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PHAN THONG KE
CHUONG 4 LY THUYET MAU
4.1. CAC PHUONG PHAP CHON MAU
4.1.1. Cac van dé thong ké
Thong ké toan hoc ¢ thé coi 1a tong thé cac phuong phap toan hoc, dua trén 1y thuyét

x4c sudt va cac cong cu khac, nham dua ra duoc nhimng thong tin méi, két ludn méi, co
gia tri, tir nhitng bang s6 liéu tho ban du, va nham giai quyét nhitng van dé nao d6
ndy sinh tir thuce té. Co thé ké tén mot sd muc dich chinh cua théng ké nhu sau:
- MO ta s6 liéu.
- Udc lugng va du doan cac dai luong.
- Tim ra cac mdi quan hé giira cac dai luong .
- Kiém dinh cac gia thuyét.
Thong ké hoc 1a mét nganh 16n, véi nhidu phuong phép khac nhau dé dung cho cac
tinh hudng khac nhau (c6 ngudi vi cic phuong phap thong ké nhu 1a cac cach nau an,
rat da dang phong pht), va c6 nhiéu diém can chi y dé khoi din dén cac két luan
thong keé sai 1éch (hoic 1a bi mac lira béi nhitng nguoi 6 tinh 1am thong ké theo cac
phuong phap sai 1éch). Trong chuong nay chung ta s& chi ban téi mot sd van dé va
phuong phép thong ké toan hoc co ban nhat. Trude khi di vao 1y thuyét, & phan nay
chung ta s& diém qua cac muc dich chinh trén cta théng ké, qua mot sé vi du.
Vi du 4.1. (Biéu d6 thong ké).
Trong thong ké mé ta, ngoai cac bang sb liéu (ciing vi mot sb dai luong dic trung
tiéu biéu nhat nhu trung vi, ky vong, phuong sai), cac biéu dd ciing hay duoc dung, dé
giip nguoi doc nim bét thong tin vé sb liéu mot cach nhanh chong. Mot s6 loai biéu
d6 hay gip 1a: biéu db tan sb, do thi phat tan, biéu d6 hinh quat (pie chart), v.v. Hinh
4.1, 1a mot vi du vé biéu do hinh quat, phan anh ty 18 thoi gian dung internet & Viét
Nam vao nam 2009 (theo bao Lao Pong). So véi cac bang sb liéu, cac biéu d6 c6 thé
c6 nhuoc diém 1a cho thong tin khéng dugc chinh xac bang (d6 sai s6 cao hon), nhung
c6 uu diém 1a cho dugc cung mot lic nhiéu thong tin trén mot hinh anh, dé& tiép thu
dbi voi ndo ngudi hon 1a mot bang cac con sd.

Internet cafes& WiFi Hotspats, (19%) Bién thoai di dong, (1%)

Céng s&, (20%)
Tai nha cia ban bé, (2%)

Truérng/thu vién cong cong, (2%)

Tai nha, (55%)

Hinh 4.1: Ty 1€ thot gian dung internet & Viét Nam nam 2009
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Cac 1énh trong R

> noisudung<-c("Tai nha, (55%)", "Cong s, (20%)","Internet cafes& WiFi Hotspots,
(19%)", "Tai nha cua ban be, (2%)","Truong/thu vién cong cong, (2%)","Dién thoai di
dong, (19%)")

> tylekhachhang<-c(55,20,19,2,2,1)

> data<- rep(noisudung, tylekhachhang)

> data.freq<-table(data)

> data.freq

data

Cong sd, (20%) Dién thoai di dong, (1%) Internet cafes& WiFi Hotspots, (19%)
20 1 19

Tai nha cua ban be, (2%) Tainha, (55%)  Truong/thu vién cong cong, (2%)
2 55 2

> pie(data.freq)

40 —

30 —

20 -

September

Hinh 4.2: S6 éch trong hd vao thang 5 va thang 9

Tét nhién, c6 nhitng biéu dd c6 thé phan anh rat sai 1éch vé cac dai lugng. Hinh 4.2 1a
mot vi du don gian vé dé tai noi doi bang thong ké. D6 thi d6 xuét phat tir sb licu
thong ké sd éch trong 1 cai hd: hon 10 con vao thang 5, va nhiéu gip 3 1an nhu vay
vao thang 9. Nhung nhin vao d6 thi nguoi ta s& c6 cam giac 1a s6 éch vao thang 9 gip
3 x 3 =9 ]an thang 5.

Vi du 4.2. (Phat xit Pirc san xuit bao nhiéu may bay va xe co gi6i?)
Trong chién tranh, viéc udc luong dugc ding sic manh ctia quan dich 1a mdt viée
nhiéu khi c6 tinh chat séng con. Trong chién tranh thé gidi lan tha II, cic co quan tinh
bao quan ddng minh Anh-My da cung cp nhiéu thong tin rat sai 1éch vé luc luong
quan Puc. Thé nhung, biang phuong phap thdng ké (thu nhit cac ma sb trén cac xac
may bay, 10p xe, v.v. ctia quan Dtic bi ban chay, bo roi, roi tir d6 giai ma va dung cac
ham uéc lwong dé wdc luong), nha thdng ké hoc Richard Ruggles cung véi cac cong
su ctia minh, Iac d6 1am tai Cuc tinh bao kinh té cia Anh, di uGe lugng duoc rat chinh
xac s6 may bay va xe co gi¢i ma Puc san xuat dugc hang thang.
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Cong suit hang thang cua Phat xit D May bay | Xe co gioi
U6c lugng ciia Ruggles 28500 147000

S4 lidu thyc theo tai liéu cua Puc 26400 159000
Trong khi d6, udc luong cua cac tinh bao vién Anh-M§ 1a cong suat ctia Pirc khoang 1
tri¢u xe co gidi mot thang!

Vi du 4.3. (Thén dwoc ch(“')ng béo phi?)

Nguon: http:/ir.vivus.com/releasedetail.cfm?ReleaseID=407933
Ty 1& sb ngudi bi béo phi (obesity) ting rat nhanh trén thé gi6i (ké ca & Viét Nam,
chau Au, va M¥) trong nhiing thap ky cudi thé ky 20 - dau thé ky 21, va tro thanh mot

van dé x4 hoi 16n, vi béo phi hay dan dén nhiéu cin bénh khac (tim mach, tiéu duong,
ddt qui, vo sinh, v.v.), va c6 thé lam giam dang ké tudi tho ctia ngudi. Chong béo phi
12 mot van dé nong hoi, nhung cho dén nam 2009 chua c6 thude nao that hiéu qua
duoc ban trén thi trudng. Diéu nay co thé thay doi trong nhitng ndm sau dé, vi trong
nam 2009 ¢6 3 hing dugc pham cong bd cac két qua thir nghiém 1am sang giai doan
I1I (phase III clinical trial) cho cac loai thudc chéng béo phi méi ¢ nhiéu trién vong.
Trong d6 dang chu y nhét 6 1& 1a thubc Qnexa ctia hang Vivus. Cong bd két qua vé
Qnexa cua Vivus vao ngay 09/09/2009® ¢4 mot bang théng ké sau (trong s6 nhiéu
bang thong keé):

ITT-LOCF Completers

Qnexa Onexa Qnexa Qnexa
EQUIF (OB-302) Placebo Low Dose Full Dose Placebo Low Dose Full Dose
56 Weeks (n=458) (n=234) (n=498) (n=241) (n=138) {n=301)

Mean Weight

Loss (%) 1.8% E.1%=* 11.0%=* 2.8% T 0% 14.7T%*
Greater than

or aqual to

5% weight

loss rate 17% 45 * BT Hh* 26% 59%= B4+

ITT-LOCF: Intent-to—treat with last cobservation carried forward
*p<0.0001 wvs. placebo

Theo bang trén, tong s6 ngudi tham gia thir nghiém 14m sang (trong thir nghiém do) 1a
498+234+498 = 1300 nguoi. Dot thir nghiém kéo dai 56 tuan, nhung cé nhing nguoi
b6 do giira ching: trong sé 498 ngudi duoc nhan placebo (trong giéng nhu vién thude
that, nhung khong co thude trong d6) thi chi c¢6 241 ngudi theo dén cing cudc thir
nghiém, con trong s 498 ngudi dugc nhan lidu day du cia thude, c6 301 ngudi (61%)
theo dén cing. Trong sd nhimg ngudi dugc nhan dii lidu va theo dén cung, thi c6 84%
sO nguoi giam duge it nhat 5% trong luong, va trung binh mdi ngudi giam dugc
14,7% trong luong.

Trong bang trén c¢6 viét p < 0,0001 vs. placebo. Didu d6 c6 nghia 13, véi do tin cay
bang 1 — p > 99,99% (hay ndi cach khac, v6i kha nang két luan sai 1am nho hon
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0,01%), cac con s6 thong ké cho thiy két qua dat dugc (6 day 1a giam can) tt hon khi
c¢6 thude so véi khi khong c6 thude.

Thong thudng, khi p < 0,01 thi nguoi ta chip nhan gia thuyét 1a thube ¢ hiéu tng
thuc su, con néu p > 0,05 thi hi¢u tng d6 khong rd rang, cé thé 1a do ngﬁu nhién.

Céc hiang duoc pham trén thé gidi, trude khi duoc quyén ban mot loai thuée méi nao
d6, théng thuong déu phai qua thir nghiém 1am sang dién rong (trén it nhat may traim
bénh nhan), va cac két qua thong ké phai ching t6 16 rang cong dung va su an toan
ctia thudc, tic 1a phai qua duoc kiém dinh thdng ké cho gia thuyét “thude c6 cong
dung va an toan”, vdi do tin cay cao.

Vi du 4.4. (London nguy hiém hay an toan?)
Ngay 10/07/2008, c6 4 vu giét ngudi bang dao & 4 noi khac nhau & London. Sy kién
nay lam néo loan du luin dén murc thi tudng Anh 13 Gordon Brown phai tuyén b hira
s& tim cach lam giam cac vu ddm dao. London c6 trd nén nguy hiém cho tinh mang
hon nhirng nim trude khong? Dé tra 161 ciu hoi d6, chiing ta c6 thé dura trén mot sb sb
liéu thong keé sau:
- Trong 5 nidm trudc d6, mdi nam & London c¢6 khoang 170 ngudi bi giét, va con s6
nay kha 6n dinh hang nam.
- Khoang 41% cac vu giét ngudi 1 ding dao, 17% 1a dung stng, 9% 1a danh dap
(khong vii khi), 5% la danh bang vat khong phai dao, 3% 1a bop cd, 3% la ding thude
doc, v.v., va 17% la khong xac dinh dugc phuong phap.
Trong thoi gian 3 nam 04/2004 — 03/2007, c6 713 ngay khong c6 vu &n mang nao, 299
ngay c6 1 vy, 66 ngay c6 2 vy, 16 ngay co6 3 vy, 1 ngay cé 4 vy, va khong cé ngay nao
co tu 5 vu tro 1én.

T cac s liéu théng ké, nguoi ta tinh dugc mat sb ude lugng sau vé sd vu an mang o
London:

- S6 vu 4n mang xay ra trong ngdy tudn theo phan bd Poisson véi ky vong 1 0,44 (ttrc
13 trung binh mdi ngay c6 0,44 vu).

- Ky vong 13 mdi nam c6 khoang 3-4 ngdy voi 3 vu an mang, ctr khoang gan 3 nim thi
c6 1 ngay vdéi4 vy an mang, va khoang 30 nam thi md&i c6 mot ngay voi S vu an
mang.

Viéc xay ra 1 ngdy vao nam 2008 véi 4 vu an mang khong ndm ngoai cac con s6 udc
luong trén. Pam bang dao 14 phuong phép gy an mang pho bién nhat (41% tong sd
cac vu). Khi c6 4 vu an mang, thi xac suat dé ca 4 vu déu do dam dao 1a (0,41)4 =
2,8%, mot con sb kha nho, nhung ciing khong nhé dén mirc “khong thé xay ra”. Khi
¢6 4 vu an mang xdy ra cling ngay, thi c6 rat nhidu t6 hop cac kha ning xay ra vé
phuong phap gy an mang trong 4 vu d6 (vi du 2 vu dung dao, 1 vu dung stng, 1 vu
that c6), va tat ca cac to hop d6 déu cé xac suat nho, t6 hop voi xac suét 16n nhét ciing
khong vuot qua 6%. Tir d6, co thé két luan 13, viéc hom 10/07/2008 xay ra 4 an mang
& London, va ca 4 déu bang dam dao, hoan toan nam trong cac udc lugng vé 4n mang
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xay ra & London, va khong hé chimg t6 xu thé gi méi. Téng két nam 2008, & London
¢6 152 4n mang xay ra nam d6. Phuong tién truyén thong duoc dip vui mimg vi “da
1au rdi chua nim nao London dugc an toan nhu vay”. Nhung con sé d6 c6 ching t6 xu
thé gi khong, hay chang qua ciing chi 1a mot sy ngau nhién khong nam ngoai qui luat
chung?

Hinh 4.3: Cac duong van trong mang mat
Vi du 4.5. (Con mit tré thanh chia khéa).
Dau thé ky 21, d3 c6 nhitng khach san ma khach khong can chia khoa phong, chi can
nhin vao camera & ctra phong, 1a phong ty dong mo ctra. Sy tién 1oi nay dya trén cong

nghé nhan biét danh tinh cta ngudi qua mang mat (iris). Mot diéu tha vi 13, ké ca khi
hai nguoi sinh déi va trong gidng hét nhau, thi cic duong nét trong mang mat cia ho
van rat khac nhau, do qua trinh phat trién cac duong nét trong mang mat & thai nhi phu
thudc vao nhiéu yéu té ngdu nhién (khong do di truyén). Tir nhimg ndm 1930, céc bac
sT mét dd noi rang c6 thé dung mang mit dé nhan biét danh tinh nguoi. John Daugman
1a mot trong nhimg nguoi 1am ra cong nghé nhan biét danh tinh bang mang mat, tir
cudi thé ky 20. Thuat toan ctia 6ng ta tach ra duoc tir anh mang méat 1 ma véi 266 don
vi thong tin cé thé coi la ngﬁu nhién va ddc lap véi nhau (m5i don don vi ¢ day 1a mqt
bién ngau nhién nhan 2 gia tri 0 va 1, v4i xac suat 50% — 50%, va cac bién ndy gan
nhu doc 14p voi nhau). Dé tim ra 266 don vi thong tin doc 1ap d6 (xudt phat tir 2048
don vi thong tin khong doc 14p v6i nhau) va kiém dinh sy doc 14p cta chung,
Daugman da lam thong ké so sanh hon 222 nghin lan cap anh mang mat khac chii (2
mat trong 1 cdp 1a cua hai ngudi khac nhau), va hon 500 cip anh mang mét cing chu.
Mot trong cac két qua 13, ty 1é don vi thong tin chéch nhau giita ma cta 2 mat khac
chu tuan theo phan bd normal véi ky vong 1a 45.6% (tic 14 trung binh hai mét khac
chu thi ¢6 45.6% don vi thong tin chéch nhau) véi do 1éch chuén 14 0.18%, va khong
c6 cap mat khac chi ndo (trong cac thir nghiém) c6 dudi 37% don vi thong tin 1éch
nhau. Mt khac, hai anh mang mat khac nhau cia cung mot chu thi trung binh chi c6
9% cac don vi thong tin bi 1éch nhau trong s6 266 don vi, va khong c6 cdp anh mét
cung cht nao bi 1éch nhau quéa 31% don vi théng tin. Tr 46 dan dén thuat toan phan
biét: coi réng néu hai ma bi 1éch nhau khong qué 34% s6 don vi thong tin, thi van la
clia cung mot ngudi, con néu trén 34% thi coi 1a cua hai nguoi khac nhau.

Mot diéu can chu ¥ 1, thong ké hay bi cac to chirc hay ca nhan lam dung dé bop méo
su that theo hudng c6 191 cho minh, hodc ¢6 khi tu dbi minh, néu nhu lam khong dung
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cach. Co rat nhiéu cach noi doi khac nhau bang théng ké, chang han nhu: bia dat cac
con sb khong co6 that, lya chon céc con s6 ¢o loi, giéu di cac con sb bat loi, 1éch (bias)
trong viéc chon mau thi nghiém, v.v. Vi du vé noi déi trang tron: Bo qubc phong My
c6 tuyén bd ring, trong cudc chién véi Irak nam 1991, cac tén lra Patriot cuia My da
bén rung 41 tén lra Scud cua Irak, nhung khi Quéc hoi My diéu tra lai théy chico 4
tén lra Scud bi ban rung. Vi du vé 1éch (bias) 1am hong két qua thong ké: Bao
Literacy Digest thim do ¥ kién cir tri vé bau cir tong thong & My nam 1936, qua dién
thoai va qua cac doc gia dat bao. Két qua tham do trén pham vi rat rong cho du doén
1a Landon s& duoc 370 phiéu (dai ctr tri) con Roosevelt s& chi duoc 161 phiéu. Thé
nhung lac bau that thi Roosevelt thing. Hoa ra, ddi twong ma Literacy Digest tham do
nim do6, nhirng ngudi cé tién dit dién thoai hay dit bao, 13 nhitng ngudi thudc tang 16p
kha gia, co 1éch (bias) theo phia Landon (Pang Cong hoa), khong dac trung cho toan
dan ching My.
N6i chung, dé thdng ké toan hoc cho ra duoc cac két qua dang tin cdy, ngoai cac cong
thirc toan hoc dung dén, con can dam bao su trung thyc cua cac sb liéu, c6 mau thuc
nghiém (luong sb ligu) du 16n, va loai di dugc anh huong cua céc léch (bias) dé dam
bao tinh ngiu nhién cta sé liéu. Nhiéu khi viéc loai di cac két qua co 1éch (bias) cao tir
mAu thuc nghiém 1a cong viée hiéu qua, cho ra két luan thong ké chinh xac va d& ton
kém hon 14 ting ¢& cia mau thyc nghiém 1én thém nhiéu. O chuong nay, ching ta s&
chi ban dén mot sd phuong phap théng ké co ban, dua trén gia sir 1a s6 liéu ma ching
ta nhan duoc la dung thuc va khong bi 1¢ch.

4.1.2. Tong thé va mau
C0 hai loai dit liéu thuong dugc dé cap dén trong cac phuong phap théng ké. D6 1a cac
dir liéu ctia mau va dit liéu cua téng thé.

4.1.2.1. Tong thé
Mot tap hop dit liéu day du lién quan dén linh vire ndo d6 ma chung ta quan tim tim
hiéu mot hodic mot s6 dau hiéu thi duoc goi 1a tong thé.

Vidu 4.6
Mot ong hiéu truéng can tim hiéu phan bd tudi cia tat ca cac hoc sinh cia trudng
minh. Nhu vay, tudi cua tat ca cac hoc sinh trong trudong cua ong tao thanh mot téng
thé (tong thé tudi). Néu c6 3240 hoc sinh trong truong éng thi day 1a mot tong thé 3240
tudi. Ta c6 thé goi day la mot tong thé 3240 hoc sinh, nhung méi quan tdm cua hiéu
trudng trong trudng hop nay 1a ddu hiéu tudi cia hoc sinh.

* Tong thé vo han: 12 tip hop s cac don vi (phén tir) khong gi6i han, trong thyc té, tong

thé hitu han léy mau c6 hoan lai xem nhu téng thé vo han.

Vi phan nhiéu céac tong thé déu rat 16n (c6 thé vo han) cho nén da sd cac nghién ciru

khong thé do luong, xac dinh dugc hét timg phan tir trong téng thé 16n (v han). Co

nhing truong hop diéu tra s& 1am pha huy cac phan tr duoc diéu tra, chang han kiém tra

chét luong dd hop. Vi vy chiing ta s& lya chon mau 13y tir tng thé.
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4.1.2.2. Miu
La mot bo phan hay mot tap hop con (subset) clia tong thé va co ¢& nho hon tong thé
ay. Chung ta lira chon mot mau tir tong thé dé thu thap dir kién, tir 46 suy dién, khai
quat vé cac dic trung cta ddu hiéu tong thé.
Néu tong thé 1a 10.000 ngudi thi mau ciia nd co thé rit nho (1a 1) hodc rat 16n (1a
9.999). Thong thuong ¢& ciia mét mau nam gitta hai con s6 nay. N6 c6 thé 1a 30 hay

100 nguoi, d6 1a ¢d mau thong thudng trong cic nghién ctru thue nghiém. Nhung du
nho hay 16n diéu quan trong 1a mau phai c6 tinh cach dai dién cho tong thé ma nguoi ta
mudn tim hiéu. Vay thé nao la mau dai dién?
4.1.3. Phan loai dir li¢u 7 ‘
4.1.3.1. Dir liéu dinh lwgng: la dir liéu ma gia tri cua no c6 theé xdc dinh bang viéc do
luong duge gom: ’
a. Dir liéu ngﬁu nhién r0’1 rac: la dfr liéu qhém gié tri htru han hoac v6 han dém duoc.
Vi du 4.7: 50 hoc sinh vang mat, s6 san pham tot,.
b. Dir liéu ngau nhién lién tyc: la dir liéu nhén gla tr1 trén mot khoang s6 thuc (a,b).
Vidu 4.8: Chiéu cao ctia hoc sinh, tudi tho ctia bong dén, ning suit cia mot loai cdy
tron R
4.1.3.2?Dfr liéu dinh tinh: 13 dir liéu ma gia tri ciia n6 dugc gan dé phan loai hay phan
bigt, gom: q , ‘
a. Dir liéu danh muc:chi dung dé gan tén, khong xép thir tu, khong quan trong vé murc
do
Vi du 4.9: Phan loai nhém mau: 1-A, 2-B, 3-AB, 4-O
Truong hop riéng la bién nhi phan ( chi co 2 gia tri):1-co, 2-khong ; 1-nam, 2-ni
Gitra cac §6 1 va 2 khong c6 quan h¢ hon kém, ma chi dung dé€ dém s6 1an xuat hién
cua cac dau hiéu. ‘ ‘
b. Dir liéu thir hang: quan trong vé tha tu, khong quan trong vé muc do.
Vi du 4.10:
Murc do suy dir}h dudng cua tr,é: 1-nhe, 2:V1‘Ia, 3-r}eflng ’ w
Trinh d§ hoc van: 1-khong biét chir, 2-cap I, 3-cap 11, 4-cap III, 5-Pai hoc — cao dang.
4.1.3.3 Cac loai thang do
a. Thang do dinh danh (Nominal Scale) 1a loai thang do dung cho céc dit li¢u thudc
tinh. Nguoi ta st dung cac ma s dé phan loai cac doi tuong va chiing khong mang ¥
nghia nao khac. Vi du giéi tinh, nam ki hiéu 1a sd 1, nit ki hiéu 12 s6 0.
Thuée do do tap trung duy nhat 1a Yéu vi (ModX); do phan tan théng ké c6 thé do bang
cac ty 18, khong tinh dugc do l1éch chuan. Chung ta hay gip thang do dinh danh trong cac
cau hoi vé thong tin ca nhan cia timg ngudi hay cua thong tin vé danh nghiép.
Vidu 4.11
Trong mot chit d& nghién ctru, ngudi ta dua ra hai cau hoi sau:
Cau 1. Tinh trang hon nhan cia Anh/Chi la:
A.DPocthan  B.Dbaldp giadinh  C. Khéc
Cau 2. Cong ty cua Anh/Chi dang hoat dong chinh trong linh vuc nao:
A.Sanxuit  B.Xdydung C.Dichvu D. Thuong mai
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Mbi nguoi s€ chon mot trong cac ma s6 A, B, C cho cau 1 hodc A, B, C, D cho cau 2.
Céac ma s nay 1a thang do dinh danh.
b. Thang do thir bic (Ordinal scale) 13 thang do ma giira cac biéu hién cua dit liéu c6
quan hé thir bac hon kém. Sy chénh 1éch giita cac biéu hién khong nhat thiét phai bang
nhau.
Vidu 4.12
Vi cac cau hoi dugc cho nhu sau:
Cau 1. Anh/Chj vui 1ong cho biét két qua hoc tdp Anh/Chi dat dugc khi tot nghiép Dai
hoc:
o Trung binh 0 Trung binh-Kha o Kha o Gioi
Cau 2. Anh/Chi hiy xép hang cac chu dé sau trén bao Phuy nit theo murc d6 quan tim
(chu d& ndo quan tAm nhét thi ghi s6 1, quan tAm tht hai thi ghi s6 2 va quan tam thér
ba thi ghi s6 3):
0 Hon nhan gia dinh o Thoi trang 0 Nuoi day con cai
Cau 3. Thu nhap ctia Anh/Chi hing thang la:
0 Dudi 6 triéu dong o T 6 dén 10 triéu dong
o Tir 10 dén 14 triéu ddng o Tur 14 triéu dong
Thi viéc chon lua cac dap an s€ cho chung ta dir li¢u thu thap duoc c¢6 sy hon kém
nhung khong thé hién rd rét sy hon kém nay, vi thé cac cau hoi trén co dit liéu thu
dugc thude thang do thir bac.
c. Thang do khoang (Interval scale) 1a thang do dung cho dir li¢u dinh luong va cac dir
liéu dinh tinh c6 phan anh sy hon kém duogc thé hién bing nhitng con sé nhung khong
mang mot y nghia tuyét doi.
Vidu 4.13
R nhét cho thang do nay 1a thang do nhiét d6, chang han 32°C>30°C va 80°C>78°C,
su chénh 1éch giita 32°C va 30°C ciing gidng nhu sy chénh léch gitta 80°C va 78°C
cach déu 2°C.
Nhu vy, thang do khoang cho phép ching ta do ludng mét cach twong ddi su khac nhau
giita hai gi4 tri bat ky, con trong thang do thir bac thi khong thé, vi né chi cho biét gia tri
nay 16n hon gia tri khac ma thoi.
Chung ta ciing gip loai thang do ndy trong cau hoi phong van dang:
Dé nghi quy thay/co cho biét y kién ciia minh vé tim quan trong cuia cac muc tiéu dao tao
sinh vién dai hoc sau ddy bang cach khoanh tron cac con sb twong tng trén thang do danh
gia chi mirc do tir 1 dén 5: (1:khong quan trong—5: rat quan trong)

Ning luc giai quyét van dé 1 2 3 4 5
Tu duy logic 1 2 3 4 5
Kha nang lam vi¢c doc lap 1 2 3 4 5
Nang luc nghién ctru khoa hoc 1 2 3 4 5




Chuong 4. LY thuyét mau 4.1.Cac phuong phap chon mau

d. Thang do ty 1¢ (Ratio scale) 13 loai thang do dung cho dit liéu s6 luong. Thang do ty

1¢ c6 day du cac dic tinh cua thang do khoang, tic 14 c6 thé ap dung cac phép tinh cong

trir. Ngoai ra, thang do ndy c6 mot gia tri s 0 that, cho phép lay ty 18 so sanh gitta hai gia

trj thu thip cho nén goi 14 thang do ty 18. Pay 1a thang do c6 y nghia nhat trong céac loai

thang do.

Su khéc nhau giita thang do khoang va thang do ty 1¢ thuong bi 1an 16n vi hai diém sau:

1. Biém 0 trong thang do ty 1¢ 1a trj s6 that.

2. Trong thang do khoang, su so sanh vé& mit ty 18 giira cac gid tri khong c6 y nghia.

Vidu 4.14
Ban c6 5 triéu dong va anh cia ban ¢6 10 triéu dong. Nhu vay s6 tién cta anh ban gip
d6i s6 tién ctia ban. Néu chung ta d6i sang dollar, pound, yén,... thi s tién cta anh ban
van gép doi o tién cua ban. Néu sd tién cua ban bi mat hay bi danh cép thi ban c6 0
déng. S606 day la mot tri s6 that vi that su ban khong co déng nao ca. Nhu vay tién té
c6 tri s6 0 that va la thang do ty I¢. Cac loai thang do ty 1€ khac la: mét, kg, tan, ta, ...
Trai lai, nhiét d6 13 thang do khoang, vi du nhiét d6 hém nay 1a 12°C (53,6°F) va hom
qua 13 6°C (42,8°F), chung ta khong thé néi rang hom nay 4m ap gap hai 1an hom qua
(vi d6i tir °C sang °F thi khong con gip ddi nita). Hon nita, néu nhiét do 1a 0°C, khong
c6 nghia 1a khong c6 nhiét 6, 0°C di nhién lanh hon 6°C. Nhu vdy nhiét d6 khong co
gia tri 0 that.

Tom lai, hai thang do dau tién sir dung cho dir liéu dinh tinh cho nén con c6 tén goi la

thang do dinh tinh. Hai thang do con lai st dung dit li¢u dinh luong nén con cé tén goi 1a

thang do dinh lugng. Trong thuc té, viéc st dung loai thang do nao phu thudc rat nhiéu

vao chu dé nghién ciru ciing nhu muc dich ciia chu dé nghién ctru, theo d6 cac nha thong

ké s& chon loai thang do nao phu hop nhat dé giai quyét vin dé nghién ctru. Dit liéu thudc

loai thang do béc cao c6 thé chuyén thanh céac thang do béac thip hon nhung khong c6

chiéu nguoc lai, cu thé nhu sau:

Thang do ty 1¢ — thang do khoang—thang do thtr bac—thang do dinh danh.

4.1.4. Cac phuong phap chon miu

Tir tong thé 1dy ra n phan tir dé nghién ctru suy ra cac dic trung cta du hiéu tong thé ta

goi 1a mot mau c6 kich thude n.

Dé c6 thé 1am cong viée nay, ta can c6 nhitng miu cang c6 tinh cach dai dién cho tong thé

ta mu6n tim hiéu cang tét. C6 nhiéu yéu t6 khién ta chon phai nhitng mau khong dai dién

cho téng thé. Ching han, ta mudn tim hiéu vé kha ning hoc tip cta hoc sinh 16p 10 trong

thanh phd Thi Dau Mot, nhung mau cia ta chi bao gdm nhitng hoc sinh 16p 10 tai cac

truong diém hay cac truong noi tiéng, hodc ngugc lai, nhiing truong dau vao thap nhat

trong thanh phd, nhu vy mau cua ta s& khong dai dién cho tat ca cac hoc sinh 16p 10

trong thanh phd Thu Dau Mot. Mau khong dai dién nhu vay bi xem 1a mau léch (biased).

Ngoai ra, mau cia ta c6 thé khong dai dién cho téng thé vi sai s mau 13 do may rui.
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Mot trong cac phuong phap dé 1am ting xac suat lua chon mot mau dai dién 14 lwa chon
mot mau ngau nhién tir tong thé ma ta quan tam.
Mot mau ngau nhién 1a mau trong d6 mdi phan tir (don vi) trong tong thé déu c6 co hoi
ddng déu duoc lya chon 1am phan tir trong mau. Y tudng miu ngiu nhién trong xac sudt
lién quan dén tinh khach quan trong thu thap dit kién. Do d6 trong nghién ctru, can xac
dinh rd cac nguyén tic, dinh nghia vé don vi do dém, vé cach bd tri trude khi thu thap.
Khi thyc hién phai ton trong cic nguyén tac di xac dinh. Chung ta xem qua céc
phuong phap ldy miu sé& rd hon.
4.1.4.1. Céc yéu céu ciia chon miu:
- Mang tinh ngau nhién: Pam bao tinh khach quan, khong phy thudc vao ¥ mudn chi
quan.
- Pam béo tinh dai dién: Mau duoc chon phai mang nhiéu dic tinh véi tong thé.
- Mang tinh d6ng nhat: Mau dugc chon phai cling chung loai, hodc c6 dic tinh gan
chung loai.
4.1.4.2. Cac phwong phap chon miu:
* C6 nhiéu cach 1dy miu nhu sau:
a. LAy miu don gian ngiu nhién
- Moi d6i twong c6 kha nang dugc chon nhu nhau.
- Viée chon c6 thé hoan lai hodc khong hoan lai.
- Pé 14y mAu n phan tir, ta danh s6 tir 1 dén N phan tir tong thé, sau d6 dung bang sb
ngiu nhién hoic dung cach bdc tham iy du n phan tir.
Vi du 4.15
Khao sat moi truong tai mot khu vuc, chung ta chia 6 cho khu vyc trén ban dd, danh
s6, lam tham va boc tham trung s6 nao thi ra thuc dia léy mau do.
Vidu 4.16
Khao sat thuc trang hiéu biét vé luat giao thong duong bd trong danh sach 1000 hoc
sinh pho thong trung hoc.
Hoc sinh dugc sip xép tir 1 dén 1000.
C& mau 1a 100 hoc sinh.
Chon ngau nhién ra 100 hoc sinh tir hoc sinh thir 1 dén tht 1000.
* Uu diém 4.1
- Bon gian
- Cac mau chon trudc khong tac dong dén su lua chon cac mau khac.
- Céc udc luong trung binh va phuong sai khong bi chéch.
e Nhuwoc diém 4.1
- Can danh sach diy du tit ca cac don vi cua tong thé (phai nim hét tit ca phan tir tong
thé).
- Khong phai ludn ludn c6 tinh dai dién tot nhét. (khong c6 tinh dai dién cao).
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- Céc phan tir c6 thé bi phan tan va kho tiép can. (kho khin trong viée di dén dia diém
da chon).
b. LAy miu h¢ thong (Systematic)
- MAu duogc chon mot cach hé théng theo budc nhay k=N/n.
Vidu 4.17
N=1200 , n=60, budc nhay k=N/n=1200/60=20
Lay danh sach ctia 1200 don vi.
Lura chon ngau nhién bat ky mot s trong 20 sé dau.(vi du 1a s6 5)
Cach 20 ngudi nita lai chon nguoi tiép theo.
- nguoi thu 1: ding thu 5
- nguoi thur 2: ding thir 25
- nguoi thur 3: dung thir 45

- nguoi thr 60: dung thir 1185
* Uu diém 4.2
- Pon gidn
- Khong c6 chiéu hudng bién thién theo khong gian (dbc) hay thoi gian (mua nang...)
e Nhuwoe diém 4.2
- Can danh sach day du tit ca cac don vi cua téng thé.
- Theo chu trinh nén khong phan ting ty nhién.
- Khéng c6 lién hé giita cac mau
- Khong phai udn ludn c6 tinh dai dién t6t nhat.
c¢. LAy miu phan ting (phan td)
- Tong thé duoc chia thanh cac ting theo cac dic trung thong dung.
- Mau ngau nhién don gian duoc chon tir cac ting vira phan chia.
- Ap dung cho tong thé gdm cac nhom khac biét hay tang (strata), khac nhau vé cac
dac tinh nghién ctru can quan tam. Chéng han cac doan song: thuong luu, trung luu, ha
luu.
- Chién lugc str dung mau phan tang 14 chon cac don vi trong mdi ting véi ty 1& nhu
nhau (luoc d6 epsem) nghia 14 sir dung cung mot phan sé 1dy miu (sampling fraction)
cho mdi ting nhu hinh minh hoa 13 1/2=1000/2000=3000/6000.

1000 3000
Tang 1 Tang 2
N= 2000 N = 6000

Hinh 4.4: Ly mAu cho cic ting c6 cung phan sb
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Vidu 4.18
Chon mAu céc tinh dé diéu tra trong nghién ctru ky gdc cta dy an TAMP- GDT (Tax
Administration Modernization Project - General Department of Taxation ) v6i 2 bién
vung ( Bic/trung/nam) va mitc dong gop thué vao ngan sach nha nude (cao/trung
binh/thap) ---> bao nhiéu phan tang?
Phén thanh 9 tang nhu sau:

Tang Vung Mirc dong thué
1 Bic Cao
2 Bic Trung binh
3 Bic Thap
4 Trung Cao
5 Trung Trung binh
6 Trung Thap
7 Nam Cao
8 Nam Trung Binh
9 Nam Thap

e Uu diém 4.3
- C6 thé c6 duoc thong tin vé toan bo tong thé va thong tin vé mdi tang. (tinh dai dién
cao).

- Hai hodc nhiéu méu dugc két ndi v6i nhau.

- Do chinh x4c duoc ting 1én néu nhu su bién d6i trong mdi tang 13 it hon so véi giira
cac tang v4i nhau.

* Nhwoe diém 4.3
- C6 thé s& khé xéc dinh céc tang.
- S& giam d6 chinh x4c néu cac don vi trong mdi tang nho.

Vi du 4.19: Phan cac diém s6 tir 0 ¢én 10 thanh 5 ting: 0—2; 3 —4;5-6; 7 —8; 9 — 10.
Céc tang ma c6 gi6i han trén hodc dudi khong xac dinh goi 1a ting mo.

Vi du 4.20: Trén 30 tudi; dudi 50kg, ...

d. Chon miu cum (cluster sampling) hay miu chum:
- Téng thé duoc chia thanh cac cum.
- Chon ngﬁu nhién ra mot $6 cum.
- TUr cac cum nay chon tit ca cac don vi (phan tir) khong bo sét cac don vi nao dé lay
mau.

Vidu 4.21
Gia st can nghién ctru 6 nhidm chi trong son tai cc truong hoc trong tinh Binh Duong
¢6 7 huyén/thi. Ta c6 thé ldy ngu nhién cac truong hoc trong tinh nhung khé khan
trong viéc di lai va chi phi khao sat s& cao. Thay vao dé ta xem huyén/thi 1a cum, lay
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ngau nhién ra 2 huyén/thi. Tir d6 ching ta chon tt ca cac truong trong 2 huyén/thi nay.
Nhu vay d& chi phi di chuyén tir huyén nay sang huyén khac.
* Uu diém 4.4
- Pon gian vi n6 khong yéu cau danh sach ddy du cac don vi trong tong thé.
- [t phai di lai, it tn kém.
- Uu tién dung khi tong thé qua 16m, vi du nhu ca méot qudc gia.
* Nhuoc diém 4.4
- VAn dé tiém an & day 1a cac don vi trong cum thudng gidng nhau hon 13 so véi cac
don vi & cum khac (tinh déng nhat khéng cao gitta cac cum dan dén mau khong dong
nhat).
Chu y:
Viée 1dy miu tién hanh chii yéu theo hai phwong thirc:
- Lay miu c6 hoan lai
- LAy méu khéng hoan lai.
Theo dinh 1y gi6i han cta xac suat, nguoi ta chimg minh duoc rang: khi s6 phan tir cia
tong thé du 16n thi coi hai cach 1y mau theo phurong thire trén 13 nhu nhau.
4.1.4.3. Uu va nhwoc diém cia diéu tra chon miu:
* Uu diém 4.5
- Tiét kiém thoi gian, chi phi, nhan luc va phuong tién.
- Ap dung cho truong hop khong xac dinh duge hét toan bo phén tir cia tong thé.
e Nhuwoe diém 4.5
- S6 lidu théng ké c6 sai 1éch so véi thuc té.
- D6i khi bi nhiéu thong tin.
4.1.5. Sai s6 chon miu
Khai niém 4.1
Sai s6 chon mau 14 su chénh 1éch vé tri s6 gitra cac chi ti€u tinh ra duoc trong
diéu tra chon mau va cac chi tiéu twong g ctia tong thé.
Vi du 4.22
Do chénh 1éch vé chiéu cao trung binh tinh dugc ddi voi mau gém 500 sinh vién so véi
chiéu cao trung binh cua sinh vién toan trudng.
4.1.5.1 Nguyén nhin sai so:
- Sai s6 do tinh chat dai biéu, tirc la:
+ MAu dugc chon co kich thude qua nho so voi tong thé nhung két qua lai suy rong
thanh
két qua cia tong thé.
+ Tong thé c6 do chénh léch nhiéu vé dau hiéu can nghién ciru.
+ Cach chon miu khong khach quan.
- Sai s6 do ghi chép gém: hiéu chua ding, ghi nham, dung cu do khéng phu hop, ...
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* Sai s6 1a diéu khong thé tranh khoi du mau dugc chon c6 dung quy cach dén bao
nhiéu.
4.1.5.2. Mt s6 bién phap lam giim sai so:
- Khau chuan bi phai tt vé: quy trinh, thiét bi hd trg phit hop, Iya chon nguoi diéu tra,
tuyén truyén muc dich, y nghia cua viéc diéu tra.
- Thiét ké cac cau hoi ngan gon, khoa hoc, d& hiéu.
4.1.5.3. Mot s6 yéu cAu, nguyén tic chon miu thong ké:
- Xac dinh kich c¢& mau du kha nang dai dién cho téng thé.
- Quy dinh sai s6 cho phép, db tin cay.
- Uéc tinh d6 léch tiéu chuan.
- Suy rong céc két qua diéu tra.
- Chon thoi diém diéu tra phu hop.
- Kiém dinh mAu, kiém dinh s liéu nghi ngo.
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Chuong 6. Kiém dinh gia thuyét 6.1.Céac khai niém
CHUONG 6 KIEM PINH GIA THUYET THONG Kk

6.1. CAC KHAI NIEM

6.1.1. Kiém dinh gia thuyét thong ké

Khai niém 6.1
Trong linh vuc san xuét, nghién ctru, chiing ta luén ludn phai dua ra nhitng quyét dinh:
quyét dinh ding phuong phap nay hay mot phuong phéap kia, quyét dinh thay thé mot
bién phap nay bang mot bién phap khac tot hon hay giir nguyén nhu cii. Cac quyét dinh
ctia chung ta hau nhu ludn ludn phai dwa vao nhitng hiéu biét ¢6 gidi han cta chung ta
nén khong thé hoan toan chic chin. Ludn ludn ¢ yéu td rui ro trong cac quyét dinh
ctia chung ta. Ta c6 lac dua ra quyét dinh sai lam. Cac phuong phép suy dién c6 thé
gilip ta trong qua trinh quyét dinh ay. D6 1a mot linh vyc thong ké suy dién dugc goi la
kiém dinh gia thuyét hay kiém dinh y nghia (test of significance).
Kiém dinh thong ké (statistical test) hay kiém dinh gia thuyét thong keé (statistical
hypothezis test) 1a mot ho cac phuong phap théng ké gitp cho nguoi xtr 1y s6 lidu két
luan, quyét dinh vé gia thuyét thong ké, gitip khang dinh cac két luan khoa hoc tir két
qua xt 1y s6 liéu. Trong kiém dinh, chiing ta thuong dit ra hai gia thuyét théng ké:
- Gia thuyét Hy: goi 1a gia thuyét “null” (null hypothesis), gia dinh rang khong co sy
khac bi¢t, khong c6 lién hé, hay 1a mot két luan ma ching ta kha di tin n6 ding tir dir
li¢u thyc nghiém.
- Gia thuyét H,: goi 1a d6i thuyét, 13 gia thuyét s& duoc chap nhan khi chung ta bac bo
Ho.
Céc kiém dinh gia thuyét doi hoi phai dua ra mot ddi thuyét H, nhét dinh, dé khi gia
thuyét Hy bi bac bo thi ta chdp nhan ddi thuyét H,. D6i thuyét nay chi rd chiéu hudng
thay d6i (nho hon hodc 16n hon), d6 1a kiém nghiém gia thuyét c¢6 chiéu huéng
(directional hypothesis test). Hodac chi néu 1én rr:ing c6 su khac biét ma thoi, d6 1a kiém
nghiém gia thuyét khong co chiéu huéng (nondirectional hypothesis test).

Vidu 6.1
Giam ddc xi nghiép cho rang dudng nhu chat lvgng san phim nim nay kém hon nim
trude. Néu that sy 14 vay, giam déc xi nghiép s& phai stra d6i chuong trinh va phuong
phap san xuat. Nhung trude khi quyét dinh vé van dé nay ong giam ddc xi nghiép phai
1am mét cudc khao sat vé chat lugng san phim nam nay so voi chit lugng san pham
nam trude. Can ctr vao két qua khao sat chat luong san pham cac nim trude bang mot
phuong phap tiéu chuin héa ma gia tri da dugc x4c nhan thi diém chét lugng san pham
cac nam trude 1a 100. Nam nay ong giam déc xi nghiép quyét dinh chon mot mau
ngau nhién gém cic san pham nim nay va ciing 4p dung phuong phap tiéu chuan hoa
nay cho nhém san phim méi nay.
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Néu 6ng mudn biét rang diém trung binh chét luong san pham cia tong thé san pham
nam nay c6 phai la 100 nhu cac nim trudc hay khong, cac gia thuyét ong dua ra dé
kiém dinh 1a:

Gia thuyét Hy: ¢ =100

Doi thuyét Hy: =100
D6 1a mot kiém dinh gia thuyét khong co chiéu hudng. N6 cho biét 1 khong bang 100,
nhung khong tién doan rang x nhé hon hay 16n hon 100. Trong trudng hop nay, ong
giam ddc chi mudn biét rang chét lwong san pham nim nay c6 khac véi cac chat lugng
san phdm cac nam trudc hay khong ma théi. Néu mau san pham méi nay cho két qua
diém trung binh chit lvong san pham 1a x4p xi 100 cho tong thé san pham nim nay thi
han ong giam d6c khong phai ban khoan gi nira.
Nhung néu 6ng giam dbc tién doan rang chit luong san phim nam nay kém thua chat
luong san pham cac nam trudc. Trong truong hop nay, cac gia thuyét ctia 6ng s& 1a:

Gia thuyét Hy: =100

Déi thuyét Hy: 1 <100
Day 1a mot kiém dinh gia thuyét co chiéu hudng. Néu H, bi bac bo, 6ng c6 thé chip
nhan H;, va nhu vay 6ng s& phai sira d6i chuong trinh va phuong phap san xuét.
Tuong ty néu 6ng giam ddc tién doan rang chit luong san phim nam nay vuot xa hon
chat luong san pham céc nim trude. Trong trudng hop ndy, cic gia thuyét ctua ong sé
la:

Gia thuyét Hy: 12 =100

Déi thuyét Hy: 2 >100
Day 1a mot kiém dinh gia thuyét co chiéu hudng. Néu H bi bac bo, dng co thé chap
nhan H;, va nhu vay ong s& giit chuong trinh va phuong phap san xut hién hanh.
Kiém nghiém gia thuyét khong c6 chiéu hudng néi trén thudng duoc goi 1a kiém
nghiém hai dudi (two-tailed test), va kiém nghiém gia thuyét c6 chiéu huéng duoc goi
13 kiém nghiém mot dudi (one-tailed test).

Tom lai

- Gia thuyét thong ké 1a mot gia stir hay mot phat biéu c6 thé dang hoic sai lién quan
dén cac tham sb dic trung ciia mot hay nhiéu téng thé dua trén dir liéu quan tric thuc
nghiém.
- Kiém dinh gia thuyét thong ké 1a tim ra két luan chap nhan hay bac bo mot gia thuyét
thong ké.
- Gia sir tham s6 @ 1a cac dic trung cia tong thé chua biét va dua vao dit liéu quan tric
thuc nghiém dé néu ra gid thiét H,: @ =6, 1a gia thuyét can kiém dinh.

- Gia thuyét d6i cia H, ki hi¢u la H,. C6 3 trudng hop
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H,:0=6,; H,:0=6,
H,:0=6,; H,:0>0,
H,:0=6,; H,:0<6,
Trén day ta chi moi dua vi du vé kiém dinh thdng ké véi mot mau. Ngoai ra ta con cd
truong hop kiém dinh thong ké v41 nhi€éu mau. Vi du ta mudn biét cong nhan nam va
cong nhan nir cé khac biét hay khong vé nang suat lao dong. Ta ra mot khao sat

phuong phap tiéu chuin héa cho mdt mau céng nhan nam va mot mau céng nhan ni.
So sanh diém trung binh cua hai mau, ta c6 thé danh gia duoc su khac biét gitra hai
trung binh tong thé nam va nit. Trong vi du nay, sb thong ké hiéu sd giira hai trung
binh miu duoc dung dé danh gia tham s hiéu sb giira hai trung binh tong thé.
6.1.1.1. Tiéu chuén kiém dinh
Pé kiém dinh cip gia thuyét théng ké H, va H,, tu téng thé, ta chon mau ngiu nhién
(X,,X,,..., X.). Dua trén mau nay ta xay dung théng ké: G = f(X,,X,,..., X,.,6,).
Trong d6 6, la mot tham s6 lién quan dén H, sao cho H, ding thi quy luat phan phdi
xé4c suat ciia G hoan toan xac dinh. Khi do thé)ng ké G duoc goi la tiéu chuén kiém dinh.
6.1.1.2. Cac kiém dinh thong ké thwong gip
Trong kiém dinh thong ké thudng sir dung mét trong cac tri théng ké da duoc nghién ciru
nhu tri Z (kiém dinh chuan z), Student (kiém dinh t), tri Fisher (kiém dinh F), Chi binh
phuong (kiém dinh y?) dung cho viéc danh gia kiém dinh gia thuyét. Ta c6 bang tom tat

cac trj thong ké:

Kiém dinh Y nghia — Ap dung Céc phuong phap thong ké c6
st dung
Z Dung kiém dinh trung binh, ap Khoang tin cdy, so sanh
dung cho phan phdi chuan.
t Dung kiém dinh trung binh, ap So sanh, hoi qui, trong quan

dung cho phan phdi chuan, dic
biét khi ¢& mau nho.

F Phan tich phuong sai ANOVA ANOVA, hoi qui
Pe Kiém dinh phan p}léi, cac ty 16 Xtr Iy bang va cac phan phoi
trong cac bang thong ké dir licu

6.1.2. Mién bac bé, mién chip nhin

Dé xdy dung mién bac bo ta sir dung nguyén 1y xac suit nho: Néu mot bién ¢ co xac suit
nho chung ta c6 thé coi né khong xay ra trong mot 1an thuc hién phép thir. Vi da biét quy
luat phan phéi x4c suét ctia G, nén voi mot s6 « kha bé cho trude ta c6 thé tim duge mién
W, goila mién bac bo, sao cho néu gia thuyét H, diing thi xac suat dé G nhan gia tri
thuoc mién W, bang a: P(GeW, |H,)=«.
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Néu trong mot lan léy mau, G nhan gia tri cu thé g, sao cho:
- Néu J €W, , bacbo H, va chip nhan H ;
- Néu g, £W, , chua dii co s¢ bac bo H,.
Tom lai
- Mién bac bé 1a mién chira gia tri ciia cac dai lugng thong ké lam cho H, bi bac bo. Ki
higu: W,
- Mién chép nhén 1a mién chira gia trj cta cac dai lugng thong ké 1am cho H , duoc chap
nhan. Ki higu: W, .
6.1.2.1. Cac budée kiém dinh

i. Xac dinh bai toan kiém dinh H, va H,.

ii. Xay dyng tiéu chuan kiém dinh G .

iii. Tim mién bac bo W, .

iv. Dya vao mau quan sat, tinh gia tri g e VA két luan.
6.1.3. Mirc y nghia
6.1.3.1. Cac loai sai 1am
Viéc kiém dinh gia thuyét c6 thé ddn dén mot trong ba loai quyét dinh nhu sau:
1. Néu gia thuyét H, bi bac bo, chip nhan d6i thuyét H;.
2. Néu gia thuyét Hy khong bi bac bo, chap nhan gia thuyét H,.
3. Néu gia thuyét H, khong bi bac bo, khong quyét dinh gi ca. Chd mét cude thir nghiém
khac vé sau.
Nhung du lua chon quyét dinh nio trén day, ta cling c¢6 thé pham phai sai 1am. C6 hai loai
sai 1am, dugc got la: sai 1am loai 1 va sai 1am loai 2.
Néu H, thuc su ding nhung kiém dinh dan dén viéc bac bo n6 nén ching ta chép nhén dbi
thuyét H,, d6 1a sai lam loai 1.
Mit khéac, néu H, thuc su sai, nhung kiém dinh khong dan dén viéc bac bo n6 nén ching
ta chap nhan Hy, d6 14 sai 1am loai 2.
Do d6 sai 1am loai 1 1a sai lam ma ta pham phai khi ta bac béo mot gia thuyét kiém dinh
néu gia thuyét 4y dung. Sai 1am loai 2 12 sai 1am chip nhan gia thuyét kiém dinh néu gia
thuyét ay 1a sai.
6.1.3.2. Cac mirc y nghia
MB&i khi kiém dinh gia thuyét, ngudi nghién ctru can phai xac dinh xac suét sai 1am loai 1
ma minh c6 thé pham phai. Xac suét 1én nhat mic sai 1am loai 1 nay duoc goi la muc
alpha (ky hiéu o) hay ciing goi 1a mitc ¥ nghia thong ké (level of significance).

a =max P(bac bd H, |H,ding) =maxP(H,|H,)
Mirc alpha ndy c6 thé 13 bt cir tri s6 nao ta mubn, nhung thong thudng, ngudi ta dit mirc
alpha nay 12 0,05. Néu & = 0,05, nhu vy c6 nghia 1a c6 5% may rii H, 1a ding va quyét
dinh bac bo Hy la mot sai 1am. Quyét dinh nay dya vao dir liéu ciia mau, chu khong phai
18
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can ct trén tong thé, cho nén ngudi ta khong thé ndo hoan toan chic chin vé két qua kiém
nghiém gia thuyét duoc. Vi vay ta can phai dua ra quyét dinh cua ta vi mot xac suat sai
1am nao d6 ma ta c6 thé pham phai. Néu ta bac bo gia thiét Hy v6i mic « = 0,05, nhu vay
c6 nghia 13, néu 13p lai cudc thr nghiém 100 1an, véi 100 mau khac nhau, va cir mdi lan
nhu vay lai bac bo gia thuyét Hy thi s& c6 khoang 5 1an ta c6 thé pham phai sai 1am loai 1
(ndi cach khéc, ta c6 may riii 5% pham phai sai 1dm loai 1). Xéac suat pham phai sai 1am
loai 2 dugc biéu thi bang ky hiéu bé-ta 3.

3 =max P(chdp nhan H, | H,sai)=maxP(H, | H))
Khong gidng nhu «, ta khong thé kiém soét tryc tiép S dugc. Thé nhung c6 diéu quan
trong can phai biét 1 c6 méi lién hé nghich giita & va /. Noi cach khac, khi « ting lén
thi A giam di. Do d6 nguoi ta thuong chon o trong khoang tir 1% dén 10%. Thé nhung
sO luong thay doi & S khong truc tiép ty 18 véi s6 luong thay d6i & « . Mot yéu té quan
trong nham giam thiéu c hai loai sai 1dm néi trén 1a ¢& mau. Khi c& mau ting 1én, cac xac
sut sai 1am loai 1 va 2 s& giam di.
e Cac truong hop xay ra khi tién hanh kiém dinh gia thuyét thong ké cé thé tom tat dudi
dang bang sau:

Thuc té H, dung H, sai
Két luan
Sai lam loai 1 Két luan ding
Bac bo H, (xac sudt=a) (xac suat=1- /)

Chap nhan H,

Két luan ding
(xac suat=1—a)

Sai 1am loai 2
(x4c sut= )

Tom lai

- Sai lam loai 1: 1a sai 1am mac phai khi ta bac bo H, trong khi H, ding. Xac suat bac bo

Hinh 6.1: Minh hoa sai 1am «, S

H, trong khi H, dung la «.

Ki hi¢u: P(Z eW,) = (day la x4c suét dé tiéu chuan Z thudc mién bac bo W, khi gia

thuyét H, dung)
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- Sai 1am loai 2: 14 sai 1am méc phai khi ta chap nhan H, trong khi H, sai. Xac sudt chip
nhan H, trong khi H, saila .
Ki higu: P(Z ¢W, | H,) = £ (day la xac sut dé tiéu chuan Z khong thuoc mién bac bo
W, khi gia thuyét H, sai).
Khi d6 bién c6 khong mac sai 1am loai 2 1a bién c6 dé Z thudc mién bac bo W, khi thuc té
H, dung. Ki hi¢u: bién cd nay 1a (Z eW, |H))
Bién c6 (Z €W, |H,) dbi lap véi bién cd (Z €W, | H,) nén x4c suat cia né 1a
P(Z W, [H)=1-7

1- B duogc goi 1a luc kiém dinh gia thuyét H o ( power of the hypothesis test) hay do
manh cuta kiém dinh. N6 chinh 1a x4c suét khong méc sai 1am loai 2. f cang nho luc kiém
dinh cang 16n.
-Trong thong ké qui udc sai 1am loai 1 tac hai hon sai 1am loai 2 nén céan tranh hon. S6 «
la muc y nghia, thuong <5%.
6.1.3.3. Gia tri xac suat cia kiém dinh:gia tri P (P_value, p_value)
Thay vi kiém dinh gia thuyét véi mgt mirc y nghia o dinh trudce thi nguoi ta cho rang sau
khi dinh r0 cac gia thuyét kiém dinh H, va gid thuyét do1 H,, chiing ta thu thip céc so
liéu mAu va x4c dinh mirc do khing dinh viéc bac bo gia thiét H,. Mic do khiang dinh
nay thuong duoc goi 1a gia tri xac suat P hay P_value.
Vay phuong phap gia tri P dya trén 1y luan phan ching: xuat phat trén s6 liéu mau quan
sat duoc, gia stir gid thuyét H, dung ching ta tim x4c suat dé doi thuyét H, xdy ra.
Dinh nghia 6.1

Gi4 dinh rang gia thuyét H, 1a dung.

« Gia trj P (P_value) la mic y nghia thong ké cuia déi thuyét H, .

« Hay Gia tri P (P_value) 1a mirc y nghia quan sat , né cho biét xac suat méc sai lam

loai 1 to1 da khi bac bo gia thuyét H, voi tap dit liéu mau dang quan sat.

« Hay Gia tri P (P_value) 1a mirc ¥ nghia nho nhét (thap hon «) tai d6 gia thuyét H o

duoc bac bo va nghiéng vé H,.
+Néu P_value < mirc y nghia o thi d6i thuyét H, c6 y nghia thong ké (bac bo H,).
+Néu P_value > mirc ¥ nghia « thi d6i thuyét H, khong c6 y nghia théng ké, chua c6 co

s& dé chap nhan dbi thuyét H, (chdp nhan H,).
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6.1.Céc khdi niém

(a)

(b)

L

P-value

decmmmmeca et ==

Observed data

A Z,

Hinh 6.2: (a) Mtrc ¥ nghia quan sat P_value < mutc y nghia «,

(b) P_value > mutc y nghia «

/

h P-Value

(1] |ZL|5|

Hinh 6.3: Muc y nghia quan sat P_value 2 phia

Ghi chu 6.1

Trong thyc té, viéc kiém dinh gia thuyét theo P_value thuong theo nguyén tic sau:

P value

Két luan H,

Murc y nghia

P _value < 0,001

Hoan toan yén tdm bac bd

Rét c6 ¥ nghia, rat thuyét phuc
vé thong ké(very strong
evidence), nhung ciing dang dé
nghi ngd két qua nay

0,001< P value <0,01

it ban khoan khi bac bo hay
c6 mot co s& manh bac bo

R4t c6 ¥ nghia, thuyét phuc vé
thdng keé (strong evidence)

0,01< P_value < 0,05

Nghiéng vé hudng bac bod
nhiéu hon hay c6 du co s
bac bo

C6 y nghia thong ké
(substantial evidence)

0,05<P_value < 0,1

Can nhéc can than trudce khi
bac bo (tuy chon «)

Vung xam (Gray area)

P _value > 0,1

Chép nhan

Khong ¢ ¥ nghia thong ké

Nhu vay P_value cang nho thi mtrc d¢ khang dinh mau vé viéc bac bod H, cang ro rét

hon. Theo cach kiém dinh gia thuyét nay thi viéc sir dung P_value lai chinh 13 kiém dinh

theo cach tiép can truyén thong.
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e Cach tinh gia tri p-value
a. Truong hop: o di biét hodc o chwa biét, n>30
Néu mién bac bo bén phdi: P_value=P(Z > z,) =0,5-¢(z,,)
Vi du 6.1
Néu gia trj kiém dinh z,,=1,5, ta tinh P_value=P(Z >1,5) = 0,5—¢(1,5) nhu hinh

P—value=0,5-0,4332=0.0668

l@(1,5) =0.4332]

\J

1 P-value

(R ety R Y

Zos=1,5 Z,=1,645
Hinh 6.3 : P_value=P(Z >1,5)
Néu mién béac bo bén tréi: P_value=P(Z < z,,)=0,5+¢(z,,)
Néu mién bac bo hai phia: P_value=2P(Z >| 2, ) =1-20(z4)

Vi du 6.2 (tiép theo Vi du 6.1)
Néu gia tri kiém dinh 2,=15, tatinh P_value=2P(Z >z, |) =1-2¢(z,;) nhu hinh

P—V&/Ue - (0,5_0’4332) :)P—VGEH9:0,1336

l(1,5) =0,4332|

»~
I
I
I
'
I

4

A

P-value/2 P-value/2

a2 =0,025

-1,96 -19 1,5 1,96

Hinh 6.4: P_value=2P(Z >1,5)

b. Truwong hop : o> chwa biét, n <30 va X cé pp chuin
Néu mién bac bo bén phai: P_value=P(T > t,) tra bang phy luc 9.

Néu mién bac bo bén trai: P_value=P(T < t,s) tra bang phu luc 9.

Néu mién bac bo hai phia: P_value=2P(T >| t, ) tra bang phu luc 9.
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Chuong 6. Kiém dinh 6.2. Kiém dinh phan phdi
6.2. KIEM PINH SU PHU HQP VE QUY LUAT PHAN PHOI XAC SUAT

6.2.1. Su can thiét kiém dinh dang phan phéi ciia dir liéu

+ Phuong phép xtr 1y, kiém dinh thong ké phan 16n duya trén gia thiét “tap hop tong thé co
phan phdi chuan (binh thudng).

=Phuong phap dua trén tham sb: Trung binh, phuong sai, do 1éch chuan.. .

A normal probability plot for data
from a normal distribution will be
approximately linear:

Q0

so/

30

i i i i |
-2 -1 0 1 2 Z

Hinh 6.5: dir liéu c¢6 phan phdi chuan x4p xi duong thang tuyén tinh
Néu phan phdi cta dit liéu 1a phan phdi khéng chuan (1éch phai, 1éch trai..)
=> Nén xir 1y bang phuong phap phi tham sd (nonparametric method)
= Phai kiém dinh xem dang phan b trudc khi xtr 1y
= Ddi véi cac két luan co tinh hé trong d6i voi thuc té => xtr Iy dung phuong phép.

D@ liéu phan bé mmmm)p Phuwong phap théng
chuan sd (binh thworng)

e - - Phwong phap phi
D Ili%l::hh%r‘é% phan — théng sé
(nonparametric)
Hinh 6.6: Kiém dinh tham s6 va phi tham so
cho dit li¢u phan phoi chuan va khong chuan

Left-Skewed Right-Skewed
X 90 X 90
60 60
2 10 1 22 2 -10 1 22
(a) (b)

Hinh 6.7: Phan phéi khong chuan 1éch tri (a) va 1éch phai (b)
6.2.2. Xem dang phan phéi chuin bang d6 thi xac suit chuian (Normal Probability
Plot)
H,: X tudn theo quy luat phan phéi chuan
H,: X khong tuan theo quy luat phan phéi chuan

23



Chuong 6. Kiém dinh 6.2. Kiém dinh phén phdi

« Gia thuyét H,: phan phéi tuan theo luat chuan (p >0.05), néu két qua thu dugc p <0.05
thi khong tuan theo luét chuén (chip nhan H,).
« Can chd y: cac test nay rat nhay nén cin phai xem xét cac yéu t6 khac: do méo léch
(skewness) va @6 nhon (kurtosis) ctia dudng cong phan phdi chuan.
Skewness (46 méo léch) va Kurtosis (d6 nhon) 13 hai chi sé chinh ching ta cAn xem xét
dé quyét dinh bién dinh lwong c6 phan phdi chuan hay khong. Mot bién ngau nhién c6
phan phdi chuan khi gia trj Skewness va Kurtosis tién gan dén gid tri 0 va 0.
Minh hoa skewness va kurtosis ctia phan phdi chuén.
Céc 1énh trong R
#Simulation
> n.sample <- rnorm(n = 10000, mean = 55, sd = 4.5)
#Skewness and Kurtosis
> library(e1071)
> skewness(n.sample)
[1]10.01862268
> kurtosis(n.sample)
[1]0.01611428
6.2.2.1. Trong MINITAB:
1. Stat/Basic Statistics/Normality Test
2. Khai bién s6
Vidu 6.3
Tap dit lieu CRANKSH.MTW xem [3. M6 ta sd liéu trong Minitab]
1. Open the worksheet CRANKSH.MTW.
2. Choose Stat > Basic Statistics > Normality Test.
3. Chuyén AtoBDist tir 6 bén trai vao 6 Variable bang cach nhan nut Select. Trong
Tests for Nomality, danh dau tron chon Anderson-Darling (hay Kolmogorov-
Smirnov), Click OK.

Probability Plok of AtoBDist

Hormal

Mean 0.4417
Sthew 3491
| 125
e 0,891
P-Yalue 0022

Percent
- wiG MEEEBH Hd 4

-10 -5 Ju] 5 10
AtoBDist

Hinh 6.8: Biéu d6 kiém dinh Anderson-Darling cho AtoBDist
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Probability Plot of AtoBDist
Mormal

8
o

Mean 0.4417
. StDev 3431
= N 125
Ks 0.034
el P-Value 0,010
0 4
504
E o
]
O 50
g 2
304
204
104
5
q .
.

=
-

-10 == a 5 10
AtoBDist

Hinh 6.9: Biéu d kiém dinh Kolmogorov-Smirnov cho AtoBDist
* Tinh Skewness (d9 méo 1éch) va Kurtosis (¢ nhon)
1. Choose Stat > Basic Statistics >Display Descriptive Statistics.
2. Chuyén AtoBDist tir 6 bén trai vao 6 Variable bang cach nhan nut Select. Trong

Statistics, danh dau Skewness va Kurtosis, Click OK.

Descriptive Statistics: AtoBDist

Variable N N* Mean SE Mean StDev Minimum Q1 Median Q3
AtoBDist 125 0 0.442 0.312 3.491 -7.303 -2.243 0.130 3.607
Variable Maximum Skewness Kurtosis

AtoBDist 8.023 0.12 -0.82

Giai thich két qua
Pay 1a biéu d6 so sanh xac suat chuan voi dir liéu. Su sai 1éch cua dir liéu so voi duong
théng chuén, dé théy nhét 13 & cac diém cuyc tri, hodc ¢ hai dudi. Biéu do trén cho théy
hai dudi chéch so véi duong chéo chuan. Va kiém dinh Anderson-Darling cho gia tri
p=0,022 < 0,05 hay kiém dinh Kolmogorov-Smirnov cho gié tri p< 0,01 chi ra rang c6
bﬁng chung dir li¢u khong tuédn theo sy phan phéi chuén. That vay, cac gia tri
Skewness va Kurtosis 1an lwot 1a 0,12 va -0,82 chua tién veé 0.
Ghi chu 6.3
Duing phép kiém dinh Kolmogorov-Smirnov khi ¢& mau 1én hon 50 hoic
phép kiém Anderson-Darling khi ¢& mau nho hon 50. Pugc coi 1a ¢6 phan phdi chuan
khi gia tri p <0,05.
6.2.2.2. Twong tu trong SPSS
V& biéu dd xac suat chuan Q-Q (Normal QQ plot) vao thuc don: Analyze> Descriptive
Statistics> Explore
Khi xuit hién man hinh Explore, chuyén AtoBDist tir 6 bén trai vao 6 Dependent List
Nhén vao nat Plots. Panh du stick vao 6 Histogram va 6 Normality plots with tests.
Nhiap Continue va nhap OK.

25



Chuong 6. Kiém dinh

6.2. Kiém dinh phén phdi

Mormal Q-Q Plot of AtoBDist

Expected Normal
T

T T
-5 a

Observed Value

Hinh 6.10: Biéu d6 Normal Q-Q plot

Descriptives

Statistic Std. Error

AtoBDist  Mean 4417036 (31227646

95% Confidence Lower Bound - 1763790

Interval for Mean Upper Bound S e

5% Trimmed Mean L3925091

Median 1300100

‘Variance 12180

Std. Deviation 3.491357

Minirmum -7.303

Maximum 8.0232

Range 15.32608

Interguartile Range 5.84981

Skewness 125 217

Kurosis -.823 4320

Tests of Normality
I»(oImm_:jorw—SrnirnmfE Shapiro-Wilk

Statistic df Sig. Statistic df Sig.

AtoBDist .094 125 008 976 125 028

Hinh 6.11: Két qua céc gia tri Skewness va Kurtosis
Vi ¢& mau N=125 (16n hon 50), ding kiém dinh Kolmogorov-Smirnov véi Sig.=0,008 <
0,05. Chimg to phan phdi nay khong 1 phan phdi chuan. That vdy, cac gia tri Skewness
va Kurtosis 1an lugt 1a 0,125 va -0,823 chua tién vé 0.

Ghi chu 6.4

Dung phép kiém dinh Kolmogorov-Smirnov khi ¢& mau 16n hon 50 hoic

phép kiém Shapiro-Wilk khi ¢& mau nho hon 50. Puoc coi 1a ¢6 phan phdi chuan khi mirc
y nghia (Sig.) 16n hon 0,05.
6.2.2.3. Twong tu trong R
V& biéu d6 xac suit chuan Q-Q (Normal quantile-quantile plot)
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> data<-c(-0.44025, 5.90038, 2.08965, 0.09998, 2.01594, 4.83012, 3.78732, 4.99821, 6.91169,1.93847,
-3.09907, -3.18827, 5.28978, 0.56182, -3.18960, 7.93177, 3.72692, 3.83152,-2.17454, 2.81598, 4.52023,
3.95372,7.99326, 4.98677, -2.03427, 3.89134, 1.99825,0.01028, -0.24542, 2.08175, -4.86937, -2.692006, -
3.02947, 2.99932, 3.50123, -1.99506,-1.62939, 2.14395, -1.90688,8.02322,4.75466,1.14240,0.93790,-
7.30286, -5.22516,-4.06527,-1.91314,2.04590,4.93029,0.03095,-2.80363,-3.12681,-4.57793,-3.17924,-
2.44537,1.36225,0.92825,-0.24151,-0.83762,-1.99674,4.90024,1.28079,2.87917,1.83867 ,-
0.75614,3.72977,3.77141,-4.04994,3.89824,1.76868,2.27310,-3.82297,-2.26821,-
2.07973,0.01739,3.71309,1.72573,3.07264,0.15676,-0.05666,3.81341,-3.78952,-3.81635,-4.88820,-
3.24534,-0.27272,-4.33095,-1.83547,-3.98876,-4.97431,-5.14050,-0.10379,2.21033,5.13041,-
1.89455,0.95119,-5.15414,4.82794,0.13001,-0.09911,-1.15453,2.29868,5.15847,0.08558,-
3.09574,5.16744,0.29748,-4.66858,-2.13787,-0.00450,0.18096,4.30247 -
2.21708,7.17603,5.86525,0.95699,-4.03441,-2.05086,-3.10319,-1.83001,5.03945,1.96583,-

0.21026,0.27517,-5.32797)# 125 sb liéu cua dir liéu CRANKSH.MTW
> mean(data)

[1]0.4417036

> sd(data)

[1] 3.491357

> gqqnorm(data)

> abline(a=0.4417036, b=3.491357,col=2)

# duong thang tuyén tinh ctia phan phéi chuan N(u = 0.4417036,0° =3.491357%)

Normal Q-Q Plot

Sample Quanties

Theaoretical Quantiles

Hinh 6.12: Biéu d¢6 Normal Q-Q plot trong R ddi truc
so voi Biéu d6 Q-Q trong SPSS.
Kiém dinh t dya vao gia thuyét 1a phan phéi ctia mot bién phai tuan theo luat phan
phéi chuan (sé trinh bay rd trong phan III tiép theo). Néu gia dinh nay khong dung, két
qua cta kiém dinh t c¢6 thé khong hop li (valid). Dé kiém dinh phan phdi chuén cua di
lidu trong R, chiing ta c6 thé dung ham shapiro.test nhur sau:
> shapiro.test(data)
Shapiro-Wilk normality test
data: data
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W =0.97647, p-value = 0.0279

>install.packages (c(' €1071"))

> library(e1071)

> skewness(data)

[1]0.1215466

> kurtosis(data)

[1]-0.8725303

Giai thich:(Interpretation)

Gia trj p-value = 0.0279 cua kiém dinh Shapiro-Wilk nhé hon 0,05 cho nén chung ta c6
thé néi réng dir liéu khong tuan theo sy phan phéi chuan. That vay, cac gia tri Skewness
va excess Kurtosis 1an lwot 14 0,121 va -0,872 chua tién vé 0.

Giai thich

Do méo léch & day 13 0,1215466. Gid tri nay ham ¥ rang su phan phdi dir lidu co do 1éch
trai ( c6 “dudi” phia phai) hay léch dwong, vi gié tri tinh toan 16n hon 0. Déi véi kurtosis,
chung ta ¢6 -0,8725303 ham ¥ rang su phan phéi dit liéu 1a platykurtic, vi gia tri tinh toan
nhd hon 0. Hinh minh hoa cta dir liéu dugc trong Hinh 1.

> plot(density(data), main="Plot of density distribution of AtoBDist", xlab="AtoBDist",
add=TRUE)

Plot of density distribution of AtoBDist

Density
006 008

004

002

0.0
\

AtoBDist

Hinh 6.13: Ham mat d6 cua AtoBDist
6.2.2.4. Tom lai:
* Dau hiéu nhan biét phan phdi chuan trong biéu d6 xac suat chuan (Normal Probability
plot hay Normal Q-Q plot): phan phdi chuin khi biéu d6 xac suét ndy c6 quan hé tuyén
tinh (dudng thang)
Biéu do xac suat chuan (Normal Probability plot) gom:
+ Truc tung biéu thi tin suit tich lily (cumulative percent) , truc hoanh biéu thi trj cta
cac don vi trong mau tir thap dén cao.
+ Puong thang c6 d6 dbc biéu thi cho phan phdi chuan co thong sé ( u,o ) dién dat
dué6i dang tuyén tinh.
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+ Néu cac diém dir liéu quan sat c6 phan phdi “chap” véi duong thang phan phdi chuan,
tire 1a cac diém nam dé va sat voi duong chéo chuan, ta két luan dit lidu co phan phéi
chuan . Xem hinh minh hoa 6.14

1.0
@ -
=
= 7 >
a = i
2%
=3 05
S = i
o
S5 -
& = J
A i
Q>
- 0.0+ v T : 1
200 700 1200
BOD Concentration (mg/L)
Hinh 6.14: Dit liéu BOD tuén theo phan phdi chuan
Ghi chu 6.5

BOD: chi s6 nhu cau 6xy sinh héa (Biochemical (hay Biological) Oxygen Demand)
Trong mdi truong nudc, khi qua trinh oxy hod sinh hoc xay ra thi cic vi sinh vat st
dung oxy hoa tan, vi vy xac dinh tong luong oxy hoa tan can thiét cho qua trinh phan
huy sinh hoc 1 phép do quan trong dénh gia anh hudng ctia mot dong thai ddi véi
ngudn nudc. BOD c6 ¥ nghia biéu thi lwong cac chit thai hitu co trong nude c6 thé bi
phan huy bang céc vi sinh vat.
Phén 16n céc con sdng con nguyén so s& cé BOD 5 ngay (ky hiéu 1a BODs) 14 nhé hon
1 mg/L. Cac con séng bi 6 nhiém & murc dd nhe s& c6 gia tri BODs trong khoang 2—
8 mg/L. Nudc thai d6 thi duoc xur 1y ¢6 hiéu qua bang cong nghé ba giai doan ¢ thé co
gia tri cia BODs vao khoang 20 mg/L. Nudc thai chua xtr 1y thi c6 gia tri BODs khong
c¢d dinh, nhung trung binh vao khoang 600 mg/L tai chdu Au va khoang 200 mg/L
tai Hoa Ky hay tai cac khu vie ma n6 bi thim loc qua nudc ngam hay nuéc bé mat. Cac
gia tri n6i chung ctia Hoa Ky thip chu yéu 1a do tai day luong nudc tiéu thy trén dau
ngudi 13 cao hon rat nhiéu so véi cac khu vuc khac cta thé gidi. Bun sét tir cac trang trai
chan nudi bo sira co gid tri BODs vao khoang 8.000 mg/L con thire an u thanh x1 16 ¢6
gia tri BODs vao khoang 60.000 mg/L.
+ Néu cac diém dit liéu c6 phan phdi chéch (trén, dudi) ¢ hai dudi so voi dudng chéo
chuan thi ta két luan phan phdi khong chuan, chuyén sang kiém dinh phi tham s. Xem
hinh minh hoa 6.15.
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Hinh 6.15: Dit liéu BOD khéng tuan theo phan phéi chuan
6.2.2.5. Co sé toan thong ké cho cac diém dir liéu quan sat c6 phan phéi “chip” véi
dudng thfmg phén phdi chuin nhw sau:
Chung ta kiém nghiém dya trén diém chuan (NSCORES) cua cac gia tri mau. Cac diém
chuin trong ing voi mot mau X;» Xy, X, thu dugc béng cach sau day:
* Trudec tién ching ta goi
I, =thtr hang cia x,, i=1...,n
Thir hang cta x; 13 vi tri ctia X, trong danh sach mau dugc sép tang dan. Vi vy, hang cta
gia tri nhé nhét 1a 1, cua gia tri nhd nhat tha hai 1a 2,v.v.
« Tiép theo ta dat
_r=3/8
" n+l1/4°
« Khi d6 diém chuan cua x. 1a z, = ¢ '(p,), 1a phan vi thir p, ctia phan phéi chuan tic.

geeey

« Quy tic kiém dinh phan phéi chuan cta dit liéu mau

Néu miu dugc lay ngu nhién tir mot phan phéi chuan N(u, o) thi mbi quan hé giira cac
diém chuan (NSCORES) va X; s€la xap xi tuyén tinh. Theo d6, hé sb twong quan giira
cac gia tri mau X, X,,..., X, vd NSCORES ciia chiing s& gan 1 trong cdc mau 16n.

Biéu d6 cua céc gia tri mau X;» X5 5..., X, V& NSCORES cua ching dugc goi la so do Q-Q
chuéan (normal Q-Q plot) cho trong hinh 6.16. Ta vé dugc hinh 6.16 khi 4p dung céc 1énh
trong R sau:

> set.seed(123)

> X<-rnorm(50,10,1)

> qqnorm(y=X)# biéu d6 xac suat chuan cua dir liéu

> abline(a=10,b=1,col=2)# duong thang tuyén tinh ciia phan phoi chuin chuan tac
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Normal Q-Q Plot

Sample Quantiles
0

Theoretical Quantiles

Hinh 6.16: Q-Q chuan cua cac gia tri mo phong tir phan phdi N(10,1)

Ta c6 so dd xac sudt chuan cta n=50 gia tri md phong tir N(10,1). Néu mo phong tot va
mau thuc sy duoc tao ra tir N(10,1) thi cac gia tri ctia X so véi NSCORES sé& duoc phan
phdi ngéu nhién xung quanh dudng thang X=10 + NSCORES. Ta thay trong hinh 6.16
rang day thuc su 13 trudng hop nhu vay.
Hé s6 twong quan gitra gid tri X va NSCORES ctia n6 13 0,976. Hoi quy tuyén tinh cta
gia tri X theo NSCORES 1aX =10,043+ 0,976 * NSCORES.
Ta thay rang ca hai tung d6 gbc va do ddc ctia phuong trinh hoi quy 13 gan véi gia tri
danh nghia cua ¢ =10va o =1.
6.2.3. Xem dang phén phoi bang kiém dinh gia thuyét (dung cho dir liéu c6 dang
bang tan s )
6.2.3.1.Kiém dinh sw phi hop vé quy luit phin phdi xac suit

H,: X tudn theo quy luat da cho va H,: X khong tuan theo quy luat da cho

k "2
) (n. —n)) .
] . ) quzzl% voi nj=n.p,
Tinh toan i1 n;

- Zo(k=1-m)
- Xe < . : chap nhén gia thiét H,.

So sanh sy g L
- X < Xqs :chép nhan gia thiét H, .

Trong d6 m 1a s6 tham s6 can udc lugng ( dé tinh cac p,),

k 1a s6 gia tri cua x, dé tinh cac p,.
Tt mau da cho ta tinh dugc cac udc lugng hop li cuc dai cac tham sé cua F(x). Tur cac
tham s6 do ta s€ tinh duoc cac xac suat:

- Néu X 12 bién ngau nhién roi rac c6 diy phan phdi xac suat 13 { p } thi n/ =n.p,

i
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- Néu X 12 bién ngau nhién lién tuc c6 ham phan phdi xac suat F(x) hodc ham mat do

f(x)thi n}=nP(x,_, <X<x)=n[F(x,)-F(x,_)]= n(

i-1

6.6.2. Kiém dinh su phu hop vé quy luit phan phdi chuin
H,: X tuan theo quy luat phan phdi chuan

H,: X khong tuan theo quy luat phan phéi chuan

T f (x)de

Tinh toan

a; (a,-3)°| ..
- yh=n| 24 véi
& {6 24 }

lZ:nl.(xi—;)3
n_i

+ H¢ so bat do1 xung a, = 3

s
1 Zn: —\4
— > n(x; —x)
+Hé sé nhon a, =2 7
s
- Zo(k=1-m)
- Xe < 72 chap nhén gia thuyét H,,.
So sanh 5 , . P
- X < X4 -:chap nhan gia thuyét H, .
L
fi(x”)

[0 3

o

.(.E.........._____......

1

p

- ]

K

Mién chip nhin Mién hdc bo
T NN AR R PR R AR b o e A E LRSS S 1 _%

Hinh 6.17: Kiém dinh Chi-binh phuong mét phia-bén phai

Vi du 6.4

Do chiéu cao cua mot loai cdy moc tu nhién trong mét khu ring:

Chiéu cao 3-8

8-13 13-18 18-23 23-28 28-33

33-38

S6 cay 6

8 15 40 16 8

7

C6 thé cho rang chiéu cao cuia cay d6 1a bién ngau nhién tuén theo phan phdi chuén.
Cho két luan véi mirc ¥ nghia 5%.

Giai
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H,: X tuan theo quy luat phan phéi chuan N(u,0”), u,0” chua biét.
H,: X khong tuan theo quy luat phan phdi chuén
Trudce hét ta wdc lugng u,o . Ta thay thé 2 tham s6 bang udc luong hop 1y cuc dai 1a

;, 5. Duya vao bang s6 liéu ta co x= 20,7, 5= 7,28.

R (XH_;} (&JJ m=npe | (n=m)* ]

o| T | g T

S S
I [ 3 | 8 | 6 | 0494 | 0491 | 333 | 21408
2 8 | 13| 8 | 04591 | 0354 | 1037 | 054
3 [ 13 | 18 | 15 | 03554 | 0443 | 2L11 | 1,768
418 | 23 | 40 | 01443 | 01255 | 2698 | 6283
523 | 28 | 16 | 01255 | 03413 | 2158 | 1443
6 | 28 | 33 | 8 | 03413 | 04545 | 1132 | 0974
7 33 | 38 | 7 | 04545 | 04911 | 366 | 3047
100 16,19

"2
z§s=izk1:—(n‘ 16,19

Trabéng y2(k—1-m)=y2(7-1-2)= ;(3305(4) =9,487
Xo =16,19> 7 <(4) = 9,487 suy ra bac bo H.
Két luan: X khong tuan theo quy luat phan phdi chuan.
Vidu 6.5
Gia ctia mot loai ¢6 phiéu ban trén thi trudng ching khoan trong 100 phién giao dich
duoc cho ¢ bang sau:
Gi4 co phiéu (1000d)
S6 phién giao dich 5 18

13-15 15-17 17-19 19-21 21-23
42 27 8

V&i muc ¥ nghia 5% c6 thé cho rang gia cia mot loai ¢6 phiéu noi trén 1a bién ngau
nhién tuan theo phan phdi chuan.
Giai
H,: X tuan theo quy luat phan phéi chuan N(u,0?), p,0° chua biét.
H,: X khong tuan theo quy ludt phan phdi chuan

1 ‘xl nl ni "xl nz xiz I’li.(xi _;)3 ni.(xi _;)4

1 14 5 70 980 -397,54 1709,40
16 18 288 4608 -219,01 503,71

3 18 42 756 13608 -1,13 0,34
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4 | 20 | 27 | 540 10800 132,65 225,51
5 22 8 176 3872 405,22 1499,33
100 | 1830 | 33868 -79,80 3938,29

lan.(xi—;f
n-

3
S

Tinh dugc x =18,3; s =1,96. Hé s6 bit ddi xtng a, = =—1,0815

1Zni(xi —x)*
n-

4
S

=2,74176

+ HE s6 nhon a, =

2 2
T X = n{%+—(a4243) } 0,4728

+Trabang y,(k—1-m)=y2(5-1-2) = x5 ,5(2) =5,99
+ 2e =0,4728 < y7,5(2) =5,99 suy ra chép nhanH,.

Két luan: Gia ctia mot loai co phiéu tuan theo quy luat phan phdi chuén.

Vidu 6.6
O moét cira hang ban xang dau, theo ddi nhu cau ctia mit hang xing trong mot sd ngay
c6 luat phan phéi chuan, chiing ta c6 két qua ¢ bang sau dang [a,b):

S6 ban ra (lit) S6 ngay S6 ban ra (lit) S6 ngay
20-30 3 70-80 25
30-40 8 80-90 17
40-50 30 90-100 9
50-60 45 100-110 4
60-70 20

Ta sé& kiém dinh sy phu hop vé quy luat phan phdi chuan

Goi X 1a lugng xang ban ra trong ngay, u la lugng xang trung binh ban ra trong ngay.
H,: X tudn theo quy luat phan phéi chuan N(u,0?), p,0° chua biét.

H,: X khong tudn theo quy luat phan phdi chuén

Xio n, Xio * N, X2, n.(x,—x) | n.(x,—x)*

25 3 75 1875 -159090.717 | 5977038.248
35 8 280 9800 -167648.737 | 4622075.672
45 30 1350 60750 -162718.353 | 2858961.459
55 45 2475 136125 -19520.9142 | 147773.3204
65 20 1300 84500 286.97814 | 697.3568802
75 25 1875 140625 48012.3977 | 596794.1031
85 17 1445 122825 191838.929 | 4302947.187
95 9 855 81225 306961.109 | 9954748.77
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105 4 420 44100 305547.748 | 12964390.93

9 9
Téng | n=161| Y nx, =10075 | > nx;, = 681825
i=1

i=1

343668,441 | 41425427,05

- 1 10075
X=—>» nX, =——=62,57
nzl 161

2 —\2 681825
nx: —(x) = —(62,57)* =319,93
2K ( ) 161 ( )

52 =1 05319.93=321,02 = Js? =5=17,94

Ta tinh dugc: Xx=62,57 va s=17,94.

lin (x. —;)3
neg _ 343668,441/161
. -

- Hé s6 bat doi xtng a, = - =0,369
s 17,94
1 & —\4
—Zni(xi—x)
- Heé sénhon a, =T :41425427.(35/161:2,483
s 17,94
2 2 2 2
o e W ) 7| L E ) VP
6 24 6 24

Tra bang phu luc 5, y2(k—1-m)=x2(9-1-2)= x;,,(6)=16,81
Yo =5,446 < 75,,(6) =16,81 suy ra chdp nhan H,.
Két luan: X tuan theo quy lut phan phéi chuan.
Vidu 6.7
San pham san xuét ra trén ddy chuyén tu dong duoc dong goéi ngau nhién theo quy cach
3 san pham /1 hop. C6 thé xem sb chinh phadm ctia mot hop 13 bién ngdu nhién tuin
theo quy lut nhi thirc khong, biét rang kiém tra 100 hop nguoi ta 75 hop khong co phé
pham, 20 hop ¢6 1 phé pham, 5 hop c6 2 phé pham, khong hop nao c¢6 3 phé pham ?
cho két luan v6i mirc ¥ nghia 5%.
Giai
H,: X tudn theo quy luat nhi thirc B(n=3; p)
H,: X khong tudn theo quy luat nhi thirc
Ta u6c luong p. Ta thay thé p bang udc lugng khong chéch 1a f. Theo sb lidu ta co
n=100 x 3=300 san pham
m=5 x 1420 x 2+75 x 3=270 chinh phdm
f=m/n=270/300=0,9
Do d6 p, dugc tinh nhu sau

p,=Ci0,9'(1-0,9y",i=0,3
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Tham s6 can udc lugng 1a p.

X n Di n =n.p, (n,—n)’/n
0 0 0,001 0.1 0.1
1 5 0,027 2,7 1,959
2 20 0,243 24,3 0,761
3 75 0,729 72,9 0,06
N 100 2,881

k "2
2 (ni — ni) _
qu = 21: n’ _2:881

Trabang y.(kK—1-m)=y2(4—1-1)= y;,5(2) =5,991
X < Xoos(2) suyra chip nhan H,.
Két luan: X tuan theo quy luat nhi thirc B(n=3; p=0,9)
Vidu 6.8
Kiém tra 200 thung mot loai do hop nguoi ta dugce sb liéu sau
S6hopbihong/thaong | 0 1 2 3 4
S thung 116 56 22 4 2
Chumg to rang s6 hop bi hong ctia mot thung 13 bién ngiu nhién tuan theo quy luat
Poisson voi mure ¥ nghia 5%.
Giai
H,: X tudn theo quy luat Poisson P(1), A chua biét.

H,: X khong tuan theo quy luat Poisson

Ta thay thé¢ A bang x. Tinh x ta dugc
x=(116x0+56x1+22x2+4x3+2x4)/200=0,6

Vay p,=P(X=i)=e"" -%—':e_o’ﬁ -%, i
i! i!

p, =0,588; p, =0,3293; p, =0,0988; p, =0,0198; p, =0,003

Chu ¥: Do tan sb thuc nghiém 2 gié tri cudi nhd hon 5 nén tién hanh ghép 16p (4+2=6)

va tan sd 1y thuyét 1a (3,96+0,6=4,56).

0,4 ta tinh duoc

Xi h D n =n.p, (n, — nl')2 In]
0 116 0,588 109,76 0,3548
1 56 0,3293 65,86 14762
2 2 0,0988 19,76 0,2539
3 4 00198 | 3.96
4 2} 6 0,003 | 06 } 4,56 0,4547
N= 200 2,5396
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k —n")?
22 =0 ) s306

i=1 i

Tra bang phu luc 5, y2(k—1-m)=x2(4—-1-1) = x5 ,5(2) =5,991

;(qzs < ;(02’05 (2) suy ra chap nhan H,.
Két luan: X tuan theo quy luat Poisson P(4=0,6).
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6.3. KIEM PINH GIA THUYET CO THAM SO

6.3.1. Kiém dinh gia thuyét vé trung binh tong thé
Bai toan 6.1
Gia sir tong thé X c6 phan phdi chuan cé trung binh x chua biét. Ta can kiém dinh gia

thuyét H, : ¢ = u, . Hiy dua ra quy tic can ctr vao mau gom n quan sat doc 1ap

(X5..0r X, ) Ma chap nhan hay bac bo gia thiét trén voi muc ¥ nghia o . Biét bién dinh

luong trong tong thé c6 phan phdi chuan.
Quy tic thwe hanh 6.1
e Bing kiém dinh 2 phia (two tail): Gia thuyét H,:p=py,va Dbi thuyét H,:u# u,

Budc TH1: n>30 TH2: n>30 TH3: n< 30 TH4: n< 30
o da biét o’ chua biét o da biét o chua biét
1.Tinh z hoac t X — X — X — X —
Z:—/JO.\/H Z:—’uo.\/ﬁ Z:—’uo.\/ﬁ t:—’uo\/ﬁ
o S o S
2.Tra bang Z,, phuluc 6 Z,, phuluc6 |z, phuluc6 | t") phyluc 8
3a. Chap nhan 1z[<Z,, zI<z,), zl<z,, t< tg;zl
HO
3a. Bac bo H, z>2,, z|>z,, 1z>2,, [t>t0,
o2 /2
| o
0 7
g2 . Za02 .k . .
Mién bdc bo | Mién chdp nhin I Mién bic bo
'F € >t _).
Hinh 6.18: Kiém dinh Z hai phia mtc o /2
/2 o2
| | <
Mién Iz 0 t,,2 Mién |
bic b | Mién chip nhin bac ho

Hinh 6.19: Kiém dinh t hai phia mic a/2
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6.3. Kiém dinh gia thuyét ¢ tham sd

e Bing ki¢m dinh 1 phia (one tail): Gia thuyét H,:p=py,va Déi thuyét H, :u> u,

Budce TH1: n>30 TH2: n>30 TH3: n<30 TH4: n<30
o’ da biét o’ chua biét o’ da biét o’ chua biét
1.Tinh z hodc t X — X — X — X —
g XTHy o | XAy | Xy | Xk gy
o S o S
2.Tra bang z, phuluc7 z, phuluc 7 z, phuluc7 tg‘l phu luc 9
3a. Chap nhan z<1, z<1z, z<1, t <t
HO
3a. Bac bo H, z>1, z>1, z>1, t>t
0L
1 —
0 il
Z&

Mién chip nhin

| Mién hidc bo
T

A

Hinh 6.20: Kiém dinh Z mét phia-bén phai mic o

]
]
L]
L}
L]
L]
L]
i

=

Mién chip nhin

Mién hic b

Cd

Hinh 6.21: Kiém dinh t mot phia-bén phai mic o

i

e Bing kiém dinh 1 phia (one tail): Gia thuyét H,:p=uy,va Déi thuyét H, :u<y,
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6.3. Kiém dinh gia thuyét ¢ tham sd

Budc THI1: n>30 TH2: n>30 TH3: n<30 TH4: n<30
o’ da biét o’ chua biét o’ da biét o’ chua biét
1.Tinh z hodc t X — X — X — X —
g Xty | X | X [y (XDt gy
o S o S
2.Tra bang Z, phuluc7 Z, phuluc 7 Z, phuluc7 t;‘l phu luc 9
3a. Chap nhan z=2-1, z2-1, z2-1, t> —t;‘l
HO
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Hinh 6.23: Kiém dinh t mot phia-bén tradi mic o
e Dwa vao gia tri p-value

a. Trudong hop: o° di biét hoiic o chwa biét, n > 30
Néu mién bac bo bén phdi: P_value=P(Z > z,)) =0,5-¢(z,,)

Vidu 6.8

Néu gia trj kiém dinh z,,=1,5, ta tinh P_value=P(Z >1,5) = 0,5—¢(1,5) nhu hinh
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P—value=0,5—-0,4332=0.0668

l@(1,5) =0,4332]

;*‘ P-val
2
Z

PP SRt N 'Y

Zo=15 Za=1645
Hinh 6.24 : P_value=P(Z > 1,5)
Néu mién bac bo bén tréi: P_value=P(Z < z,,) = 0,5+ ¢(z,,)
Néu mién bac bo hai phia: P_value=2P(Z >| z,,|) =1-2¢(z,,)
Vi du 6.9 (tiép theo Vi du 6.8)
Néu gia tri ki€ém dinh z,,=1,5, ta tinh P_value=2P(Z >| z ) =1-2¢(z,;) nhu hinh

P —value

= (0,5 - 0,4332) —> P—value = 0,1336
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Hinh 6.25: P_value=2P(Z >1,5)

b. Truong hop : o> chwa biét, n <30 va X c6 pp chuén
Néu mién bac bo bén phai: P_value=P(T > t,) tra bang phy luc 9.
Néu mién bac bo bén trai: P_value=P(T < t,s) tra bang phu luc 9.
Néu mién bac bo hai phia: P_value=2P(T >| t, ) tra bang phu luc 9.

Vidu 6.10
Mot nha may thép san xuat soi thép c6 kha ning chiu luc X tuan theo phan phdi chuan
v61 1, =1000 (don vi N=Newton) va o =21. Mot quy trinh san xudt méi duge dua
vao thir nghiém, nguoi ta san xuét thir nghiém ra mau gom 50 soi thép thi thdy kha
nang chiu lyc trung binh cua soi thép 1a 1010N, dung no kiém dinh xem liéu kha nang
chiu tai cia soi thép c6 thay ddi khong véi muc y nghia a = 5% .

Giai
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Goi X 13 kha nang chiu luc (N) cua soi thép do nha may san xuat.

Trung binh quy dinh £, =1000

Trung binh thyc té kha nang chiu luc (N) ciia soi thép do nha may san xuat 1a x chua
biét.

Pua gia thuyét H, : z = 1000

Déi thuyét H, : 1 #1000

Ta thiy n=50>30, X c6 phan phéi chuan, o da biét nén thugc trudmg hop 1.
+ Tinh kiém dinh: 2 :%-ﬁ:ww@ =3,36
+Timz,,: a=5%=12,,=196 trabang phu luc 6.
So sanh: [zj=3,36 > 1,96. Vay ta chap nhan déi thiét H;, xem x #1000.
Ta két luan kha ning chiu tai cta soi thép do qui trinh méi san xuat co thay doi.
Lénh trong R
> library(BSDA)
> zsum.test(mean.x=1010, n.x=50, sigma.x=21, mu=1000, alt=""t", conf.level=0.95)
One-sample z-Test
data: Summarized x
z =3.3672, p-value = 0.0007594 # kiém dinh z va gia tri p_value
alternative hypothesis: true mean is not equal to 1000
95 percent confidence interval:
1004.179 1015.821
sample estimates: mean of x 1010
* Tinh P_value bang 1¢nh pnorm(q, mean, sd)
> (1-pnorm(3.3672, 0, 1))*2
[1] 0.000759356
* Tinh P_value theo cong thirc kiém dinh hai phia
P value=2.P(Z >z, [)=2.P(Z >3,3672) =1-2.9(3,3672)
=1-2x0,49961=0,00078
Nhin xét: p-value = 0.0007594 <o = 5% nén ddi thiét H, co y nghia thong ké.
Chu y: alt="t": two.sided, alt="g": greater, alt="1": less
Vi du 6.11 (tiép VD 6.10)
Kiém dinh xem liéu kha nang chiu tai cta sgi thép do quy trinh san xuét méi c6 hiéu
qua khong véi mirc y nghia a =5% .
Giai
Pua gia thuyét H, : 2 = 1000
Dbi thuyét H, : x>1000
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+ Tinh kiém dinh: zzﬂ-\/ﬁzwwﬁzs,%
O

+Timz,: a=5%=1z,=1,645 trabang phu luc 7.
So sanh: z=3,36 > 1,645. Vay ta chap nhan d6i thiét H,, xem u >1000.
Ta két luan kha nang chiu tai cta soi thép do qui trinh méi san xuat ¢ hiéu qua.
Lénh trong R
> library(BSDA)
> zsum.test(mean.x=1010, n.x=50, sigma.x=21, mu=1000, alt="g", conf.level=0.95)
One-sample z-Test
data: Summarized x
z=13.3672, p-value = 0.0003797 # kiém dinh z va gia tri p_value
alternative hypothesis: true mean is greater than 1000
95 percent confidence interval:
1005.115 NA
sample estimates: mean of x 1010
* Tinh P_value bang 1énh pnorm(q, mean, sd)
>1-pnorm(3.3672, 0, 1)
[1] 0.000379678
* Tinh P_value theo cong thirc kiém dinh mdt phia
P_value=P(Z >z, )= P(Z >3,3672) =0,5-¢(3,3672) = 0,5-0,49961 = 0,00039
Nhin xét: p-value = 0.0003797 <o = 5% nén ddi thiét H, c6 ¥ nghia thong ké.
Vidu 6.12
Giam ddc xi nghiép cho biét lvong trung binh cta 1 céng nhén trong xi nghiép 1a 3,8
triéu déng/thang. Chon ngiu nhién 36 céng nhan thiy lwong trung binh 1a 3,5 triéu
ddng/thang va d6 1éch chuan o = 400ngan dong. Loi bao cdo cta giam dbc co tin cdy
khong v6i muc y nghia o = 5% . Biét luong ciia cac cong nhan trong xi nghiép tuan
theo phan phéi chuén.
Giai
Tién luong trung binh cta 1 cong nhén theo 16i giam ddc: M, =3,8.
Tién luong trung binh tuc té cta 1 cong nhan 14 4 chua biét.
Pua ra gia thuyét : H,:u4=3,8
Déi thuyét H, : 1 # 3,8
Kiém tra gia thuyét:
o =0,4 dabiét, vay kiém tra gia thuyét 13 truong hop 1.
+ Tinh kiém dinh: z :%.Jﬁ:%w—:_as

+Timz,,: a=5%=12,,=196 trabang phuy luc 6.
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So sanh: |z]=4,5 > 1,96. Vay ta chéip nhén doi thuyét H;, xem u#3,8.
Ta két luan 101 bao cdo cua giam dbc khong dang tin.
Lénh trong R
> library(BSDA)
> zsum.test(mean.x=3.5, n.x=36, sigma.x=0.4, mu=3.8, alt=""t", conf.level=0.95)
One-sample z-Test
data: Summarized x
z=-4.5, p-value = 6.795e-06 # kiém dinh z va gia tri p_value
alternative hypothesis: true mean is not equal to 3.8
95 percent confidence interval:
3.369336 3.630664
sample estimates: mean of x 3.5
* Tinh P_value bang 1énh pnorm(q, mean, sd)
> (1-pnorm(4.5, 0, 1))*2
[1] 6.795346e-06
* Tinh P_value theo cong thirc kiém dinh hai phia
P value=2.P(Z >z, [)=2.P(Z>4,5)=1-2.p(4,5) =1-2x0,499999 = 2.107°
Nhin xét: p-value = 6.795e-06 <o = 5% nén ddi thuyét H, c6 ¥ nghia théng ké.
Vidu 6.13
Trong luong trung binh ctia mot loai san pham theo quy dinh 13 6 kg. Sau mot thoi gian
san xuét, kiém tra 121 san pham ta c6 x=5,9 kg va s* =5,76. Gia thiét trong luong
ctia cac san pham c6 phan phdi chuin. Cho két luan vé tinh hinh san xuét ¢ binh
thuong, dung quy dinh khong véi mirc y nghia a = 5% . Biét trong lwong ctia cac san
pham tuan theo phan phéi chuan.
Giai
Trung binh quy dinh g, = 6kg .
Trung binh thue té san xuat 1a z chua biét.
Pua ra gia thuyét: H,:u=6 Déi thuyét H, : £ # 6
Kiém tra gia thuyét:
o’ chua biét, n=121>30, vay kiém tra gia thiét 1a truong hop 2.

+ Tinh kiém dinh: z X2y :M.\/m = 0,45
S

5,76
+Tim z,,,: a=5%=12,,=196 trabang phu lyc 6.
So sanh: | z2|=0,45<z,,,=1,96. Vay ta chép nhan gia thuyét H,: u=6.
Ta két luan tinh hinh san xuét binh thuong, dung quy dinh.

Lénh trong R
> library(BSDA)
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> zsum.test(mean.x=5.9, n.x=121, sigma.x=2.4, mu=6, alt=""t", conf.level=0.95)
One-sample z-Test
data: Summarized x
z =-0.45833, p-value = 0.6467 # kiém dinh z va gia tri p_value
alternative hypothesis: true mean is not equal to 6
95 percent confidence interval:
5.472371 6.327629
sample estimates: mean of x 59
* Tinh P_value bang 1énh pnorm(q, mean, sd)
>(1-pnorm(0.45833, 0, 1))*2
[1] 0.6467154
* Tinh P_value theo cong thirc kiém dinh hai phia
P value=2.P(Z >z, ) =2.P(Z >0,45) =1-2.9(0,45) =1-2x0,17364 = 0,65272
Nhin xét: p-value = 0.6467 >a = 5% nén chap nhan gia thuyét H,.
Vi du 6.14 (tiép Vi du 6.13)
C6 bao céo cho rang tinh hinh san xuat khong binh thuong, trong lugng trung binh ciia
san pham thap hon 6 kg theo quy dinh. Hay kiém dinh 151 bao cdo d6 voi muc ¥ nghia
a=5%.
Giai
Pua ra gia thuyét: Hy: u=6
Déi thuyét H, : u <6

+ Tinh kiém dinh: z=*"# .7 =220 31 0,45
s J5.76
+Timz,: a=5%=17,=1645 trabang phu lyuc 7.
So sanh: z =-0,45>~z, =—1,645. Vay ta chap nhan gia thuyét H,: u=6.
Ta két luan 101 bao céo d6 chua du co s dé két luan trong luong trung binh cua san
pham thap hon 6 kg theo quy dinh.
Cac 1énh trong R
> library(BSDA)
> zsum.test(mean.x=5.9, n.x=121, sigma.x=2.4, mu=6, alt=""1", conf.level=0.95)
One-sample z-Test
data: Summarized x
z =-0.45833, p-value = 0.3234 # kiém dinh z va gia tri p_value
alternative hypothesis: true mean is less than 6
95 percent confidence interval:
NA 6.258877
sample estimates: mean of x 5.9
* Tinh P_value bang 1énh pnorm(q, mean, sd)
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> (1-pnorm(0.45833, 0, 1))
[1] 0.3233577
* Tinh P_value theo cong thirc kiém dinh mot phia
P value=P(Z <z,)=P(Z <-0,45)=0,5+¢(-0,45)=0,5-0,17361=0,32639
Nhin xét: p-value = 0.3234 >a = 5% nén chip nhan gia thuyét H,.
Vidu 6.15
Trudc ddy may moc clia mot cong ty san xudt ra cic vong dém (thiét bi co khi nho nhu

camera s, tablet,...) c6 bé day trung binh 14 0,05 cm. Pé x4c dinh liéu cac may nay
van con hoat dong binh thuong hay khong, ngudi ta chon mot mau gébm 10 vong dém
va tinh dugc bé day trung binh 13 0.053 cm va do 1éch chuan mau 0,003 cm. Véi mic y
nghia o = 5%, hiy kiém dinh gia thuyét may nay c6 hoat dong binh thuong khong?
Biét bé day ctia cac vong dém tuan theo phan phdi chuén.

Giai
Goi X 13 bé day vong dém (bearing) do may moc cong ty san xuat.
Trung binh quy dinh £, =0.05
Trung binh thyc té san xuit 1a x chua biét.
Pua gia thuyét H,: 1 =0,05
Déi thuyét H, : u # 0,05

Ta thay n=10<30, X c6 phan phdi chun, o chua biét nén thudc trudng hop 3.

+Tinh kiém dinh t =< —* . /n :W.\/ﬁ 31623
s ,

+Timt) ) : @ =5% =1t’,, =2,2622 tra bang phu lyc 8.
So sanh: |t| = 3,1623 > tz,z =2,2622 nén ta bac bo gia thuyét H, : z=0,05.
Két luan tinh hinh hoat dong ctia may khong binh thuong.
Cac 1énh trong R
> library(BSDA)
> tsum.test(mean.x=0.053, s.x = 0.003, n.x = 10,mu=0.05,alternative = "two.sided",
conf.level=0.95)
One-sample t-Test
data: Summarized x
t=3.1623,df =9, p-value =0.01151 # kiém dinh t, bac tw do 12 9 va gia tri p_value
alternative hypothesis: true mean is not equal to 0.05
95 percent confidence interval: 0.05085393 0.05514607
sample estimates: mean of x  0.053
* Tinh P_value bang 1énh pt(q, df)
> 1-(1-((1 - pt(3.1623, 9))*2))
[1] 0.01150757
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“Tinh P_value theo cong thirc kiém dinh 2 phia bén phai
P value=2.P(T >[t, [)=2.P(T >3,1623)
Tra bang phu luc 9, ta c6 P(T(9) > 2,821)=0,01 va P(T(9) > 3,25)=0,005
Suy ra 0,005 x 2=0,01<P_value <0,01 x 2=0,02
Nhan xét: p-value =0.01151<ca = 5% nén dbi thuyét H; c6 ¥ nghia théng ké.

Vidu 6.16
Nam trude tién lwong trung binh cta cc cir nhan quan trj kinh doanh 1am viéc tai cac
cong ty lién doanh nudc ngoai 1a 210 USD/thang. Nam nay diéu tra ngau nhién lwong
thang cua 25 cur nhan dang lam viéc cho cac cong ty d6 tim duoc x=218 USD/thang,
d6 1éch chuan s=10.
a. Néu gia thuyét tién luong 13 bién ngau nhién phan phdi chuén thi v6i mirc ¥ nghia
a = 5% c6 thé cho rang nam nay cac nhan vién d6 c6 huong mirc luong cao hon hay
khong?
b. Hay tim P_value dé két luan vén dé trén.

Giai
a. Tién lvong trung binh ciia cac cir nhan quan tri kinh doanh nam trudc 1a M, =210.
Tién luong trung binh clia cic clr nhan quén trj kinh doanh nam nay 1a x chua biét.
Pua gia thuyét H, : =210
Déi thuyét H, :u>210

Ta thidy n=25 < 30, X ¢ phan phdi chudn, o’ chua biét nén thudc trudng hop 4.

+ Tinh kiém dinh t = 20 -ﬁ:%ozlo-@ﬂ
S

+Tim t7": @ =5%=1t>* =1,7109 tra bing phy luc 9.

So sanh: t =4 > t>* =1,7109 nén ta chap nhan ddi thuyét H, : 12> 210.

Két luan: ndm nay cac nhéan vién d6 c¢6 huéng muc luong cao hon nim trudc.
b. Tinh P_value theo cong thirc kiém dinh 1 phia bén phai

P value=P(T >t )=P(T >4)

Tra bang phu luc 9, ta c6 P(T(24) >2,797) =0,005.

Nén P_value =P(T >4) <0,01 suyra P_value < ar = 5% .Vay d6i thuyét H, co y
nghia thong ké.

* Tinh P_value bang Iénh pt(q, df)

> 1-(1-(1 - pt(4, 24)))

[1] 0.000263454

Cac 1énh trong R

> tsum.test(mean.x=218, s.x = 10, n.x = 25,mu=210,alternative = "greater"",
conf.level=0.95)
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One-sample t-Test
data: Summarized x

t =4, df = 24, p-value = 0.0002635 # kiém dinh t, bac tir do 1 24 va gia tri p_value

alternative hypothesis: true mean is greater than 210
95 percent confidence interval: 214.5782  NA
sample estimates: mean of x 218

Nhin xét: p-value = 0.0002635 <o = 5% nén d6i thuyét H; c6 y nghia thdng ké.

6.3.2. Kiém dinh gia thuyét vé ty 1é tong thé (n >30)
Bai To4n 6.2

Gia st tong thé chia 2 loai phan tir. Ty 1& phan tir ¢ tinh chat A 13 p chua biét. Ta can

kiém tra gia thuyét Hy:p=p,.

Hay dua ra quy tdc cin clr vao mau gom n quan sat doc 13p ( X,,..., X, ) ma chap nhan

hay bac bo gia thuyét trén véi mirc y nghia o .

Quy tic thwe hanh 6.2
Budc H02p=p0 Ho:p:po H0:p:p0
H :p=p, H :p<p, H,:p>p,
1. Tinh z f—p, f-p f-p
7=— P nlz=nu"Po . /n |z=—oto . Jn
v po(l_ po) \ po(l_ po) \ po(l_ po)
2. Tra bang Z,,;a=1,, tra Z,:a= 17, trabang Z,:a= 17, trabang
bang phu luc 6. phu luc 7. phu luc 7.
3a. Chap nhan H, zl<z,, z2=2-1, z<1,
3b. Bac bo H, zl>z,, z<-1, z>1,
Vidu 6.17

Mot ving bién bi tran dau vi ty 16 sinh vat bién nhiém dau sdng sét lac dau 1a
P, = 0,155 . Sau khi 4p dung bién phap hut dau, kiém tra 1000 sinh vét bién ta thay ty

1¢ sinh vat bién nhiém dau séng sot trong mau 1a £=0,2. Cho két luan vé bién phap hut

dau nay véi o =5%.
Giai

Ty I¢ sinh vat bién nhiém dau séng sot lic dau 1a p, =0,155;

Ty 1¢ sinh vat bién nhiém dau séng st sau khi ap dung bién phap hat dau 1a p chua

biét.

Ta dat gia thuyét H, : p=0,155
Déi thuyét H,:p=#0,155
- Kiém tra gia thuyét:
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+ Tinh kiém dinh z:i-\m 0,2-0,15 J1000 = 3,932

\Po(1=pp) B J0,155(1-0,155)

+Tim z,,,: a=5%=17,,=196 trabing phu luc 6.

So sanh: |z =3,932> z_,, =1,96 nén bac bo gia thuyét Ho, xem p # p, .
Vay bién phap hut dau 1am thay d6i ty 1¢ sinh vat bién nhiém dau séng sot.
Chu y: Kiém dinh ty 18 2 phia chi c6 thé két luan don gian: bang hay khéc, thay doi
hay khéng thay doi, muén két ludn manh hon: hiéu qua hay khong hiéu qua, chung ta
phai chuyén qua kiém dinh ty 18 1 phia s& trinh bay tiép theo.
Cac Iénh trong R
> library(BSDA)
> prop.test(200, 1000, 0.155)
I-sample proportions test with continuity correction
data: 200 out of 1000, null probability 0.155
X-squared = 15.119, df = 1, p-value = 0.0001009 # kiém dinh Chi-binh phuong, bac tu
dola 1 vagiatrip value

alternative hypothesis: true p is not equal to 0.155
95 percent confidence interval: 0.1759021 0.2264401
sample estimates: p 0.2

Nhan xét: p-value = 0,0001009 < & = 5% nén ddi thiét H, c6 y nghia thong ké.
(F—p)n
JFO-F
Z? tuan theo phan phdi Chi-binh phwong vé&i bac tu do bang 1.
* Tinh P_value theo cong thirc kiém dinh hai phia
P value =2P(Z >z, [) =2P(Z >3,932) =1-2¢(3,932)
=1-2x%0,4999575 = 0,000085
Vidu 6.18
Mot trudng trung hoc ¢o ty 18 hoc sinh gioi lc dau 1a P, =0,19. Sau khi 4p dung

O day ham prop.test (x, n, p,) sttdung Z° véi Z = ~N(0,1); ta c6 thé noi

phuong phap day hoc méi, kiém tra 1000 hoc sinh thay ty 18 hoc sinh giéi trong mau 1a
£=0,2. C6 thé xem phuong phap day hoc méi ndy c6 hiéu qua khong véi o = 5% .
Giai
Ty 1é hoc sinh gioi lac dau 1a p, =0,19.
Ty 1& hoc sinh giéi sau khi ap dung phwong phéap day hoc méi 13 p chua biét.
Ta dit gia thuyét H,:p=0,19
Doi thuyét H,:p>0,19
- Kiém tra gia thuyét:
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+ Tinh kiém dinh z:i-ﬁ 0,2-0,19 J1000 =0,8

Jo=py)  J0,19(1-0,19)

+Timz,: a=5%=12,=1,645 trabang phu lyc 7.
So sanh: z= 0,8 < z, =1,645 nén ta chip nhan gia thuyét H, : p=0,19.

Vay phuong phap day hoc méi nay chua c6 hi¢u qua.
Lénh trong R
> library(BSDA)
> prop.test(200, 1000, p = 0.19, alternative = c("greater"), conf.level = 0.95, correct =
TRUE)
I-sample proportions test with continuity correction
data: 200 out of 1000, null probability 0.19
X-squared = 0.58642, df = 1, p-value = 0.2219 # kiém dinh Chi-binh phuong, bac tu
dola 1 vagiatrip value
alternative hypothesis: true p is greater than 0.19
95 percent confidence interval: 0.1795367 1.0000000
sample estimates: p 0.2
Nhén xét: p-value = 0,2219 > = 5% nén d6i thiét H; khéng c6 ¥ nghia thong ké.
Vidu 6.19
Mot luat su khu vyce hat mudn chuyén dén van phong luét su cip tiéu bang. C6 da
quyét dinh rang c6 s& tir bo van phong ctia minh tai hat va diéu hanh vian phong cap
tiéu bang néu hon 65% cir tri tiéu bang tng ho ¢d. Ban can phai kiém tra H . p=0,65
so vo1 H,: p>0,65. La nguot quan ly chién dich cta minh, ban d3 thu thap dir liéu trén
950 ctr tri tiéu bang dugc chon ngiu nhién va thiy rang 560 ct tri ting ho tGng cir vién.
Mot kiém dinh ty 1€ s€ duoc thuc hién dé xac dinh xem ty 1€ ctia nguoi ung ho c6 lon
hon ty 18 yéu cau 13 0,65 v6i 95% su tu tin bi rang budc.
Giai
Lénh trong R
> library(BSDA)
> prop.test(560, 950, p = 0.65, alternative = c("greater"), conf.level = 0.95, correct =
TRUE)
1-sample proportions test with continuity correction
data: 560 out of 950, null probability 0.65
X-squared = 15.033, df = 1, p-value = 0.9999 # kiém dinh Chi-binh phuwong, bac tu
dola 1 vagidtrip value
alternative hypothesis: true p is greater than 0.65
95 percent confidence interval:
0.5624734 1.0000000
sample estimates: p 0.5894737
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Nhan xét: p-value = 0,9999 > o = 5% nén dbi thiét H, khong c6 ¥ nghia thong ké.
Giai thich két qua
Gia tri p 14 0,9999 cho thay rang dit liéu phu hop véi gia thuyét khong ( H,: p=0.65),
nghia 14 ty 1& cir tri tiéu bang ung ho Gmg cir vién khong 16n hon ty 1¢ yéu cau 1a 0,65.
Véi tu cach 14 ngudi quan 1y chién dich ctia minh, ban s& khuyén c6 dimg chay vao vin
phong cua luat su tiéu bang.

6.3.3. Kiém dinh gia thiét vé phwong sai (n < 30)

Bai toan 6.3
Gia str tong thé X c6 phan phdi chuan c6 phuong sai o’ chua biét. Ta can kiém dinh
gia thuyét H, : 0> = o . Hiy dua quy tic cin cir vio mau gdbm n quan sat doc lap
(X,»..., X, ) ma chap nhan hay bac bo gia thuyét trén véi mirc y nghia o .

Quy tic thwc hanh 6.3

Budc H,:0’ =0, H,:0’ =0, H,:0’ =0,

H :0’#0; H :0’ <o, H :0’>0;

1. Tinh z ,  (n=1)s ,  (n=1s’ ,  (n=1)s’

as :O_—g as :O_—g Aas :O.—g

2. Trabang | »7, (n—-Dva z7,,(n-1) Za(n=1) phu | zZ(n-1) phy
phu luc 5 luc 5 luc 5

3a.Chapnhdn | 2 (n-1)<z2 < 22,(n-1) | 22272, (0=1) | 72 < 72 (n-1)
HO

3b. Bacbo H, Zés <yl ,(n=1) ;(:S <yl (n=1) ;(qzs > y2(n=-1)

hodc ;,(N=1) < x4

A
fk(}'_z]

/2 a2

S
- 2

2
D lx,lz_af] xu.‘l x

Mién Mién chip nhiin Mién
ic bd | bic bo
BdL h‘} {z........................,.... . _.,...““““......................_}

Hinh 6.26: Kiém dinh Chi-binh phwong hai phia miic ¢ /2

51



Chuong 6.Kiém dinh gia thuyét 6.3. Kiém dinh gia thuyét ¢ tham sd

L ik
1 - 1 -
oo
) 0y2,_ .. ]
0 o L Xn1;1-a
, Mién
Mica chipohia | Micabichd héc b Mién chip ahin
i ; e >

Hinh 6.27: Kiém dinh Chi-binh phwong mét phia mtc &
Vidu 6.20
Tién hanh 25 quan sat vé chi tiéu X ctia 1 loai san pham c6 phan phdi chuén, tinh duoc
s? = 416,667 . Co tai lidu ndi rang phuong sai ctia chi tiéu X 13 400. Vi muc ¥ nghia
2%, hay cho nhan xét vé tai liéu nay.
Giai
Phuong sai cta chi tiéu X theo tai liéu 1a o =400
Phuong sai ctia chi tiéu X thyuc té 1a o2 chua biét.
Ta dit gia thuyét H, :6” = o, =400
Déi thuyét H,:0” # 400
- Kiém tra gia thiét:
_ 2
+ Tinh )(qzs _(n ?S _ 24x416,667 _ 75
o, 400
+Tim a=2% = a/2=0,01= x4’ = ;(5’99(24) =10,856; ;= ;(5’01(24) =42,98 tra
bang phu luc 5.

So sanh: y; < ;(js <1 chap nhan gia thuyét H,.
Vay tai liéu dang tin cay.
Vi du 6.21 (tiép Vi du 6.20)
C6 thé xem phuong sai cua chi tiéu X 16n hon phuong sai ctia chi tiéu X trong tai liéu
khong, véi mirc y nghia 5%.

Giai
Ta dit gia thuyét H,:0”° = o, =400
Déi thuyét H,:0° > 400

- Kiém tra gia thuyét:

_(n=1s*  24x416,667 _

+ Tinh 72 = 25
Ao = 2 400
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+Tim o =5% = g;,5(24) = 36,415 tra bang phu lyc 5.
So sanh: yg =25< y;.5(24) =36,415, ta chip nhan gia thuyét H,.
Két luan chua co co so két luan phuong sai ciia chi tiéu X 16n hon phuong sai cta chi
ti€u X trong tai licu

Vidu 6.22
Do rii ro ciia mot cd phiéu thudng duoc do biang phuong sai ctia 14i suat ctia ¢6 phiéu
d6. Theo ddi 13i sudt c¢b phiéu cia mot cong ty trong vong 5 nim qua thu duoc két qua
1a 15%, 10%, 20%, 7%, 14%. V&1 mac y nghia 5%, hay kiém dinh phuong sai cua lai
sudt cO phiéu cong ty c6 bang 25% khong. Biét 1i suat cd phiéu cong ty tuan theo phan
phéi chuan.

Giai
Trong R c6 1énh var.test() dé kiém dinh phuong sai ctia hai miu c6 bang nhau khong.
Trong khi bai toan ctia chung ta chi kiém dinh phuong sai cia mot mau so véi gid tri
phuong sai cho trudc co bang nhau khong. Cho nén chiing ta tinh thi cong cac bude:
Phuong sai cta 13i sudt c6 phiéu cong ty thuc té 1a o® chua biét.
Phuong sai cta i sudt c6 phiéu cong ty theo bao céo 1a oy =25%
Ta dat gia thuyét H,:0° =25%
Déi thuyét H,:0% #25%
- Kiém tra gia thiét:

_ 2
O-O

Tacoé n=5: 0:=0,05:>%=0,025; 1—%:0,975

= Zoors(4)=0,4844; 0 .<(4)=11,1433 tra bang phu luc 5.
So sanh: g5 < Zow < Xowms: chép nhan gia thuyét Hy.
K#ét luin: phuong sai ca 13i suat ¢6 phiéu cong ty bang 25%.
Vi du 6.23 (tiép Vi du 6.22)
Vé6i mirc ¥ nghia 5%, hiy kiém dinh phuong sai cua i suit c¢6 phiéu cong ty c6 nho
hon 25% khong. Biét 14i suat co phiéu cong ty tuan theo phan phdi chuan.
Giai
Phuong sai cta 13i sudt c6 phiéu cong ty thuc té 1a o* chua biét.
Phuong sai ctia 13i suit c¢6 phiéu cong ty theo bao céo 1a o < 25%
Ta dit gia thuyét H,:0” >25%
Déi thuyét H,:0% <25%
- Kiém tra gia thuyét:
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=3,952

_(n=Ds* _ 4x24,7
25

2

+ Tinh ;(qzs
O-O

+Tim & =5% = y;,5(4)=0,711 tra bang phu lyc 5.
So sanh: yg =3,952> y7,5(4)=0,711, ta chdp nhan gia thuyét H,: 0’ > oy =25%.
Két luan: phuong sai ciia 14i suat ¢o phiéu cong ty nho hon 25% 1a chua dung.
6.3.4. Kiem dinh gia thuyeét vé sw bang nhau cia hai trung binh
Bai toan 6.4
Gid st X va Y 1a hai dai lugng ngau nhién doc lap co6 cuing phan phdi chuan voi p, , 1,
chua biét. Ta can kiém dinh gia thuyét Hypy =1
Lay mau ngau nhién kich thudc n, d6i v6i X va mau ngiu nhién kich thudc n, d6i voi
Y ta ¢6 2 truong hop sau:
Quy tac thwe hanh 6.4
o TH1: o},0, di biét

Buace Ho:uy = Ho:uy = 1y Ho:uy = 1y
Hy :ay # 1y Hy oy <ty H 2oy >
1. Tinh z L 2_y2 L 2_y 2 L 2_y 2
/O;XJFQ 9% %y /&+ﬂ
n n, n_n, n_n,
2. Tra bang Z,, 0 =>17,,trabang | Z_:a =17, tra Z,:a= 17, trabang
phu luc 6. bang phu luc 7. phu luc 7.
3a. Chap nhan H, 1z|I<z,, z2-1, z<1Z,
3b. Bac bo H, lz|>z,, z<-1, z>1,

o0 TH?2: o%,0, chua biét
e Bing kiém dinh 2 phia (two tail): Gia thuyét H,:py =1, va Dbi thuyét H,otpy # 1y

Budc Truong hop
n,n, =230 n,n, <30 n,n, <30
Biét o}, = o, Chua biét o}, = o
1. Tinh z X—V X—V X—V
z=—2"Y |t y f=—2 Y

< N

e & 1 1 e ¢
Sy Sy Sy |—+— Sy
n n, n n n n

. \/(nl ~Ds; +(n, - Ds;
p

n+n,-2

3‘(/)
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2. Trabang | z,,:a=>1,, "2 g = t7 7 phu luc 8 §2 g2 2
phy Iyc 6. el
df _ 1 n2
=y
Sy >y
n)
n—-1 n,—1
tgf/z a= tgf/z
phu luc 8
3a. Chap 1z[<z,, <t ittty
nhan H,
3b. Bac bo z[>z,, >t It>te)
HO

e Bing kiém dinh 1 phia (one tail): Gia thuyét H,:uy

= 1, va Do thuyét H, : i, < p,

Bude Trudng hop
n;,n, =30 n,,n, <30 n,n, <30
Biét o} = o Chua biét o, = oy
1. Tinh z X—V X—V X—y
SEAR P ST
2 2
S5 | s [t $,8
n n, n n, n, 2
. _ |0 =Ds;+(m-Ds;
P n+n,—2
2. Tra bang Z,;0=>1, e g :>t”l*”2 phu luc g2 g2 2
phu luc 7 9 (X +
1 n2
df = 5
2\? g2
1 + n2
n-1 n,-1
t o=t
phu luc 9
3a. Chap z>-1, I t> -t
nhan H,
3b. Bac bo z<-1, t<—thin2 t<—t"
HO
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e Bing kiém dinh 1 phia (one tail): Gia thuyét H,:py = p,va Dbi thuyét H, oy >,

Budce Truong hop
n,,n, >30 n,n, <30 n,n, <30
Biét 0% =0, Chua biét o = o,
1. Tinh z X—V X—V X—V
_ Xy |, x-y (XY
2

wn

x

7] =—"z __ 4 -7
2 2 2
Ly N S 3y
n "\n, N, n n
1 2 1 2

. \/(m ~Ds; +(n, ~Ds;

> |

P n+n,-2
2. Trabang |z :a=1, "2 g =17 phy luc 9 §2 g2 ?
y
phu luc 7. PRl
df =
=— —
n ) n
n-1 n,-I
t o=t
phu luc 9
3a. Chap z<1, < t<td
nhan H,
3b. Bac bo z>1, Y t>td
HO
Vi du 6.24

Trong luong san pham do hai nha may san xuét 1a cac dai luong ngiu nhién c6 phan
phéi chuan va co cung do 1éch chuan 1a o = 1kg. V&i muc y nghia o = 5%, ¢6 thé
xem trong lwong trung binh ctia san pham do hai nha may san xuat 1 nhu nhau khong?
Néu can thir 25 san pham ciia nha may A ta tinh dugc X =50 kg, can 20 san pham cua
nha may B thi tinh duge y = 50,6kg.

Giai
Goi trong luong san phdm ctia nha may A 13 X; trong lwong san pham cuia nha may B
la'Y thi X,Y 1a cac dai lugng ngﬁu nhién c¢6 phan phéi chuén véi O'i = O'Y2 =1.
Ta kiém dinh gia thuyét H, :u, =z,
Déi thuyét H,:uy # 1y
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50-50,6

/1 1
7+7
25 20

+Tim 2,,,: a=5%=17,,=1,96 trabang phu luc 6.

+ Tinh z = -2

+ Ta théy lz|>z,,,,ta chép nhan di thuyét H;, tic 1a trong luong trung binh cua san
pham & hai nha may 1a khac nhau.
Lénh trong R
Gia thuyét H,: g, —p, =0
Déi thuyét H, : gz, —pt, #0
> library(BSDA)
> zsum.test(mean.x=50, n.x=25, sigma.x=1, mean.y=50.6, n.y=20, sigma.y=1,
mu=0, alt="t", conf.level=0.95)
Two-sample z-Test
data: Summarized x and y
z = -2, p-value = 0.0455 # kiém dinh z va gia tri p_value
alternative hypothesis: true difference in means is not equal to 0
95 percent confidence interval:
-1.1879892 -0.0120108
sample estimates:
mean of x mean ofy ~ 50.0  50.6
Nhén xét: p-value = 0.0455 < o = 5% nén dbi thiét H, c6 ¥ nghia thong ké.
Vi du 6.25
Trong lugng hoc sinh ctia hai truong 1a cac dai lwong ngiu nhién cé phan phdi chuan
va ¢ cing d6 1éch chuan 1a o = 1kg. Can thir 40 hoc sinh cia trudng A ta tinh duoc
X =35 kg, can 30 hoc sinh cua truong B thi tinh duoc 9 =36kg. V&i muc y nghia
a = 5%, c6 thé xem trong luong trung binh ctia hoc sinh & truong A thap hon trong
luong trung binh cta hoc sinh ¢ truong B khong?
Giai
Goi trong lugng hoc sinh cia truong A 1a X; trong lugng hoc sinh cta truong B1la'Y
thi X,Y 14 cac dai luong ngau nhién ¢ phan phdi chuan véi o2 = op =2,5.
Ta kiém dinh gia thuyét H, :u, = u,
Déi thuyét H,:py < gy

+ Tinh z :ﬂ =-4,149

/ 1 1
7+7
40 30
+Timz,: a=5%=1z,=1,645 trabang phu luc 7.
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+ Ta théy z=-4,1499<-z,=-1,645, ta chép nhan ddi thuyét H,, tc 1a trong lugng
trung binh ctia hoc sinh & truong A thap hon trong luong trung binh cta hoc sinh &
truong B.
Lénh trong R
Gia thuyét H: s, —p, =0
Dbi thuyét H, :pu, —p, <0
> library(BSDA)
>zsum.test(mean.x=35, n.x=40, sigma.x=1, mean.y=36, n.y=30, sigma.y=1, mu=0,
alt="1", conf.level=0.95)
Two-sample z-Test
data: Summarized x and y
z = -4.1404, p-value = 1.734e-05 # kiém dinh z va gia tri p_value
alternative hypothesis: true difference in means is less than 0
95 percent confidence interval:
NA -0.6027301
sample estimates:
mean of x mean of'y 35 36
Nhén xét: p-value = 1.734e-05 < a = 5% nén d6i thuyét H, c6 y nghia thong ké.
Vidu 6.26
Theo ddi gia c6 phiéu ciia hai cong ty A va B trong mot sb ngay nguoi ta tinh duge cac
gia tri sau day:

Trung binh X Do 1éch mau hiéu chinh S

Cong ty A 38,24 2,20
Cong ty B 37,10 1,50
Gia thiét rang gia co phiéu cta hai cong ty A va B 13 hai bién ngau nhién phan phdi

chuan.
a. Cho biét s6 liéu trén c6 duoc tir 31 ngay theo ddi gid tri ¢b phiéu (mdi ngay mot gia
tri cho mdi cong ty). Vay véi mirc y nghia 1%, c6 thé néi rang c6 su khac biét thuc su
vé gia cd phiéu trung binh cta hai cong ty A va B hay khong?
b. Cho biét s6 liéu trén c6 duoc tir 20 ngay theo ddi gia tri ¢6 phiéu (mdi ngdy mot gia
tri cho mdi cong ty). Vay v6i mic ¥ nghia 2%, ¢ thé noi rang gia c6 phiéu trung binh
cua cong ty A thuc su cao hon cong ty B hay khong?

Giai
a. Goi gia cb phiéu ciia cong ty A 1a X; gia c6 phiéu cua cong ty B1a Y thi X,Y 1a cac
dai lugng ngiu nhién c6 phan phdi chuén.
Taco n,=n,=31>30

Ta kiém dinh gia thuyét H, : z, = s
Déi thuyét H1 DUy #E My
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~38,24-37,10
\/ 2,28 1,5
_|_
31 31
+Tim z2,,,: a=1%=17,,=2,576 trabang phu luc 6.
+ Ta thiy | z|=2,3838 < z,,, = 2,576, ta chap nhan gia thiét Hy, tirc 1 gia c¢6 phiéu

+ Tinh 2z

~2,3838

trung binh cua hai cong ty A va B la nhu nhau.
> library(BSDA)
> zsum.test(mean.x=38.24, n.x=31, sigma.x=2.20, mean.y=37.1, n.y=31,
sigma.y=1.5, mu=0, alt=""t", conf.level=0.99)
Two-sample z-Test
data: Summarized x and y
z =2.3838, p-value = 0.01714 # kiém dinh z va gia tri p_value
alternative hypothesis: true difference in means is not equal to 0
99 percent confidence interval:
-0.09185432 2.37185432
sample estimates:
mean of x mean of y  38.24 37.10
Nhan xét: p-value = 0.01714 > & =1% nén chip nhan gia thuyét H,.
b. Taco n,=n, =20<30 chia 2 trwong hop
*Truomg hop o} =0,
Ta kiém dinh gia thuyét H, :u, =z,
Déi thuyét H, oy > 1
38,24-37,10

1,8828 /i+i

20 20

N \/19><2,22+19><1,52
VOl Sp =

20+20-2
+Tim t': k=n+n,-2=38, t =2,1267 tra bang phy luc 9.

0,02

+ Tinh t=

=1,9147

=1,8828

+ Ta thiy t =1,9147 <t =2,1267, ta chip nhan gia thiét H,, tirc 1a gia c6 phiéu
trung binh cua hai cong ty A va B la nhu nhau.

Cac 1énh trong R

> library(BSDA)

> tsum.test(mean.x=38.24, s.x = 2.20, n.x = 20, mean.y = 37.1, s.y = 1.5, n.y = 20,
alternative = ""greater', mu = 0, var.equal = TRUE, conf.level = 0.98)

Standard Two-Sample t-Test

data: Summarized x and y
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t=1.9147, df = 38, p-value = 0.03154 # kiém dinh t, bac tu do 38 va gia tri p_value
alternative hypothesis: true difference in means is greater than 0

98 percent confidence interval:

-0.1262196 NA

sample estimates:

mean of x mean of y  38.24 37.10

Nhan xét: p-value = 0.03154 > a = 2% nén chép nhan gia thuyét H,.

*Truong hop chwa biét o, = o,

Ta kiém dinh gia thuyét H, :u, = u,

Déi thuyét H, oy > 1
+ Tinht:38’24_37’10=1,9147
2,2 1,5
b + b
20 20
+Tim t*
2
2 52 2 23\2
G )
n n
df =—— 2 — = . - =33,529
2\ (s (222] (152
Six Sy D D
[nlj . 20 ) (20
n—-1 n,—I 19 19

Tra bang phu luc 9, ta ¢6 tyy, =2.1356 <t;5,” <t;5, =2.1409.

Str dung Iénh trong R
> qt(0.98, 33.529)
[1]2.136775

Taco tyy =2,136775
+ Ta thiy t =1,9147 <t3°* =2.136775, ta chap nhan gia thiét Hy, tirc 1a gia c6 phiéu

0,02
trung binh cua hai cong ty A va B 1a nhu nhau.
Cac Iénh trong R
> tsum.test(mean.x=38.24, s.x = 2.20, n.x = 20, mean.y = 37.1, s.y = 1.5, n.y = 20,
alternative = ""greater', mu = 0, var.equal = FALSE, conf.level = 0.98)
Welch Modified Two-Sample t-Test
data: Summarized x and y
t=1.9147, df = 33.526, p-value = 0.03205 # kiém dinh t, bac tu do 33,526 va gia tri
p_value
alternative hypothesis: true difference in means is greater than 0
98 percent confidence interval:
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-0.1322385 NA
sample estimates:
mean of x mean of y

38.24

37.10

Nhan xét: p-value = 0.03205 > a = 2% nén chép nhéan gia thuyét H,.

6.3.5. Kiém dinh gia thuyét vé sw bang nhau ciia hai ty 18

Bai toan 6.5

Gid st p,, p, twong ung la ty 1€ cac phan tir ¢6 tinh chat A cua tong thé thir nhat va

tong thé tht hai. Ta can kiém dinh gia thuyét

Ho ‘p=D,
Quy tic thwe hanh 6.5
eBiing kiém dinh 2 phia (two tail): Gia thuyét H, : p, = p,va Déi thuyét H, : p, = p,
Budc Truong hop
p, di biét p, chua biét
1. Tinh z . f,—f, - f,—f,
1 1 . A1 1
\/po(l_po)(‘l'} \/p (l_p )("'J
nl n2 nl n2
véi p’ = nf +n,f,
n +n,
2. Tra bang Z,,:00=1,, phulyc6. Z,,:00=1,, phulyc6.
3a. Chap nhan H, 1zI<z,, 1zI<z,,,
3b. Bac bo H, lz>z,, lz>z,,

e Bing kiém dinh 1 phia (one tail): Gia thuyét H,:p,=p,va Péi thuyét H :p <p,

Budc Truong hop
p, da biét p, chua biét
1. Tinh z . f,—f, . f,—f,
1 1 : o1 1
1- —+— 1- —+—
[y ey B
véi p’ = nf +n,f,
n, +n,
2. Tra bang Z,:aa=17,phuluc7. Z,:aa=17,phuluc7.
3a. Chap nhan H, z22-1, z2-1,
3b. Bac bo H, z<-1, z<-1,
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e Bing ki¢m dinh 1 phia (one tail): Gia thuyét H,:p,=p,va Dbi thuyét H :p >p,

Budce Truong hop
p, da biét p, chua biét
1. Tinh z f—f f— f

7= 1 2 7 = 1 2

1 1 B R 1 1
\/po(l_ po)[nl"'nzj \/p (1_ p )(nl"'nz]

vol p =
n +n,
2. Tra bang Z,:aa=17, phuluc7. Z,:aa=17,phuluc7.
3a. Chap nhén z<1, z<1,
HO
3b. Bacbo H, z>1, z>1,
Vidu 6.27
Kiém tra cac san phém duoc chon ¢ hai nha may san xuét ta duoc sd liéu sau
Nha may S6 san pham dugc kiém tra | S6 phé pham
I n, =100 20
II n, =120 36
Véi mirc ¥ nghia o =1%, c6 thé coi ty 18 phé pham cta hai nha may 14 nhu nhau
khong ?

Giai
Goi p,, p, latylé phé pham ctia nha may I, II.
Ta cin kiém dinh gia thuyét H,:p,=p,

Déi thuyét H,:p #Dp,
T cac 6 lidu da cho ta co
+f1:£: . ; 2:£:0’3
100 120
fp = 100x0,2+120%0,3 0,254 = 1— p* = 0,746
100+120
Ly 0,2-0,3 ~—1.69

0.254x0,746x| 1+ L
100 120

+Tim z,,,: a=1%=12,,=2,576 trabang phu lyc 6.
Tathdy | Z|< z,,, nén chap nhan gia thuyét Hy, tirc 13 ty 1¢ phé phim cua hai nha méy

la nhu nhau.
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Lénh trong R

Gia thuyét H, : p, — p, =0
Déi thuyét H,: p,— p, # 0
> fracture <- ¢(20, 36)
> total <- ¢(100, 120)
> prop.test(fracture, total, conf.level=0.99)
2-sample test for equality of proportions with continuity correction
data: fracture out of total
X-squared =2.3717, df = 1, p-value = 0.1236 # kiém dinh Chi-binh phuong, bac tu do
1 va gia tri p_value
alternative hypothesis: two.sided
99 percent confidence interval: -0.25825357 0.05825357
sample estimates: prop 1 prop2 0.2 0.3
Nhan xét: p-value = 0,1236 > o =1% nén chip nhan H,.
Vi du 6.28
Kiém tra cac hoc sinh dugc chon & hai truong ta dugc s6 liéu sau

Truong S6 hoc sinh dugc kiém tra S6 hoc sinh gioi
I n, =100 32
Il n, =120 48
Vé&i muc y nghia a =1%, c6 thé coi ty 1¢ hoc sinh gioi cia truong 11 cao hon trudng I
khong ?
Giai

Go1 p,, p, 1a ty 1€ hoc sinh gid1 cua hai truong LIL

Ta can kiém dinh gia thuyét ~ H,: p, = p,

Dbi thuyét H :p <p,
T cac sd lidu da cho ta ¢
P BV

100 120

R 100x0,32+120x0,4
100+120
0,32-0,4

0.363x0,637 x| -+
100 120

+Timz,: a=1%=12,=2,326 trabang phu lyc 7.
Tathdy z=-1,22> z,=-2.326 nén chap nhan gia thuyét H,,

=0,363=1-p =0,637

+z= ~—1,22

Két luan chua c6 co s dé két ludn ty 18 hoc sinh gioi cua truong II cao hon trudng 1.
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Lénh trong R
> fracture <- ¢(32,48)
> total <- ¢(100, 120)

> prop.test(fracture, total,alternative = "less', conf.level=0.99)

2-sample test for equality of proportions with continuity correction

data: fracture out of total
X-squared = 1.1827, df = 1, p-value = 0.1384 # kiém dinh Chi-binh phuong, bac tu do

alternative hypothesis: less
99 percent confidence interval: -1.00000000 0.07949987
sample estimates:prop 1 prop 2 0.32 0.40

Nhan xét: p-value = 0.1384 > & =1% nén chap nhan H,.

6.3.6. Ki¢m dinh gia thuyét vé su bang nhau ciia hai phwong sai
Bai toan 6.7

1 va gia tri p_value

Gia str X va Y 1a hai dai luong ngau nhién doc 1ap c6 ctng phan phoi chuan véi

2 2 - A A 1:R . -y A )
oy ,0y chua biét. Ta can kiém dinh gia thuyét H, : o5 = oy

Pé so sanh phuong sai ctia hai mau c6 bang nhau khong, phuong phép don gian nhét 1a
dung phuong phap kiém dinh F. Kiém dinh F tinh ti sé phuong sai cta hai miu va so

sanh voi gia tri tham chiéu ctia phan phdi F.
Quy tic thwe hanh 6.4
LAy mau ngau nhién kich thuéc n, ddi véi X va mau ngiu nhién kich thuée n, dbi véi

Y ta co:
Budce H,:00 =0, H,:0% =0, H,:0% =0,
H :o) #0, H, :o, <o, H :o, >0,
LR E S (hi $2 > S2) hode F, =L (khi 8> S2)
SY SX
2. Tra F.(n—Ln—1)va F_(n-Ln,—1) |F(n—Ln 1)
bang F_, (N —=1n,-1) phu luc 10 phu luc 10
phu luc 10
3a.Chap | F__,,(n-Ln,-1)<F Fe2F.,(n-1Ln,-1) | F,<F (n-1n,-1)
nhan H, <F,,(n-1n,-1)
3b. Bac F <F, (0 —1,n, -1 Fe <F_,(n-1Ln,—-1) | Fg>F,(n—1n,-1)
bo H, hogc F, ,(n, —L,n, ~1) < F,

Chuy: F_(n,—-Ln,-1)=

1

F,(n,-1,n,-1)
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& . 4 *

“ a

v

0 Frp  Fop 0 F

Hinh 6.21: Kiém Fisher hai phia va mét phia

Vidu 6.29
Mot giao su cho rﬁng céc ban sinh vién nit hoc déu hon céc ban sinh vién nam trong
16p. Dé kiém tra tinh dang dén cta 11 nhan xét nay, ong chu nhi€ém khoa da chon mét
s0 bai thi ctia sinh vién nam va nit cing hoc 16p do vi gido su trén so sanh. Két qua thu
duoc nhu sau (diém toi da mdi bai 1a 100):
Sinh vién nam: 75, 86, 77, 72, 89, 94, 81, 83, 77, 73, 86, 90, 90.
Sinh vién nt: 77, 83, 72, 67, 84, 91, 82, 73, 65, 72, 70, 72, 65.
Vé&i muc ¥ nghia a =5%, c6 thé cho ring phuong sai diém cta sinh vién nam 16n hon
phuong sai diém cua sinh vién nit hay khong ? Gia sir diém cia sinh vién nam va nir 1a
hai dai luong ngau nhién doc 1ap c6 cting phan phdi chuan

Giai
Gia st X va Y 1a diém cta sinh vién nam va nit cta 16p do vi gido su trén so sanh.
Ta can kiém dinh gia thuyét H,: o3 = o, va ddi thuyét H, : o} > oy
Ta tinh duoc: s, = 52,60256; s; = 64,47436

2
+Tinh F,, =30 = 947930 57568
s, 52,60256

+Tim F,(n,n,) = F, 5(12,12) =2,69
+ So sanh: F,, =1,225689 < F, 5(12,12) = 2,69, chap nhan H,. Chua c6 co s& dé cho

réng céc ban sinh vién nit hoc déu hon céc ban sinh vién nam.
Cac Iénh trong R
> datal<-c(75, 86, 77, 72, 89, 94, 81, 83, 77, 73, 86, 90, 90)
> data2<-¢(77, 83, 72, 67, 84, 91, 82, 73, 65, 72, 70, 72, 65)
> var.test(datal, data2, alternative = ""greater", conf.level = 0.95)
F test to compare two variances
data: datal and data2
F=0.81587, num df = 12, denom df = 12, p-value = 0.6349 # kiém dinh Fisher, bac tu do
(12,12) va gia tri p_value
alternative hypothesis: true ratio of variances is greater than 1
95 percent confidence interval: 0.3036763 Inf
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sample estimates: ratio of variances 0.815868

Nhén xét: p-value = 0.6349 > & = 5% nén chap nhan H,,.

Chu y: Phuong sai cia nhém sinh vién nam va nhom sinh vién nit dung 1€nh var() la:

> var(datal)

[1] 52.60256

> var(data2)

[1] 64.47436

Do d6, ti s6 ctia hai phuong sai (ratio of variances) 1a 52,60256/ 64,47436 = 0,81587 nén
F=0,81587.

6.3.7. Phan tich Phuong sai

Chiing ta d kiém dinh sy khac biét vé gia tri trung binh ctia hai tong thé c6 dua trén hai
mau khao sat ngau nhién. Tuy nhién, trén thyc t& d6i khi ching ta cAn so sanh sy khac
biét vé gia tri trung binh, khong chi trén hai tong thé ma c6 thé 1a trén nhiéu tong thé.
Trong nghién ctru vé su phu thudc gitra két qua hoc tap va mutc lvong & cung linh vuc,
ngudi ta quan tim dén viéc c6 hay khong su phu thuée mirc lvong vao két qua hoc tap véi
gia thuyét rang két qua hoc tap duoc chia 1am 4 nhom: trung binh, trung binh-kha, kha va
gidi. Mtrc lvong dugc khao sat dya trén cic nhom két qua hoc tap nay. Lic ndy viéc so
sanh muc lvong trung binh trén cac nhom két qua hoc tap s& 1a phwong an phu hop dé tra
101 cho ciu hoi trén. Viéc phan tich su phu thudc gitta mot bién nguyén nhéan (thuong 1a
bién dinh tinh hoic 13 bién dinh lugng nhung dugc chuyén vé bién dinh tinh) vdi it nhat 1a
ba nhom tinh chit khac nhau véi mot bién dinh lugng dua trén gia tri trung binh cua moi
nhém tinh chat thudng duoc goi 1a phan tich phuong sai méot yéu td (ANOVA). Con viée
phan tich su phu thudc cua hai bién dinh tinh, mdi bién c6 tir ba nhoém tinh chét tré 1én vai
mot bién dinh lwong duoc goi 1a phan tich phuong sai hai yéu t6 (2-ANOVA).

6.3.7.1. Phan tich phwong sai mjt yéu t6 (ANOVA)

Gia str chung ta can phan tich xem c6 hay khong sy phu thudc gitra mdt bién dinh tinh
(bién nguyén nhan) va mot bién dinh luong (bién két qua) dua trén k nhom gia trj cla
bién dinh tinh. Néu bién dinh tinh chi c6 hai gié tri khac nhau thi sy phan tich ndy c6 thé
don gian 14 so sanh gia tri trung binh cta bién két qua dwa trén hai nhom gié tri cua bién
nguyén nhan xem c6 bang nhau hay khac nhau dé tir d6 rut ra két luan 1a c6 hay khong su
phu thudc. Tuy nhién, néu s6 nhom tinh chét cua bién dinh tinh (bién nguyén nhan) tir 3
tré 1én thi viée so sanh cic nhom gia tri trung binh s& trd nén phuc tap hon rat nhiéu.
Chang han nhu khi mudn xem két qua hoc tap cia sinh vién c6 chiu anh huéng béi gidi
tinh hay khong, ching ta hoan toan c6 thé chi can so sanh diém trung binh hoc tap cua
nhém gidi tinh nam va nit xem c6 su khéac bi¢t khong? Phuong phap so sanh hai gia tri
trung binh d& dugc trinh bay. Song néu chiing ta mudn tim hiéu xem két qua hoc tap cia
sinh vién c6 chiu anh huong ciia khu vuc sinh song khong, véi gia st khu vuc sinh séng
duoc chia 1am ba nhom: séng voi gia dinh; song ¢ ky tic x4; & tro bén ngoai thi viéc so
sanh két qua hoc tap trung binh giira ba nhom nay s& khong thé giai quyét dé dang. Pé
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giai quyét van dé nay, phan tich phuong sai mot yéu tb (ANOVA) 1a su lira chon phu hop
khi can so sanh k (k>2) nhom tinh chit ctia bién nguyén nhan ma van dua trén nhiing gia
dinh co ban nhu so sanh gia tri trung binh ctia hai tong thé. Cac budc cu thé cia phan tich
phuong sai mot yéu t6 (ANOVA) dugc thuc hién nhu sau:
Gia st chiing ta can so sanh gia trung binh cta k tong thé (k > 3), cip gia thuyét can kiém
dinh c6 dang sau:

Hoipy =1ty = .= 4

H, :Khong phdi tit cd cdc g déu bing nhau(i=1,...,k)
O day, u la gia tri trung binh cua tong thé thuri (i =1,...,k ).
Viéc kiém dinh cip gia thuyét trén doi hoi mot sd gia thiét co ban sau:
- Céc tong thé c6 phan phdi chuan;
- Phuong sai ctia cac tong thé bang nhau;
- Cac mau duoc chon ngau nhién va doc 1ap véi nhau.
Luu y: Néu bac bé H,, ching ta khong thé két luan tat ca g, khac nhau ma chi c6 thé két
luan it nhat hai gia tri trung binh cua tong thé 1a 4 va p; khac nhau. Dé 6 thé dua ra két
luan chinh x4c 1a cac z; nao khac nhau, chiing ta can tim hiéu & muc tiép theo 6.12.1.
phan tich sdu phuong sai mot yéu to.
Do viéc khao sat dé tim duoc cac gia tri sty 5. 1, thuong kho xdy ra trong thuc té nén
ngudi ta thudng dya vao cac mau ngau nhién n,n,,...,n, tng voi cac tong thé nay dé tim

cac gia tri dai dién twong rng X_l, X_2,...,X_k . biéu nay duoc tom tat trong bang sau:

Bién 1 | Mau 1(n,) | Mau2(n,) Mau k(n, )
Bién 2
1 X, X, X,
2 X, X, X,
Gia tri trung binh x_l x_2 x_k

Tir mau nay, chung ta xay dung cac budc dé kiém dinh cip gia thuyét nhu sau:
Buwéc 1: Dit gia thuyét

Ho oy =, ==

H, :Khong phai tit cd cdc g déu bing nhau(i=1,...,k)

Bwoec 2:
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nj
2

- Tinh trung binh mau cia timg nhém theo cong thirc X ; = =—

Buwoe 3:

K
- Tinh tong cac chénh léch binh phuong trong ndi bd nhom: SSW = Z SS;
j=I
. nj ~\?2
Vo1 SS; :Z_I:(X” —Xj)

- Tinh tong cac chénh léch binh phuong giita cac nhom:
k —
556 =0, (X, - X
j=1

- Tinh tong cc chénh l1éch binh phuong toan b cta toan bd cic phan tir theo cong
thirc:

k N _\2
SST =" >"(¥;— X ) =SSW +SSG

j=1 i=1

vOi

k 1a s6 mau khao sat;
- n; la ¢& mau cta nhom tha j;

X; 1a gia tri cua phan tir thir i trong mau th j;

X_j 1a trung binh mau ctia mau thi j;

- X la trung binh mau chung cua toan bd cc phan tir trong k mau.
Y tudng chinh cta budce 3 1a do ludng sy bién dong ¢ dang binh phuong cua tat ca cac gia
tri quan sat (SST) trén cic mau riéng biét img vai timg tong thé so voi gia tri trung binh
chung X . Sy bién d6ng (SST) nay dugc chia tach 1am hai thanh phan chinh: mét phan 1a
su bién dong do cac yéu té nghién ctru tao ra (SSG) va phan con lai 13 do cac yéu té khac
khong nghién ctru tao ra (SSW). Néu (SSG) cang nho (sy bién dong do cac yéu té nghién
clru qué it) thi cang c6 co sd dé chap nhan H, va nguoc lai.

Buorc 4:
- Tinh phuong sai trong ndi b nhom theo cong thurec:
MSW = SS_W
n—k
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- Tinh phuong sai gitra cdc nhom theo cong thurec:

Buwéc 5: Tinh gid tri kiém dinh F theo quy luat Fisher-Snedecor qua cong thic:

MSG :&
k-1

_ MSG

" MSW

- Tra bang phu luc 10, ta tim duge gia tr1 Fy 4 040 -

-Neu Fy>Fy o a,on iy, thi bacbo H va nguoce lai.

Nhén xét: Ngoai cach so sanh gia tri kiém dinh F véi gia tri tra bang Fisher-Snecdecor,

chung ta c6 thé sir dung gia tri p_value=P(F>F,). Néu p_value < muc y nghia ¢ thi bac
bé H, va nguoc lai.

Chung ta c6 bang tom tit cac budc kiém dinh trén trong bang sau:

Phén tich phuong sai mot yéu té (one-way ANOVA)

Téng cac chénh Béc tu do Phuong sai Ti s6 (F)
1éch binh phuong
Gitra cac nhom SSG k-1 MSG MSG/MSW
Noi bd nhom SSW n-k MSW
Tong SST n
Vidu 6.30

Theo s6 liéu quan tric tai tinh Ninh Thuan, S& Tai nguyén va Méi trudng tinh mudn so

sanh xem c6 hay khong sy khac biét vé muc d6 6 nhiém thong qua ham luong NO,

(mg/lit) c6 trong nudc tai 7 cdy cu cua tinh. S6 lidu duge thu thap trong vong 12 thang

tai 7 cay cau nhu sau:

Thing | Cau | Cau | Cau | Thén Pap Cau | CauDao
song | Ninh Tan Phu Lam Mong Long 1
Cai | Binh | My | Thanh Cim (Bao
An)
1 0,009 | 0,009 | 0,005 | 0,004 0,012 0,008 0,01
2 0,012 | 0,022 | 0,011 | 0,009 0,031 0,051 0,036
3 0,005 | 0,008 | 0,004 | 0,005 0,056 0,117 0,094
4 0,013 | 0,006 | 0,006 | 0,003 0,012 0,009 0,12
2015 5 0,01 | 0,024 | 0,014 | 0,013 0,015 0,019 0,019
6 0,011 | 0,014 | 0,008 | 0,009 0,017 0,029 0,373
7 0,009 | 0,013 | 0,014 | 0,013 0,02 0,016 0,045
8 0,005 | 0,017 | 0,011 | 0,012 0,013 0,01 0,013
9 0,014 | 0,008 | 0,007 | 0,008 0,009 0,008 0,006
10 | 0,018 | 0,032 | 0,01 | 0,015 0,009 0,012 0,014
11 0,008 | 0,029 | 0,024 | 0,019 0,015 0,017 0,025
12 0,007 | 0,006 | 0,006 0,01 0,009 0,01
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Véi mirc y nghia 5%, ban hay kiém dinh xem c6 hay khong sy khac biét vé murc do 6
nhiém ngudn nude thong qua ham luong NO, tai 7 cdy cau cua tinh (gia dinh la
phuong sai cac téng thé vé ham luong NO, tai 7 ciy cau la bang nhau, tun theo phan
phéi chuin, cac mau dugc chon 1a ngéu nhién va doc 1ap nhau).

Giai
Buwéc 1: Dit gia thuyét

Got1 44 1a ham luong NO, trung binh do dugc tai cay cauthtri(i=17).
{Ho =y = =
H, :Ton tai it nhat mot cdp (1 # ;)
Budrc 2: i
- Tinh trung binh mau cta timg nhém
Nhom 1 (Cau song Cai): X, = 0,01
Nhom 2 (Cau Ninh Binh): X, =0,016
Nhém 3 (Cau Tan M§): X, =0,01
Nhom 4 (Cau thén Phii Thanh): X, = 0,01
Nhom 5 (Dap Lam Cém): X, =0,018
Nhém 6 (Cau Méng): X, = 0,025
Nhom 7 (Cau Pao Long 1): X, = 0,064

- Tinh trung binh chung ctia 7 nhém: X == = 0,022

Bwoe 3:

;
- Tinh tong cac chénh léch binh phuong trong ndi bd nhom: SSW = Z SS; =0,13292
j=1
j —\2 .
v6i 88, =" (% = X;) . cu thé Ia:

i=1
11 - _ R J—
S8, = (%, ~ X, ) =(0,009-X))* + (0,012~ X,)* +...+ (0,008 - X,)* = 0,00015
i=1
SS, =0,000897
SS, =0,000336

SS, =0,00026
SS, =0,001959
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SS, =0,010821
SS, =0,118505
- Tinh tong cac chénh léch binh phuong giita cac nhom (SSG):

7 — —\2
sse:an(xj—x) =11x(0,01-0,022)* +...+12x(0,064 —0,022)* = 0,02673
j=1

- Tinh tong cac chénh léch binh phuong toan b ctia toan bd cac phan tir theo cong
thirc:

SST = 33" (%~ X )| = SSW +55G = 0,15965

i=l j=I

Budc 4:
- Tinh phuong sai trong ndi b nhom theo cong thure:
MSW = SSW _ 0,13292 _ 0,001749
n—k 76
- Tinh phuong sai gitra cac nhém theo cong thirc:
MSG = isci _ 902673 _ 0,00445
Bwéc 5: Tinh gia tri kiém dinh F theo quy luat Fisher-Snedecor qua cong thuc:
MSG  0,00445 2,544

Ve 0,001749

Tra bang phu luc 10, ta tim duge gia tri F .05 =2,22.

Két luan: Do gié tri kiém dinh F =2,544 > F . - =2,22 nén bac bé H,.

Vay muc d6 6 nhidm ngudn nudc thong qua ham luong NO, tai 7 cay ciu cua tinh

Ninh thuan 14 c6 su khac bi¢t nhau; hay chiung ta c6 thé két luan rﬁng murc do 6 nhiém

thé hién qua ham lugng NO, phu thudc vao ngudn nudc tai 7 ciy cau nay.
6.3.7.2. Phan tich siu phwong sai mét yéu to
Khi phan tich ANOVA mét yéu t, néu gia thuyét H , Xay ra thi gia tri trung binh cua cac
tong thé trén cac nhom tinh chét ciia bién nguyén nhan 1 bang nhau véi mot mic ¥ nghia
cho san, khi d6 qua trinh kiém dinh két thic. Nguoc lai, néu gia thuyét H, xdy ra, nghia
12 tOn tai it nhat mot cap gia tri trung binh khac nhau nhung chung ta khong biét dugc c6
bao nhiéu cap gié tri trung binh khac nhau va bao nhiéu cdp khong khac nhau, khi d6
nguoi ta sé tiép tuc viéc kiém dinh dé xac dinh xem cap gia tri trung binh nao khac nhau
va khong khac nhau. Cong viéc nay duoc thyc hién qua kiém dinh Tukey-Kramer véi cac
budce thuc hién nhu sau:
Buwéc 1: Xac dinh s6 cip trung binh can kiém dinh va dat gia thuyét

- S cdp gia thuyét duge xac dinh qua cong thic:

S6 cap=C; trong d6 k 1 s6 nhom.

T2 (k—2)!
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- Xay dung céc cip gia thuyét dua trén sd cip can kiém dinh:
{Ho =y {Ho L =
Homm# o (How =
Budrc 2: Tinh gia tri kiém dinh Tukey-Kramer cho cip gia thuyét can kiém dinh theo

cong thire T =g \/—MSW (i+i]

2 \n o

trong do:
- " 1a gia trj tra bang trong phan phéi Tukey:;
- MSW 1a phuong sai trong ndi bo nhom;
- N van; 1an luot 13 ¢& mAu trong nhom tht i va j cta cdp gia thuyét can kiém dinh;
-1 12 tong s6 phan tir ciia k nhom.

Bude 3: So sanh va két luan
Néu do lech tuyét dbi cip trung binh mau la \Z - x_j\ >T thi bac bé gia thuyét H, cia
cip gia thuyét d6 va nguoc lai.

Luuy:
- Budc 3 s€ duoc thuc hién trén moi cap gia thuyét da dugc xay dung ¢ budc 1 dé xac
dinh chinh xac cap gia tri trung binh nao s€ khac biét va nguoc lai.
- Ngoai cach tinh gia tri kiém dinh va so sanh nhu & budc 2 va budce 3 ¢ trén, ching ta
cling c6 thé str dung phuong phap kiém dinh so sanh 2 gia tri trung binh trén timg cip
gia thuyét nhu sau:

Hy: 1 =u i

Bude 1: Dt gia thuyét
H, i # 1 i

(% %)

JMSE(MJ
I’]i I’]j
Budre 3: So sanh va két luan

Néu | T [> "™ thi bac bo H, va nguoc lai.
Vi du 6.31 (tiép theo Vi du 6.30)
Khi bac bo H, & mtc y nghia 5%, chiing ta s¢ tiép tuc kiém dinh xem mirc d6 6 nhiém

Budic 2: Tinh gia tri kiém dinh: T =

nguén nudc thong qua ham lugng NO, tai cac cay cau nao s& co sy khac biét nhau va

nguoc lai. Do do, chiing ta s€ ap dung phan tich siu ANOVA trong truong hop nay.
Giai

Buoéc 1:
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. .y . !
- Xéc dinh so0 cap gia thuyét can kiém dinh la: C72 = _ =21 cap
2Ix(7-2)!

- Xay dung céc cdp gia thuyét dua trén s cp can kiém dinh la:
{Ho:u1=u2_{Horﬂl=ﬂ3_ _{Ho:/%:lh
Hl:ﬂliﬂz, H1:ﬂ1¢1u3’ ’ Hyps # 1

Bwéc 2: Tinh gia tri kiém dinh Tukey-Kramer cho timg cip gia thuyét can kiém dinh

theo cong thirc T =g x \/M(i +LJ

2 (n

Nhén xét: Trong 21 cip gia thuyét can kiém dinh thi chi c6 ¢& mau cia nhém thir nhat
1a 11 con lai cac ¢& mAu cua cac nhém khac déu 1a 12 nén gia tri can kiém dinh T nay
chi khac nhau & nhiing cip gia thuyét c6 nhém 1 va nguoc lai. Do d6 ching ta sé& chi co
2 gia tri kiém dinh T: mot 12 gia tri T cho céc cip gia thuyét c6 nhom 1 va hai 1a cac
cap gia thuyét khong c6 nhém 1.

Truong hop 1: cac cip can kiém dinh c6 nhém 1

T oq*x MSW[1 1 _ g, 0’001749(i+ij20’0532
2 \n N ’ 2 1T 12

! J

Biét )%, =4,307

Truong hop 2: cac cip can kiém dinh khong ¢6 nhom 1

Toqro MW/ 1 e 0»001749(L+Lj:0,052
2 (n n) " 2 (12712

Buée 3: So sanh va két luan

H :u = — —

Cip 1: { AT XX 40,010,016 120,006 <T.
H oy # 1,

Két luan: Khong c6 sy khac biét vé muic do 6 nhiém thong qua ham lugng NO, giita

nhom 1 (Cau song Cai) va nhém 2 (Cau Ninh Binh).

H, :u = — —
C'c_ipZ:{ AT X X =0,01-0,010<T!
H, o # 1y

Két luan: Khong c6 sy khac biét vé mac do 6 nhiém thong qua ham lugng NO, giita
nhém 1 (Cau song Cai) va nhom 3 (Cau Tan My).
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Nhan xét: Chung ta s€ thuc hién budc 3 nay thém 19 lan nita dé dua ra két luan 1a su
khac biét vé mirc d6 6 nhiém thong qua ham lwong NO, & cac cdy cau nio 1a khac nhau
va céac cdy cau nao 1a khong. Két qua thu duoc nhu sau:

1. Gitra cac cay cau sau ¢ su khéac biét vé mic do 6 nhiém thong qua ham lugong NO,,
cu thé 1a:

- Cau dap Lam Cam va soéng Cai; - Cau Ninh Binh va Pao Long 1;

- Cau thon Phu Thanh va song Céi.

2. Cac cdy cau khac khong co sy khac biét vé mirc do 6 nhidm thong qua ham luong
NOz.
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6.4. KIEM PINH PHI THAM SO

6.4.1. Kiém dinh phi tham s6 (non-parametric tests)
Céc phuong phap thong ké van dung nhu udc lugng, kiém dinh gia tri trung binh, so
sanh cac trung binh, phan tich phuong sai mot nhan t6, hai nhan td, twong quan, hdi quy
don, hdi quy bdi tuyén tinh lién quan dén bién dinh luong, déu dua trén gia thuyét
bién két qua (bién dinh luong) tuan theo phan phdi chuin (Gauss), va dit liéu thu thap
dudi dang cac thang do c6 dd tin cdy cao nhu thang do khoang (interval scale) va thang
do ty I¢ (ratio scale).
Trong nhitng ndm gan ddy do nhu cau xir 1y cac bién dinh tinh, va xtr Iy cac bién dinh
luong khong phan phdi chuan (dung cac phép bién doi thong thuong nhu y?, Log(X),
Arcsin hay bién do6i tong quat Box - Cox ciing khong dwa duoc vé chuan) da ra doi nhicu
phuong phap thdng ké goi chung 1a phwong phap phi tham sé (non parametric method).
Théng ké phi tham sé dwa trén viéc xép hang cac s6 liéu do d6 nhiéu gia thuyét va két
luan lién quan dén trung vi (median) chtr khong lién quan dén trung binh.
Tong quat, chung ta c¢6 thé néi rang kiém dinh phi tham sb s& phu hop véi dit liéu trong
cac truong hop sau:

- Dir liéu thu thap thudc vao cac thang do c6 d tin ciy thip nhu: thang do dinh danh

(nominal) hay thang do thur bac (ordinal).
- Dit liéu thu thap du thudc vao thang do khoang hay ty 1€ nhung hinh dang phan
phdi dir liéu khong tuan theo phan phdi chuan hay phuong sai khong bang nhau.

« Théng ké phi tham s6 c¢6 uu diém:
+ Khong diing cac tham sé cua tong thé, khong can gia thiét phan phdi chuan, néi chung
khéng doi hoi nhiéu diéu kién dbi voi dit lidu.
+ Dung duoc cho nhiéu loai bién chir khong riéng gi bién dinh luong.
+ Viéc tinh cac thong ké phi tham sb thuong don gian dé tinh.
« Thong ké phi tham sb c6 nhuogc diém:
+ Chuyén sang thir hang nén mat nhiéu théng tin vé ban chat dir liéu do d6 néu gip bién
dinh luong c6 phan phdi chuan thi thong ké phi tham s6 khong manh bang thdng ké
tham sd, thanh thtr néu diéu kién cho phép dung kiém dinh tham sé duoc thoa man, thi ta
nén dung kiém dinh c6 tham sd. Piéu nay tuong ty nhu khi td churc chay thi 100 m, néu
c¢6 dung cu do chinh xéc thi biét r thanh tich ngudi thir nhat chay hét 9,70 gidy, nguoi
thir hai 9,80 gidy,... Con néu khong c6 dung cu do thi chi ghi lai: vé dau,vé thi hai,...
+ Khong ¢ nhiéu két luan di sau vé mit dinh luong hodc néu co thi viéc tinh todn
tuong d6i kho.
« Trong cac mau nho, néu ta nghi ngd khong biét sy phan phdi cia tong thé 13 ra sao, ta
nén thuc hién mot kiém dinh phi phan phdi hay phi tham sé (khéng can gia dinh nao vé
phan phéi tong thé) , hodc tinh toan gid tri P cua thong ké kiém dinh theo phuong phap
bootstrapping.
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* Bang 1: So sanh kiém dinh phi tham s6 va kiém dinh tham s

Kiém dinh

Kiém dinh phi tham s6

Kiém dinh tham s

Kiém dinh twong quan

Spearman

Pearson

Mau tirng cip

Kiém dinh dau (Sign test)
hodc kiém dinh du va hang
Wilcoxon (Wilcoxon signed
rank test)

Kiém dinh t timg cp
(Paired sample test)

Hai mau dgc lap

Kiém dinh tong hang

Kiém dinh t doc lap

Wilcoxon (Wilcoxon rank- | (Independent sample t
sum test) hay kiém dinh test)
Man-Whitney
Nhiéu hon 2 miu doc | Kiém dinh Kruskal-Wallis | ANOVA mot chiéu
lap (Kiém dinh F)

« Bang 2: So sanh kiém dinh phi tham s6 va kiém dinh tham s6

Wilcoxon signed rank
test

Théng ké tham s6 | Théng ké phi tham s6 Muc dich
t- test Kiém dinh trung binh trén mot mau
Wilcoxon signed rank Kiém dinh trung vi trén mot mau
test
Paired t-test Kiém dinh trung binh trén hai mau
tung cap
Signed test hodc Kiém dinh trung vi

trén hai mau tung cap

Independent t- test

Kiém dinh trung binh trén hai mau
doc lap

Wilcoxon rank-sum
test (Man-Whitney)

Kiém dinh trung vi trén hai mau doc
lap

One way anova

Kruskal Wallis

Kiém dinh gia thuyét cac trung binh
clia cac muc bang nhau

Pearson R

2

Spearman Rs  y

Tinh mo6i quan hé gitra hai bién

« Bing 3: Phwong phap phan tich thong ké thich hop véi cac thang do
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Loai thang do Do luong do

tap trung

Kiém dinh phi tham s6

Kiém dinh tham s6

Thang do dinh Mod

danh

Chi-binh phuong y°

Thang do thur bac Trung vi

- Kiém dinh déu

- Kiém dinh d4u va hang
Wilcoxon

- Kiém dinh tong hang
Wilcoxon

Thang do khoang Trung binh

- Kiém dinh dau va hang
Wilcoxon

- Kiém dinh tong hang
Wilcoxon (Man-
Whitney)

- Kiém dinh Kruskal-
Wallis

- Kiém dinh t
- ANOVA mdt chiéu
(Kiém dinh F)

Trung binh ty
1e

Thang do ty 1€

- Kiém dinh dau va hang
Wilcoxon

- Kiém dinh tong hang
Wilcoxon (Man-
Whitney)

- Kiém djnh Kruskal-
Wallis

- Kiém dinh t

- Kiém dinh #?

- ANOVA m6ét chiéu
(Kiém dinh F)

« Trong phan nay chiing ta thao luan hai phwong phap kiém dinh phi tham sé thong dung
nhat, duoc goi 1a kiém dinh ddu va hang c6 ddu Wilcoxon, tong hang Wilcoxon (Mann-

Whitney), bang tom tat nhu sau:

Kiém dinh phi tham s6 Kiém dinh tham sd
Kiém dinh trung vi (Med) Kiém dinh trung binh trén 1 mau
H, : Med = Med, H,:u=u,
H, : Med = Med, H, :u#uy,

trong trudong hop miu bét cap
H,:Med, =0
{Hl :Med, #0
Vé6i Med, = Med, — Med,

Kiém dinh su béng nhau cta 2 trung vi

Kiém dinh su béng nhau cua 2 trung
binh trong truong hop mau bt cip

Hy:py =0
H,:py #0

Voi py = — 1
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6.4.2. Kiém dinh déu (Sign Test)
Gia st (X,Y) 1a mot cap gom hai DPLNN. Ta c6 thé coi thanh phan thir nhat X 13 hiéu
qua ctia phuong phéap tht nhét, con Y hiéu qua ctia phuong phap thir hai tic dong 1én
cing mot ca thé (ddi twong). Ta kiém dinh gia thuyét
Ho: “Hiéu qué cta phuong phap thir nhat va thr hai 12 nhu nhau”.
Gia st (X,,¥,)» (X5, ¥, )seees (X, Y, ) 12 1 quan sat doc 1ap vé (X,Y). Pat d. =x, — y.. Ta

loai bo cac d. c6 gia tri bang 0 vi chiing khong dem lai thong tin gi. Goi n 1a sb cac
d. co gia tri khac 0 va n* 1a sb cac s6 hang d. mang déu +. Néu gia thiét H, 1a dung
thi sd cac s6 hang mang dau + c6 xu hudng bang s cac sé hang mang du -. Thanh thir

khi Hy dung thi nN* s& ¢6 phan phdi nhi thirc véi tham sé p=0,5 va n. Ta biét ring néu
+

- - A % n . ., .. Ao A, T
nx0,5>5< n>10 thitan suat f =— s& c6 phan phoi xap xi chuan véi ky vong 0,5

n
va do léch chuan 13 o = I 2>f” 2 _ 1~ . Thanh thir test thong ké sau day
Vo,
Z =(f-0,524n=21_"

Jn
s& ¢6 phan phdi chuan tic. Do d6 véi mirc ¥ nghia « dé cho va ddi thiét hai phia:
H;: “Cé su khac nhau”
Ta s€ bac bo Hokhi |[Z >z ,.
Con dbi thuyét mot phia
H,: “Phuong phép tht nhét c6 hiéu qua hon phuong phép tht hai”
Thi ta s& bac bo Hy khi Z >z, (& day z, ki hiéu phan vi mitic & ctia phan phéi chuan
tic).
Vi du 6.32
Mot thﬁy gido day Toan cho réng viéc cho hoc sinh 6n tap 1 tiét cudi ky kiém tra c6 tac
dung tdt dén két qua hoc tap clia cic em. Mot mau gém 21 hoc sinh duoc chon dé theo
ddi diém thi cia cic em trudc va sau khi on tap. Két qua ghi lai bang sau:

Hoc sinh Diém thi trude Diém thi sau
1 22 21
2 26 29
3 17 15
4 20 20
5 28 26
6 31 32
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7
8
9
10
11
12
13
14
15
16
17
18
19
20
21

23
13
19
25
28
24
27
18
20
14
24
15
19
18
27

25
14
19
27
27
25
27
20
23
16
26
20
20
17
29

Trén co s¢ khao sat nay c6 thé két luan rang sau khi 6n tap, két qua thi cua cac em céd

t6t hon khong ? V&i muc ¥ nghia o = 5% .

Giai
Ki hi¢u p 1a ty I¢ hoc sinh c6 diém thi sau cao hon diém thi trude. Ta co6 bai toan kiém
dinh gia thuyét
Hy: p=10,5
Va d6i thuyét mot phia
Hi:p>0,5
Ki hiéu d 13 hiéu s giita diém thi sau va diém thi trudc. Ta cd bang sau day:
Hoc sinh Hiéuso d Déu cta d
1 -1 -
2 3 +
3 -2 -
4 0 0
5 -2 -
6 1 +
7 2 +
8 1 +
9 0 0
10 2 +
11 -1 -
12 1 +
13 0 0
14 2 +
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15 3 +
16 2 +
17 2 +
18 5 +
19 1 +
20 -1 -
21 2 +

Tacon=18 n' =13 f =12 =070,z =2 ~"__8
18 \/’ 4,242
n

Véi mue y nghia a = 0,05 tacod z,,, =1,64 tra bang phu lyc 7

=1,886.

Taco Z >z,, vay bac bo Hy. Nghia la viéc cho hoc sinh 6n tap c6 tac dung cai tién két
qua hoc tap cua céc ban.
Chii y: Néu chung ta c6 thém thong tin dé cho rang diém thi mén Toan cua cac em hoc
sinh ¢6 phan phdi chuan hay xap xi chuan véi phuong sai bang nhau (hodc khac nhau),
thi sir dung kiém dinh t cho mau bét cip (paired t-test) nhu sau:
Lénh trong R
> t.test(datal, data2, paired=TRUE) )# hai nhom c6 phuong sai khac nhau
Paired t-test
data: datal and data2
t=-2.46, df = 20, p-value = 0.02312 # kiém dinh t, bac tu do 20 va gia tri p_value
alternative hypothesis: true difference in means is not equal to 0
95 percent confidence interval: -1.7599657 -0.1447962
sample estimates:
mean of the differences -0.952381
+ Nhan xét: p-value = 0.02312< o = 5% nén dbi thiét H, c6 ¥ nghia thong ké.
6.4.3. Kiém dinh hang c6 dau Wilcoxon (Wilcoxon signed rank test)
Trong khi tiéu chuan dau chi quan tim téi dau cua cac hiéu s6 d., thi trong tiéu chuan
hang c6 dau Wilcoxon ta con tinh dén do 16n cua | d, |. Nhu vay tiéu chuan nay s& hiéu
qua hon tiéu chuan dau.
6.4.3.1. Kiém dinh déu va hang Wilcoxon vé trung vi cua 1 téng thé
e Truomg hop 1: Miu nhé (n < 20)
B1: Dit gia thuyét

(1) 2 )
H, : Med = Med, H, : Med = Med, H, : Med = Med,
H, : Med = Med, H, : Med > Med, H, : Med < Med,

B2: Tinh chénh I¢ch D, giira gia tri quan sat va gia tri trung vi D, = X, — Med,
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B3: LAy tri tuyét dbi | D, |

B4: Xép hang cho | D, |,

+Néu | D, |= 0 thi khong xép hang

+ Néu | D, |# 0 thi nguyén tac xép hang nhu sau:

- Gia tri | D, | nho nhat xép hang 1, 16n nhét xép hang n,
- Néu ton tai cac | D, | bang nhau thi tinh hang trung binh cho tat ca cac | D, | nay.
BS5: Thém 2 ¢t R+ va R-:
+ R+: gdm nhiing hang cua D, >0
+ R-: gdm nhimng hang ctia D, <0
B6: Tinh gia tri kiém dinh W
Kiém dinh 2 bén (1): W =min{) R+;) R-}
Kiém dinh bén phai (2): W = > R+
Kiém dinh bén tréi 3): W = Y R—
B7: Tra bang phu luc 11, tim gia tri can dudi va can trén (W_,W,,) cia W_,,(n") (Kb 2
bén) hodc W, (n') (KD 1 bén) véi n'=sd lugng D, = 0.
(1) H,:Med =Med, W e (W_,W,,)
{Hl :Med = Med;, W ¢ (W_,W,,)
(2) H,:Med = Med, W <W,,
{Hl :Med > Med, W >W,,
3) H,:Med =Med, W =W,
{Hl :Med < Med, W <W,

Kiém dinh 2 bén (1): Bac bd H, néu W & (W,_,W,,),
Kiém dinh bén phai (2): Bac boé H, néu W >W,, ,
Kiém dinh bén trdi (3): Bac bo H, néu W <W, .
Vidu 6.33
Khao sat miu ngu nhién gdm thu nhap cua 11 sinh vién di tot nghiép di lam viéc
duoc 2 nam dugc ghi nhan ¢ bang sau:
Don vi tinh: d6 la
Sinh vién 1 2 3 4 5 6 7 8 9 10 |11
Muc luong | 300 | 320 | 340 | 380 | 420 | 400 | 300 | 340 | 360 | 400 | 410
Véi mire y nghia 5%, hiy cho két luan vé gia thuyét cho rang thu nhap sinh vién da tot
nghié¢p di lam viéc dugc 2 nam vuot qua con s6 350 d6 la?
Giai

81



Chuong 6.Kiém dinh gia thuyét 6.4. Kiém dinh phi tham sb

Dit gia thuyét:
H, : Med =350
{Hl :Med > 350
* Tinh D, va | D, |
xi Di | Di |
300 -50 50
320 -30 30
340 -10 10
380 30 30
420 70 70
400 50 50
300 -50 50
340 -10 10
360 10 10
400 50 50
410 60 60
» Xép hang | D |
Xép thir tur | D, | Hang
1 10 2
2 10 2
3 10 2
4 30 4,5
5 30 4,5
6 50 7,5
7 50 7,5
8 50 7,5
9 50 7,5
10 60 10
11 70 11
* Thém R+ va R-
X D, 1D | Hang | D, | R+ R-
300 -50 50 7,5 7,5
320 -30 30 4,5 4,5
340 -10 10 2 2
380 30 30 4,5 4,5
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420 70 70 11 11
400 50 50 7,5 7,5
300 -50 50 7,5 7,5
340 -10 10 2 2
360 10 10 2 2
400 50 50 7,5 7,5
410 60 60 10 10

Tinh W : do KD 1 bén phai nén W =42,5
Tra bang phuy luc 11, taco W, ., =W, 5, = (13,53)
So sanh: W =42,5<W,, =53 nén chap nhan H,.
Két luan: Chua thé noi rﬁng thu nhép sinh vién da t6t nghiép di lam viéc dugc 2 nam
vuot qua con s6 350 db la.
e Truong hop 2: Miu lén (n > 20)
Gia tri kiém dinh W s€ xap xi phan phoi chuan véi gia tri kiém dinh Z tinh theo cong thic
sau:
B6: Tinh gi tri kiém dinh W
Kiém dinh 2 bén (1): W =min{d_R+> R-}
Kiém dinh bén phai (2): W = > R+

Kiém dinh bén tréi (3): W = > R-

Tinh Z =~ #
Oy
Véi w, _m+h +1), Ow :\/n(n +h@n +1) ,n"=sb lugng D, # 0
4 24
B7: Quy tic bac bod
H,:Med =Med, <|Z <z,
(1) H, :Med = Med, <|Z |> 7, ,
H,:Med =Med, < Z <z,
() H,:Med >Med, = Z >z,
H,:Med =Med, & Z >-7,
) H, : Med < Med, < Z < -z,

KD (1): Bac bé Hokhi |Z > Z,,,
KD (2): Bac bé Hykhi Z >z,
KD (3): Bac bé Hy khi Z <z,
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Vi du 6.34

Kiém tra trong luong ctia mot sd qua, ngudi ta co bang két qua sau:

X,(g) | 300 | 320 | 340 | 380 | 420 | 400 | 300 | 340 |360 | 400 | 410
X;(g) [ 310 | 330 | 350 | 370 | 390 | 400 | 320 | 360 |410| 390 | 340

Véi mirc ¥ nghia 5%, c6 thé cho rang Med=350(g)?

Giai
Dit gia thuyét:
H, : Med =350
{Hl :Med # 350
* Tinh D, va | D, |
Xi(9) D, | D |
300 -50 50
320 -30 30
340 -10 10
380 30 30
420 70 70
400 50 50
300 -50 50
340 -10 10
360 10 10
400 50 50
410 60 60
310 -40 40
330 -20 20
350 0 0
370 20 20
390 40 40
400 50 50
320 -30 30
360 10 10
410 60 60
390 40 40
340 -10 10
» Xép hang | D; |
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Xép thtr tu D, | Hang
1 10 3
2 10 3
3 10 3
4 10 3
5 10 3
6 20 6,5
7 20 6,5
8 30 9
9 30 9
10 30 9
11 40 12
12 40 12
13 40 12
14 50 16
15 50 16
16 50 16
17 50 16
18 50 16
19 60 19,5
20 60 19,5
21 70 21

e Thém R+ va R-

Xi(9) D, 1D | Hang | D, | R+ R-
300 -50 50 16 16
320 -30 30 9 9
340 -10 10 3 3
380 30 30 9 9
420 70 70 21 21
400 50 50 16 16
300 -50 50 16 16
340 -10 10 3 3
360 10 10 3 3
400 50 50 16 16
410 60 60 19,5 19,5
310 -40 40 12 12
330 -20 20 6,5 6,5
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350 0 0

370 20 20 6,5 6,5

390 40 40 12 12

400 50 50 16 16

320 -30 30 9 9

360 10 10 3 3

410 60 60 19,5 19,5

390 40 40 12 12

340 -10 10 3 3

Tong 153,5 77,5
Tinh W (do Kb 2 bén nén)
Ta c6 W=min(153.,5; 77,5)=77,5
n'=21
Test thong ké Z 1a
Tinh z =W " H 71571155
Oy 28,77
_n(n'+1) _21x22 1155, o, :\/n’(n’+1)(2n’+l) :\/21><22><43 _28.77
4 24 24

Véi muc y nghia o =0,05 tacod z,,, =1,96
Vi|Z|=1,3<z,,, nén chap nhan H,.
Vay trung vi trong luong ctia mot s6 qua 1a 350 g.
6.4.3.2. Kiém dinh diu va hang Wilcoxon vé sw bang nhau ciia 2 trung vi trong
truong hop miu tirng cip
e Truomg hop 1: Miu nhé (n’ < 20)
Céc budce tién hanh thyuc hién nhu sau:
B1: Pit gia thuyét

(1) 2) )
H,:Med, =0 H,:Med, =0 H,:Med, =0
H,:Med, #0 H,:Med, >0 H,:Med, <0

Véi Med; = Med, — Med,

B2: Tinh chénh léch D, gifta gié tri quan sat cia 2 mau D, = X, -V,
B3: Lay tri tuyét dbi | D, |

B4: Xép hang cho | D, |,

+ Néu | D, |=0 thi khong xép hang

+ Néu | D, |# 0 thi nguyén tac xép hang nhu sau:

+ Gia tri | D, | nho nhat xép hang 1, 16n nhat xép hang n,
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+ Néu ton tai cac | D, | bang nhau thi tinh hang trung binh cho tit ca cac | D, | nay.

B5: Thém 2 c¢0t R+ va R-:

+ R+: gom nhitng hang cua D, >0

+ R-: gdbm nhiing hang ctia D, <0

B6: Tinh gia trj kiém dinh W

Kiém dinh 2 bén (1): W =min()_R+>_R-)

Kiém dinh bén phai (2): W = Y R+

Kiém dinh bén trdi 3): W = ) R-

B7: Tra bang phu luc 11, tim gia tri cdn dudi va cén trén (W_,W,,) cia W_,,(n") (KD 2
bén) hodic W, (n') (KD 1 bén) v6i n'=s6 lugng D, = 0.

H,:Med, =0 =W e (W_,W,,)

(1) {HI:Medd 20 W ¢ (W, ,W,)
H,:Med, =0 =W <W,,

2) {HI:Medd >0 W >W,
H,:Med, =0 =W =W,

€) {HI:Medd <0eW <W,

Kiém dinh 2 bén (1): Bac bo H, néu W & (W,_,W,,),

Kiém dinh bén phdi (2): Bac bd H, néu W >W,, ,

Kiém dinh bén trai (3): Bac bo H, néu W <W, .

Vidu 6.35
Pé kiém tra hiéu qua cta 1 khod hoc, nguoi ta theo doi ki kha ning doc cia tré em
trwde va sau khi hoc. Két qua nhu sau:

Truéec | 60 | 40 | 78 53 67 88 77 | 60 | 64 | 75

Sau | 63 | 38 | 77 50 74 96 80 | 70 | 65 | 75

V&1 mtc y nghia 5%, khod hoc nay c6 hiéu qua hay khong?

Giai
Dit gia thuyét

H,:Med, =0
{Hl :Med, <0
V61 Medy = trudce - sau
B1: bat X;: trude X,: sau
D =X, = Xy
B2: | D, |
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B3: Xép hang cho | D, |, | D, |=0 thi khong xép hang.
B4:Thém cot R- gdm nhiing hang ciia D, <0
B5: W =) R-=355

Trudc Sau D, | D, | Hang R-
60 63 -3 3 5 5
40 38 2 2 3
78 77 1 1 1,5
53 50 3 3 5
67 74 -7 7 7 7
88 96 -8 8 8 8
77 80 -3 3 5 5
60 70 -10 10 9 9
64 65 -1 1 1,5 1,5
75 75 0 0
Tong 35,5
B6: Quy tic bac bo
Tra bang phy lyc 11, tacd W, ., =W, 556, =(8,37)

Kiém dinh (3): (KD bén trai)
Taco W =35,5>W, =8, chép nhan H,.
Vay khoa hoc nay chua c6 hiéu qua.
Cac Iénh trong R
> data3<-c( 60,40,78,53,67,88,77,60,64,75)
> datad<-c( 63,38,77,50,74,96,80,70,65,75)
> wilcox.test(data3, data4, paired=TRUE, alt="1") # Kiém dinh Wilcoxon cho hai
mAu tirng cip
Wilcoxon signed rank test with continuity correction
data: data3 and data4
V =9.5, p-value = 0.06845 # kiém dinh Wilcoxon hang c6 dau va gia tri p_value
alternative hypothesis: true location shift is less than 0
+ Nhan xét: p-value = 0.06845> « = 5% nén ddi thiét H, khong co y nghia thong ke,
ttr 1 chdp nhan H,.
K&t luan: Khoa hoc nay chua c6 hiéu qua.
e Truwong hop 2: Miu I6m (n' > 20)
B6: Tinh gia trj kiém dinh W
Kiém dinh 2 bén (1): W =min{d>_R+> R -}
Kiém dinh bén phai (2): W = Y R+
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Kiém dinh bén trdi 3): W = Y R-

Tinh Z =~ 4
Ow
Véi u, :M, O :\/n(n rhen+h ,n'=s6 luong D, # 0
4 24
B7: Quy tic bac bo
(1) H,:Med, =0<|ZI<2z,,
H :Med, 202 >2,,
) H,:Med, =0<Z <z,
H :Med, >0 272 >72,
3) H,:Med, =02 >-z,
H :Med, <0 Z<-2,

Kb (1): Bacbé Ho khi |Z > Z,,

KD (2): Bac bé Ho khi Z > Z

KD (3): Bac bé Hy khi Z <-Z

Vidu 6.36
Cé y kién cho rang trong hai anh em trai ngudi em ludn cao hon ngudi anh. Mot mau
ngau nhién gom 25 cdp anh em trai dugc chon; chi€u cao ciia nguoi anh (X) va cua
nguoi em (Y) duge ghi nhan nhu sau (don vi la cm):

X 170 169 167 168 166
Y 175 172 167 166 163

X 165 165 164 164 165
Y 166 164 167 163 167

X 166 166 169 168 168
Y 168 164 170 172 171

X 166 168 168 169 169
Y 170 167 165 166 171

X 164 170 169 169 166
Y 163 168 166 167 163
Véi mirc ¥ nghia a = 5%, st dung tiéu chuan hang c6 diu Wilcoxon kiém dinh xem
lidu trung vi chiéu cao cta hai anh em trai 1a khac nhau hay gidng nhau.
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Giai

Dit gia thuyét

H,:Med, =0
H,:Med, #0
Tir s6 liu trén ta tinh d. = X, — Y. va hang coa | d. |(d, #0).

X Y, d. hang cua |d.| | hang véi d, >0 | hang véi d, <0
170 175 -5 23 23
169 172 -3 17 17
167 167 0 0
168 166 +2 10 10
166 163 +3 17 17
165 166 -1 3,5 3,5
165 164 +1 3,5 3,5
164 167 -3 17 17
164 163 +1 3,5 3,5
165 167 -2 10 10
166 168 -2 10 10
166 164 +2 10 10
169 170 1 3.5 3.5
168 172 -4 21,5 21,5
168 171 -3 17 17
166 170 -4 21,5 21,5
168 167 +1 3,5 3,5
168 165 +3 17 17
169 166 +3 17 17
169 171 -2 10 10
164 163 +1 3,5 3,5
170 168 +2 10 10
169 166 +3 17 17
169 167 +2 10 10
166 166 0 0

R'=122 | R =154

Chu thich (vé cach tinh hang). Ta sap xép céac | d. | theo thur tu ting dan:

1,1,1,1,1,1,2,2,2,2,2,2,2,3,3,3,3,3,3,3,4,4, 5.
1+2+3+4+5+6

3,5
6

S6 1 ¢6 hang 1a
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$62 6 hang Ia 7+8+9+107+11+12+13:10
S5 3 c6 hang Ia 14+15+16+177+18+19+20:17
S5 4 06 hang la 222 _ 915

S6 5 ¢6 hang 1a 23
Ta c6 W=min(122, 154)=122
n'=23
Test thong ké Z 1a
122-23x(23+1)/4 122138

\/23><(23+1)><(40+1) 32,88

=—0,4866

24
Véi muc y nghia o =0,05 tacd z,,, =1,96
Vi |Z]=0,4866 < z,,, nén ta khong c6 co s¢ bac bo Hy. Vay chiéu cao trung binh cua
hai anh em trai khong khac nhau.
Cac 1énh trong R
> dataS<-¢(170, 169, 167, 168, 166, 165, 165, 164,164, 165, 166, 166,169,168,168,
166, 168,168,169,169, 164,170,169,169,166)
> data6<-c(175,172,167,166,163,166,164,167,163,167, 168, 164,170,172,171,
170,167, 165,166,171, 163,168,166,167,163)
> wilcox.test(dataS, data6, paired=TRUE)
Wilcoxon signed rank test with continuity correction
data: data5 and data6
V = 141.5, p-value = 0.8176 # kiém dinh Wilcoxon hang c6 dau va gia tri p_value
alternative hypothesis: true location shift is not equal to 0
+ Nhan xét: p-value = 0.8176 > « = 5% nén ddi thiét H, khong c6 y nghia thong keé,
tir 1a chap nhan H.
Két luan: Chiéu cao trung binh ctia hai anh em trai khong khac nhau.
6.4.4. Tong hang Wilcoxon (Wilcoxon Rank-Sum Test - con goi 1a Mann-Whitney)
Gia sir ta c6 hai mau ngau nhién doc lap nhau:
Mau thir nhit {X,,X,,...,X,} lan quan sat doc lap vé DPLNN X, con mau thir hai
(Y1, Y55y} 120 quan sat doc 1ap vé PLNN Y. Phan phdi ctia X va Y chua biét va
khong nhat thiét 1a phan phi chudn.
« Cac buéc kiém dinh
Budrc 1: Dit gia thuyét
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M 2) G)
H, : Med, = Med, H, : Med, = Med, H, : Med, = Med,
H, : Med, = Med, H, : Med, > Med, H, : Med, < Med,

Bwéc 2: Xép hang tat ca cac gid tri cua 2 mau theo th tu ting dan. Nhing gié tri bang

nhau s€ nhén gi tri trung binh.
Budc 3: co 2 truong hop

Truong hgp mau nho (n,n, <10)

Truong hop mau 16n (n, +n, > 20)

Lay tong hang T, cia mau nho. Néu hai

nao cling dugc

B3: Quy tic bac bo

Tra bang phu luc 12 dé tim giéi han trén
vadugicua W, ,, ., (KD 2 bén) va
W, (KD 1 bén)

KD (1): Bac bé Hy khi T, ¢ (W ,W,,)
KD (2): Bac bé Hy khi T, >W,,

KD (3): Bac bo Hy khi T, <W,

mAu bang nhau thi 14y tong hang ctia mau

Lay tong hang T, clia mau nho.
Phan phdi cua T; dugc xem nhu chuan
Vi
_nosn, o a0
1 2 1 12
Tl — My
oy
Kb (1): Bacbd Ho khi |Z >z,
KD (2): Bac bé Ho khi Z >z,
KD (3): Bac bé Hyo khi Z < -z,

Tinh Z =

e Truong hop 1: Mau nhé (n,n, <10)
Vi du 6.37

Theo ddi doanh thu ban hang cua 2 nhan vién. Véi mie ¥ nghia 5%, c6 thé cho rang

doanh thu ban hang 1a nhu nhau?

NV1

NV2

60

63

61

64

63

67

72

40

68

50

70

90

80

80

90

70

85

85

93

Giai
B1: Dit gia thuyét
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H, : Med, = Med,
{Hl : Med, # Med,
B2: Xép hang theo thir tu ting dan.

Lay tong hang T ctia mau nhé. Néu 2 mau bang nhau thi lay tong hang cia mau nao
cling dugc.

NVI Hang NV2 Hang
60 3 63 5,5
61 4 64 7
63 5,5 67 8
72 12 40 1
68 9 50 2
70 10,5 90 17,5
80 13,5 80 13,5
90 17,5 70 10,5
85 15,5 85 15,5

93 19

Tong 90,5 99,5

B3: Quy tic bac bo

Kiém dinh (1): bac bé Ho khi T, & (W_; W,,)

Theo bang tinh , ta ¢c6 T1=90,5

Dung bang tra phu luc 12, ta cO6 W, . ) =W, 550,10) = (65;115) .

So sanh: T, = 90,5 € (65; 115). Nén chap nhan H.

Két luan: doanh thu ban hang cia 2 nhan vién 1a nhu nhau.

Cac Iénh trong R

> datal<-¢(60,61,63,72,68,70,80,90,85)

> data2<-¢(63,64,67,40,50,90,80,70,85,93)

> wilcox.test(datal,data2) # Kiém dinh Wilcoxon cho hai mau djc lap
Wilcoxon rank sum test with continuity correction

data: datal and data2

W =45.5, p-value = 1 # kiém dinh tong hang Wilcoxon va gia tri p_value

alternative hypothesis: true location shift is not equal to 0

+ Nhan xét: p-value = 1 > o = 5% nén d6i thiét H, khong c6 y nghia thong ké (chip

nhan Hy).

Két luan: doanh thu ban hang ctia 2 nhan vién 1 nhu nhau.

e Truong hep 2: Mau Ién (n, +n, > 20 hay m+n >20)

Tiéu chuéin Mann-Whitney dugc xay dyng nhu sau:
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i) Gop hai mau trén thanh mot mau véi cd maulan+m.
ii) Sp xép n + m gid tri {X1, X550 X5 Y5 Yp0e» ¥y theo thir tu tdng dan. Gia sir sau khi
sap xép thu dugc ddy sau day.
C, <Cy<....<C <...<C,,
Néu X; =C, thi tanoi hang cua X; lak. Tuong tu y; =C, thitanoéi hangcua y, lak.
i) Gia st X, co hangla r, (1=1,2...,n). Ta tinh téng cac hang cua X
T,=r+r+...+1
Gia s y; cohangla s; (j=1,2...,n). Ta tinh tong cac hang cua Y,
T,=8+S,+...+5S_
Hién nhién
(n+ m+1)(n+m)

2
Nguoi ta chimg minh duogc rang néu Hy ding va n,m > § thi T, c6 phan bd xap xi chuan

T+T,=r+0+.. 4+ +S+S,+...+S, =1+2+...+(n+m) =

v&i gia tri trung binh 1a:

_ N(n+m+1)
] 2
. nm 1
Va phuong sai la o7 = %

Tuong tu T, c6 phan bd xap xi chuan véi gia tri trung binh 1a:
_ m(n+m+1)
’ 2
Va phuong sai la
nm(n+ m+1
O_Tz _ (n+m+1)
’ 12
Thong thuong chiing ta chon s6 nhé nhat giita R va R,. Gia st T, <T,, khi d6 test théng

ké ta str dung la

s& c6 phan phdi chuan tic. Quy tic bac bo:

Kb (1): Ba&cbo Hykhi | Z >z,

KD (2): Bac bo Ho khi Z >z,

KD (3): Bac bo Hy khi Z < -z,

Vidu 6.38
Mot nguoi 1ai xe thuong xuyén di lai gitra hai dia di€ém A va B. C6 hai con duong ndi
A va B: duong X va duong Y. Anh ta mudn chon con duong di nao mat it thoi gian
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nhat. Chon ngiu nhién 10 ngay di trén duong X va 10 ngay di trén duong Y, anh ta cd
s6 liéu sau day (thoi gian tinh bang phut):
buong X: 34, 28, 46, 42, 56, 85, 48, 25, 37, 49.
buong Y: 43, 49, 41, 55, 39, 45, 65, 50, 47, 51.
Véi mire ¥ nghia o = 5%, hiy nhan dinh xem c6 su khac nhau vé thoi gian di lai khi
st dung duong X va duong Y hay khong?
Giai
Daiu tién ta nhin xét rang thoi gian trung binh di trén dudng X 1a 45 phat, trong khi
thoi gian trung binh di trén duong Y 1a 48,5 phit. Tuy nhién ta khong co co so dé cho
rang thoi gian di trén duong X va thoi gian di trén duong Y ¢6 phan phdi chuan hay
xap xi chudn véi phuong sai bang nhau. Do dé viéc ap dung test théng ké Student d
trinh bay & phan trudc 1a khong phi hgp. Thanh thir ta hdly ap dung tiéu chuan hang
Mann — Whitney.
Ta kiém dinh
Gia thuyét Hy: Thoi gian di lai khi str dung duong X va duong Y 1a nhur nhau
Déi thuyét H,: Thoi gian di lai khi st dung duong X va dudng Y 13 khac nhau
Pau tién ta lap bang xép hang céc sd liéu:

Hang Thoi gian Duong
1 25 X
2 28 X
3 34 X
4 37 X
5 39 Y
6 41 Y
7 42 X
8 43 Y
9 45 Y
10 46 X
11 47 Y
12 48 X
13 49 X
14 49 Y
15 50 Y
16 51 Y
17 55 Y
18 56 X
19 65 Y

20 85 X
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Ta thay c6 hai s6 liéu tring nhau déu bang 49. chiing ¢ vi tri 13 va 14 do dé ta gan cho
chung cung hang 13,5.
Téng cac hang cua dudng X 1a
T,=1+2+3+4+7+10+12+13,5+18+20=90,5
Vin=10 va m=10 16n hon 8 nén T, ¢ phan phdi xap xi chudn véi ky vong
_10(10+10+1) 10x10(10+10+1)
‘ 12

=105 va phuong sai: o7 = =175

Gia trj cua test théng ké 1a

~Ti—# 90,5-105
= o =755 -
Véi muc y nghia a =0,05 tacod z,,, =1,96 tra bang phu luc 6
Taco|Z|=1L1<z,,,=196,do do takhong cd co sd bac bo Hy. Chiing ta tam thoi két

Z 1,1

luan rang thoi gian di duong giita hai con duong X va Y khong khac nhau.
Cac 1énh trong R
> datal<-c( 34, 28, 46, 42, 56, 85, 48, 25, 37, 49)
> data2<-c( 43, 49, 41, 55, 39, 45, 65, 50, 47, 51)
> wilcox.test(datal,data2) # Kiém dinh Wilcoxon cho hai mau djc lap
Wilcoxon rank sum test with continuity correction
data: datal and data2
W = 35.5, p-value = 0.2897 # kiém dinh tong hang Wilcoxon va gié tri p_value
alternative hypothesis: true location shift is not equal to 0
+ Nhan xét: p-value = 0.2897 > o = 5% nén ddi thiét H, khong co ¥ nghia thong ké
(chap nhan Hy).
Két luan: rang thoi gian di duong giira hai con duong X va Y khong khac nhau.
Chii y: Néu chung ta c6 thém thong tin dé cho rang thoi gian di trén dudng X va thoi
gian di trén dudng Y ¢ phan phdi chuin hay x4p xi chuin voi phuong sai bang nhau
(hoic khac nhau), thi str dung kiém dinh t.test hai mau nhu sau:
Lénh trong R
> t.test(datal,data2)# hai nhom c6 phuong sai khac nhau
Welch Two Sample t-test
data: datal and data2
t=-0.59213, df = 12.391, p-value = 0.5644
alternative hypothesis: true difference in means is not equal to 0
95 percent confidence interval:
-16.333788 9.333788
sample estimates:
mean of x mean of y  45.0  48.5
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+ Nhan xét: p-value = 0.5644 > o = 5% nén dbi thiét H, khong c6 ¥ nghia thong ké

(chap nhan Hy).

> t.test(datal,data2,var.equal=TRUE)# hai nhém c6 phuong sai bang nhau

Two Sample t-test

data: datal and data2

t=-0.59213, df = 18, p-value = 0.5611

alternative hypothesis: true difference in means is not equal to 0

95 percent confidence interval:

-15.918367 8.918367

sample estimates:

mean of x mean of y  45.0  48.5

+ Nhan xét: p-value = 0.5644 > o = 5% nén dbi thiét H; khong cé y nghia thong ké

(chap nhan Hy).
6.4.5. Kiém dinh Kruskal-Wallis
Trong phan tich phuong sai mdt yéu t§ dé co thé thuc hién duoc cac bude kiém dinh doi
hoi phai xay ra ba gia thuyét quan trong 13 tong thé ¢ phan phdi chuan, phuong sai giira
céc tong thé bang nhau va mau dugc chon ngiu nhién, doc lap. Cac gia thuyét nay trong
thuc té kho dat dugc, nhat 1a khi dit liéu thudce thang do thtr bac (ordinal) hodc khoang (
interval) 12 nhimg thang do rat phd bién trong mét sb linh vuc nhu quan tri kinh doanh; vi
vay yéu cau dit ra 1a can c6 mot kiém dinh ma sy yéu ciu cac gia thuyét trén hoic khong
¢ hodc c6 thé giam bot di. Vi thé kiém dinh phi tham s6 Kruskal-Wallis 1a mét su lya
chon phu hop khi phan tich sy phu thude gitra mot bién dinh tinh (bién nguyén nhan) va
bién dinh luong (bién két qua). Cac budc cua kiém dinh phi tham s6 Kruskal-Wallis dugc
thuc hién nhu sau:
Buwéc 1: Xay dung cip gia thuyét

Ho =1, ==
H, :EI!(,ui ¢,uj)

Véi gia thuyét H , hamy rang khong c6 su khac biét vé mat trung binh giita cic nhom
tinh chat cia bién nguyén nhan dya trén gi tri thu nhan cta bién két qua va gia thuyét H,
ham ¥ rang ton tai it nhat hai nhom tinh chat cua bién nguyén nhan c6 su khac biét vé mat
trung binh.

k 2
12 ZR—‘—3(n+1)Véi

n(n+1)455' n,

Budc 2: Tinh gié tri kiém dinh y; =

-R 1a tong hang ctia mau c6 nhém tinh chat i ctia bién nguyén nhan duya trén hang cua
mau két hop.

- k 12 s6 nhom tinh chét.

- n 13 tong sb phan tir khao sat trén toan bd cac nhom tinh chat.
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Buée 3: So sanh va két luan
-Néu y; < 22 (tra bang phu lyc 5) thi chip nhan H, va nguoc lai.
Trong trudng hop gia thuyét H , bibac bo thi co sy phu thudc gitra bién nguyén nhén va
bién két qua. Luc nay chung ta s& tiép tuc tim hiéu 1a sy phy thudc néu xay ra thi s& xay ra
trén cac nhom tinh chat nao cua bién nguyén nhan. Qua trinh thyc hién nay hoan toan
tuong tu nhu phan tich sau phuong sai mot yéu té véi cac budce thuc hién cy thé sau:
Budc 4:
- X4c dinh s6 cip gia thuyét can kiém dinh qua cong thirc:
2 - k!
21(k =2)!

- Xay dung céc cdp gia thuyét can kiém dinh

{Ho M=y ,{Ho c My = By

Hy o # 1, o Hy g # 1y

Budc S:
Ri

- Tinh hang trung binh cho timg nhém tinh chat: ﬁ. =—
n.

- Tinh chénh léch vé hang trung binh gitta hai nhom tinh chét can kiém dinh:
D, =[R —Ry|.

Buoc 6: Tinh gia tri kiém dinh theo cong thuec:

s nn+hy 1 1
cim e (202

C, thay d6i gié tri tuy theo cap gia thuyét can kiém dinh.

Budc 7: So sanh va két luan

Ung voi cip gia thuyét {HO A , néu D; > C; thibac bo H, va ngugce lai.
RV
Vidu 6.39
Pé kiém dinh xem viéc lam thém c6 anh huong dén két qua hoc tap khong, ngudi ta
chon ngau nhién mot so sinh vién va hoi ho vé két qua hoc tap véi thoi gian lam thém
trong céc khoang:<8 gio/tuan; 8-16 gid/tudn; >16 gid/tuan thi thu dugc bang sb lidu
sau:
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Thoi gian 1am thém
<8 gio/tuan 8-16 gio/tuan >16 giod/tuan

6,3 7,0 6,3
7,2 6,6 5,8
6,5 6,1 6,0
6,6 5,8 5,5
7,3 6,8 5,3

- 7,1 6,5

Néu céc gia dinh vé nhitng tong thé ¢ phan phdi chuan va phuong sai bang nhau
khong duoc thod man thi viéc kiém dinh s& thuc hién nhu thé ndo, véi muc y nghia
5%?

Giai
Bwéc 1: Xay dung cip gia thuyét
H,: Két qua hoc tap trung binh trén cac nhom thoi gian 1am thém 1a gidng nhau.
H,: Tén tai it nhat hai nhom thoi gian 1am thém c6 két qua hoc tap trung binh khac
nhau.
Budrc 2: Tinh gia tri kiém dinh

k 2
z=—2 3R 504

T n(n+D)&S n,
__ 12 (61’52+62’52 +292J—3(17+1):6,6925
17017+ 5 6 6
vo1 R, duoc tinh trong bang sau:
Thoi gian 1am thém Hang két hop

53 1
5,5 2
5,8 3,5
5.8 3,5
6,0 5
6,1 6
6,3 7,5
6,3 7,5
6,5 9,5
6,5 9,5
6,6 11,5
6,6 11,5
6,8 13
7,0 14
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7,1 15
7,2 16
7,3 17
Thoi gian [am thém
<8 gidy/tuan R, 8-16 gid/tuan R, | >16 gio/tuan R,
6,3 7,5 7,0 14 6,3 7,5
7,2 16 6,6 11,5 5,8 3,5
6,5 9,5 6,1 6 6,0 5
6,6 11,5 5,8 3,5 5,5 2
7,3 17 6,8 13 5,3 1
- - 7,1 15 6,5 9,5
Tong hang | 61,5 63 28,5

Buée 3: So sanh va két luan
- Vi 25 > Xo0s» = 5,99 (tra bang phu luc 5) nén bac bo H,.
Két luan: Thoi gian 1am thém c6 anh huong dén két qua hoc tap.

Nhén xét: Khi bac bé H,j, chung ta chi biét duoc thoi gian 1am thém c6 anh hudng
dén két qua hoc tap chir hoan toan khong thé dua ra két luan 1 thoi gian 1am thém trén
nhém nao ¢é su khac biét véi nhom con lai. PE trd 161 cho van dé con vudng mac nay,
chung ta s& tién hanh kiém dinh sau phi tham s6 Kruskal-Wallis tiép nhu sau:

Budc 4:
- X4c dinh s6 cip gia thuyét can kiém dinh qua cong thirc:
ci=— 2 3
213-2)!
- Xay dung céc cdp gia thuyét can kiém dinh
{Ho B = {Ho M= {Ho My, =
Hom = (Hioiw 2 (Hw =

vol y, 1a két qua hoc tap trung binh trén nhom cé thoi gian 1am thém <8 giod/tuan,
M, 1a két qua hoc tap trung binh trén nhom c6 thoi gian 1am thém 8-16 gid/tuan,

1, 14 két qua hoc tap trung binh trén nhom c6 thoi gian 1am thém >16 gid/tuan.

Buorc S:
- Tinh hang trung binh cho timg nhém tinh chat:
E=5=%=1z,3; R,=10,4167; R, =4,833.
nl
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- Tinh chénh léch vé hang trung binh gitta hai nhom tinh chét can kiém dinh:
D, =[R -R|= D, =[R ~R,|=1,8833; D,, = 5,5837; D, =7,467.

Buérc 6: Tinh gia tri kiém dinh theo cong thic:

Cp= Zj-m[n(n—i_l)j i"'L = 5,99(17X18j(l+l)=7,4837
’ 12 non 12 5 6

C,=C,, =7,1355
Bude 7: So sanh va két luan
- D, <C,, chép nhan H,. Két luan: Két qua hoc tap trung binh khong c6 sy khac biét

giita nhom co thoi gian 1am thém <8 gid/tudn va nhom co thoi gian 1am thém 8-16

gid/tudn.

- D,,<C,, chap nhan H,. Két luan: Két qua hoc tap trung binh khong c6 su khac biét

giita nhom c6 thoi gian 1am thém 8-16 gid/tuan va nhom c6 thoi gian 1am thém >16

gio/tuan.

- D, >C,;, bac bo H,. Két luan: Két qua hoc tap trung binh c6 su khéc biét giita

nhém c6 thoi gian 1am thém <8 gid/tudn va nhom co thoi gian 1am thém >16 gid/tuan.
6.4.6. Kiém dinh Chi-binh phuwong vé tinh phu thudc
Chung ta da su dung kiém dinh Kruskal-Wallis dé kiém dinh su phu thudc gitra mot bién
dinh tinh (bién nguyén nhan) va mot bién dinh luong (bién két qua) trong diéu kién dir
lidu thu thap khong thoa man cac gia thuyét cua phan tich phuong sai mot yéu to. Song
d6i khi trong thyc té chiing ta van gip phai cac van dé khac nhu: mutrc d6 hai 10ng va viée
lya chon khach san ¢6 phu thugc vao nhau khong; hodc gioi tinh va sy ua thich cac loai
nudc gidi khat co6 phu thude khong; dac biét khi dir liéu thu thap thudc vao moét thang do
c6 d6 tin cdy thap nhat 1a thang do dinh danh.
Tong quét hon, c6 lac chiing ta s& can phan tich su phu thudc giita mot bién nguyén nhan
va mot bién két qua ma ca hai bién nay déu 1a bién dinh tinh. Luc nay, 1 rang sd liéu thu
thap & bién két qua khong phai 1a cac gid tri cu thé ma 1a s6 luong phén tir; va diéu nay sé
14 hoan toan khong phu hop néu sir dung kiém dinh phi tham sé Kruskal-Wallis, von 1a
kiém dinh doi hoi bién két qua phai 1a bién dinh lwong. Khi gip phai nhitng tinh hudng
nay thi kiém dinh Chi-binh phuong 1a mét trong nhiing giai phap kha thi; no s& gitp
ching ta kiém dinh su phu thudc gitra cac bién dinh tinh ma thang do c6 do tin cay théip
vO1 cac budc thuc hién nhu sau:
Buwéc 1: Xay dung cip gia thuyét

H,: Hai bién dinh tinh khong c6 su phu thudc
H,: Hai bién dinh tinh c6 su phu thudc

Bwéc 2: Tinh gia tri kiém dinh Chi-binh phuong theo cong thirc
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Chuong 6.Kiém dinh gia thuyét 6.4. Kiém dinh phi tham sb

vo1

B - (T6ng hang i) x (Tong cot j)
ij =

n
-0, la tan s quan sat thuc té cia 6 & dia chi ij
- E; latan s ly thuyét cua 6 ¢ dia chi ij
- r 12 s6 hang ctia bang; ¢ 13 sb cot ciia bang.
Buére 3: So sanh va két luan
-Néu y; < ;(i;(r_l)(c_l) (tra bang phu luc 5) chap nhan H, va ngugc lai.
Vi du 6.40
Pé danh gia xem muc d6 hai long va vi¢c lya chon khach san c6 phu thugc vao nhau
khéng & hai khach san A va B, nguoi ta di khao sat ngAu nhién mot sé khach, bang sb
liéu thu dugc nhu sau:

Khach san A B Tong
Khach hang
Quay tro lai 163 154 317
Khéng quay tro lai 64 108 172
Tong 227 262 489

Véi mirc ¥ nghia 5%, hiy cho biét c6 hay khong mdi lién hé gitta murc d hai long va
viéc chon lua khach san?
Giai
Bwéc 1: Xay dung cip gia thuyét
H,: Mtrc d6 hai long va khach san doc 1ap
H,: Mtrc d6 hai long va khach san phu thudc
Budc 2: Tinh gia tri kiém dinh Chi-binh phuong
Mau duogc viét lai nhu sau:

Khéch san A B Tong
Khach hang
Quay tro lai 163 154 317
E,=147,1 | E, =169,8
Khong quay trd lai 64 108 172
E, =798 | E, =92,
Tong 227 262 489
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2
. ii(oi,- -E;) _ (163-147,1)° . (154 -169,8)* . (64—179,8) . (108 —92,1)
M R 147,1 169,8 79,8 92,1
Budc 3: So sanh va két luan

=9,06

- Vi 20 > Xoirven = Xoosa = 3-8415(tra bang phu luc 5) nén bac bo H,.
Két luan: Muc d0 hai long va viéc luya chon khéach san ¢6 sy phu thudc.
Vidu 6.41
Ba mau vt liéu dugc thir strc bén dudi anh huong cua viéc thay ddi nhiét do vo cung
16n dua ra cac két qua sau:

Loai vat liéu VLI VL2 VL3
Két cuc
V& vun 25 45 41
Bi pha huy mot phan 40 35 33
Con toan ven 35 20 26

Kiém dinh xem c6 su phu thudc giita loai vat liéu véi tic dong thay d6i nhiét do thé
hién qua két cuc khong, voi muic ¥ nghia 5%.
Giai
Bwéc 1: Xay dung cip gia thuyét
H,: Loai vat liéu khong c6 sy phu thudc véi tac dong thay ddi nhiét dd.
H,: Loai vat liu c6 su phu thugc véi tdc dong thay ddi nhiét do.
Bwéc 2: Tinh gia tri kiém dinh Chi-binh phuong
Mau duogc viét lai nhu sau:

Loai vatliéu | VLI VL2 VL3 Tong

Két cuc

V& vun 25 45 41 111
E,=37 | E,=37 | E,=37

Bi pha huy mot phan 40 35 33 108
E, =36 | E,=36 | E,=36

Con toan ven 35 20 26 81
E,=27 | E,=27 E, =27

Tong 100 100 100 300

Buéc 3: So sanh va két luan
- Vi 20> X e = Xoosa = 9-4877 (tra bang phu luc 5) nén bac bo H,.

Két luan: Cac loai vat liéu khac nhau s€ chiu anh huong cua sy thay d6i nhiét do.
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