Lam sang thong ké

Panh gia do tin cay cua do lwong

Nguyén Vin Tuén

Ban -- nguoi dang doc bai nay -- thie lam mét thi nghiém nho: tim vai dong
nghiép (hay sinh vién), va cit méi “tinh nguyén vién”, do huyét dp hai lan, va khodng
cdch hai lan c¢é thé la 10 phit. Cé nhién, ban chdng ngac nhién néu thay huyét dp rdt
khdc nhau gitta cdc tinh nguyén vién. Nhung diéu quan trong hon, co lé ban sé thdy &
moi tinh nguyén vién, huyét dp lan thir nhdt khong giong nhur huyét dp do lan thir hai. O
ddy chiing ta (bdy gio téi néi “chiing ta” — ban va t6i) c¢6 hai nguon dao déng: nguon
thir nhat la @6 khdc biét vé huyét dp gitta cdc doi twong (thudt ngir thong ké hoc goi la
between-subject variation), va nguon thir hai la d khdc biét & méi doi twong (con goi la
within-subject variation).

Tai sao co sy khdc biét gitta cdc doi twong? Lido chdc cé nhiéu, chcfng han nhw
di truyén, 16i song, dd tudi, trong licong, chiéu cao, v.v... Trong bai nay t6i sé khong ban
dén cdc li do ndty. Nhung cdu hoi ddng quan tém hon 1a tqi sao c6 sw khdc biét trong moi
doi tuwong? Nén nhé & ddy, chiing ta khéng cé can thiép gi cd va thoi gian do luong chi
cdch nhau ¢6 10 phiit hay ngdn hon. Vi thé, Ii do cho s khdc biét gita hai do luong &
méi doi twong phan anh dg tin cdy (thudt ngit tiéng Anh 1a reliability hay reproducibility)
ciia phuwong tién do lwong. Vén dé dat ra la lam sao ddnh gid, hay ndi chinh xdc hon, la
dinh lwong do tin cdy? Bai viét nay sé huéng dan cdc ban mét vai phwong phdp dé phan
tich do tin cdy cua mot phwong tién do luong.

Do luong, hay néi ndm na la “can, do, dong, dém”, déng mot vai tro cuc ki quan
trong trong nghién ctru khoa hoc néi chung va y khoa ndéi riéng. Trudc mot van dé y hoc,
ching ta can phai dinh luong dé biét duge qui mo cia van d&, biét duge mbi lién hé giita
céc yéu t6 trong van d&. Néu khong c6 do ludng va khong c6 thong tin vé qui mé ciing
nhu méi lién hé, céi “khoa hoc tinh” ctia nghién ctru sé& rat thap. Do d6, c6 thé néi khong
ngoa rang khong c6 do ludng ciing c6 nghia 1a khong c6 khoa hoc.

Nhung bét ctr phwong phép do ludng nao ciing ¢é mot sé sai s6t. Néu chiéu cao
cta co thé hay cin ning ciia mot ddi tugng dugc do nhiéu 14n (cach nhau khoang vai
phiit) do mot nhan vién y té, ching ta s& thay sy dao dong vé do luong cia ddi tugng do,
va d6 chinh 1a sai s6 do ludng (measurement error). Sai s6 nay cé thé xudt phat tir
nhitng yéu t§ khdch quan va ngiu nhién ma ching ta khong kiém sodt dugc: chang han
nhu ngudi do luong do hai vi tri khéc, hay d6i tugng thay doi thé dung, hay don gian 1a
phuong tién do luong c6 sai sb, v.v... Tém lai, d6 12 nhitng sai s6 do luong hoan toan
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ngau nhién. Cdc phuong phip do luong sinh héa nhu cholesterol, hormones, luong
glucose, v.v... cling c6 nhiéu sai s6, khong chi do phwong phdp assay ma con do dao
dong cach phan tich mau.

Do d6, mot nhu cau hét stc quan trong trude khi nghién ciru 13 phai xdc dinh
duoc do tin cay cia do luong bao nhiéu. Néu bénh vién moéi thiét 1ap mot may quang
tuyén, méi 1ap mot hé thdng phan tich sinh héa, v.v... thi viéc dau tién 12 phai lam nghién
clru dé ddnh gid do tin cay ctia mdy. Khong biét do tin cdy, ching ta rat dé dang chan
dodn sai, v thAm chi c¢6 thé dan dén diéu tri sai.

I. M6t vi du cu thé: IGF-I

Dé cu thé héa van dé, toi s& ldy mot vi du nhu sau. Phan tich nong do IGF-I
(insulin-like growth factor-I) trong mdu c6 thé cho ching ta biét van dong vién c6 “4n
gian” (tc ¢ st dung cdc chat héa hoc bat hop phép) trong thi ddu hay khong. Do dé,
wdc tinh d6 tin ciy cua do ludng rat quan trong vi né c¢6 thé anh hudng dén sy nghiép cua
van dong vién. Toi va dong nghiép do néng d6 hormone IGF-I & 20 van dong vién; mdi
ngudi duoc ldy mau 2 1an, cich nhau khoang 12 gid, va do IGF-I hai lan. Két qua do
ludng c6 thé trinh bay trong bang s liéu sau day:

Bang 1. Nong d6 IGF-I (do hai 1in) ¢ 20 dbi twong khée manh

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15| 16

179 | 142 | 200 | 145 | 162 | 138 | 190 | 100 90 | 102 | 123 | 113 | 124 | 122 78 | 64

156 | 143 | 156 | 146 | 169 | 145 | 179 | 137 | 111 | 124 | 118 | 168 | 127 | 122 | 104 | 80

17 18 19 20
116 149 133 73
104 150 116 89

S6 trung binh cua lan do ludng tht nhat 1a 127.1 va lan ther hai 1a 132.2, tic
khong khéc nhau bao nhiéu, nhung d6 léch chuan lan thtr nhat 13 37.6 va giam xubng
27.2 trong lan do Iuong thtr 2, mot hién tuong thu vi!

Néu chi nhin qua s6 trung binh, ching ta thdy khong c6 khic nhau dang ké gitta
hai 1an do ludng. Nhung d6 c6 thé 1a mot nhan xét sai 1am, boi vi khong thé 1y s trung
binh tong thé dé danh gid do tin cdy cho mdi c4 nhan! Pay 1a loai sai 1dm ma ngudi ta
hay goi 1a ecological fallacy (toi chua biét dich thuat ngit nay nhu thé nao!)
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C6 1€ mdt cach danh gia khach quan hon la chiing ta xem xét do tuong quan gitra
hai 1an do luong. Dé thay o cdc s6 liéu nay, ching ta c6 thé v& biéu d6 tin xa cho do
luong 1an 1 va 2 nhu sau:
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Biéu d6 1. Tuong quan gitta hai do luong IGF-1 & 20 ddi twong. Hé sb tuwong quan giira
hai do luong la r = 0.817

Mot phuong phép théng thuong ma rat nhidu nha nghién ctru st dung dé danh gia
do tin cy cua do ludng 1a tinh hé sb twong quan (coefficient of correlation) gitra hai lan
do ludong. Trong vi du trén, hé sb trong quan 1a 0.817. Ching ta c6 thé két luan gi vé hé
s0 nay?

Cau tra 10i 12 khé ma két luan gi vé hé sd nay. That ra, st dung hé s tuong quan
dé danh gid do tin cdy gitra hai do luong 12 sai lam, boi vi hé sb nay, nhu tén goi, phan
anh dé twong quan, chtr khong phai do tin cdy. Hai khdi niém nay rat khac nhau, nhung
dé hiéu 1am. C6 thé 14y vi du sau day dé ching minh cho phét biéu d6: gia du ching ta
¢6 5 ddi tugng va sb lidu do ludng 2 1an nhu sau:

L&n 1: 90, 100, 105, 107, 110
L&n 2: 95, 105, 110, 112, 115

Hé s6 twong quan 1a 1. V&i mot két qua tuyét dbi nhu thé, ching ta c6 thé két
ludn phuong phédp do ludong nay tuyét voi khong? Cau tra 101 1a khong. That ra, phuong
phap do luong nay rat toi, bai vi hai 1an do ludng khéc nhau dén 5 don vi, va khdc nhau
mot cdch nhat quan. Do d6, di hé s6 twong quan 1a tuyét d6i, nhung do tin cay thi lai rat
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t6i! N6i tom lai, khong nén sir dung hé sé twong quan dé danh gia d¢ tin ciy cia
mot phwong phap do lwong.

Céc phuong phdp phan tich thich hgp cho viéc danh gid dd tin cay la: gidi han
twrong dong (tirc phuong phap Bland-Altman), sai s6 do luong chuan, hé s6 bién thién cd

thé, va hé s6 tin cdy. Céch tinh cic chi sé ndy c6 thé thé hién trong Bang 2 sau diy:

Bang 2. Chi tiét tinh toin phwong sai va d9 khac biét vé do lwong IGF-I

ID (i) IGFI-1 IGFI-2 Difference Mean ()_Ci) Variance
(x31) (xi2) (d;i= x;1-X;2) 2
(s;)

1 179 156 23 167.5 264.5
2 142 143 -1 142.5 0.5
3 200 156 44 178.0 968.0
4 145 146 -1 145.5 0.5
5 162 169 -7 165.5 24.5
6 138 145 -7 141.5 24.5
7 190 179 11 184.5 60.5
8 100 137 -37 118.5 684.5
9 90 111 -21 100.5 220.5
10 102 124 =22 113.0 242.0
11 123 118 5 120.5 12.5
12 113 168 -55 140.5 512.5
13 124 127 -3 125.5 4.5
14 122 122 0 122.0 0.0
15 78 104 -26 91.0 338.0
16 64 80 -16 72.0 128.0
17 116 104 12 110.0 72.0
18 149 150 -1 149.5 0.5
19 133 116 17 124.5 144.5
20 73 89 -16 81.0 128.0
Mean 127.1 132.2 -5.1 129.7 242 .35
SD 37.6 27.2 21.9 30.9

Quay lai vin d& ddnh gid do luong IGF-1. Dé d& dang hiéu va phan tich, toi s&
trinh bay bang sb liéu trén theo hang (thay vi theo cOt) nhu dudi déy:

e (Co6t 1 chila mi s cho timg ddi tuong;
e (ot 212 IGF-I do luong lan tht nhét, ki hi¢u x, (trong d6i=1,2,3, ..., 20);
e (ot 3 1a IGF-1do luong 14n th{ hai, ki hiéu x,;
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e (ot 4 lado khac biét gitra hai do luong, ki hiéu d;. Dong 21 (“mean”) la ) trung
binh cua tit ca d,, va dong 22 (“SD”) 1a 6 léch chuan cia d.:

e (C6t 5 1a s6 trung binh cua hai 1an do ludng. Chang han nhu véi dbi twong 1, s6
trung binh chi don gian 1a (179 + 156)/2 = 167.5. Dong 21 1a s trung binh cta
tat ca trung binh, va dong 22 1a d¢ 1éch chudn cua tat ca sd trung binh;

e (ot 6 la phuong sai (variance) cua hai lan do luong. (Néu ban doc chua hiéu
phuong sai 12 gi, c6 thé tim doc bai Lam sang thong ké sb 1 cua ti). O ddy, vi ¢6
2 do ludng, cho nén phuong sai (ki hidu 1a s7) ciing don gian bang binh phuong
ctia do khéc biét gitra 2 do luong chia cho 2. Chang han nhu vé6i ddi tuong 1,

(179-156)’

phuong sai 1a s = =264.5. Dong 21 1a s6 trung binh ctia tat ca s”.

Chd ¥, toi khong tinh d6 1éch chuan cua s? Vi chi s6 nay khong c¢6 y nghia gi.

Bay gio, chiing ta c6 thé st dung céc tinh todn trén dé ddnh gid do tin ciy ctia phuong
phéap do luong.

Il. Gi&i han twong dong (Limit of agreement hay LoA)

Mot phuong phdp danh gid do tin cdy don gian nhat (va d& hiéu nhat) c6 tén 1a
“Limit of Agreement” ma t6i tam dich 13 “gi6i han twong ddng” do Martin Bland va
Douglas Altman dé suét tir thap nién 1980s. Theo phuong phdp nay, chiing ta tién hanh 2

budc:

e Budc 1: tinh d6 khdc biét gitta hai do ludng cho timg dbi twong va goi 1a
d, (tirc cot 6 trong Bang 1 trén);

e Budc 2: tinh sd trung binh, do 1éch chuan, va khoang tin ciy cua d,.

Khoang tin cdy 95% cua d, chinh 1a LoA.

Trong vi du trén, chiing ta théy (Bang 1, cdt 4, hang 21 va 22) d¢ khéc biét trung
binh gitra hai 1an do luong 1a -5.1 ug/L, va d6 1éch chuan 12 21.9 ug/L. Néi céch khéc,
khoang tin cay 95% (hay LoA) la:

LoA =-5.1 +1.96 x 21.9 =—48.0 dén +37.8 ug/L

Chuwong trinh huin luyén y khoa - YKHOA.NET Training — Nguyén Vin Tuin 5



Chi s6 LoA cho chiing ta biét néu chiing ta do IGF-I hai lan ¢ mot d6i tuong thi
do luong 1an thir nhat c6 thé thap hon 1an thir hai 13 48 ug/L, nhung ciing c¢6 thé cao hon
dén 37.8 ug/L.

lll. Sai sé do lweng chuan (standard error of measurement — SEM)

Ching ta c6 thé dé dang thdy rang phuong sai ¢ mdi ddi twong (cot 6) phan anh
do dao dong, va do do, do tin cdy cua do luong. PO dao dong cang cao, do tin cdy cang
thip. Va nguoc lai, do dao dong thip c6 nghia 1a do tin cdy cao. Nhung ching ta c6 20
dbi turong, nén cach tém lugc do tin cdy tot nhat 1a 1ay trung binh cta phuwong sai ctia 20

d6i twong. Goi sd trung binh phuong sai 1 s*, ching ta c6:

e SL Sy +855 +et s 2645+0.5+968+...+128
20 20

=242.35

S6 nay dugc trinh bay ¢ hang s6 21 (“mean”). Nhung don vi cta phuong sai 12 binh
phuong, cho nén chiing ta can phai hodn chuyén vé don vi gbc bang cich ldy can béc hai:

§=+/242.35 =15.6 ug/L.

Pay chinh 12 sai s6 do lwong chuin (SEM). Y nghia caa SEM 1a: néu chiing ta
do nong d6 IGF-1 & mdt dbi twong nhiéu 1an (gia du nhu 100 14n), thi ching ta ki vong
rang 68% céc do ludng IGF-I cua dbi twong d6 c6 thé cao hon hay thip do trung binh cta
d6i twong khoang 15.6 ug/L. Ciing ¢ thé néi rang 95% céc do luong IGF-I cua ddi
tuong d6 c6 thé cao hon hay thip do trung binh ciia d6i twong khoang 31 ug/L (tic 1ay
15.6 nhan cho 1.96, vi 1.96 1a -- néu cdc ban con nhé -- s6 z ciia phan phdi chuan).

IV. Hé s6 bién thién ca thé (within-subject coefficient of variation)
Chi ¥ cot 5 trong Bang 2 1a s trung binh cho ting ddi twong. Do d6, s trung
binh cho toan b 20 ddi twong chi don gian 12 trung binh cua 20 sb trung binh! Goi sb

trung binh tong thé 1a m, chiing ta ¢6 m = 129.7 ug/L (nhu dong 21 cta Bang 1).

Heé s6 bién thién cd thé (wCV) duoc ude tinh bang cdch 13y sai s6 chuan do ludng
chia cho sd trung binh tong thé. N6i cach khic:

wCV =-%100
m
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Trong vi du trén, wCV = 15.5/129.7 x 100 = 11.9 (hay 12%). No6i cach khac,
thay vi mé ta do tin cdy bang SEM, chiing ta mé ta bang phan trim qua wCV.

Y nghia cia wCV ciing twong ty nhu ¥ nghia cia SEM, nhung tuong ddi (thay vi
tuyét ddi): néu chiing ta do ndng d6 IGF-I & mdt ddi twong 100 lan, thi két qua nay cho
biét c6 khoang 68% cdc gia tri IGF-I ciia d6i tuong d6 dao dong trén dudi 12% so véi sb
trung binh. Ciing c6 thé phét biéu (hay suy luan) ring xdc sudt 95% la cdc gié tri IGF-I
cuia ddi tugng d6 dao dong khoang 24% trén dudi gid tri trung binh.

V. Hé sé tin cay

Trong phan dau, tdi c¢6 nhan xét rang tng dung hé sd twong quan dé danh gid do
tin cay do luong 1a khong thich hop, vi hé sé twong quan bo qua do khac biét giira hai do
ludng. Trong phén tich do tin cdy, c6 mot phuong phdp tinh todn khéc rat thich hop cho
viéc danh gid do tin cay nhung it khi nao dugc gidi thiéu trong sach gido khoa: d6 1a hé
s tin cay (coefficient of reliability), s& viét tit 12 R (chd y khéc véi r thudng sir dung cho
hé sb twong quan).

Hé s tin cdy duoc phét trién tir If thuyét do luong (theory of measurement), ma
t6i khong thé mo ta trong bai viét vi nim ngoai pham vi. Tuy nhién, hé s6 tin cay R duoc
phat trién tir cdc co so 1 thuyét sau day:

Goi X 1a do luong cho mét ¢4 nhan, 1i thuyét do luong phat biéu rang X c6 hai
phé‘m: phén gid tri that (true value) va phé‘m nhiéu (random error). Chung ta s€ ki hi¢u hai
gid tri nay 12 T'va E. N6i cach khdc, mé hinh ndy phét biéu rang:

X=T+E

Nén nh¢ ring, ching ta khong biét (hay khong quan sét) dugc gid tri that T cua dbi tuong
bao nhiéu, nhung chiing ta chi biét X, tirc 12 gid tri quan sét hay do luong duoc, va E 1a
sai s6 ma ching ta tinh dugc. N6i cu thé hon, trong vi du trén, ching ta khong biét IGF-1
that su cia timg dbi twong 12 bao nhiéu, nhung ching ta biét dwoc gid tri qua ting 1an do
luong, va qua nhiéu 1an do luong, ching ta biét dwoc E.

Gia dinh rang 7 va E hoan toan doc lap (tic khdng c6 mdi twong quan gi voi
nhau), va tudn theo luat phin phdi chun, thi phuong sai ctia X 1a tong phuong sai cua T

va E. Néu ki hiéu phuong sai 1a ¢, chiing ta c6:

o, =0, +0, [1]
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Tu d6, hé sd tin cay R duoc dinh nghia nhu sau:

Hay ciing c6 thé viét R=07 /(0; +0;), hay R=1-0; /(07 +0; ). Nhin qua cong thiic

trén, chiing ta thay R chinh 1a ti s6 phuong sai ctia gia tri that va phuong sai cia gid tri
quan sit. Nhu vay, néu E rat nho so voi X, thi 7 rét 16n, va d6 1a tin hiéu cho thay
phuong phép do luong c6 do tin cdy cao.

Boi vi phuong sai ctia 7 khong thé cao hon phuong sai ctia X, cho nén gi4 trj cia
R phai dao dong tir 0 dén 1. Néu R = 0 thi diéu nay c6 nghia 1a phuong phdp do ludng vo
dung vi hoan toan khong c6 thé tin cay duoc; néu R = 1 thi phwong phdp do luong hoan
hao. Nhung trong thuc té, khong c6 phuong phdp do luong nao tuyét voi véi R = 1, cho
nén -- tiy theo truong hop -- ching ta phai chip nhan mot phuong phép do ludng véi gid
tri R thap hon 1. Trong loing xwong, mdy DXA thuong c6 gid tri R 1a 0.98 hay 0.97,
nhung véi cic chi s6 sinh héa, R thap hon nhiéu (c6 thé 0.8 tham chi 0.7).

Phuong phdp udc tinh R twong ddi phirc tap (nhat 1a khi ¢6 nhiéu do luong cho
mot d6i trong), nhung nguyén tic van 1 phan chi tong sb bién thién (variation) thanh 2
ngudn: between-subject variation within-subject variation ma t6i di dé cap dén trong
phan dau. Trong truong hop ching ta ¢6 N dbi tugng, va mdi dbi twrong duge do hai lan
(nhu vi du 1), ching ta c6 thé tinh todn s trung binh va phuong sai cho timg dbi tuong
nhu Bang 2. Goi x; la sO trung binh va s? 1a phuong sai cho ting dbi tuong, va goi X
12 s6 trung binh tong thé (tirc 12 trung binh ciia X;), chungtacoé thé wéc tinh vai thong s6

nhu sau:
e Tong binh phuong cta do luong giita cdc doi twong (ki hiéu BSS):
— —\2 — —\2 — —\2 — —\2
BSS=2(x-X) +2(x,—-x) +2(x,—-X) +..+2(x, —X)
Chi ¥ s6 2 & ddy 1a hai 1an do ludng. That ra, cong thirc trén c6 thé viét ngin gon
N
(néu ban nao thich ton va nh todn!): BSS = Y 2(% - %)’

i=1

e Boi vi BSS tinh tir N d6i twong va can 1 thong sé dé tinh, cho nén ching ta phai
chia BSS cho N-1 dé c6 “mean square” (trung binh binh phuwong) BMS.
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Bms =555
N-1

e Téng binh phuong cia do ludng ¢ méi doi twong (ki hidu WSS):

2 2 2 2
WSS =s; +5; +5; +....+ 5y

N
Hay don gian hon: WSS = Z (k,—1)s?, trong d6 k, 1a s6 1an do luong cho ddi tugng

i=1

i (trong vi du IGF-1, k, 1a mot hang s bang 2 — 2 1an do luong cho mdi ddi twong).

e Chi ¥ ring mdi s? trong WSS ching ta phai “tiéu” mot thong sO (trung binh cho
timg ddi twong). Trong vi du trén, ching ta c¢6 2N do ludng (mdi dbi twong do 2
lan), nhung ching ta phai chi tiéu mat N thong s, nén bac ty do (degree of
freedom) 12 2N — N = N. Do d6, chiing ta phai diéu chinh WSS bang cdch chia
WSS cho bac tir do va két qua 12 WMS:

wms = W35
N

Tir céc tinh todn trén, biy gio chiing ta ¢6 thé ude tinh o, va o, trong md hinh [1] trén
ddy. Nén nh¢ rang chiing ta khong biét o7 va o, ma chi udc tinh thoi. Vi thé, thay vi
viét o7 va o, chiing ta dung ki hiéu s; va s> dé chi wdc s ciia hai thong s6 d6. Theo

1i thuyét thong ké, ching ta c6:

,  BMS-WMS
T

s, =WMS

O day, k 12 s6 1an do cho ting dbi twong (tirc 12 2 trong vi du trén). Do d6, hé sé tin cay
la:
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Ban doc c6 thé tu minh tinh todn R qua cdc cong thir trén. O ddy, t6i chi cung cép cic
uée s6 (hay ddp s6!) nhu sau: s” =788.3, s» =242.3, va R=0.76.

R =0.76 c6 y nghia gi ? Tdi s€ quay lai cau hdi nay trong mot bai sau, vi day la
van dé rat quan trong. Nhung ¢ day, c6 thé néi ngay rang vi hé sb tin cay dudi 0.8, cho
nén c6 thé néi rang do tin cy ciia phuong phép do ludng IGF-I chi trung binh. Su that
nay c6 anh huong 16n dén viée st dung IGF-I cho viéc truy tim nhitng van dong vién
thiéu thanh that (hay ndi tring ra 12 “4n gian™).

N6i tém lai, bai nay da trinh bay mot sé phuwong phdp phan tich do tin cay do
luong, mot khia canh cuc ki quan trong trong nghién ctru va thuc hanh 1am sang. Do
luong khong déng tin cdy hay c6 do tin cdy thip c¢6 thé din dén nhiéu hé qua nghiém
trong nhu chan dodn sai va diéu trj khong can thiét. Nhung rat tiéc, vin dé nay chua
dugc quan tim ding mirc (c6 thé bdc si chua hiéu hay qué tin vio mdy mdc) cho nén
trong thyc té da xay ra nhidu truong hop cudi ra nude mét va tranh cai khong can thiét.

Van dé quan trong 12 sau khi biét dugc do tin ciy cua phuwong phip do luong,
budc ké tiép 1a sir dung céc thong tin nay cho viéc thyc hanh 1am sang va nghién ciru.
Nhung t6i s& quay lai dé tai nay trong mot bai tiép. Con by gio, ban doc ¢ thé t minh
lam vai tinh todn cho quen dan véi cdc khdi niém vira gi6i thiéu trén.
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Chu thich Ki thuat:

Mic dit cic phuwong phép phan tich do tin cay do luong c6 thé tinh todn thu cong bang
Excel, nhung v6i mot chuong trinh thong ké thi hitu hiéu hon. Céc cic ma R sau day
duogc st dung trong bai nay:

# nhap sb liéu cho hai 1l&n do ludng, goi hai bién 13 igfil va igfi2

igfil <- c¢(179, 142, 200, 145, 162, 138, 190, 100, 90, 102, 123, 113,
124, 122, 78, 64, 116, 149, 133, 72)

igfi2 <- c(156, 143, 156, 146, 169, 145, 179, 137, 111, 124, 118, 168,
127, 122, 104, 80, 104, 150, 116, 89)

# vé bidu @b 1, chu v pch=16 1a ki hiéu cho cdc diu tron den
plot(igfil, igfi2, pch=16)

# Ubc tinh d6 khdc biét gifta hai do ludng cho tung dbi tuong

d <- igfil - igfi2

# tinh trung binh va dé léch chudn cua khdc biét, goi la md va sd

md <- mean (d)
sd <— sd(d)

# tinh khoadng tin cdy 95% cua d, tuc la LoA

loa.025 <- md-1.96*sd
loa.975 <- md+1.96*sd

# bdo cdo két quad LoA

c(md, sd, loa.025, loa.975)

# Udc tinh phuong sai cho tung d&bi tuong
v <- (igfil-igfiz)~2/2

mean.v <—- mean (v)

sem <- sgrt(mean.v)

c(mean.v, sem)

# Udc tinh trung binh cho tung dbi tuong va tdng trung binh
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m <- (igfil + igfi2)/2
overall.mean <- mean (m)

# Udc tinh wCV

wcv <- sem / overall.mean
# bdo cdo két qua

c(overall.mean, sem, WwcCV)

# Cac m3a sau diay s dung d& tinh hé sé tin cay R

igfil <- c(179, 142, 200, 145, 162, 138, 190, 100,
124, 122, 78, 64, 116, 149, 133, 72)

igfi2 <- c(156, 143, 156, 146, 169, 145, 179, 137,
127, 122, 104, 80, 104, 150, 116, 89)

k <= 2

n <- length(igfil)

meani <- (igfil + igfi2)/k
overall.mean <- mean (meani)

bssi <- k*(meani - overall.mean)”"2
bss <- sum(bssi)
bms <- bss/n

wssi <— (igfil-igfi2)~2/2
wss <— sum(wssi)
wms <— wss/(k*n - n)

var.t <- (bms-wms)/k
var.e <— wms
r <- var.t / (var.t + var.e)

# bao cédo két qua
c(var.t, var.e, r)

90,

111,

102,

124,
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