¢ cac cong thic
thi nghiém A, B, C, D va E ¢ phan phdi chuén lan luot 13 0,255; 0,845; 0,092; 0,255 va

0,410. Ta cling c6 két luan tuong tu.
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3.2. THI NGHIEM MOT YEU TO KHOI NGAU NHIEN PAY PU

Xem xét mot thi nghiém ma ddi tuong thi nghi€ém chiu tdc dong déng thoi cua
mot yéu td chinh (yéu té thi nghiém) va yéu té phu (khdi).

Vi du M-1.7: Nghién ctru s6 luong té bao lymphd & chudt (x1000 t& biao mm™

mau) duoc su dung 4 loai thudc khac nhau (A,B,CvaDb; thuée D 1a placebo) qua 5 lua;
s lidu thu dugc trinh bay & bang dudi. Cho biét anh hudng cia thude dén té bao lymphd?

Lira 1 L&ra 2 L&ra 3 Lira 4 L&a 5
Thuébc A 7.1 6,1 6.9 56 6.4
Thubc B 6.7 5,1 59 5,1 58
Thudc C 7.1 58 6.2 5,0 6,2
Thubc D 6.7 54 57 52 53

Céu tric sb liéu
Minitab - VidubA1,7.MP) - [Worksheet 1]
@ File Edit Data Calc 5tat Graph Editor Jools

=EH & & o 4

#x =2 il i &2

| E B

+ C1-T C2 C3 C4
THUOC | LUA | TEBAO

1 A 1 7.1

2 |B 1 6.7

3 |C 1 7.1

4 D 1 6.7

5 A 2 6.1

6 B 2 5.1

S6 liéu ctia bai toan ndy c6 mot cau triuc duy nhét trong Minitab; bao gom 3 cot:
1) cot S6 lwgng té bao C1 (TEBAO),

2) ¢6t Thude C2 (THUOC) va

3) cot Lira C3 (LUA)

Trong thi nghiém nay d6i tuong thi nghiém bi tac dong boi yéu té chinh (yéu td
thi nghiém) va yéu té phu (khoi)

So sanh sai khac giita cong thirc thi nghiém bang Phan tich phuong sai (ANOVA).
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Stat = ANOVA = Two-Way...

Two-Way Analysis of Variance X

Response: TEBAQ
Row factor: THUQC [ Display means

Column factor: LUA [ Display means
[v Store residuals
[ Store fits

Confidence level: | 95.0

[ Fit additive model Graphs...
Help oK | Cancel |

Chon Store residuals dé c6 RESI1:

111 Minitab - Viduhd1.7.MPJ - [Waorksheet 1]
@ File Edit Data Calc Stat Graph Editor Tools !

=Ed S 4 #h
fe =& ol fif 7
| -] |
+ C1.T c2 c3 C4
THUOC LUA TEBAO RESI1
1 |A 1 71 -0.255
2 |B 1 6.7 0.045
3 [C 1 71 0.105
4 |D 1 6.7 0.105
5 |A 2 6.1 0.045
6 [B 2 5.1 -0.255

Chon OK dé c6 két qua.
Two-way ANOVA: TEBAO versus THUOC; LUA

Source DF SS MS F P

THUOC 3 1.8455 0.61517 11.59 0.001

LUA 4 6.4030 1.60075 30.16 0.000
Error 12 0.6370 0.05308

Total 19 8.8855

S = 0.2304 R-Sg = 92.83% R-Sg(adj) = 88.65%

Xac suét cua phép thir d6i véi Thude P = 0,001 < 0,05 (o), bac bo gia thiét HO va
chap nhan ddi thiét H;. Két luan thudc c6 anh huong khac nhau 1én té bao lympho cia
chudt (P <0,05).

So sanh su sai khac gifra cdc cong thuc thi nghiém bang cach tao thanh cac nhom
voicacchircaia, b, c, ...
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Grouping Information Using Tukey Method and 95.0% Confidence
THUOC N Mean Grouping

A 5 6.4 A

C 5 6.1 A B
B 5 5.7 B
D 5 5.7 B

Means that do not share a letter are significantly different.

Vi du M-1.8: Mot thi nghiém dugc tién hanh dé xac dinh anh hudng cua 3 cong
thirc thire 3n (A1, A2 va A3) dén ting khéi luong trung binh trén ngdy (g/ngay) cua bé
duc. Bé dyc dugc can va chia thanh 4 khdi dya theo khi lugng bét dau thi nghiém.
Trong mdi khéi c¢6 6 dong vat thi nghiém duoc chon ra va duoc phan ngau nhién vé voi
cac cong thuc thi nghiém. S6 liéu thu thap sau khi két thuc thi nghiém nhu sau:

Khéi
I Il 1] v

A1 826 864 795 850

806 834 810 845
A2 827 871 729 860

800 881 709 840

753 801 736 820
A3

773 821 740 835

Céu tric s6 liéu mo hinh thi nghiém trong vi du 1.8 twong tu nhu ¢ vi du 1.7.
Trong vi du 1.8 ¢6 2 don vi thi nghiém & mot cong thirc thi nghiém va khdi vi vay
ngoai tac dong cua khoi va cong thirc thi nghiém con ton tai sy twong tac gitra khoi va
cong thtrc thi nghiém.
Minitak - ViduM1.8.mpj - [Worksheet 157]
@ File Edit Data Calc 5tat Graph Editer Tt

=EH & & d

o

+ C1 c2T1 C3-T c4
KL cT KHOI

1 826 A1 |

2 806 A1 |

3 827 A2 |

4 800 A2 |

5 753 A3 |
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Stat & ANOVA = General Linear Model...

General Linear Model hed
C1 K Responses: |KL
cz CT
C3  KHOIL Model:
CT KHOI CT* KHOl|

Random factors:

Covariates... | Options... | Comparisons...|
Graphs... | Results... | Storage... |
Factor Plots...
Help oK. | Cancel ‘
. A Ie - Al
Chon Comparisons dé so sanh cap doi
General Linear Model - Comparisons X
C1 KL (+ Pairwise comparisons
c2 CT (™ Comparisons with a control
C3 KHOI
Terms:
‘CT
Method
v Tukey (@]
™ +
[~ Bonferroni (9]
I sidak
¥ Grouping information Confidence level: | 95.0
[~ Confidence interval
[~ Test
Help oK | Cancel |

Chon OK dé c6 két qua.
General Linear Model: KL versus CT; KHOI

Factor Type Levels Values
CT fixed 3 Al; A2; A3
KHOI fixed 4 I; II; III; IV

Analysis of Variance for KL, using Adjusted SS for Tests

Source DF Seq SS Adj SS Adj MS F p
CT 2 8025.6 8025.6 4012.8 22.82 0.000
KHOI 3 33816. 33816 11272. 64.11 0.000

8
CT*KHOI 6 8087.4
Error 12 2110.0 2110
Total 23 52039.8
S = 13.2602 R-Sq = 95.95% R-Sqg(adj) = 92.23%
Xac suat cta phép thir dbi véi yéu td Thire an P = 0,000 va tuong tac (CT*KHOI)
P = 0,001 < 0,05, bac bo gia thiét Ho va chap nhan ddi thiét Hy. Két luan cong thirc an

.8 3
8087.4 1347.9 7.67 0.001
.0 175.8
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c6 anh huong dén ting khdi luong cua bé va co tuong tac giita cong thuc thic in va
khoi lugng bé vo béo (P < 0,05).

So sanh su sai khéc giita cac cong thire thi nghiém bang cach tao thanh cac nhém
voi cac chir caia, b, c, ...

Grouping Information Using Tukey Method and 95.0% Confidence

CT N Mean Grouping

Al 8 828.8 A

A2 8 814.5 A

A3 8 784.9 B

Means that do not share a letter are significantly different.

3.3. THi NGHIEM O VUONG LA TINH

Do6i v6i mo hinh thi nghiém O vudng latinh, ngoai yéu té thi nghiém ta con 2 yéu
t6 khac (yéu t6 hang va cot) tac dong 1én d6i twong thi nghiém.

Vi du M-1.9a: Mét thi nghiém dugc tién hanh nham x4c dinh anh hudng cta céc
loai thirc dn bd sung khac nhau (A, B, C va D) dén luong cé kho ma bé nuoi vo béo thu
nhan duoc (kg/ngay). Thi nghiém duoc thiét ké theo mé hinh 6 vudng la tinh voi 4 dong
vat trong 4 giai doan, mdi giai doan 20 ngay. Trong mdi giai doan 10 ngay dau duoc coi
1a giai doan thich nghi, 10 ngay tiép theo 1a giai doan thi nghiém dé thu thap s liéu. S6
liéu thu duoc 1a khéi lugng co kho trung binh bé thu nhan dugce ¢ 10 ngay thi nghiém.
Hay rit ra két luan tir thi nghiém néu trén.

Giai Bé
doan 1 2 3 4
1 10,0 9,0 11,1 10,8
(B) (D) (©) (A)
9 10,2 11,3 9,5 11,4
(C) (A) (D) (B)
3 8,5 11,2 12,8 11
(D) (B) (A) (€)
4 11,1 11,4 11,7 9,9
(A) (©) (B) (D)

Cau truc so liéu:
Minitab - VIDUM1.9.MPJ - [Worksheet 1]
@ File Edit Data Calc Stat Graph Editor Tools

EH S s B@ 4
fo =& ol i &7
| =l [
+ c1 c2 c3T ca
GD BE TA KLCO
1 1 1B 10.0
2 2 1C 10.2
3 3 1D 8.5
4 4 1A 111
5 1 2D 9.0
B 2 2 A 113
7 3 2B 1.2
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Stat & ANOVA = General Linear Model...

General Linear Model =
ci GD Responses: | KLCO
C2 BE
C3 TA Model:
C4 KCo GDBE TA

Random factors:

Cu:n'-rariates...‘ Options... ‘ Comparisnns...|
Graphs... ‘

Results... ‘ Storage... |

Factor Plots...
Help oK | Cancel ‘

Chon OK dé c6 két qua
General Linear Model: KLCO versus GD; BE; TA

Factor Type Levels Values

GD fixed 4 1; 2; 3; 4
BE fixed 4 1; 2; 3; 4
TA fixed 4 A; B; C; D

Analysis of Variance for KLCO, using Adjusted SS for Tests

Source DF Seq SS Adj SS Adj MS F p
GD 3 1.4819  1.4819 0.4940 3.41 0.094
BE 3 3.5919 3.5919 1.1973 8.27 0.015
TA 3 12.0219 12.0219 4.0073 27.68 0.001
Error 6 0.8688 0.8688 0.1448

Total 15 17.9644

S = 0.380515 R-Sg = 95.16% R-Sg(adj) = 87.91%

Unusual Observations for KLCO

Obs KLCO Fit SE Fit Residual St Resid

11 12.8000 12.2875 0.3008 0.5125 2.20 R

R denotes an observation with a large standardized residual.

Két qua phan tich cho thay xéc suét ciia kiém dinh d6i voi yéu to thi nghiém (TA)
P =0,001, vi vay gia thiét Ho bi bac bo, két luan C6 dnh hudng ciia thirc an bé sung dén
lwong co kho ma bé thu nhan dwoc (P <0,05).

Ngoai ra Minitab ciing di hién thi gia tri bat thuong (Unusual Observation)
trong bo s6 liéu néu trén ddi vi md hinh xur 1y thong ké da lya chon. Gié tri nay la
12,8000 nim & hang thir 11 cta c6t KLCO trong phan cira s6 s6 liéu.
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General Linear Model - Comparisons X

cli GD (% Pairwise comparisons
C2 EE " Comparisons with a control
C3 TA
C4 KLCO Terms:
TA
Method
[w Tukey -
v (=
[ Bonferroni o
[ Sidak

[v Grouping information Confidence level: | 95,0

[~ Confidence interval
[ Test

Help 0K | Cancel |

Khi gia thiét Ho bi bac bo, ta c6 thé tién hanh so sanh cap doi giita cac cong thirc
thi nghiém cua yeu to thi nghiém.

Trong hdp thoai General Linear Model, chon Comparisons...

Khai bao yéu t6 (TA) can so sanh cip trong Terms:

Chon phuong phap so sanh (Method): Tukey, Bonferroni hodc Sidak,

Chon OK dé c6 két qua.

So sanh sy sai khac giira cac cong thirc thi nghiém bang cach tao thanh cac nhom
voi cac chit caia, b, c, ...

Grouping Information Using Tukey Method and 95.0% Confidence

TA N Mean Grouping
A 4 11.5 A

B 4 11.1 A
C 4 10.9 A
D 4 9.2 B

Means that do not share a letter are significantly different.

Néu thi nghiém dugc tién hanh trén nhidu 6 vudng latinh khac nhau viéc phan tich
sO lieu s€ bao gom anh hudng cua 3 yéu to trong mdt 6 vuong (hang, cot, yéu to thi
nghiém) va anh hudéng gifra cac 6.

Vi du M-1.9b: Gia st, mot thi nghiém duoc thiét ké tuong ty nhu ¢ vi du M-1.9a,
nhung c¢6 2 6 vudng la tinh duoc thiét ké dong thdi va mdi 6 déu co 4 dong vat thi
nghiém va 4 cong thuc thi nghiém khéac nhau. SO liéu ¢ 6 vuong la tinh thr nhat nhu
trong vi du M-1.9a, 6 vuong la tinh thir 2 nhu trong bang bén.

Hay tién hanh phén tich dé dua ra két luan va dua ra nhan xét vé mo hinh thiét ké
trong vi du M-1.9a va M-1.9b.
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Giai Bé

doan 1 2 3 4
1 10,9 11,2 9,4 11,2
(C) (A) (D) (B)
2 10,5 9,6 11,4 10,9
(B) (D) (€) (A)
3 11,1 11,4 11,7 9,8
(A) (C) (B) (D)
4 8,8 12,9 11,4 11,2

(D) (B) (A) (©)

Cau truc so liéu:
1Tl Minitab - VIDUM1.9.MPJ - [Worksheet 3 ***]
@ File Edit Data Calc 5tat Graph Editer Tools Window

FE S s B2E M QR
f = ol dig 7

| =~

+ C1 Cc2 c3 CAT C5
ov GD BE TA KLCO

10.0
10.2
8.5
1.1
9.0
11.3
11.2

1
1
1
1
1
1
1

[T % TR QR R =Sy Y, TR o TR
D OF OO0 D

e =TS R PR Y
[ACR I N NC B R R Y

Stat =& ANOVA = General Linear Model...

General Linear Model >
c1 oV Responses: | KLCO
c2 GD
C3 BE Model:
4 TA
Ce koo oV GO{ OV) BEC OV) TA|

Random factors:

Couariates...| Options... | Comparisons...|

Graphs... | Results... | Storage... |

Factor Plots...
Help oK | Cancel |

Luu y: trong Model: d3 khai bao dong 1énh OV GD( OV) BE( OV) TA. Chi tiét
vé kién thirc ciia mé hinh xem Chuong 5 (tr.77) GTTKTN-2007.
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Chon OK dé c6 két qua.
General Linear Model: KLCO versus OV; TA; GD; BE

Factor Type Levels Values

ov fixed 2 1; 2

GD (0V) fixed 8 1; 2; 3; 4; 1; 2; 3; 4
BE (OV) fixed 8 1; 2; 3; 4; 1; 2; 3; 4
TA fixed 4 A; B; C; D

Analysis of Variance for KLCO, using Adjusted SS for Tests

Source DF Seq SS Adj SS Adj MS F P
ov 1 0.1953 0.1953 0.1953 0.97 0.340
GD (OV) 6 2.1444 2.1444 0.3574 1.78 0.171
BE (OV) 6 5.4994 5.4994 0.9166 4.56 0.008
TA 3 22.6634 22.6634 7.5545 37.59 0.000
Error 15 3.0147 3.0147 0.2010

Total 31 33.5172

S = 0.448307 R-Sg = 91.01% R-Sg(adj) = 81.41%

Unusual Observations for KLCO

Obs KLCO Fit SE Fit Residual St Resid
11 12.8000 12.0344 0.3268 0.7656 2.49 R
24 12.9000 12.0781 0.3268 0.8219 2.68 R

R denotes an observation with a large standardized residual.

3.4. THIi NGHIEM HAI YEU TO CHEO NHAU (TRUC GIAO)

V6i md hinh thi nghiém 2 yéu t6 chéo nhau, ngoai nghién ciru tac dong cua ting
yéu tb thi nghiém ta con nghién ciru mdi twong tac giita 2 yéu t6. Vé mat céu tric dir
lidu trong Minitab hoan toan tuong ty nhu véi thiét ké thi nghiém theo khdi muc 5.2
clia tai liéu nhung khai bao cau 1énh c¢6 thém phan twong téc.

Vi du M-1.10: Mot nghién ciru dugc tién hanh dé xac dinh anh huong ciia viéc bo
sung 2 loai vitamin (A va B) vao thiic dn dén ting khoi lugng (kg/ngdy) cia lon. Hai
mirc d6i v6i vitamin A (0 va 4 mg) va 2 mirc d6i v6i vitamin B (0 va 5 mg) duoc sir
dung trong thi nghiém nay. Tong sé 20 lgn thi nghiém dugc phan vé 4 t6 hop (cong
thirc thi nghiém) mot cach ngiu nhién. S6 liéu thu dugc khi két thuc thi nghiém dugc
trinh bay nhu sau:

A 0mg 4 mg

0,585 0,567 0,473 0,684
0,536 0,545 0,450 0,702
0,458 0,589 0,869 0,900
0,486 0,536 0,473 0,698
0,536 0,549 0,464 0,693
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Cau trac so liéu:

m Minitab - VIDUM1.10.mpj - [Worksheet 1]

J@ File Edit Data Calc 5tat Graph Editor Tools Window
|2d|ES|lt2alox B+t 1A OT
BREETT R

| EELY A=

s Cc1 c2 c3 Cc4 c5
VITA VITB T
1 0 0 0.585
2 0 0 0.536
3 0 0 0.458
4 0 0 0.486
5 0 0 0536
[ 0 ] 0.567
T 0 5 0.545
8 0 5 0.589
9 0 5 0.536
10 0 5 0549
Stat = ANOVA = General Linear Model...
General Linear Model o
C1 VITA Responses: |-|-|'
c2 VITB
c3 1T Model:

VITA VITB VITA* VITB

Random factors:
Covariates... | Options... | Comparisons...l
Graphs... | Results... | Storage... |
Select | Factor Plots... |
Help | oK I Cancel |

Chon OK dé c6 két qua.
General Linear Model: TT versus VITA; VITB

Factor Type Levels Values
VITA fixed 2 0; 4
VITB fixed 2 0; 5
Analysis of Variance for TT, using Adjusted SS for Tests
Source DF Seqg SS Adj SS Adj MS F P
VITA 1 0.05192 0.05192 .05192 4.71 0.045
.06418 0.06418 .06418 5.82 0.028

0

0

VITB 1 0

VITA*VITB 1 0.02911 .02911 .02911 2.64 0.124
0
0

o o o o

.17648 .17648 .01103
.32169

Error 16

Total 19
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Céc gia tri x4c suét 0,045; 0,028 va 0,124 déu dugc xem xét dé dua ra quyét dinh
vé6i timg yéu t6 (Vitamin A va Vitamin B) va tuong tac gitra (Vitamin A x Vitamin B).
Véi xac sudt 0,045 va 0,028 < 0,05 c6 thé két luAn Vitamin A va B c6 anh huéng dén
tang khoi lugng cta lon nhung khong cé twong tac (P = 0,14 > 0,05).

Khi gia thiét Ho bi bac bo, ta c6 thé tién hanh so sanh cip doi giita cac cong thirc
thi nghiém cia yéu té thi nghiém.

Trong hdp thoai General Linear Model, chon Comparisons...

Khai bao yéu t6 (VITA, VITB) can so sanh cip trong Terms:

Chon phuong phép so sainh (Method): Tukey, Bonferroni hoac Sidak,

, I
A 1 1A 5
Chon OK dé¢ c6 két qua.
General Linear Model - Comparisons X
C1 VITA {* Pairwise comparisons
C2 VITB "~ Comparisons with a control
c3 1T
Terms:
‘VNAVHB
Method
v Tukey &
¥ {+
[~ Bonferroni W,
[~ Sidak
| Grouping information Confidence level: | 95.0
[~ Confidence interval
[~ Test
Help ,?l Cancel |

So sanh sy sai khac giira cac cong thirc thi nghiém bang cach tao thanh cac nhom
voicacchircaia, b, c, ...

Grouping Information Using Tukey Method and 95.0% Confidence

VITA N Mean Grouping

4 10 0.6 A

0 10 0.5 B

Means that do not share a letter are significantly different.

Grouping Information Using Tukey Method and 95.0% Confidence

VITB N Mean Grouping

5 10 0.6 A

0 10 0.5 B

Means that do not share a letter are significantly different.

3.5. THi NGHIEM HAI YEU TO PHAN CAP (CHIA O)

Véi mé hinh phén cép, yéu t6 cip trén (A) 13 ¢b dinh va cip dudi (B) 1a ngiu
nhién. Nhu vdy B sé& lam 6 (nested) trong A.
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Vi du M-11: Muc dich cta thi nghiém 14 xac dinh anh hudng cta lon dyc gidng
va lon nai dén khéi luong so sinh cta thé hé con. M6 hinh phan cip 2 yéu t6 duoc st
dung. Bén lon duc gidng duoc chon ngiu nhién (a = 4), mdi duc phdi v6i 3 lon néi (b =
3) va mdi nai sinh duoc 2 lon con (r = 2). Khéi luong (kg) so sinh cua timg lon con thu
duoc nhu sau:

Buc 1 2 3 4
. I A N A N A ~N A ~N
Nai 1 2 3 4 5 6 7 8 9 10 11 12
1,2 1,2 1,1 1,2 1,1 1,2 1,2 1,3 1,2 1,3 1,4 1,3
1,2 1,3 1,2 1,2 1,2 1,1 1,2 1,3 1,2 1,3 1,4 1,3

] Minitab - VIDUMI.11Nested.mpj - [Worksheet 177]
@Eile Edit Data (Calc 5tat Graph Editor Tools

EEH S & B3 #A
£ == oo g 7
+ C1 c2 Cc3 o}
D N P
1 1 1 1.2
2 1 2 12
3 1 3 1.1
4 2 4 12
5 2 5 1.1

Luu y: C6 thé chon mét trong hai cach khai bao trong Minitab c6 dé két qua phan
tich phuong sai.

V&i cach lya chon thtr nhit Stat & ANOVA = General Linear Model...
Minitab chi hién thi két qua phan tich phuong sai.

Véi cach lya chon thtr hai Stat = ANOVA =» Fully Nested ANOVA... ngoai
két qua phan tich phuong sai Minitab con cung cap bang cac thanh phan phuong sai va
udce tinh cac gia tri trung binh binh phuong.

Stat = ANOVA = General Linear Model...

General Linear Model X
c1i D Responses: |p
czZ N
c3 P Model:
DN(D)
Random factors:
‘N
Covariates... | Options... | Comparlsons...|
Graphs... | Results... | Storage... |
| Factor Plots... |
Help OK. | Cancel |
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Hodc Stat = ANOVA =» Fully Nested ANOVA...

Fully Mested ANOVA

ci D Responses:

2 N P
3 P

Factors:

on

=)
Help

=]

Cancel |

Trong 6 Model: d3 khai bdao D N( D) thé hién Nai (N) 1am 6 (nested) trong Puc
(D) va 6 Random factors: N thé hién yéu t6 Nai (N) 1a ngau nhién.

Chon OK dé c6 két qua:

General Linear Model: P versus D; N

Factor Type Levels Values
D fixed 4 1; 2; 3:
N (D) random 12 1; 2; 3;

Analysis of Variance for P,

Source DF Seq SS Adj SS
D 3 0.093333 0.093333
N (D) 8 0.040000 0.040000
Error 12 0.020000 0.020000
Total 23 0.153333
S = 0.0408248 R-Sg = 86.96%
Hoac:
Nested ANOVA: P versus D; N
Analysis of Variance for P
Source DF SS MS F
D 3 0.0933 0.0311 6.222
N 8 0.0400 0.0050 3.000
Error 12 0.0200 0.0017
Total 23 0.1533
Variance Components

% of
Source Var Comp. Total StDev
D 0.004 56.63 0.066
N 0.002 21.69 0.041

4;

0.
0.
0.

R_

5; 6; 7;
Adj MS

031111 6.
005000 3.

001667

Sq(adj)

P
0.017
0.042

8; 9; 10; 11; 12

using Adjusted SS for Tests

F P
22 0.017
00 0.042
75.00%
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Error 0.002 21.69 0.041
Total 0.008 0.088

Expected Mean Squares

1 D 1.00(3) + 2.00(2) + 6.00(1)
2 N 1.00(3) + 2.00(2)
3 Error 1.00(3)

Trong ca 2 trudng hop ta déu c6 gia tri xac suit ddi véi yéu td Pue va yéu td Nai
tuong tmg 14 0,017 va 0,042, nhu vay gia thiét Ho bi bac bo. Két luan c6 su sai khac
gitra cac dyc va gitra cac cai trong cung mot duc (P < 0,05).

Cach tinh cac phuong sai thanh phan udc tinh dwa vao bang Expected Mean
Squares dugc trién khai cu thé nhu sau:

MSError = 0,0017 = 1,00(c%) = 6% = 0,0017/1,00 = 0,002;
MSN = 0,0050 = 1,00(c%) + 2,00(c*~) = o>~ =[0,0050 — 1,00(0,0017)] / 2,00 ~ 0,002;
MSD =0,0311 = 1,00(c%) + 2,00(c*~) + 6,00(c?p) = o*p ~ 0,004.

3.6. THi NGHIEM HAI YEU TO CHIA O (Split-Plot)

Vi du M-1.12a: Mot thi nghiém duoc tién hanh dé nghién ctru anh hudng cia bai
chan tha A (1, 2,3 va 4) va lugng khoang bd sung B (1 va 2) dén ning suat sira. C6 tat
ca 24 bo tham gia thi nghiém. Thi nghiém duoc thiét ké theo mo hinh hai yéu t6 kiéu
chia 6 v6i yéu to A duoc bd tri trén 6 16n va yéu t6 B trén 6 nho trén 3 khoi. Niang sut
stra trung binh dugc ghi lai nhu sau (kg /ngay):

Khéi 1 Khéi 2 Khéi 3
As A1 A2 Az A2 A1 As Az A1 A2 As Az
B, 30 B> B B> B B2 B B B> B B2 B
27 26 26 32 30 34 33 34 30 36 33
B1 29 B B2 B B2 B B2 B2 B B2 B B2
25 28 24 37 31 37 32 31 31 38 32

Cau truc so liéu:
Minitab - VIDUM1.12 Split-Plot.mpj - [Worksheet 1]
@ File Edit Data Calc 5tat Graph Editer Tools Windo

=EH & % ) #h N

o - oo i &

| =] [

3 Cc1 c2 Cc3 c4 Ch
KHOI A B SLS

1 1 4 2 30

2 1 4 1 29

3 1 1 2 27

4 1 1 1 25

5 1 2 1 26

B 1 2 2 28

[ 1 3 2 26

8 1 3 1 24
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Stat & ANOVA = General Linear Model...

General Linear Model *
C1 KHOI Responses: [s(s5
c2 A
c3 B Model:
c4 5L

KHOI A KHOI* A B A*E

Random factors:
‘mOI

Covariates...| Options... | Comparisons...|

Graphs... Results... | Storage... |

Factor Plots. ..
Help oK | Cancel |

Chon OK dé c6 két qua
General Linear Model: SLS versus KHOI, A, B

Factor Type Levels Values
KHOI random 3 1, 2, 3

A fixed 4 1, 2, 3, 4
B fixed 2 1, 2

Analysis of Variance for SLS, using Adjusted SS for Tests

Source DF Seq SS Adj SS Adj MS F P
KHOI 2 212.583 212.583 106.292 24.45 0.001
A 3 71.167 71.167 23.722 5.46 0.038
KHOI*A 6 26.083 26.083 4.347 1.93 0.191
B 1 8.167 8.167 8.167 3.63 0.093
A*B 3 5.833 5.833 1.944 0.86 0.498
Error 8 18.000 18.000 2.250

Total 23 341.833

S =1.5 R-Sg = 94.73% R-Sg(adj) = 84.86%
Luuy:

Trong vi du néu trén khdi duoc coi 13 yéu té ngiu nhién vi vay trong 6 Random
factor da khai bao yéu t6 khéi (KHOI).

Tuong tac gitta khdi va yéu t6 A (KHOI*A) chinh 13 sai s6 6 16n. Chinh vi vay gia
tr1 F = 5,46 1a thuong cua MS(A) / MS(KHOI*A) = 23,722/4,347.

Trong két qua phan tich ta chi quan tim dén xac suat dbi véi yéu td A, B va tuong
tac A*B. Céac gia tri nay lan luot 1a 0,038; 0,093 va 0,498. Vi cac gia tri nay ta co thé
két luan nang suit sira c6 su khac nhau giita cac bai chan tha (P < 0,05), tuy nhién viéc
b sung cac khoang chat khong 1am anh hudng dén ning suit sita va ciing khong ¢ anh
huéng tuong tac giita bii chin tha va viéc bd sung khoang (P > 0,05).
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Vi du M-1.12b: Xem xét vi du M-1.12a, gia st rﬁng thi nghi¢m dugc thyc hién
khong c6 khdi va chi co yéu td A va B duoc thiét ké trén 12 6 16n. Nang suét sita trung

binh dugc ghi lai nhu sau (kg /ngay):

1 2 3 4 5 6 7 8 9 10 11 12
A4 A1 Az As Az A1 As As Ai A2 As As
B, 30 B2 B B2 B+ B2 B B B2 B B2 B+
2 27 26 26 32 30 34 33 34 30 36 33
B B+ B2 B+ B2 B B2 B2 B B2 B B2
29 25 28 24 37 31 37 32 31 31 38 32
Céu trac sb liéu:
1] Minitab - VIDUM1.12 Split-Plot.mpj - [Worksheet 2 =]
@ File Edit Data Calc 5tat Graph Editer Tools
EE & % B Hh
£ | =5 =2 g dig @
+ C1 C2 c3 Cc4 C
O A B SLS
1 1 4 2 30
2 2 1 2 27
3 3 2 1 26
4 4 3 2 26
5 5 2 1 32
6 6 1 2 30
Stat = ANOVA = General Linear Model...
General Linear Model x
c1 0 Responses: |5|_5
cz A
C: B Model:
C4 515 alo(A)B A*B
Random factors:
‘ o
Covariates... | Options... | Comparisons...|
Graphs... | Results... | Storage. .. |
Factor Plots...
Help oK | Cancel |
Chon OK dé c6 két qua:
General Linear Model: SLS versus A, B, O
Factor Type Levels Values
A fixed 4 1, 2, 3, 4
O (A) random 12 2, 6, 9, 3, 5, 10, 4, 8, 12, 1, 7, 11
B fixed 2 1, 2
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Analysis of Variance for SLS,

Source DF
A 3
O (R) 8
B 1
A*B 3
Error 8
Total 23
S =1.5

Seq SS

71

167
238.

8.

5.
18.
341.
R-Sg = 94.

667
167
833
000
833

Adj SS
71.167
238.667
8.167
5.833
18.000

using Adjusted SS for Tests

Adj
23.
29.
8.
1.
2.

MS
722
833
167
944
250

73% R-Sqg(adj)

F P
0.80 0.530
13.26 0.001
3.63 0.093
0.86 0.498

= 84.86%

Trong vi du nay, yéu té 6 (O) duoc coi 1a ngiu nhién va O nested trong yéu td A.
Sai s6 6 16n chinh 1a O(A). Chinh vi vy ma gi4 tri F coa yéu té A duoc tinh 23,722/
29,833 = 0,80. Ba gia tri xac suit quan tdm dén bao gém 0,530; 0,093 va 0,498 tuong
g v6i yéu to A, B va tuong tic A*B. Véi cach thiét ké thi nghiém theo mé hinh tht 2
(M-1.12b) ta da khong tim thdy anh hudng cua bat ky mot yéu t6 nao (P > 0,05).

3.7. PHAN TiCH HIEP PHUONG SAI
Vi du M-1.13:

Mot thi nghiém duoc tién hanh nham nghién ciru khéi luong (kg) két thuc vd béo
va tang khéi luong (g/ngdy) trong giai doan nudi vd béo tir 21 dén 24 thang tudi cua ba
nhom bo lai LaiSind, F1(Brahman x LaiSind) va F1(Charolais x LaiSind). Két qua thu

duoc nhu sau:

Bo sb Khéi lwgng dau ky Khéi lwgng cudi ky Tang khéi lvong
LaiSind
1 196 259 700,00
2 187 247 666,67
3 210 266 622,22
4 196 255 655,56
5 185 249 711,11
F1(Brahman x LaiSind)
6 215 285 777,78
7 210 295 944 44
8 198 280 911,11
9 217 298 900,00
10 209 285 844,44
F1(Charolais x LaiSind)
11 216 310 1044,44
12 235 321 955,56
13 230 320 1000,00
14 215 305 1000,00
15 210 295 944 44
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Hay cho biét anh hudng cua khéi luong dau ky dén khéi lugng cudi ky va ting
khéi luong. So sanh khéi lugng cudi ky va ting khdi lugng giita 3 nhém bo lai trén.
Phin minh hoa dudi ddy tién hanh phan tich anh huong ctua khdi lwong dau ky (hiép
phuong sai) va nhom bo dén khéi luong cudi ky.

Céu trac sb lieu:
1 Minitab - Untitled - [Worksheet 1]
@ File Edit Data Calc 5tat Graph Editor Tools !

FE S &+ B2E ]

fe =2 1y fif 7
| E |
+ C1-T C2 C3 C4
Giong Dauky Cuoiky | Tangtrong
1 LS 196 259 700.00
2 LS 187 247 66667
3 |LS 210 266 622 22
4 LS 196 255 65556
5 |LS 185 249 71111
6 |BR 215 285 T77.78
Stat =& ANOVA =» General Linear Model...
General Linear Model b
G2 Doy vesponses | Cusk
C3  Cuoiky Model:

C4 Tangtrong Giungl

Random factors:

Covariates...| Options... | Cumparisuns...‘

Graphs. .. | Results. .. | Storage... ‘

Factor Plots...
Help QK | Cancel |

Vao Covariates dé khai b4o bién ”Dau Ky” v6i vai tro hiép phuong sai
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General Linear Model - Covariates *

C2  Dauky Covariates:

C3  Cuoiky Daukyl
C4 Tangtrong

Help Cancel

Chon OK dé c6 két qua.

General Linear Model: Cuoiky versus Giong

Factor Type Levels Values

Giong fixed 3 BR, CH, LS

Analysis of Variance for Cuoiky, using Adjusted SS for Tests
Source DF Seg SS Adj SS Adj MS F p

Dauky 1 7343.6 735.7 735.7 40.25 0.000

Giong 2 1070.7 1070.7 535.3 29.29 0.000

Error 11 201.1 201.1 18.3

Total 14 8615.3

S = 4.27535 R-Sq = 97.67% R-Sqg(adj) = 97.03%
Term Coef SE Coef T P
Constant 111.56 27.31 4.09 0.002
Dauky 0.8298 0.1308 6.34 0.000
Unusual Observations for Cuoiky
Obs Cuoiky Fit SE Fit Residual St Resid
6 285.000 292.915 2.029 -7.915 -2.10 R

R denotes an observation with a large standardized residual.

V61 xac suat cua "Dauky” va ”Giong” (nhom bo) lan lugt 1a 0,000 va 0,000 déu
bé hon 0,001 nén co6 thé ket luan: Khoi lugng dau ky va nhém bo lai ¢6 anh huong 1o rét
dén khoi luong cuoi ky (P<0,001).

Khi Hy bi bac bo (khoi lugng cuoi ky ctia 3 nhom bo lai khac nhau), ta c6 thé tién
hanh so sanh cd@p gitta cac cong thirc thi nghiém tuong tu nhu vi du M-1.9a muc 5.3 dé
co6 ket qua nhu sau:

Grouping Information Using Tukey Method and 95.0% Confidence

Giong N Mean Grouping

CH 5 299.7 A
BR 5 287.6 B
LS 5 266.7 C

Means that do not share a letter are significantly different.
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Bai 4. TUONG QUAN VA HOI QUY TUYEN TINH

Pé tinh hé so twong quan va xdy dung phwong trinh héi quy, sé liéu luén phdi tao
thanh tieng cdp va dwoc nhdp vao ting cot doi voi tung chi tiéu.

4.1. HE SO TUONG QUAN
Vi du M-1.14: Tién hanh can khdi luong (P), do duong kinh 16n (D) va dudng
kinh bé (d) ctia 22 qua trimg ga. SO li¢u thu duoc trinh bay ¢ bang dudi day.
P (9) 66,80 60,10 71,20 61,60 61,20 59,00 67,90 59,00 51,50 62,60 64,20
D (mm) 58,37 54,95 60,58 56,73 57,36 53,26 57,07 58,17 52,28 55,62 56,82
d (mm) 4512 44,35 4556 44,34 4357 44,86 46,27 42,82 41,91 44,95 44,779
P (9) 71,20 54,20 54,50 69,10 5590 66,00 68,00 62,00 56,70 67,00 53,80
D (mm) 61,15 54,24 5499 60,99 54,41 58,19 5993 56,80 5566 5849 5244
d (mm) 46,00 42,58 42,32 44,85 42,62 4569 4550 4420 4241 4556 43,38
Céu tric s0 lidu trong Worksheet

Minitab - VIDUM1.14.MPJ - [Worksheet 1 ***]
@ File Edit Data Calc 5tat Graph Editor

FEH & + 2@

F =2 oo fig 7
| -]
+ C1 c2 C3 c4
KL DL DN
1 B66.8 58.37 4512
2 60.1 54 95 44 35
3 7.2 60.58 4556
4 61.6 56.73 44.34
5 61.2 57.36 43.57

Luuy:
Dé tinh hé s twong quan va xdy dung phuong trinh hdi quy, s6 lidu ludn phai tao
thanh timg cip va dugc nhap vao timg cot ddi timg chi tiéu.

1) Cot Khéi lugng C1 (KL)

2) Cot Puong kinh 16n C2 (DL)

3) Cot Puong kinh bé C3 (DB)

Gia thiét d6i voi kiém dinh hai phia Ho: p = 0 va ddi thiét Hy: p = 0, trong d6 p 1a
tuong quan gitra 2 bién nghién cuu.
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Stat =» Basic Statistics = Correlation...

Correlation pd
C1 KL Variables:
cz DL KL DL DN|
C3 DN

Iv Display p-values

[~ Store matrix (display nothing)
Help oK | Cancel

Chon OK dé c6 két qua:
Correlations: KL; DL; DN
KL DL
DL 0.897

0.000
DN 0.905 0.648

0.000 0.001

Cell Contents: Pearson correlation
P-Value

Chon Display p-values dé hién thi xac suat ddi v6i timg hé s6 twong quan.

Chon Store matrix (display nothing) dé nhé ma tran hé sd tuong quan vao bd
nhé dém va khong hién thi két qua ra man hinh.

Hé s6 tuong quan giita khéi lwgng va dwong kinh 16n 13 0,897; khéi lwong va
dwong kinh bé 12 0,905; dwong kinh 16n va dwong kinh bé 13 0,648. Xac suat dbi voi
ting hé sé twong quan (P-values) déu bé hon 0,05 (o) vi vay két luan mdi quan hé giira
cac chi tiéu nay khac 0.

4.2. PHUONG TRINH HOI QUY TUYEN TiNH

C6 thé xay dung hoi quy don bién y = a + bx hodc da bién y = a + bix; + byxs
+...+buxn. C6 thé xdy dung phuong trinh hdi quy tuyén tinh don bién quy udc tinh khbi
luong trimg thong qua duong kinh 16n/dudng kinh bé hodc da bién thong qua dudng
kinh 16n va duong kinh bé.
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Stat =» Regression = Regression...

Regression *
C1 KL Response: | kL
C2 DL
C3 DM Predictors: |pL
Graphs... | Options. .. |

| Results. .. | Storage... |
Help | Ok, | Cancel |

Response: Khai béo cot C1 (KL) bién phu thudc.
Predictors: Khai bdo cot C2 (DL) bién doc 1ap.
Chon OK dé c6 két qua.

Regression Analysis: KL versus DL

The regression equation is

KL = - 53.7 + 2.04 DL

Predictor Coef SE Coef T p
Constant -53.67 12.78 -4.20 0.000

DL 2.0379 0.2250 9.06 0.000

S = 2.69651 R-Sq = 80.4% R-Sg(adj) = 79.4%

Analysis of Variance

Source DF SS MS F P
Regression 1 596.60 596.60 82.05 0.000
Residual Error 20 145.42 7.27

Total 21 742.02

Unusual Observations

Obs DL KL Fit SE Fit Residual St Resid
7 57.1 67.900 62.629 0.579 5.271 2.00R
8 58.2 59.000 64.871 0.658 -5.871 -2.25R

R denotes an observation with a large standardized residual.
Phuong trinh hdi quy wéc tinh khdi lugng (Y) thong qua duong kinh 16n (X)
Y =-53,7+2,04X.
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Béng thir nhat trong phan két qua kiém dinh cac hé sé cua phwong trinh hdi quy.
V6i xac suat P = 0,000 ta c6 thé két luan cac hé s trong phwong trinh hdi quy khac 0 (P

<0,05).

Hé sb xéac dinh cua phuong trinh R? = 80,4%, hi¢u chinh R? = 79,4%.

Céc quan sat ngoai lai (Unusual Observations) trong m6 hinh va vi du néu trén.

Cac gia tri ¢ hang thu 7 va 8 trong vi du trén duoc coi la ngoai lai.

Stat =» Regression =» Regression...

Regression
C1 KL Response: | gL
c2 DL
C3 DN Predictors: DL DM

Graphs... ‘ Options...

Results. .. ‘ Storage...

Help 0K | Cancel

Predictors: Khai bdo cot C2 (DL) va C3 (DN) bién doc lap.

Dé xay dung phuong trinh hdi quy da bién, bién doc 1ap bao gom tir 2 bién.

Chon OK dé c6 két qua.
Regression Analysis: KL versus DL; DN

The regression equation is

KL = - 117 + 1.21 DL + 2.48 DN

Predictor Coef SE Coef T P
Constant -116.555 5.472 -21.30 0.000

DL 1.21473 0.08323 14.60 0.000

DN 2.4764 0.1623 15.26 0.000

S = 0.759757 R-Sg = 98.5% R-Sg(adj) = 98.4%
Analysis of Variance

Source DF SS MS F P
Regression 2 731.05 365.53 633.24 0.000
Residual Error 19 10.97 0.58

Total 21 742.02

Source DF Seqg SS
DL 1 596.60
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Ta c6 két qua hoan toan tuong tu nhu viée xay dung phuong trinh hdi quy don gian.
Y=-117+121X; +2.48X>

Trong do:

Y = khéi luong trimg;

Xi= duong kinh 16n;

Xo= duong kinh bé.

Diéu khac biét trong truong hop nay 1a hé sé xac dinh R? = 98,5% 16n hon nhiéu
so v6i truong hop don bién R? = 80,4%.
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Bii 5. BANG TUONG LIEN

Khi so sanh cdc ty 1é hodc nghién citu méi lién hé giita cdc yéu t6 doi voi bién
dinh tinh ta luén dat gia thiét Hy: Khéng cé sw sai khdc ¢6 y nghia thong ké giita cdc ty
1é hodic Khéng cé moi lién hé giita cdc yéu to (tuy theo muc tiéu ciia bai todn dit ra).

Vi du M-1.15: Mot thi nghiém duoc tién hanh nhim dénh gi4 su lién hé giita ty 18
viém ndi mac tir cung va gidng. Trong tong sd 700 bo sira trong nghién ciru thuan tap
(cohort studies), c6 500 con gidng Holstein Friesian va 200 con giéng Jersey. Két qua
nghién ctru thu dugc nhu sau:

Gidng Viém ndi mac t& cung Téng sb6
Cé Khéng
Holstein 100 400 500
Jersey 10 190 200
Tbng s6 110 590 700

Cau tric va nhap so liéu vao Minitab nhu sau:

1T Minitab - VIDUM?1.15.MP - [Worksheet 1%7]
@ Eile Edit Data Calc 5tat Graph Editor |

EEH & 4
2 i @
| E
+ C1-T c2-T Cc3
GIONG KETQUA TANSUAT
1 |H + 100
2 |H - 400
3 |J + 10
4 J - 190
Stat = Tables = Cross Tabulation and Chi-Square...
Cross Tabulation and Chi-5quare *
Categorical variables:
For rows: | GIONG
For columns: | KETQUA
For layers: |
Frequendes are in: TANSUAT (optional)
Display
[+ Counts
[+ Row percents
[~ Column percents

[~ Total percents

Chi-5guare... | Cther Stats... |
Options. ..
Help oK |

Cancel |
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Chon Chi-Square... (x2) néu tin suét wéc tinh > 5
Cross Tabulation - Chi-Square >

Display
[v Chi-Square analysis
[v Expected cell counts
[ Raw residuals
[ Standardized residuals
[ Adjusted residuals
[ Each cell's contribution to the Chi-Square statistic

Help | oK | Cancel

Chi-Square Analysis — Phan tich x?

Expected cell count - T4n suat udc tinh 1y thuyét

Hoic Other Stats... néu tan suat udc tinh trong mot 6 bat ky < 5

Cross Tabulation - Other Statistics b

Tests

[v Fisher's exact test for 2x2 tables

[~ Mantel-Haenszel-Cochran test for multiple 2x2 tables
Other Measures of Aszociation

[ Cramer's V-square statistic

[ Kappa for inter-rater reliability

I~ Goodman-ruskal lambda and tau

[~ Measures of concordance for ordinal categories

[~ Correlation coeffidents for ordinal categories

Help oK | Cancel |

Fisher’s exact test for 2x2 table — phép thir chinh xé4c cua Fisher ddi v6i bang 2x2

Khi sir dung Chi-Square..., néu gia tri trong mot 6 woc tinh bé hon 5, Minitab s&
c6 dong Iénh canh béo:

* NOTE * 1 cells with expected counts less than 5

Trong truong hop nay ta can sir dung Other Stats... Vi lua chon ndy ta ciing c6
phan Output tuong tw nhu trén.

Chon OK dé c6 két qua

Tabulated statistics: GIONG; KETQUA

Using frequencies in TANSUAT

Rows: GIONG Columns: KETQUA

- + All

H 400 100 500
80.00 20.00 100.00
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421.4 78.6 500.0
J 190 10 200
95.00 5.00 100.00
168.6 31.4 200.0
All 590 110 700
84.29 15.71 100.00
590.0 110.0 700.0
Cell Contents: Count
% of Row
Expected count
Pearson Chi-Square = 24.268; DF = 1; P-Value = 0.000
Likelihood Ratio Chi-Square = 29.054; DF = 1; P-Value = 0.000
Trong phan két qua d6i v6i timg 6 ta co 3 gia tri. Vi du ddi v6i 6 thir nhat 1an
lugt 13: 1) Tan suét quan sat (400), 2) Phan trim theo hang (80%) va 3) tan sut udc
tinh (421,4).

Gia tri Chi-Square %* = 24,268, bac tu do DF =1 va xéc suét P-value = 0,000. Vi
xéc sudt ndy gia thiét Ho bi bac bo va két luan C6 méi lién hé giita bénh viém nji mac tir
va giong bo (P< 0,001).

Vi du M-1.16: Tir mét dan trude khi cho tiép xuc voi ngué)n bénh, chon ra 10
dong vat thi nghiém (tiém véc xin) va 10 dong vat ddi chimg (khong tiém vic xin). S6
dong vat nay sau khi cho tiép xuc voi ngudn bénh ta thu dugc két qua nhu trong bang
sau. Liéu vic xin ¢6 1am giam ty 1 chét hay khong?

Thubc SongKet qua Chét Téng hang

Véc xin 9 1 10
Déi chirng 2 8 10
Téng cong 11 9 20

Cau trac va nhap so liéu vao Minitab nhu sau:
] Minitab - VIDUM1.16.MP) - [Workshest 1 ***]
@ Eile Edit Data Calc 5tat Graph Editor

SH S @l
% i 7
+ C1-T C2T C3 C4
THUOC | KETQUA TANSUAT
1 |[VAC + 9
2 |WVAC 1
3 DC + 2
4 DC 8
5
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Stat =» Tables = Cross Tabulation and Chi-Square...

Cross Tabulation and Chi-5quare x

Categorical variables:
For rows: ‘ THUOC

For columns: ‘ KETQUA

For layers: ‘

Frequencies are in: TANSUAT (optional)

Display
[v Counts
[~ Row percents
[~ Column percents
[~ Total percents

Chi-Square... | Other Siats..‘|
Options. ..
Help CK | Cancel |
Chon Other Stats... khi tan suat ude tinh trong mot 6 bat ky <5
Cross Tabulation - Other Statistics b
Tests

[v Fisher's exact test for 2x2 tables
[ Mantel-Haenszel-Cochran test for multiple 2x2 tables

Other Measures of Association
[~ Cramer's V-square statistic
[~ Kappa for inter-rater reliability
[ Goodman-Kruskal lambda and tau
[~ Measures of concordance for ordinal categories
[~ Correlation coefficents for ordinal categories

Help oK | Cancel |

Fisher’s exact test for 2x2 table — Phép thir chinh xéc ctia Fisher ddi véi bang 2x2.
Chon OK dé c6 két qua.
Tabulated statistics: THUOC, KETQUA

Using frequencies in TANSUAT

Rows: THUOC Columns: KETQUA

- + All
DC 8 2 10
80 20 100
VAC 1 9 10
10 90 100
All 9 11 20
45 55 100
Cell Contents: Count
% of Row
Fisher's exact test: P-Value = 0.0054775

Xac sut P-value = 0,0054775. Vi xac suét nay gia thiét Ho bi bac bo va két luan

C6 moi lién hé giita tiém hay khong tiém véc xin véi ty 1é ché (P< 0,01).
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Bai 6. UONG TINH DUNG LUQNG MAU

Cdc vi du va minh hoa ¢ phan nay giip ban doc xdc dinh dung lwong mdu can
thiet bang phan mém Minitab khi muon thiét ké mot thi nghiém. Mot so thudt ngir trong
Minitab (phan xdc dinh dung lwong mau can thiét):

Thuét nglr trong Minitab Thuat ngi tiéng Viét
Sample sizes Dung lwgng mau
Differences Sw chénh léch dw kién
Power Values Do manh cla phép tht
Standard deviation Do léch chuén
Significance level Mtrc y nghia
Hypothesized p Gia xac suét can kiém dinh
Alternative value of p Gia tri xac suét lwa chon
Proportion 1 values Xac suét cha sy kién & quan thé 1
Proportion 2 Xac suét clia sy kién & quan thé 2

6.1. UOC LUQNG, KIEM PINH MOT GIA TRI TRUNG BINH
Vi du M-1.17a: Can quan sat bao nhiéu bo sira dé udc tinh duoc ning sut trong
chu ky tiét sira 305 ngay nam trong khoang + 75kg so vdi gié tri thuc ciia quan thé. Biét
rang san luong sira ¢ phan phdi chuan o = 500kg, d6 manh cua phép thir 0,8 mirc ¥
nghia 0,05.

Stat=»Power and Sample Size=>»1-Sample Z...
Power and Sample Size for 1-5ample £ >

Spedfy values for any two of the following:

Sample sizes: ||

Differences: | 75

Power values: [ 0.8

Standard deviation: 500

Options... | Graph... |

Help oK | Cancel |

- Pé tinh dung lwong méu, 6 Sample sizes can dé trong.

- Differences: 75 - su chénh 1éch mong doi so v&i quan thé cho trudc.
- Power values: 0,8 - P§ manh cta phép thur.
- Standard deviation: 500 - D6 1éch chudn ctia quan thé cho trudc.

- Theo mac dinh mtrc ¥ nghia 1a 0,05, tuy nhién ban doc co thé thay ddi gia tri
bang cach vao Options... trong phan hop thoai.
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Chon OK dé c6 két qua:

Power and Sample Size

l1-Sample Z Test

Testing mean = null (versus not = null)

Calculating power for mean = null + difference

Alpha = 0.05 Assumed standard deviation = 500
Sample Target

Difference Size Power Actual Power

75 349 0.8 0.800182

Nhu vay, dé thoa man diéu kién bai toan dit ra can quan sat it nhét 349 bo.

Co6 thé thay thé d6 1éch chuan ctia quan thé (o) néu khong c6 bang do l1éch chuan
cia mau (SD). Trong trudng hop cin chon menu Stat=»Power and Sample Size=>1-

Sample t...trong Minitab.

Vi du M-1.17b: Can quan sat bao nhiéu bo sita dé wéc tinh dugc niang suit trong
chu ky tiét sira 305 ngay nam trong khoang + 75kg so vdi gié tri thuc ciia quan thé. Biét
rﬁng san lugng stra c6 phan phéi chuén SD = 498,5 kg, d manh cua phép thir 0,8 mirc §

nghia 0,05.

Stat=»Power and Sample Size=»1-Sample t...

Power and 5ample Size for 1-5ample t

Spedfy values for any two of the following:

Sample sizes: ||

Differences: | 75

Power values: | 0.3

Standard deviation: 493,5

Opfions... |

Graph... |

el o |

Cancel |

- Dé tinh dung lwong mau, 6 Sample sizes can dé trong;

- Differences: 75 - su chénh 1éch mong doi so v&i quan thé cho trudc;

- Power values: 0,8 - Do manh cua phép thu;
- Standard deviation: 498,5 - B¢ léch chuan (SD);

- Theo mic dinh mutrc ¥ nghia 14 0,05, tuy nhién ban doc c6 thé thay doi gia tri

bang cach vao Options... trong phan hop thoai.
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Power and Sample Size

1-Sample t Test

Testing mean = null (versus not = null)

Calculating power for mean = null + difference

Alpha = 0.05 Assumed standard deviation = 498.5
Sample Target

Difference Size Power Actual Power

75 349 0.8 0.800368

6.2. UOGC LUOQNG, KIEM PINH MOT TY LE

Vi du M-1.18: Can dung luong mau bao nhiéu dé xac dinh ty 1¢ hién nhiém mot
loai vi khuén trén than thit lon & mot 10 mé véi wdce tinh chénh 1éch khong qua 5%.
Biét rﬁng ty 1€ hién hanh p = 0,2 va kiém dinh & muc y nghia 0,05 va d0 manh cuia
phép thu 0,9.
Stat=» Power and Sample Size=» 1-Proportion...
Power and Sample Size for 1 Proportion x

Spedify values for any two of the following:

Sample sizes: |
Comparison propor tons: | 0.25
Power values: | 0.9

Hypothesized propartion: 0.2
Options. .. | Graph... ‘

Help QK | Cancel ‘

- Pé tinh dung lwong mau, 6 Sample sizes can dé trong

- Alternative values of p: 0,25 =0,20+0,05 chinh bang ty hién hanh + sy chénh
1éch mong doi so v6i quan thé cho trude

- Power values: 0,9 - B6 manh cua phép thu
- Hypothesized p: 0,2 - Ty 1€ hién hanh
- Theo mc dinh muc ¥ nghfa 1 0,05, tuy nhién ban doc co thé thay do6i gia tri
bang cach vao Options... trong phan hop thoai
Chon OK dé c6 két qua:
Power and Sample Size
Test for One Proportion

Testing proportion = 0.2 (versus not = 0.2)

Alpha = 0.05
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Alternative Sample Target
Proportion Size Power Actual Power

0.25 718 0.9 0.900350

Két luan: Can xét nghiém it nhét 718 than thit dé thoa méan diéu kién cua bai toan.

6.3. SO SANH HAI GIA TRI TRUNG BINH
Vi du M-1.19: Mudn thiét ké mot thi nghiém dé so sanh san luong sita cua dé
Bach Thao ¢ 2 cong thuc thi nghiém voéi yéu cau o = 0,05; B = 0,2; chénh 1éch mong
doi 30 kg sita biét o = 50 kg.

Trong vi du ndy chi dé cip dén trudng hop 2 phuong sai bang nhau va chon méu
doc 1ap, cac truong hop khac khong trinh bay trong ndi dung phan tai liéu nay;

Stat=»Power and Sample Size=»2-Sample t...
Power and Sample Size for 2-5ample t x

Spedfy values for any two of the following:

Sample sizes: |

Differences: | 30

Power values: | 0.8

Standard deviation: | 50]

Options... | Graph... |

Help oK | Cancel |

- Pé tinh dung lwong mau, 6 Sample sizes can dé trong

- Differences: 30 - sy chénh 1éch mong doi giita 2 quan thé cho trudc

- Power values: 0,8 = 1-0,2 Do manh cua phép thu

- Standard deviation: 50 - D 1éch chuan cta 2 quan thé cho trude (gia su rang do
1éch chuan bang nhau)

- Theo mic dinh miic ¥ nghia 14 0,05, tuy nhién ban doc c6 thé thay doi gia tri
bang cach vao Options... trong phan hop thoai

Chon OK dé c6 két qua:

Power and Sample Size

2-Sample t Test

Testing mean 1 = mean 2 (versus not =)

Calculating power for mean 1 = mean 2 + difference

Alpha = 0.05 Assumed standard deviation = 50

Sample Target
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Difference Size Power Actual Power
30 45 0.8 0.803697
The sample size is for each group.
Két luan: Cén it nhat 45 dé cho mdi cong thire, hay trong thi nghiém nay can it
nhat 90 dong vat thi nghiém dé thoa mén diéu kién bai toan

6.4. SO SANH HAI TY LE

Vi du M-1.20: Mot thi nghiém duogc tién hanh nhim nghién ctu ty 1& ton
thuong nim va & bo sita giita hé thong vit sita A va B. Thoi gian nghién ctu duoc
tién hanh trong 12 thang v4i du doan ty 18 ton thuong & hé thdng B 1a 34,5% va hé
thong A 1 15%. Hay tinh dung luong miu can thiét ddi véi mot nhom dé thoa man
diéu kién bai toéan.

Stat=»Power and Sample Size=»2-Proportions...

Power and Sample Size for 2 Proportions *

Spedify values for any two of the following:

Sample sizes: |

Comparison propartions (p1): |D.345

Power values: | 0.8

Baseline proportion (p2): .15
Options. .. | Graph... |

Help Ok | Cancel |

- Dé tinh dung luong mau, 6 Sample sizes can dé trong

- Proportion 1 values: 0,345 - Ty 1¢ mic bénh du doan & qu?m thé 1

- Power values: 0,8 - P9 manh cta phép thur

- Proportion 2: 0,15 - Ty 1€ mic bénh du doan & quﬁn thé 2

- Theo mac dinh mtrc ¥ nghia 1a 0,05, tuy nhién ban doc co thé thay ddi gia tri
bang cach vao Options... trong phan hop thoai

Chon OK dé c6 két qua:

Power and Sample Size

Test for Two Proportions

Testing proportion 1 = proportion 2 (versus not =)

Calculating power for proportion 2 = 0.15

Alpha = 0.05

Sample Target

Proportion 1 Size Power Actual Power

0.345 76 0.8 0.801595
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The sample size is for each group.
Két luan: Can it nhit 76 bo sita cho mdi cdng thirc, hay trong thi nghiém nay can
it nhat 152 dong vat thi nghiém dé thoa man di€u ki¢n bai toan.

6.5. SO SANH NHIEU GIA TRI TRUNG BINH
Vi du M-1.21: Thiét ké mot thi nghiém dé so sanh ting khdi luong (g) cia ga ¢ 4
khau phén thire dn (A, B, C, D). Céc gia tri trung binh dwoc chon 1an luot 13: pa= 79, pp
=71, pc = 80, up= 102, v&i o= 0,05 va 1- B = 0,8; biét 6> = 352. Can bao nhiéu ga tham
gia thi nghiém nay?
Stat=»Power and Sample Size=®» One — Way ANOVA

Power and Sample Size for One-Way AMNOWVA >

Mumber of levels: 4

Specify walues for any two of the following:

Sample sizes: |

Walues of the maximum

difference between means: | 33
Power values: | 0.8
Standard deviation: 35|
Options... | Graph... |
Help Ok I Cancel |

- Pé tinh dung lwong mau, 6 Sample sizes can dé trong

- Number of levels: 4 — s cong thic thi nghiém

- Power values: 0,8 - Do manh cua phép thu

- Values of the maximum difference between menas: 33

- Standard deviation: 35 — d6 1éch chuan

- Theo mic dinh miic ¥ nghia 1a 0,05, tuy nhién ban doc c6 thé thay doi gia tri
bang cach vao Options... trong phan hop thoai

Chon OK dé c6 két qua:

Power and Sample Size

One-way ANOVA

Alpha = 0.05 Assumed standard deviation = 35

Factors: 1 Number of levels: 4

Maximum Sample Target
Difference Size Power Actual Power
33 26 0.8 0.808303

The sample size is for each level.

Két luan: Cén it nhit 26 con ga cho mdi cong thirc, hay trong thi nghiém nay can
it nhat 104 dong vat thi nghiém dé thod man diéu kién bai toan.

186



BAI 7. BAI TAP

7.1. TOM TAT VA TRINH BAY DU LIEU

Bai tap 7.1.1

Tém tat va trinh bay doi vai so liéu ve chiéu dai cua 30 con ca (cm)

14 21 27 38 22 26
25 27 34 40 49 26
17 16 37 25 30 34
20 11 35 32 24 19
35 19 40 31 29 20

Bai tap 7.1.2a
Khéi luong trung binh (g) ctia ca hdi bay sic trude va sau 30 ngdy nudi thi
nghiém ¢ 3 cong thirc thi nghiém (LP =25%, OP = 45% va HP = 65%) va 6 muc lysin
(1=1%,2=1,2%,3 =1,4%,4=1,6%, 5 =1,8% va 6 = 2%) dugc trinh bay nhu sau:

Trwdce thi nghiém Sau thi nghiém
. Protein Protein
Lysin

LP OP HP LP OoP HP
1 0,91 0,91 0,92 1,66 2,42 1,93
2 0,95 0,91 0,90 2,22 2,89 2,35
3 0,93 0,92 0,92 2,51 3,60 2,84
4 0,93 0,92 0,93 3,06 4,37 3,22
5 0,91 0,91 0,91 3,49 4,89 3,76
6 0,94 0,92 0,92 3,37 4,71 4,15

Tom tit va trinh bay ddi véi s6 licu trén.
Bai tap 7.1.2b

Tuong ty nhu vi du 7.2a, ta ¢6 luong thirc an thu nhan (g/cé) va protein thu nhan
(g/cd) & cac mirc protein va lysin tuong ing nhu sau:

Thrc an thu nhan Protein thu nhan
Lysin Protein Protein

LP OoP HP LP oP HP
1 1,20 1,24 1,01 0,30 0,56 0,65
2 1,51 1,60 1,14 0,38 0,72 0,74
3 1,80 1,98 1,44 0,45 0,89 0,93
4 2,07 2,25 1,73 0,52 1,01 1,12
5 2,19 2,53 1,95 0,55 1,14 1,27
6 2,29 2,55 2,08 0,57 1,15 1,35

Tom tat va trinh bay doi voi so li¢u trén.
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Bai tap 7.1.3

Tom tit va trinh bay dbi véi sb liéu vé khéi luong (g) cia 160 qua trimg ga can
duoc tai trai Quang Trung, PH Nong nghiép I Ha Noi (nay 1a Hoc vién Nong nghi¢p

Viét Nam)

54,9 54,0 55,8 50,4 55,3 50,3 53,1 50,9 50,9 53,8
54,5 52,2 54,3 55,5 51,8 53,6 52,5 48,5 52,8 55,0
52,3 52,0 52,0 53,1 55,8 53,4 51,2 49,5 52,6 54,7
56,4 56,1 55,4 53,5 447 64,4 55,4 54,8 55,5 58,7
65,6 59,9 65,5 48,0 65,5 55,0 55,0 55,0 62,2 61,6
46,1 50,0 53,5 53,0 61,5 62,0 61,1 58,6 59,7 52,6
50,6 54,2 63,1 53,6 61,0 58,2 53,9 50,6 55,5 57,5
65,2 61,0 61,6 63,0 58,0 58,6 58,4 58,7 65,2 61,8
60,7 63,7 62,2 63,4 64,1 63,7 73,4 62,7 61,5 59,9
58,2 54,2 53,8 494 60,3 64,6 61,5 59,0 70,4 61,8
64,2 59,8 56,2 62,9 56,5 37,9 43,3 39,4 41,3 41,3
41,6 43,8 394 42,3 40,8 40,0 41,3 37,9 45,8 41,4
40,6 40,4 45,4 38,4 37,5 42,0 38,6 37,8 40,3 41,3
38,5 43,3 42,6 38,2 43,7 41,6 38,8 39,0 39,4 51,7
49,7 51,7 50,7 47,6 54,8 52,9 52,9 54,0 41,6 50,3
52,1 47,9 49,1 47,0 49,8 51,9 48,6 48,6 60,0 52,9

Bai tap 7.1.4

Nguon: Dé tai nhém sinh vién nghién cieu khoa hoc nam hoc 2002 - 2003

Tom tit va trinh bay dbi voi s6 liéu P - khdi lugng (g), D- dudng kinh 16n (cm) va
d - duong kinh bé (cm) trimg cua giong ga Coqard (Bi)

P D d P D d P D d P D d
57,70 5523 43,76 | 62,90 56,68 44,79 | 60,90 56,42 43,73 | 66,80 58,37 45,12
55,20 5539 4233 | 66,50 57,657 4227 | 60,30 56,93 43,63 | 60,10 54,95 44,35
62,10 54,43 4217 | 56,10 58,15 4510 | 62,20 5520 44,97 | 71,20 60,58 45,56
53,90 58,04 4439 | 60,00 5576 43,64 | 5530 53,67 42,85 | 61,60 56,73 44,34
63,00 55,69 44,84 | 60,50 57,71 43,37 | 63,60 57,19 44,30 | 61,20 57,36 43,57
69,30 56,64 46,66 | 63,30 5882 43,80 | 63,60 57,05 4498 | 59,00 53,26 44,86
64,80 5540 4564 | 57,90 6051 41,79 | 6590 56,94 4596 | 67,90 57,07 46,27
60,10 57,25 43,09 | 62,30 56,67 44,72 | 56,30 54,65 43,03 | 59,00 58,17 42,82
51,90 52,88 4191 | 57,90 54,63 44,04 | 58,80 57,06 4590 | 51,50 52,28 41,91
56,80 54,64 42,70 | 55,50 53,68 43,26 | 59,30 55,46 43,81 | 62,60 55,62 44,95
59,10 54,24 4424 | 67,40 56,65 4598 | 53,40 52,71 42,45 | 64,20 56,82 44,79
58,60 53,83 4435 | 60,90 56,68 43,89 | 58,90 55,05 43,77 | 71,20 61,15 46,00
58,90 58,31 42,78 | 63,50 56,88 44,86 | 61,60 58,59 4543 | 54,20 54,24 42,58
60,70 57,26 43,54 | 57,60 57,65 4253 | 64,40 57,78 4520 | 54,50 54,99 42,32
65,50 58,10 44,54 | 61,20 56,28 44,11 | 66,30 55,12 45,17 | 69,10 60,99 44,85
68,50 58,561 4564 | 56,60 53,94 43,65 | 67,40 5589 43,34 | 5590 54,41 42,62
59,10 55,71 43,98 | 56,70 55,88 42,82 | 60,10 5524 44,08 | 66,00 58,19 45,69
52,50 53,07 4212 | 65,70 57,13 4574 | 59,40 55,68 43,69 | 68,00 59,93 45,50
61,20 56,94 4413 | 56,30 56,03 42,57 | 53,90 52,69 42,72 | 62,00 56,80 44,20
67,30 59,19 4497 | 57,10 57,39 4221 | 61,30 54,99 44,38 | 56,70 55,66 42,41
63,90 54,77 4565 | 70,30 58,99 46,38 | 64,10 57,28 45,08 | 67,00 5849 45,56
54,70 56,57 44,69 | 61,90 56,82 44,08 | 59,00 55,73 43,23 | 53,80 52,44 43,38
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7.2. UOGC LUQNG, KIEM PINH MOT GIA TRI TRUNG BiNH

Bai tap 7.2.1

San luong ca danh duogc trong 1 gid (tAn) c6 phan phdi chuan X ~ N(u, 62). Udc
luong p va kiém dinh gia thiét Ho: p =2 dbi thiét Hy: p = 2.

Luwoi 1 2 3 4 5 6 7 8 9 10
San lwong /gio 1,2 25 1,0 4,0 3,0 2,8 0,6 3.4 2,0 2,5

Bai tap 7.2.2

Thoi gian mang thai ctia bd phan phdi chuin X~ N(p, 6%). Theo ddi 6 con bo thay
thoi gian mang thai (ngay) la: 307, 293, 293, 283, 294, 297. Uébc lugng gia tri trung
binh ctia thoi gian mang thai va kiém dinh sy khac biét vé thoi gian mang thai cua gidng
bo nay véi 285 ngay?

Bai tap 7.2.3a

Dé xac dinh khdi lugng tom trong ao nudi, tién hanh bat va can khdi lwong ciia 30
con. S6 liéu thu dugc nhu sau, don vi tinh g

34,14 32,41 25,90 33,43 34,38 38,25 28,94 27,80 26,67 32,37
35,83 23,47 25,69 34,08 27,73 35,00 26,81 32,01 23,61 29,22
31,98 36,09 35,43 23,37 29,63 30,69 34,01 32,27 28,01 31,32

Hay u6c lugng khdi lugng trung binh ctia tém trong ao nudi va kiém dinh gia
thiét Ho: p =32 g d6i thiét Hy: p =32 g.
Bai tap 7.2.3b
Véi s6 lidu ¢ bai tdp 7.2.3a, hiy kiém dinh khdi lugng trung binh ctia tom & ao
nudi p =29 g, biét rang do 1éch cua tinh trang tai thoi diém tuong tmg 1 5 g.

7.3. UOC LUQNG, KIEM PINH XAC SUAT P

Bai tap 7.3.1

Tha 1500 tom bot vao 1udi, sau 5 ngay thdy sd con song trong ludi 1a 1250 con.
Udc tinh ty 1¢ sdng ctia tom bot sau khi tha trong ao nudi.

Bai tap 7.3.2

Ty 18 tdm sbng sau 1 thang tha ¢ vu trudc 1a 80%. Dé so sanh ty 1é tom sdng tai
thoi diém tuong Ung cua vy hién tai, tién hanh dat 5 sang an trong ao. S6 tom dém duoc
lan luot & cac sang sau 3 gio cho an 1a 26, 25, 32, 31 va 30 con. Anh (chi) cho biét ty 1€
t6m soéng & 2 vu cb su sai khac hay khong? Néu c6 sy sai khac, hiy ude tinh ty 16 tom
séng & vu hién tai. Gia st mat do tha ¢ hai vu déu 1a 40 con /m? va sb tom trong sang
duogc udce tinh bang con /m2,
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Bai tap 7.3.3
Tai mot trai lon, chon ngau nhién 200 lon théy ¢06 40 con bi viém phéi.
1 Hay udc tinh ty 1¢ viém phdi ¢ trai lon néu trén.
2 Néuty 1é még bénh nay & trong ving 1a 25%, theo anh (chi), ty 16 mic
bénh viém phdi cua trai néu trén cé sai khéac so voi toan viung hay khong?
Bai tap 7.3.4

Trong mdt mua nhat dinh trong ndm ngudi ta thay hinh nhu trong sé méi sinh cta
quan thé chim c6 nhiéu con cai hon. Chon ngiu nhién 297 con chim méi sinh thi thdy
¢6 167 con cai. Liéu c6 thé coi ty 1€ gidi tinh dyc /cai cua quﬁn thé néu trén khac vai ty
1€ 1 /1 hay khong?

Bai tap 7.3.5

Ty 1¢ ga 16ng nau /ga 16ng trang clia mot gidng ga & thé hé Fy 1a 3/ 1. Trong mot
trai nudi gidng ga trén thay trong tong s6 400 con & thé hé F; c6 320 con 1ong nau. Co
thé coi ty 18 ga 1ong nau / ga 10ng tring cia trai cao hon ty 1& 3/ 1 hay khong?

7.4. SO SANH HAI GIA TRI TRUNG BINH

Bai tap 7.4.1

Tién hanh kiém tra anh hudng cta vi¢c dicu tri dén san lugng cia bo sira. Bo thi
nghiém dugc chon cé cung chu ky va giai doan tiét stra. San lugng sitta (kg) thu duoc
trudce va sau khi diéu tri nhu sau:

Bo sb 1 2 3 4 5 6 7 8 9
Truwde khi djéu tri 27 45 38 20 22 50 40 33 18
Sau khi diéu trj 31 54 43 28 21 49 41 34 20

Liéu viéc diéu tri ¢6 anh huong dén san luong trung binh sira bo hay khong?

Bai tap 7.4.2

Dé so sanh khéi luong ctia 2 giéng bo, tién hanh chon ngau nhién va can 12 con
d6i voi giéng tha nhat va 15 con ddi véi gidng thir 2. Khéi lugng (kg) thu duoc nhu sau:

Gibng bo tht nhat 187,6 180,3 198,6 190,7 196,3 203,8 190,2 201,0
. 194,7 2211 186,7 203,1
Giong bo th hai 148,1 146,2 152,8 135,3 151,2 146,3 163,5 146,6

162,4 140,2 159,4 181,8 165,1 165,0 141,6

Theo anh (chi), khdi lwong trung binh ciia 2 giéng bo ¢ khac nhau khong?

Bai tap 7.4.3

Mot thi nghiém sinh 1y hoc dong vat nham nghién ctru kha nang hap thu cua dong
vat ludng cu. Phén trim ting khéi luong co thé sau khi ngdm minh trong nuéc hai gio
dugc ghi lai ddi véi éch va coc nhu sau:
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Coc 2,31 25,23 28,37 14,16 28,39 27,94 17,68
Ech 0,85 2,90 2,47 17,72 3,82 2,86 13,71 7,38

Theo anh (chi), coc hay éch hap thu nuée c6 khac nhau khong?

Bai tap 7.4.4

Dé so sanh khéi lwong so sinh giira 2 gidng lon Landrace va Yorksire nuéi tai trai
M¥ Vin; tién hanh can khdi lwong so sinh ngéu nhién ciia 100 lon Landrace va 180 con
cta Yorkshire. Khoi luong so sinh trung binh ctia 100 lon Landrace 1a 1,21 kg va do
léch chuén 14 0,15 kg; d6i véi 180 lon gidng Yorkshire co cac gia tri twong tng 13 1,30
kg va 0,11 kg. Anh (chi) cho biét két luan ctia minh vé khéi luong lon so sinh cua 2
gidng néu trén.

7.5. SO SANH HAI XAC SUAT

Bai tap 7.5.1

Dé thtr hidu luc ctia mot loai vic xin mdi nguoi ta tiém véc xin cho 400 c4 thé, két
qua con song 350. Trong nhém dbi ching (khong tiém) gom 300 ca thé c6 250 con
song. Hay kiém dinh gia thiét HO: ty 1¢ séng khong co sy sai khac khi st dung vac xin
va khong st dung véi d6i thiét H1: sir dung vic xin c6 ty 1& sbng cao hon.

7.6. PHAN TICH PHUONG SAI MOT YEU TO

Bai tap 7.6.1

Theo dai tang khéi luong cua ca (kg) trong thi nghiém vai 5 cong thirc nudi (A, B,
C, D va E). Hay cho biét ting khoi lugng ctia ca & cac cong thirc nudi co khac nhau
khong? Néu khac hdy tién hanh so sanh cip cac gia tri trung binh va thé hién sy khéc
nhau bang cac chir céi.

A B C D E
0,95 0,43 0,70 1,00 0,90
0,85 0,45 0,90 0,95 1,00
0,85 0,40 0,75 0,90 0,95
0,90 0,42 0,70 0,90 0,95

Bai tap 7.6.2
So sanh ting khéi lugng cua chudt ¢ 4 khéu phﬁn an khac nhau (1, 2, 3 va 4). Sé
chudt tham gia vao thi nghiém vao ting khau phan lan luot 14 7, 8, 6 va 8. S6 liéu thu
duoc trinh bay ¢ bang sau (% tang khdi lugng so voi khdi luong co thé):

Kh&u phan 1 3,42 3,96 3,87 4,19 3,58 3,76 3,84

Khau phan 2 3,17 3,63 3,38 3,47 3,39 3,41 3,55 3,44
Khau phan 3 3,34 3,72 3,81 3,66 3,55 3,51

Khau phan 4 3,64 3,93 3,77 4,18 4,21 3,88 3,96 3,91

Cho biét anh hudng cua khau phan an dén tang khoi luong ctia chudt. Néu co sy
khac nhau, tién hanh so sanh céac trung binh va thé hién sy sai khac gifra ting cap bang
cac chir cai.
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Bai tap 7.6.3

Theo dai trong luwong xuat chudng (kg) cua lon & 5 cong thirc lai khac nhau. Lon
nudi thi nghiém duoc bd tri & 4 khu chudng khac nhau. Két qua thu dwogc trinh bay
nhu sau:

Cong thire Khu 1 Khu 2 Khu 3 Khu 4
1 77,8 76,9 75,4 74,1
2 83,7 80,3 80,6 78,0
3 76,7 72,0 72,4 70,7
4 78,0 77,0 75,9 75,7
5 71,8 70,0 73,0 71,6

Hay so sanh khoi lugng xuat chudng cua lon ¢ cac cong thirc lai néu trén. Néu co
su khac nhau, tién hanh so sanh cac trung binh va thé hién sy sai khac gitra tung cap
bang céac chir céi.

Bai tip 7.6.4

Nghién ctru s luong té bao lymphd ¢ chudt (x1000 té bao mm™ mau) duoc sir
dung 4 loai thudc khac nhau qua 5 lta; két qua nhu sau:

Lwa 1 Lwa2 Lwra3 Lrad Lwrab
Thuébe A 7,1 6,1 6,9 5,6 6,4
Thubc B 6,7 5,1 5,9 5,1 5,8
Thuéc C 7,1 5,8 6,2 5,0 6,2
Thubc D 6,7 54 5,7 5,2 5,3

Hay so sanh anh hudng cua thudc dén so lugng t€ bao lymphd trong méau. Néu co
su khac nhau, tién hanh so sanh céc trung binh va thé hién su sai khac gitra tung cap
bang cac chir cai.

Bai tap 7.6.5

Nghién ctru anh hudng cuia mat d¢ nudi ca dén san luong trong ao nuoi. Co tat ca
6 mat do khac nhau (1, 2, 3, 4, 5 va 6) dugc thtr nghi¢ém trén 4 khu vuc (1, 2, 3 va 4).
Ning suat ca (tan) & thi nghiém thu dugc nhu sau:

Mat dd nudi Khu 1 Khu 2 Khu 3 Khu 4
1 3,6 2,8 3,0 4,0
2 4,8 4,2 4,0 5,6
3 6,0 5,7 52 6,2
4 6,6 6,4 54 6,5
5 7,0 6,5 5,9 7,0
6 7.1 6,8 6,0 7,2

Cho biét anh huodng cia mat do nuoi dén nang suit ca.
Bai tap 7.6.6

Nubi 4 gidng tao trong 4 ao (cot) & khu vyuc c6 ning git do d6 mdi ao dugc chia
thanh 4 bang (hang) vuong goc véi hudng nang sau d6 chon cach che phu. Theo doi
nang suét cia tao (kg / m?) ¢ thi nghiém. Hay cho biét két luan cua anh (chi) vé ning
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suat cua 4 giong tdo néu trén, néu co sy sai khac hay thé hién sy sai khéac cia tung cap
gia tri trung binh bang cac chir céi.

. Ao
Che pha 1 > 3 Z

1 1,640 1,210 1,425 1,345
(B) (D) (©) (A)

2 1,475 1,185 1,400 1,290
(C) (A) (D) (B)

3 1,670 0,710 1,665 1,180
(A) (C) (B) (D)

4 1,565 1,290 1,655 0,660

(D) (B) (A) (©)

Bai tap 7.6.7

Mot thi nghiém duoc nghién ctru trén bo nham xac dinh su phan giai protein (%)
trong da co bang k¥ thuat dat tai ny 16ng qua 16 ro da co trén 4 dong vat thi nghiém. Co
4 loai thure an dugc nghién ctru va mdi loai thire an duoc dit 1an luot trong da cd cla
timg dong vat thi nghiém. S6 liéu thu duoc trinh bay trong bang bén. Cho biét két luan
ctia anh (chi) vé mirc d6 phan giai protein ¢ 4 loai thirc an néu trén, néu co sy sai khac
hay thé hién sy sai khac cta timng cdp gia tri trung binh bang cac chit cai.

Giai Bo
doan 1 2 3 4
1 42,80 42,90 69,10 49,40
(B) (A) (D) (C)
2 47,40 53,50 47,10 56,80
(A) (D) (©) (B)
3 52,30 61,20 40,50 51,80
(€) (B) (A) (D)
4 61,30 51,20 54,00 39,70
(D) (€ (B) (A)

7.7. PHAN TICH PHUONG SAI HAI YEU TO

Bai tap 7.7.1. Phan tich phwong sai 2 nhin t6 bd tri kiéu chéo nhau
(crossed design)

Mot thi nghiém duoc tién hanh nham nghién ctru anh hudng cia 3 mac (0, 100 va
200 ppm) axit sorbic va 6 muc (0,98; 0,94; 0,90; 0,86; 0,82 va 0,78) cia hoat hod nudc
(aw) dén ty 1¢ séng ctia Salmonella typhimurium. Mo hinh thiét ké thi nghiém theo kiéu
khéi ngiu nhién duoc st dung vé6i 3 khéi (I, II va III) voi 18 t6 hop cong thire. S6 licu
thu dugc (mat dg/ml) sau 7 ngay lam thi nghi€ém nhu sau:

Axit aw | Il 1]

0 ppm 0,98 8,19 8,37 8,83
0,94 6,65 6,70 6,25

0,90 5,87 5,98 6,14

0,86 5,06 5,35 5,01

0,82 4,85 4,31 4,52

0,78 4,31 4,34 4,20

100 ppm 0,98 7,64 7,79 7,59
0,94 6,52 6,19 6,51
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Axit aw | Il 1}

0,90 5,01 5,28 5,78
0,86 4,85 4,95 4,29
0,82 4,29 4,43 4,18
0,78 4,13 4,39 4,18
200 ppm 0,98 7,14 6,92 7,19
0,94 6,33 6,18 6,43
0,90 5,20 5,10 5,43
0,86 4,41 4,40 4,79
0,82 4,26 4,27 4,37
0,78 3,93 4,12 4,15

Cho biét két luan cta anh (chi) vé ty 1& song cua Salmonella typhimurium & cac
muc khac nhau cua axit va ay khac nhau. Néu c6 su sai khac, tién hanh so sanh va thé
hién su khac nhau giira cac nghiém thtrc bang céc chir cai.

Bai tap 7.7.2:

Mot thi nghiém dugce tién hanh trén 4 khu chué)ng (I, 11, III va IV) nham xé4c dinh
anh hudng cia viéc bod sung kém (Zno va Zn;) va dong (Cuo va Cu;) vao khau phan an
dén ting khoi lugng cua ga con. Tang khdi lugng (g) trung binh tuin ciia thi nghiém
nhu sau:

Kém DPéng I ] 1] \Y,
Zno Cuo 21,6 22,4 25,7 22,3
16,3 18,9 24,8 22,2
Cus 23,7 22,0 26,7 25,0
19,2 11,2 15,5 19,9
Zny Cuo 21,2 26,3 28,1 23,0
22,6 17,1 24,4 18,8
Cus 20,9 22,3 26,7 21,5
14,2 12,5 13,9 15,7

Két luan cua anh chi vé anh hudng cua viéc bo sung dong kém vao khau phan an
dén tang khoi lugng ctia ga. Néu c6 anh hudng cta viéc bo sung, thé hién sy sai khac
cua tung cdp bang cac chir cai.

Bai tap 7.7.3. Phan tich phwong sai 2 nhan t6 b6 tri kiéu chia 6
(split plot design)

Khao st ning suat ctia 4 gidng co (S23, New Zealand, Kent va X) dugc bon phan
& 2 mic khac nhau, muc nhiéu (A) va mirc trung binh (B). Thi nghiém duoc tién hanh
trén 4 khéi (LIL, IIT va IV) cta 4 6 16n (giéng cd) va 2 6 nho (phan bon). Ning suat vat
chat kho (tan /ha) ctia vy hé thu dwgc nhu sau:

Gidng co Mtrc bén phan [ I I v
S23 A 3,36 3,58 3,20 3,14
B 2,78 2,27 1,92 2,06
New Zealand A 3,54 2,78 3,25 3,45
B 2,89 1,97 2,12 1,96
X A 4,53 4,94 3,99 3,65
B 2,50 1,91 2,16 1,98
Kent A 4,30 3,97 4,31 3,49
B 2,62 2,43 2,25 1,61
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Két luan v€ nang suat cua 4 giong cé néu trén. Néu co6 anh hudng cua viéc bd
sung, thé hién sy sai khac cia tirng cap bang céac chir cai.

Bai tap 7.7.4

Bon trai (khéi) nuéi 3 gidng lon tai 3 day (6 16n), mdi ddy ngan 1am 4 chudng (6
nho) dé theo ddi 4 khau phan an.

Giéng Khéu phan I I 1T v
A 1 429 41,6 28,9 30,8
2 53,8 58,5 43,9 46,3
3 495 53,8 40,7 39,4
4 44 4 41,8 28,3 34,7
B 1 53,3 69,6 454 35,1
2 57,6 69,6 42,4 51,9
3 59,8 65,8 41,4 454
4 64,1 57,4 44 1 51,6
C 1 62,3 58,5 44,6 50,3
2 63,4 50,4 45,0 46,7
3 64,5 46,1 62,6 50,3
4 63,6 56,1 52,7 51,8

Hay phan tich phuong sai va dua ra két luan dbi v6i giong, khau phan in. Néu co
su khac nhau giita cac giéng, cac khau phan an thi so sanh trung binh va thé hién su sai
khac giita cac cip bang céc chit cai.

Bai tap 7.7.5: Phan tich hiép phuwong sai

Mot thi nghiém duoc tién hanh nham nghién ctru khéi luong (kg) két thuc v béo

va tang khoi luong (g/ngay) trong giai doan nudi vd béo tir 21 dén 24 thang tudi cua ba

nhom bo lai LaiSind, F1(Brahman x LaiSind) va F1(Charolais x LaiSind). Két qua thu
duoc nhu sau:

Bo sb Khéi lwgng dau ky Khéi lwgng cubi ky Tang khéi lvong
LaiSind
1 196 259 700,00
2 187 247 666,67
3 210 266 622,22
4 196 255 655,56
5 185 249 711,11
F1(Brahman x LaiSind)
6 215 285 777,78
7 210 295 944,44
8 198 280 911,11
9 217 298 900,00
10 209 285 844,44
F1(Charolais x LaiSind)
11 216 310 1044,44
12 235 321 955,56
13 230 320 1000,00
14 215 305 1000,00
15 210 295 944 .44

Hay cho biét anh hudng cua khéi luong dau ky dén khdi lugng cudi ky va ting
khdi lwong. So sanh khéi lugng cudi ky va tiang khoi lugng giita 3 nhom bo lai trén.
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7.8. TUONG QUAN VA HOI QUY TUYEN TINH

Bai tap 7.8.1

Theo ddi khdi lwong (kg) ciia bé & cac thoi diém khac nhau (thang). Két qua thu
duoc nhu sau

Tubi (x) 0 2 3 4 6 8 12
Khéi lwong (y) 18 32 64 70 91 127 164

Tinh hé s6 twong quan r va kiém dinh gia thiét Ho: p= 0 d6i thiét p= 0. Tim duong
hdi quy tuyén tinh dé wdc tinh khdi lrong bé tai cac thoi diém khac nhau va kiém dinh
gia thiét doi vdi cac hé so cia phuong trinh.

Bai tap 7.8.2

Khdi luong ca me (x 100 g) va s luong trimg (x 1000 qua) ciia mot loai ¢ nhu sau:

Khéi lwvong 14 17 24 25 27 33 34 37 40 41 42
Sé trirng 61 37 65 69 54 93 87 89 100 90 97

Tim dudng hoi quy tuyén tinh dé wéc tinh s6 luong trimg thong qua khdi luong
clia ¢4 me va kiém dinh gia thiét doi voi cac hé sd ctia phuong trinh. Du bao sd luong
trimg khi c4 me c6 khéi luong 4,5 kg.

Bai tap 7.8.3
bé xéc dinh h¢ so twong quan gilra céc tinh trang ndng suat sinh san cia lon nai
ngoai Landrace nudi tai cac co s& giong ¢ mién Bac Viét Nam; tién hanh rat mdt cach
ngau nhién thanh tich ctia 25 nai dugc bang so liéu nhu sau:

scdr sc21 poss pssc po21 p21c scdr sc21 poss pssc po21 p21c
13 10 13,5 1,23 32,0 3,20 10 10 14,0 1,40 51,0 5,10
8 8 11,2 1,40 41,6 5,20 12 10 15,5 1,29 42,0 4,20
13 12 18,2 1,40 72,0 6,00 11 10 12,9 1,29 63,8 6,38
14 8 14,0 1,40 42,0 5,25 10 10 13,0 1,30 46,0 4,60
8 8 11,5 1,44 36,0 4,50 12 9 14,0 1,27 43,0 4,78
10 10 14,5 1,45 60,0 6,00 12 10 14,6 1,22 52,0 5,20
9 8 10,8 1,20 40,0 5,00 9 8 12,5 1,39 34,0 4,25
12 12 19,0 1,58 65,0 5,42 10 9 17,6 1,76 50,0 5,56
10 10 10,5 1,05 38,2 3,82 10 9 13,7 1,37 40,3 4,48
11 10 12,0 1,09 62,0 6,20 11 10 14,0 1,27 51,0 5,10
10 8 14,0 1,40 47,0 5,88 10 8 13,0 1,30 46,3 5,79
10 10 16,0 1,60 56,0 5,60 8 8 9,0 1,13 36,6 4,58
Ghi chii:

scdr - 86 con dé ra/ lira

sc21 - 86 con con song dén 21 ngay tuéi
poss - Khoi lwgng so sinh/ liva (kg)

pssc - Khéi hwong so sinh/ con (kg)

po2l - Khéi lwong 21 ngdy wéi/ lira (kg)
p2lc - Khéi heong 21 ngay tudi/ con (kg)
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Tinh va kiém dinh h¢ s0 twong quan gitra c4c tinh trang, va dién cac gia tri vao
bang sau:

Chitiéu (1) (2) (3) (4) (5) (6)

S6 con dé ra/ Itra (1)

S0 con song dén 21 ngay tudi (2)

Khoi lwong so sinh/ Itra (3)

Khdi lwong so sinh/ con (4)

Khdi lwgng 21 ngay tudi/ Itra

(5)
Khdi lwong 21 ngay tudi/ con (6)

Bai tap 7.8.4

Trong giai doan tir nam 1990 dén 2001, sb luong ngua trong mot trai duoc ghi lai
nhu sau:

Nam 1995 1996 1997 1998 1999 2000 2001 2002 2003 2004 2005 2006
Ngwa 110 110 105 104 90 95 92 90 88 85 78 80

Xay dung phuong trinh hdi quy dé mé ta dién bién sé lugng ngua qua cac nam.
Hay uéc tinh s luong ngua cua trai nam 2007, gia sir rang sd luong cd xu hudng
tuyén tinh.

7.9. KIEM PINH MQT PHAN PHOI VA BANG TUONG LIEN

Bai tap 7.9.1
Theo ddi ty 1& chim duc va chim cai caa mot loai chim duogc két qua: trong 500
con chim non ¢6 230 con duc va 270 con cai. Kiém dinh gia thiét ty 1¢ chim duc /chim
cailal/l.
Bai tap 7.9.2
Véi s liéu & bai tap B-2.17 (tr.8) cia BTTKTN-2010. Xir 1y sb liéu nay bang
phép thir y2. Anh (chi) cho biét ¢ ton tai mbi lién hé giita véac xin va ty 1& chét. Néu ton
tai moi lién hé, hiy tinh nguy co tuvong dbi (RR).

Bai tap 7.9.3a

Két qua diéu tra vé sinh 1y dudng tiét niéu & cho duoc nhu bang bén. Liéu c¢6 ton
tai moi lién hé gitra viéc thién va roi loan bai ti€t hay khong? Néu ton tai, hay tinh ty
sudt chénh va binh luan vé ty suat nay.

Réi loan Binh thudng
Thién 34 757
Khéng 7 2427
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Bai tap 7.9.3b

Hay giai quyét cac cau hoi twong ty nhu & bai tap B-4.4a, trong truong hop dung
luong mau han ché va sd liéu thu dugc nhu bang sau:

Réi loan Binh thuwdng
Thién 7 121
Khéng 2 642

Bai tap 7.9.4

Két qua theo ddi 3 nhém (A, B va O) mau va 2 nhém bénh (viém loét da day - I
va ung thu va & nit - II) trong thoi gian 12 thang thay sé bénh nhan ¢ cac nhém mau A,
B va O méc bénh I 1an luot 1a 679, 134 va 983; bénh II 1an lugt 1a 416, 84 va 383. Li¢u
c6 ton tai mbi lién hé gitta gitra nhom méu va ty 1é mac bénh hay khong? Néu co, hiy
tinh nguy co twong d6i (RR) va giai thich hé sd nay.

Bai tap 7.9.5

Nghién ctru tac dung cta 3 loai véc xin (A, B va C) va dbi chung (PC) dén muc
dd bénh sau 24 thang theo doi:

Ve xin Mic d6 bénh
Khéng Trung binh Nang
bC 100 71 29
A 146 32 17
B 149 28 16
C 146 37 17

Hay cho biét cac bién phap xir Iy ¢6 cho két qua phong bénh nhu nhau khong?
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PHU LUC 1

MOT SO THUAT NGU DUNG TRONG GIAO TRINH

Thuat ngiv Tiéng Anh
Bang twong lién Contigency table
Bac tw do Degree of freedom

Bién ngau nhién

Random variable

Céc sb dac trng clia mau

Statistics,Statistical measures,
Characteristics of a sample

Céng thirc Bayes Bayes rule
C6ng thirc xac suét toan phan Total probability formula
Chinh hop Arrangement

Chinh hop lap

Arrangement with repetition

Chép nhan hay bac bé gia thiét

Accept and reject hypothesis

Phan phdi xac suét cia biér) rdi rac,
bang (day) phan phdi

Discrete probability distribution,
frequency array

Dung lwgng mau (kich thwéc mau)

Size of sample

Duv bao

Prediction, forecasting

D@ liéu dinh lvong

Quantative data

D@ liéu dinh tinh

Qualitative data

Do léch chuan

Standard deviation

Doc lap Independent
D6 nhon Kurtosis
Do léch, dd bat dbi xirng Skewness
Do tin cay Degree of confidence

Gia thiét théng ké

Statistical hypothesis

Gia thiét va dbi thiét

Hypothesis and
alternative hypothesis

Gia thiét khong (Ho)

Null hypothesis

Ham phan phdi

Distribution function

Ham mat do xac suat

Probability density function

Hiép phwong sai Covariance
Thuat ng» Tiéng Anh
Hé sb gbc Slope

Hoan vi Permutation

Hbi quy tuyén tinh

Linear regression

Kiém dinh gia thiét

Tests of hypotheses,
Testing hypothesis

Kiém dinh mét phan phéi

Goodness of fit test

Kiém dinh hai phia

Two tailed test

Déi thiét hai phia

Two side alternative

Ky vong toan hoc

Mathematical expectation
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M&u quan sét Sample
Mod Mode
Nguyén tc binh phwong bé nhét Method (principle) of least squares
Nhat dd, t6 chirc d6 Histog
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Phan phéi 2

Chi-square distribution

Phan phdi chuan

Normal distribution
Gaussian distribution

Phan phdi chuan tic

Standard normal distribution

Phan phéi hinh hoc

Geometric distribution

Phan phéi Fisher Snedecor

Fisher Snedecor distribution
F distribution

Phan phéi lién tuc

Continuos distribution

Phan phéi roi rac

Discrete distribution

Phan phdi nhj thire

Binomial distribution

Phan phéi Poatxdng

Poisson distribution

Phan phéi siéu boi

Hypergeometric distribution

Phan phéi Student

Student distribution t distribution

Phan tram Percentage
Phép thtr Experiment
Phuwong sai Variance (dispersion)

Quy t&c cong xac suat

Additive rule of probability

Quy t&c nhan xac suét

Multiplicative rule

RUi so (Sai 1am ) loai | va Il

Type | and Il risk (error)

Thuét nglr

Tiéng Anh

Sai sb chuén

Standard error

So sanh trung binh ldy mau theo cip

Paired comparaison for means

Sw kién Event
Sw kién co ban Element
Twong quan Correlation
Heé sb twong quan Correlation coeficient
Tan sé Frequency

Théng ké mb ta

Descriptive Statistics

Thiét ké hoan toan ngau nhién

Completely randomized design

Thiét ké& khéi ngdu nhién day du

Radomized completely block design

Thiét ké kiéu chéo nhau

Crossed design

Thiét ké kiéu phan cap hay chia &

Hierachical Nested design

Thiét ké kiéu chia 6

Split plot design

Tb hop Combination
Téng thé Population
T& phan vi Quartile

Trung binh céng

Mean, sample mean,
arithmetic mean, average

Trung vi Median
Tung d6 gbc Intercept
Xac suét Probability

Uéc lwong, wéc lwong tham sé

Estimate, estimation of parameters

Uéc lwong didm

Point estimate

Uéc lwong khodng

Interval estimate

Uéc lwvgng khoang clia ky vong
(Khodang tin cay cla ky vong)

Interval estimation of mean
(Confidence interval for mean)

Uéc lvong khoang clia xac §uét
(khodng tin cay cla xac suat)

Interval estimation of Probability
(Confidence interval for p)
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PHU LUC 2

BANG CAC KY HIEU TOAN HQOC

Tén day du Viét tat
Phwong sai cta tdng thé o?
Do l&ch chuén ctia mau quan sat SD
Heé sb bién dong CV%
Hé sb gbc clia dweng hdi quy tuyén tinh b
Hé sb twong quan ctia mau r
Hé sb twong quan cua téng thé P
Khoang tin cay Cl
Murc sai cho phép, mirc y nghia o (a=1-P)
Mtrc tin cay P
Mode Mod
Nguwdng y2 & mirc o, bac tw do df x2(o.,df)
Nguwong F & mire a, bac tw do dft, dfm F(o, dft, dfm)
Nguwdng t & mirc a, bac ty do df t(a,df)
Nguwéng Z ctia phan phéi chudn & mic o Z(ar)
Phan phdi chuan N(p,02); X ~ N(p,02)
Phuwong sai cta sai sb trong phan tich phwong sai msE se?
Phwong sai ctia tdng thé o?
Phwong sai mau da diéu chinh S%
Phuwong sai S?
Sai sb chuén cla hiéu s6 SED SE(D)

Sai sb chuén

SE, se(X), S5, s,

m

SE mean
SEM
Sai s6 cia mét quan sét}roqg ph?_n tich phwong sai va trong SE
phéan tich hoi quy
Trung binh cdng X xtb
Trung binh ctia tdng thé
Trung vi Median Med
Tung d6 gbc cla dwong hdi quy tuyén tinh a
Xac suét cla téng thé p
Tan suét trong mau f hay k




PHU LUC 3 |
HAM PHAN PHOI CHUAN

Céc gia trj trong bang 1a cia phin bd chudn voi trung binh bing 0 va do léch
chudn 13 1. Ung v6i mdi gia tri z trong 1a gié tri P, P(Z < z).

z P z P z P z P
-4,00 0,00003 -1,50 0,0668 0,00 0,5000 1,55 0,9394
-3,50 0,00023 -1,45 0,0735 0,05 0,5199 1,60 0,9452
-3,00 0,0013 -1,40 0,0808 0,10 0,5398 1,65 0,9505
-2,95 0,0016 -1,35 0,0885 0,15 0,5596 1,70 0,9554
-2,90 0,0019 -1,30 0,0968 0,20 10,5793 1,75 0,9599
-2,85 0,0022 -1,25 0,1056 0,25 0,5987 1,80 0,9641
-2,80 0,0026 -1,20 0,1151 0,30 0,6179 1,85 0,9678
-2,75 0,0030 -1,15 0,1251 0,35 0,6368 1,90 0,9713
-2,70 0,0035 -1,10 0,1357 0,40 0,6554 1,95 0,9744
-2,65 0,0040 -1,05 0,1469 0,45 0,6736 2,00 0,9772
-2,60 0,0047 -1,00 0,1587 0,50 0,6915 2,05 0,9798
-2,55 0,0054 -0,95 0,1711 0,55 0,7088 2,10 0,9821
-2,50 0,0062 -0,90 0,1841 0,60 0,7257 2,15 0,9842
-2,45 0,0071 -0,85 10,1977 0,65 0,7422 2,20 0,9861
-2,40 0,0082 -0,80 0,2119 0,70  0,7580 2,25 0,9878
-2,35 0,0094 -0,75 0,2266 0,75 0,7734 2,30 0,9893
-2,30 0,0107 -0,70 0,2420 0,80 0,7881 2,35 0,9906
-2,25 0,0122 -0,65 0,2578 0,85 0,8023 2,40 0,9918
-2,20 0,0139 -0,60 0,2743 0,90 0,8159 2,45 0,9929
-2,15 0,0158 -0,55 0,2912 0,95 0,8289 2,50 0,9938
-2,10 0,0179 -0,50 0,3085 1,00 0,8413 2,55 0,9946
-2,05 0,0202 -0,45 10,3264 1,05 0,8531 2,60 0,9953
-2,00 0,0228 -0,40 0,3446 1,10 0,8643 2,65 0,9960
-1,95 0,0256 -0,35 10,3632 1,15 0,8749 2,70 0,9965
-1,90 0,0287 -0,30 0,3821 1,20 0,8849 2,75 0,9970
-1,85 0,0322 -0,25 0,4013 1,25 0,8944 2,80 0,9974
-1,80 0,0359 -0,20 0,4207 1,30 0,9032 2,85 0,9978
-1,75 0,0401 -0,15 0,4404 1,35 0,9115 2,90 0,9981
-1,70 0,0446 -0,10 0,4602 1,40 0,9192 2,95 0,9984
-1,65 0,0495 -0,05 0,4801 1,45 0,9265 3,00 0,9987
-1,60 0,0548 0,00 0,5000 1,50 0,9332 3,50 0,99977
-1,55 0,0606 4,00 0,99997

Mot vai gia tri t6i han cua z:
P 0,80 0,90 0,95 0,975 0,99 0,995 0,999
z 0,842 1,282 1,645 1,960 2,326 2,576 3,090
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PHU LUC 4
HAM PHAN PHOI STUDENT (t)

Céc gia tri trong bang 1a cua phan bd ¢. COt thir nhat 13 bac ty do (df). Cac cot
con lai cho ta cac gia tri Iy thuyét ve kiém dinh mdt huéng (phan trén); P(7y4r > ) = P,
hoac 2 hudng; P(Tqr > t hodc Tyr < —t) = P trong do P la muc xéc suat dugc thé hién ¢
dau cot.

df P
0,10 0,05 0,025 0,01 0,005 0,001 (1 hudng)
0,20 0,10 0,05 0,02 0,01 0,002 (2 hudng)

1 3,078 6,314 12,706 31,821 63,657 318,313

2 1,886 2,920 4,303 6,965 9,925 22,327

3 1,638 2,353 3,182 4,541 5,841 10,215

4 1,533 2,132 2,776 3,747 4,604 7,173

5 1,476 2,015 2,571 3,365 4,032 5,893

6 1,440 1,943 2,447 3,143 3,707 5,208

7 1,415 1,895 2,365 2,998 3,499 4,785

8 1,397 1,860 2,306 2,896 3,355 4,501

9 1,383 1,833 2,262 2,821 3,250 4,297

10 1,372 1,812 2,228 2,764 3,169 4,144

11 1,363 1,796 2,201 2,718 3,106 4,025

12 1,356 1,782 2,179 2,681 3,055 3,930
13 1,350 1,771 2,160 2,650 3,012 3,852
14 1,345 1,761 2,145 2,624 2,977 3,787
15 1,341 1,753 2,131 2,602 2,947 3,733

16 1,337 1,746 2,120 2,583 2,921 3,686

17 1,333 1,740 2,110 2,567 2,898 3,646
18 1,330 1,734 2,101 2,552 2,878 3,611
19 1,328 1,729 2,093 2,539 2,861 3,579
20 1,325 1,725 2,086 2,528 2,845 3,552
21 1,323 1,721 2,080 2,518 2,831 3,527
22 1,321 1,717 2,074 2,508 2,819 3,505
23 1,319 1,714 2,069 2,500 2,807 3,485
24 1,318 1,711 2,064 2,492 2,797 3,467
25 1,316 1,708 2,060 2,485 2,787 3,450
26 1,315 1,706 2,056 2,479 2,779 3,435
27 1,314 1,703 2,052 2,473 2,771 3,421
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28
29
30

40

60
120

204

1,313
1,311
1,310

1,303
1,296
1,289
1,282

1,701
1,699
1,697

1,684
1,671
1,658
1,645

2,048
2,045
2,042

2,021
2,000
1,980
1,960

2,467
2,462
2,457

2,423
2,390
2,358
2,326

2,763
2,756
2,750

2,704
2,660
2,617
2,576

3,408
3,396
3,385

3,307
3,232
3,160
3,090



PHU LUC 5
HAM PHAN PHOI KHI BINH PHUONG (12

Gia tri trong bang 1a cua phan bd y2 Cot thir nhat 1a bac t do (df). Cac cot con
lai cho ta cac gia trj 1y thuyét & phan dudi; P(x%ar > x?) = P, trong d6 P 13 muc x4c suit
thé hién ¢ dau cot.

df P

0,10 0,05 0,025 0,01 0,005 0,001
1 2,71 3,84 5,02 6,63 7,88 10,83
2 4,61 5,99 7,38 9,21 10, 60 13,82
3 6,25 7,81 9,35 11, 34 12,84 16,27
4 7,78 9,49 11,14 13,28 14,86 18,47
5 9,24 11,07 12,83 15,09 16,75 20,51
6 10,64 12,59 14,45 16,81 18,55 22,46
7 12,02 14,07 16,01 18,48 20,28 24,32
8 13,36 15,51 17,53 20,09 21,95 26,12

9 14,68 16,92 19,02 21,67 23,59 27,88
10 15,99 18,31 20,48 23,21 25,19 29,59
11 17,28 19,68 21,92 24,73 26,76 31,26

[
N

18,55 21,03 23,34 26,22 28,30 32,91

13 19,81 22,36 24,74 27,69 29,82 34,53
14 21,06 23,68 26,12 29,14 31,32 36,12
15 22,31 25,00 27,49 30,58 32,80 37,70
16 23,54 26,30 28,85 32,00 34,27 39,25

=
~J

24,77 27,59 30,19 33,41 35,72 40,79

18 25,99 28,87 31,53 34,81 37,16 42,31
19 27,20 30,14 32,85 36,19 38,58 43,82
20 28,41 31,41 34,17 37,57 40,00 45,31
21 29,62 32,67 35,48 38,93 41,40 46,80

N
N

30,81 33,92 36,78 40,29 42,80 48,27
32,01 35,17 38,08 41, 64 44,18 49,73
33,20 36,42 39,36 42,98 45,56 51,18

NN
W

25 34,38 37,65 40, 65 44,31 46,93 52,62
26 35,56 38,89 41,92 45, 64 48,29 54,05
27 36,74 40,11 43,19 46,96 49,65 55,48
28 37,92 41,34 44,46 48,28 50,99 56,89

N
Ne)

39,09 42,56 45,72 49,59 52,34 58,30

30 40,26 43,77 46,98 50,89 53,67 59,70
40 51,81 55,76 59, 34 63,69 66,77 73,40
50 63,17 67,50 71,42 76,15 79,49 86,66
60 74,40 79,08 83,30 88,38 91, 95 99,061

06}
(@]

96,58 101,88 106,63 112,33 116,32 124,84
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100 118,50 124,34 129,56 135,81 140,17 149,45
Dbi véi truong hop bac ty do 16n ta c6 thé tinh toan nhu sau, ap dung phan bd
chuan cho %, z=+/2y% —vJ2xdf —1, va so sanh gia tri z voi “Bang xac suét ciia phan

bo tiéu chuan hoa”
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PHU LUC 6
HAM PHAN PHOI FISHER

Trong bang 1 gia tri cua phan bd Fisher F. Bac ty do (vi) x4c dinh vi tri cia cot va bac tw do (v2) xac dinh vi tri ciia hang. Cac gia
tri trong bang 1a gia tri Iy thuyét ctia phan dudi trén; P = (Fy1,.2 > f) = P, trong d6 P 1a x4c suét (0,10; 0,05; 0,01).

%
V2 P 1 2 3 4 5 6 7 8 9 10 11 12 15 20 24 30 40 60 120 0

1 0,10 39,86 49,50 53,59 55,83 57.24 58.20 58.91 59.44 59.86 60.19 60.47 60.71 61.22 61.74 62.00 62.26 62.53 62.79 63.06 63.33
0,05 1614 199,56 215,7 224,6 230.2 234.0 236.8 238.9 240.5 241.9 243.0 243.9 2459 248.0 249.1 250.1 251.1 252.2 253.3 254.3
0,01 4052 4999 5404 5624 5764 5859 5928 5981 6022 6056 6083 6107 6157 6209 6234 6260 6286 6313 6340 6366

2 010 853 900 9,16 924 929 933 935 937 938 939 940 941 942 944 945 946 947 947 948 949
0,05 18,51 19,00 19,16 19,25 19.30 19.33 19.35 19.37 19.38 19.40 19.40 19.41 19.43 19.45 19.45 19.46 19.47 19.48 19.49 19.50
0,01 98,50 99,00 99,16 99,25 99.30 99.33 99.36 99.38 99.39 99.40 99.41 99.42 99.43 99.45 99.46 99.47 99.48 99.48 99.49 99.50

3 010 554 546 539 534 531 528 527 525 524 523 522 522 520 518 518 517 516 515 514 513
0,05 10,13 9,55 928 912 9.01 894 889 885 881 879 876 874 870 866 864 862 859 857 855 853
0,01 34,12 30,82 29,46 28,71 28.24 27.91 27.67 27.49 27.34 27.23 27.13 27.05 26.87 26.69 26.60 26.50 26.41 26.32 26.22 26.13

4 0,10 454 432 419 411 405 4.01 398 395 394 392 391 390 387 3.84 383 382 380 3.79 378 3.76
0,05 7,71 6,94 659 6,39 626 6.16 6.09 6.04 6.00 596 594 591 586 580 577 575 572 569 566 563
0,01 21,20 18,00 16,69 15,98 15.52 15.21 14.98 14.80 14.66 14.55 14.45 14.37 14.20 14.02 13.93 13.84 13.75 13.65 13.56 13.46

5 010 406 3,78 362 352 345 340 337 334 332 330 328 327 324 321 319 317 3.16 3.14 3.12 3.10
0,05 661 579 541 519 505 495 488 482 477 474 470 468 462 456 453 450 446 443 440 4.36
0,01 16,26 13,27 12,06 11,39 10.97 10.67 10.46 10.29 10.16 10.05 9.96 9.89 9.72 955 947 938 9.29 920 9.11 09.02

6 010 3,78 346 329 3,18 3.11 3.05 3.01 298 296 294 292 290 287 284 282 280 278 276 274 272
0,05 599 514 476 453 439 428 421 415 410 4.06 4.03 400 394 387 384 381 377 3.74 370 3.67
0,01 13,75 10,92 9,78 9,15 875 847 826 810 798 787 779 772 756 740 731 723 714 7.06 6.97 6.88

7 010 359 326 3,07 296 288 283 278 275 272 270 268 267 263 259 258 256 254 251 249 247
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208

V2

10

11

12

15

20

24

0,05
0,01

0,10
0,05
0,01

0,10
0,05
0,01

0,10
0,05
0,01

0,10
0,05
0,01

0,10
0,05
0,01

0,10
0,05
0,01

0,10
0,05
0,01
0,10
0,05

5,59
12,25

3,46
5,32
11,26

3,36
5,12
10,56

3,29
4,96
10,04

3,23
4,84
9,65

3,18
4,75
9,33

3,07
4,54
8,68
2,97
4,35
8,10
2,93
4,26

4,74
9,55

3,11
4,46
8,65

3,01
4,26
8,02

2,92
4,10
7,56

2,86
3,98
7,21

2,81
3,89
6,93

2,70
3,68
6,36
2,59
3,49
5,85
2,54
3,40

4,35
8,45

2,92
4,07
7,59

2,81
3,86
6,99

2,73
3,71
6,55

2,66
3,59
6,22

2,61
3,49
5,95

2,49
3,29
5,42
2,38
3,10
4,94
2,33
3,01

4,12
7,85

2,81
3,84
7,01

2,69
3,63
6,42

2,61
3,48
5,99

2,54
3,36
5,67

2,48
3,26
5,41

2,36
3,06
4,89
2,25
2,87
4,43
2,19
2,78

3.97
7.46

2.73
3.69
6.63

2.61
3.48
6.06

2.52
3.33
5.64

2.45
3.20
5.32

2.39
3.1
5.06

2.27
2.90
4.56

2.16
2.71
4.10

2.10
2.62

3.87
7.19

2.67
3.58
6.37

2.55
3.37
5.80

2.46
3.22
5.39

2.39
3.09
5.07

2.33
3.00
4.82

2.21
2.79
4.32

2.09
2.60
3.87

2.04
2.51

3.79
6.99

2.62
3.50
6.18

2.51
3.29
5.61

2.4
3.14
5.20

2.34
3.01
4.89

2.28
2.9
4.64

2.16
2.71
4.14

2.04
2.51
3.70

1.98
2.42

3.73
6.84

2.59
3.44
6.03

2.47
3.23
5.47

2.38
3.07
5.06

2.30
2.95
4.74

2.24
2.85
4.50

212
2.64
4.00

2.00
2.45
3.56

1.94
2.36

3.68
6.72

2.56
3.39
5.91

2.44
3.18
5.35

2.35
3.02
4.94

2.27
2.90
4.63

2.21
2.80
4.39

2.09
2.59
3.89

1.96
2.39
3.46

1.91
2.30

3.64 3.60
6.62 6.54

254 252
3.35 3.31
581 5.73

242 240
3.14 3.10
526 5.18

\4
10 11

232 230
298 294
485 4.77

225 223
2.85 282
4.54 4.46

219 217
275 272
430 4.22

2.06 2.04
254 251
3.80 3.73

1.94 1.9
235 2.31
3.37 3.29

1.88 1.85
225 222

3.57
6.47

2.50
3.28
5.67

2.38
3.07
5.11

12

2.28
2.91
4.71

2.21
2.79
4.40

2.15
2.69
4.16

2.02
2.48
3.67

1.89
2.28
3.23

1.83
2.18

3.51
6.31

2.46
3.22
5.52

2.34
3.01
4.96

15

2.24
2.85
4.56

217
2.72
4.25

2.10
2.62
4.01

1.97
2.40
3.52

1.84
2.20
3.09

1.78
2.1

3.44
6.16

2.42
3.15
5.36

2.30
2.94
4.81

20

2.20
2.77
4.41

212
2.65
4.10

2.06
2.54
3.86

1.92
2.33
3.37

1.79
212
2.94

1.73
2.03

3.41
6.07

2.40
3.12
5.28

2.28
2.90
4.73

24

2.18
2.74
4.33

2.10
2.61
4.02

2.04
2.51
3.78

1.90
2.29
3.29

1.77
2.08
2.86

1.70
1.98

3.38
5.99

2.38
3.08
5.20

2.25
2.86
4.65

30

2.16
2.70
4.25

2.08
2.57
3.94

2.01
247
3.70

1.87
2.25
3.21

1.74
2.04
2.78

1.67
1.94

3.34
5.91

2.36
3.04
5.12

2.23
2.83
4.57

40

213
2.66
417

2.05
2.53
3.86

1.99
2.43
3.62

1.85
2.20
3.13

1.71
1.99
2.69

1.64
1.89

3.30
5.82

2.34
3.01
5.03

2.21
2.79
4.48

60

2.1
2.62
4.08

2.03
2.49
3.78

1.96
2.38
3.54

1.82
2.16
3.05

1.68
1.95
2.61

1.61
1.84

3.27
5.74

2.32
2.97
4.95

2.18
2.75
4.40

120

2.08
2.58
4.00

2.00
2.45
3.69

1.93
2.34
3.45

1.79
2.1
2.96

1.64
1.90
2.52

1.57
1.79

3.23
5.65

2.29
2.93
4.86

2.16
2.7
4.31

2.06
2.54
3.91

1.97
2.40
3.60

1.90
2.30
3.36

1.76
2.07
2.87

1.61
1.84
242

1.53
1.73



30

40

60

120

0,01

0,10
0,05
0,01

0,10
0,05
0,01

0,10
0,05
0,01

0,10
0,05
0,01
0,10

0,05
0,01

7,82

2,88
4,17
7,56

2,84
4,08
7,31

2,79
4,00
7,08

2,75
3,92
6,85
2,71
3,84
6,63

5,61

2,49
3,32
5,39

2,44
3,23
5,18

2,39
3,15
4,98

2,35
3,07
4,79
2,30

3,00
4,61

4,72

2,28
2,92
4,51

2,23
2,84
4,31

2,18
2,76
4,13

2,13
2,68
3,95
2,08
2,60
3,78

4,22

2,14
2,69
4,02

2,09
2,61
3,83

2,04
2,53
3,65

1,99
2,45
3,48
1,94
2,37
3,32

3.90

2.05
2.53
3.70

2.00
2.45
3.51

1.95
2.37
3.34

1.90
2.29
3.17

1.85
2.21
3.02

3.67

1.98
2.42
3.47

1.93
2.34
3.29

1.87
2.25
3.12

1.82
2.18
2.96

1.77
2.10
2.80

3.50

1.93
2.33
3.30

1.87
2.25
3.12

1.82
2.17
2.95

1.77
2.09
2.79

1.72
2.01
2.64

3.36

1.88
2.27
3.17

1.83
2.18
2.99

1.77
2.10
2.82

1.72
2.02
2.66

1.67
1.94
2.51

3.26

1.85
2.21
3.07

1.79
2.12
2.89

1.74
2.04
2.72

1.68
1.96
2.56

1.63
1.88
2.41

3.17

1.82
2.16
2.98

1.76
2.08
2.80

1.71
1.99
2.63

1.65
1.91
2.47

1.60
1.83
2.32

3.09

1.79
213
2.91

1.74
2.04
2.73

1.68
1.95
2.56

1.63
1.87
2.40

1.57
1.79
2.25

3.03

1.77
2.09
2.84

1.71
2.00
2.66

1.66
1.92
2.50

1.60
1.83
2.34

1.55
1.75
2.18

2.89

1.72
2.01
2.70

1.66
1.92
2.52

1.60
1.84
2.35

1.55
1.75
2.19

1.49
1.67
2.04

2.74

1.67
1.93
2.55

1.61
1.84
2.37

1.54
1.75
2.20

1.48
1.66
2.03

1.42
1.57
1.88

2.66

1.64
1.89
2.47

1.57
1.79
2.29

1.51
1.70
212

1.45
1.61
1.95

1.38
1.52
1.79

2.58

1.61
1.84
2.39

1.54
1.74
2.20

1.48
1.65
2.03

1.41
1.55
1.86

1.34
1.46
1.70

2.49

1.57
1.79
2.30

1.51
1.69
2.1

1.44
1.59
1.94

1.37
1.50
1.76

1.30
1.39
1.59

2.40

1.54
1.74
2.21

1.47
1.64
2.02

1.40
1.53
1.84

1.32
1.43
1.66

1.24
1.32
1.47

2.31

1.50
1.68
2.1

1.42
1.58
1.92

1.35
1.47
1.73

1.26
1.35
1.53

1.17
1.22
1.32

2.21

1.46
1.62
2.01

1.38
1.51
1.80

1.29
1.39
1.60

1.19
1.25
1.38

1.00
1.00
1.00
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PHU LUC 7
GIA TRI 2%% PHIA TREN CUA PHAN PHOI FISHER (F)

Gia tri trong bang 1a cua phan bd Fisher F. Bac tu do (v1) x&c dinh vi tri cua cot va bac tu do (v2) xac dinh vi tri ciia hang. Céc gia
tri trong bang 14 gia tri 1y thuyét tai diém 2,5%; P(F, , > f)=0,025

04
Vo 1 2 3 4 5 6 7 8 9 10 11 12 15 20 24 30 40 60 120 00

1 647,8 7995 864,2 8996 921,8 937,11 9482 9566 963,3 9686 973,0 976,7 9849 993,11 9973 1001 1006 1010 1014 1018
2 38,51 39,00 39,17 3925 39,30 39,33 3936 3937 3939 3940 3941 3941 3943 3945 3946 3946 39,47 3948 3949 39,50
3 17,44 16,04 1544 1510 14,88 14,73 14,62 14,54 14,47 14,42 1437 14,34 1425 1417 1412 14,08 14,04 13,99 13,95 13,90
4 12,22 10,65 998 960 936 920 907 898 89 884 879 875 866 856 8,51 8,46 841 8,36 8,31 8,26
5 10,01 843 776 739 715 698 685 676 668 662 657 652 643 633 628 623 6,18 6,12 6,07 6,02

6 8,81 726 660 623 599 582 570 560 552 546 541 537 527 517 512 507 5,01 496 490 4,85
7 807 654 589 552 529 512 499 490 482 476 4,71 4,67 457 447 44 436 4,31 425 420 414
8 757 606 542 505 482 465 453 443 436 430 424 420 410 400 395 389 384 378 373 3,67
9 7,21 5,71 508 472 448 432 420 410 4,03 39 391 387 377 367 3,61 3,56 3,51 345 339 333
10 694 546 483 447 424 407 39 38 378 372 366 362 352 342 337 3,31 326 320 314 3,08

11 6,72 526 463 428 404 38 376 366 359 353 347 343 333 323 317 312 3,06 3,00 294 2,88
12 655 510 447 412 389 373 3,61 3,51 344 337 332 328 318 3,07 3,02 29 291 285 2,79 272
15 6,20 477 415 380 358 341 329 320 312 3,06 3,01 29 28 276 270 264 259 252 246 240
20 587 446 386 3,51 329 3,13 3,01 291 284 277 272 268 257 246 241 235 229 222 216 2,09
24 572 432 372 338 315 299 287 278 270 264 259 254 244 233 227 221 215 2,08 2,01 1,94

30 557 418 359 325 303 287 275 265 257 251 246 2,41 2,31 220 214 2,07 2,01 1,94 1,87 1,79
40 542 405 346 313 290 2,74 262 253 245 239 233 229 218 2,07 2,01 1,94 1,88 1,80 1,72 1,64
60 529 393 334 3,01 279 263 2,51 2,41 233 2271 222 217 2,06 1,94 1,88 1,82 1,74 1,67 1,58 1,48
120 515 380 323 289 267 252 239 230 222 216 210 205 1,94 1,82 1,76 1,69 1,61 1,53 1,43 1,31
0 502 369 312 279 257 24 229 219 2,1 2,05 1,99 1,94 1,83 1,71 1,64 1,57 1,48 1,39 1,27 1,00
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PHU LUC 8

KHOANG Y NGHIA DOI VOI

KIEM PINH PA PHAM VI DUNCAN

Sé cong thirc thi nghiém so sanh

df P
2 3 4 5 6 7 8 9 10
5 0,05 3,64 3,74 3,79 3,83 3,83 3,83 3,83 3,83 3,83
0,01 5,70 5,96 6,11 6,18 6,26 6,33 6,40 6,44 6,50
6 0,05 3,46 3,58 3,64 3,68 3,68 3,68 3,68 3,68 3,68
0,01 5,24 5,51 5,65 5,73 5,81 5,88 5,95 6,00 6,00
7 0,05 3,35 3,47 3,54 3,58 3,60 3,61 3,61 3,61 3,61
0,01 4,95 5,22 5,37 5,45 5,53 5,61 5,69 5,73 5,80
8 0,05 3,26 3,39 3,47 3,52 3,55 3,56 3,56 3,56 3,56
0,01 4,74 5,00 5,14 5,23 5,32 5,40 5,47 5,51 5,50
9 0,05 3,20 3,34 3,41 3,47 3,50 3,62 3,562 3,62 3,52
0,01 4,60 4,86 4,99 5,08 5,17 5,25 5,32 5,36 5,40
10 0,05 3,15 3,30 3,37 3,43 3,46 3,47 3,47 3,47 3,47
0,01 4,48 4,73 4,88 4,96 5,06 5,13 5,20 5,24 5,28
11 0,05 3,11 3,27 3,35 3,39 3,43 3,44 3,45 3,46 3,46
0,01 4,39 4,63 4,77 4,86 4,94 5,01 5,06 5,12 5,15
12 0,05 3,08 3,27 3,33 3,36 3,40 3,42 3,44 3,44 3,46
0,01 3,42 4,55 4,68 4,76 4,84 4,92 4,96 5,02 5,07
13 0,05 3,06 3,21 3,30 3,35 3,38 3,41 3,42 3,44 3,45
0,01 4,26 4,48 4,62 4,69 4,74 4,84 4,88 4,94 4,98
14 0,05 3,03 3,18 3,27 3,33 3,37 3,39 3,41 3,42 3,44
0,01 4,21 4,42 4,55 4,63 4,70 4,78 4,83 4,87 4,91
15 0,05 3,01 3,16 3,25 3,31 3,36 3,38 3,40 3,42 3,43
0,01 4,17 4,37 4,50 4,58 4,64 4,72 4,77 4,81 4,84
16 0,05 3,00 3,15 3,23 3,30 3,34 3,37 3,39 3,41 3,43
0,01 4,13 4,34 4,45 4,53 4,60 4,67 4,72 4,76 4,79
17 0,05 2,98 3,13 3,22 3,28 3,33 3,36 3,38 3,40 3,42
0,01 4,10 4,30 4,41 4,50 4,56 4,63 4,68 4,72 4,75
18 0,05 2,97 3,12 3,21 3,27 3,32 3,35 3,37 3,39 2,41
0,01 4,07 4,27 4,38 4,46 4,53 4,59 4,64 4,69 4,71
19 0,05 2,96 3,11 3,19 3,26 3,31 3,35 3,37 3,39 3,41
0,01 4,05 4,24 4,35 4,43 4,50 4,56 4,61 4,64 4,67
20 0,05 2,95 3,10 3,18 3,25 3,30 3,34 3,36 3,38 3,40
0,01 4,02 4,22 4,33 4,40 4,47 4,53 4,58 4,61 4,65
24 0,05 2,92 3,07 3,15 3,22 3,28 3,31 3,34 3,37 3,38
0,01 3,96 4,14 4,24 4,43 4,39 4,44 4,49 4,53 4,57
30 0,05 2,89 3,04 3,12 3,20 3,25 3,29 3,32 3,35 3,37
0,01 3,89 4,06 4,16 4,22 4,32 4,36 4,41 4,45 4,48
40 0,05 2,86 3,01 3,10 3,17 3,22 3,27 3,30 3,33 3,35
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Sé cong thirc thi nghiém so sanh
df P

2 3 4 5 6 7 8 9 10
0,01 3,82 3,99 4,10 4,17 4,24 4,30 4,34 4,37 4,41
60 0,05 2,83 2,98 3,08 3,14 3,20 3,24 3,28 3,31 3,33

0,01 3,76 3,92 4,03 4,12 4,17 4,23 4,27 4,31 4,34
120 0,05 2,80 2,95 3,05 3,12 3,18 3,22 3,26 3,29 3,32
0,01 3,71 3,86 3,98 4,06 4,11 4,17 4,21 4,25 4,29
0 0,05 2,77 2,92 3,02 3,09 3,15 3,19 3,23 3,26 3,29
0,01 3,64 3,80 3,90 3,98 4,04 4,09 4,14 4,17 4,20
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PHU LUC 9 )
PUONG CONG XAC PINH DUNG LUQONG MAU

TRONG MO HINH CO PINH
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V61 vi = bac tu do & tir sO, v2 = bac tu do & mau sO.
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PHU LUC 10
BANG SO NGAU NHIEN (TABLE OF RANDOM NUMBERS)

81 37 66 40 77 65 29 99 77 42 92 78 15 25 07 76 79 24 21 84
48 03 48 91 03 57 56 56 42 76 57 27 60 60 16 30 76 96 94 49
86 49 52 63 66 70 80 71 09 64 84 36 03 54 53 39 36 30 69 27
73 59 16 61 43 18 86 80 19 42 23 78 86 08 44 08 55 51 12 97
10 46 82 01 40 55 50 91 24 12 34 43 20 37 71 52 13 25 67 31

63 34 98 49 54 23 60 36 10 40 08 12 34 46 59 82 91 74 60 92
18 40 40 07 42 21 10 22 39 57 86 80 03 29 64 96 73 84 72 47
59 86 66 45 91 17 29 15 92 05 97 60 76 48 44 58 89 64 01 26
30 99 69 70 16 08 76 29 74 S0 18 42 43 71 47 22 10 21 08 69
14 49 02 64 25 44 27 12 36 82 67 84 58 21 61 72 45 23 63 43

99 76 35 87 72 35 14 61 70 33 94 30 18 23 70 30 80 72 72 04
50 42 77 64 94 44 17 80 67 98 72 15 00 52 41 76 16 85 33 23
10 38 18 55 57 31 38 12 97 80 91 47 94 45 67 92 31 55 16 91
46 52 61 13 33 04 30 47 97 11 30 03 87 98 33 06 29 77 56 41
29 21 02 78 61 84 33 50 43 75 42 28 40 16 12 42 03 44 10 28

83 59 26 14 81 77 04 94 98 12 33 71 07 29 35 25 86 82 52 43
87 22 31 54 76 04 80 79 92 37 97 31 53 34 10 57 19 48 32 8¢
73 53 23 83 40 45 57 33 18 29 13 61 64 03 38 09 01 88 13 14
29 32 83 46 27 05 18 31 46 93 59 83 90 79 53 91 47 02 26 90
70 71 37 04 12 71 30 23 31 51 92 96 09 93 08 52 94 79 45 34
87 29 28 54 53 54 33 39 22 61 46 98 84 24 28 71 42 75 98 07
83 78 88 92 75 35 07 41 70 05 83 13 45 06 24 89 75 66 06 27
69 26 97 35 72 95 58 30 84 12 70 41 36 92 05 62 89 01 62 31
07 82 88 94 99 80 07 37 94 52 15 26 90 39 39 51 53 40 098 78
55 80 29 81 32 27 28 59 29 74 27 46 15 47 00 47 94 04 03 43

80 73 03 69 35 68 22 77 82 26 83 58 62 71 77 88 00 70 45 58
45 69 97 79 98 33 45 64 83 62 20 36 34 64 67 29 08 47 56 72
25 15 57 13 07 95 01 02 02 70 86 74 56 14 94 33 49 73 62 71
82 87 56 32 99 86 35 13 22 12 25 90 89 20 82 87 46 23 14 27
00 98 13 94 00 85 09 30 97 98 72 40 81 87 33 96 58 28 08 64

61 99 16 38 11 08 28 65 70 71 79 51 31 38 27 99 64 57 99 98
79 93 50 34 41 50 21 49 74 52 03 52 53 24 89 53 96 19 31 06
36 19 99 62 65 08 46 68 44 96 73 98 65 41 72 37 46 27 11 41
88 27 35 22 39 59 19 39 65 55 59 20 25 48 23 61 78 35 48 89
24 20 27 %94 31 17 47 50 37 11 15 19 46 34 23 80 37 60 30 50

54 55 44 08 73 05 63 52 47 43 82 40 98 97 92 13 46 31 02 67
83 93 99 35 06 85 63 39 04 12 093 91 86 88 63 68 62 75 091 38
64 64 87 77 53 05 29 76 06 23 88 81 10 33 02 86 86 93 12 00
74 72 31 23 20 17 06 56 26 91 86 60 48 28 08 93 56 03 26 44
81 76 68 15 22 70 38 56 71 59 69 38 45 64 79 98 69 02 11 90
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PHU LUC 11

r

O THI NGHIEM O VUONG LATINH MAU

SO b
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