Lam sang thong ké 19
Phwong phap kiém dinh outlier

Nguyén Vin Tuén

Mot ban doc tir Ha NGi lam thi nghi¢m li€n quan dén bénh d4i thdo duong (trén
chudt). Trong thi nghiém nay, anh c¢6 hai nhom chuét: nhém thir nhit duoc cho uéng
thudc va nhém thir hai 12 nhém ching (khong uong thudc). O mdi chudt, mot chi s6 14m
sang dugc do 4 lan: Iiic ban du (chwa udng thudc, tam goi 1a TO), 2 gid, 3 gio, va 4 gid
sau khi uong thude (tam ki hiéu T2, T3 va T4). Két qua cua thi nghiém nhu sau:

Bang 1. Nong dé glucose ciia nhém chudt dwge diéu trj va nhém chirng

Treatment id TO T2 T3 T4
Test 1 5.9 3.9 3.9 3.6
Test 2 5.3 4.7 3.5 3.2
Test 3 4.6 3.7 33 3.2
Test 4 6.2 4.6 4.3 3.9
Test 5 6.0 5.4 5.2 4.8
Test 6 6.4 4.7 4.8 4.3
Test 7 7.6 4.1 3.8 4.1
Test 8 5.9 3.1 3.6 33
Test 9 7.5 6.1 54 4.6
Control 10 6.2 5.3 4.9 4.5
Control 11 6.9 5.6 5.9 5.9
Control 12 5.6 4.7 4.6 4.0
Control 13 5.1 3.9 2.9 2.9
Control 14 5.7 4.7 4.3 4.6
Control 15 5.0 4.0 3.5 3.3
Control 16 5.2 4.2 4.0 3.8
Control 17 7.7 6.2 6.1 5.7
Control 18 8.0 5.8 6.5 6.0
Control 19 7.7 5.0 6.3 6.2

Chii thich: id 13 cot chi ma s6 cua chudt.

Ban doc tinh phan tram thay doi tir T2, T3 va T4 so v6i TO. Két qua nhu sau:

Treatment id PTO PT2 PT3 PT4
Test 1 1 0.339 0.339 0.390
Test 2 1 0.113 0.340 0.396



Test 3 1 0.196 0.283 0.304
Test 4 1 0.258 0.306 0.371
Test 5 1 0.100 0.133 0.200
Test 6 1 0.266 0.250 0.328
Test 7 1 0.461 0.500 0.461
Test 8 1 0.475 0.390 0.441
Test 9 1 0.187 0.280 0.387
Control 10 1 0.145 0.210 0.274
Control 11 1 0.188 0.145 0.145
Control 12 1 0.161 0.179 0.286
Control 13 1 0.235 0.431 0.431
Control 14 1 0.175 0.246 0.193
Control 15 1 0.200 0.300 0.340
Control 16 1 0.192 0.231 0.269
Control 17 1 0.195 0.208 0.260
Control 18 1 0.275 0.188 0.250
Control 19 1 0.351 0.182 0.195

Trong bang trén, ban doc chu ¥ c6 hai 50 liéu déng ngd (mau do): b6 la 5O ligu
cho chudt mang ma sb 13 (nh6ém ching), ma ti 1¢ giam dén 43% (tr 5.1 trude khi ubng
thubc — that ra thi khong udng thudc vi day 12 nhém chimg — xubng con 2.9, trong khi
muc thay doi sau 2 gid ubng thude chi 23.5%. Ban doc viét thu hoi t6i d6 c6 phai 1a
outlier hay khong va céch phan tich nhu thé nao.

bay la mot véAn dé kha thd vi, va cling kha phé bién. BAt ctr ai lam khoa hoc thuc
nghiém ciing ting trai qua cac dit liéu ma thoat ddu méi nhin qua thi ¢6 vé .. la lung. C6
nguodi “an gian” thi bo nd di; cé nguodi gian 1an thi stra né (day 1a hanh vi vi pham dao
dtrc khoa hoc nguy hiém vi néu bi phat hién thi s& bi dudi viéc hay ki luat). Nhung ban
doc ctia ching ta 12 mot nghién ciru sinh nghiém chinh, nén anh viét thu héi cich xt 1.

Outlier 13 gi? Trong cudn sich “Statistical Design and Analysis of Experiments”,
céc tac gia Mason, Gunst, va Hess dinh nghia outlier nhu sau: “Outliers are observations
that have extreme values relative to other observations observed under the same
conditions. Observations may be outliers because of a single large or small value of one
variable or because of an unusual combination of values of two or more variables.” Tam
dich: outlier 1a cac gia tri cuc so vdi cac gia tri khac dugc quan sét trong cung mot diéu
kién. Outlier c6 thé 1a mot gid tri don 1¢, nhung ciing ¢6 thé 1a gid trj tir hai hay nhiéu
bién sO.

Van dé ¢ day la “gia tri cuc” hay extreme values? Thé nao 1a gid tri cyc? That la
khé tra 16i. Khong c6 cau tra 161 dinh tinh, nhung c6 thé c¢6 cau trd 101 dinh lugng. C6
nhic¢u cach dé danh gida xem mot so li€u c6 phai 1a outlier hay khong.



Phwong phap kiém dinh outlier

Trude khi ban vé céc phuong phép nay, ching ta can vai ki hiéu dé dé hiéu hon.
Gia du ching ta c6 mot bién s6 X gdbm 100 gid tri duoc sap xép tir thap nhat dén cao nhat
nhu sau:

X1, X2, X35...., X100
tire 12 x; 12 s6 thap nhat va x;o0 12 s6 cao nhat.

Phwong phap don gian nhat la dwa vao gia dinh phén ph01 chuin (normal
distribution). Chtng ta biét rang néu bién s6 X tuan theo luat _phén phdi chuan véi trung
binh m va d6 1éch chuin s thi 99% cic gid tri cia X phai ndm trong khoang m—3xs
dénm+3xs. Do do, bat ctr sO x; nao c6 gia tri thap hon m—3xs hay cao hon m+3Xxs

thi ¢6 thé nghi ngd 12 outlier.

Phwong phap dwa vio sb trung vi. Mot phuong phdp don gian khéc 1a dya vao
sO trung vi. Phuong phdp nay c6 thé tién hanh qua cdc bude nhu sau:

e Tinh trung vi cua bién so; goi sO nay la M ;

e Tinh d6 khdc biét tuyét dbi gitra timg sb trong bién X va M, va goi két qua
la d,' .

d,' =X;— M
e Tinh trung vi cta d; va goi la Md,
e Ly d;chia cho Md, va goi chi s6 nay 12 #;:

d[
t, =—L
Md

e Néu f; cao hon 4.5, chiing ta c6 thé goi d6 1a outlier.

C6 thé §1"J: dung Excel dé thuc hién céc; budc vira mo td. Nhung cic 1énh R duoi
day cling c6 thé giai quyét phuong phap nay rat don gian.

Phwong phap phi tham sé. Nhung néu X khong tuan theo luat phan phéi (non-
normal d1str1but10n) thi chiing ta ¢ mot phuong phap phi tham sé (non-parametric
method) dé¢ kiém dinh xem c6 outlier trong bién s6 hay khong. Phuong phap nay khd
don gian va c6 thé tém lugc nhu sau:

® Tim gid tri bach phan 25 (25th percentile) cua bién X. N6i cich khéc, chiing
ta tim x,s trong bién sb trén. Goi tri sO nay la Q1.



® Tim gid tri bach phén 75 (75th percentile) cua bién X. N6i cich khic, ching
ta tim x75. Goi tri s6 nay la Q3 (day la cach goi thong thuong trong céc phan
mém thong ké).

e Tinh d6 khéac biét gitra Q1 va Q3 b?mg cong thuc: IQR = Q3 — Q1.
e Tinh gi4 tri thip cta bién va goi d6 12 L (tirc lower): L=Q1—-1.5xIQR.
e Tinh gi4 tri cao ctia bién va goi d6 1a U (upper): U =Q03+1.5xI0R.

e Neéu trong day sO xj, X2, X3,...., X100 €O sO nao thap hon L hay cao hon U, thi
c6 thé xem do6 1a outlier.

Mot phuong phép khdc nira c6 tén la phuong phdp Dixon hay kiém dinh Dixon.
Phuong phép nay c6 thé thyc hién bang phan mém R, nhung toi thdy kha phuc tap va
cting khong can thiét cho céc van dé don gian nén khéng giai thich & day. Néu can ban
doc c6 thé tim hiéu phuong phép nay trong cic sich gido khoa hay phan mém R.

Trong cdc phuong phap vira mo6 ta, toi thay phuong phdp phi tham s 1a pho blen
nhit va ciing d& tng dung nhat. Trong thuc té, cdc phuwong phap nay c6 két qua rat glong
nhau. Do d6, trong bai nay t6i s& sir dung phuong phdp phi tham sé dé xét xem s liéu
cua ban doc c6 outlier hay khong.

Kiém dinh outlier

C6 mot van dé can phai thao luan & ddy: ching ta nén xem xét outlier & mdi chudt
hay giita cdc chudt v6i nhau? Trong trudng hop nay, mdi chudt chi duge do 4 1an, va sb
liéu qud it dé c6 thé tinh gid tri bach phan 25 hay 75. Vi thé, chiing ta khong thé (va
khong nén) xdc dinh outlier cho timg chuot.

C6 thé xem cdc gid trj do luong trong thi nghiém nay la mot cach ldy mau ngdu
nhién tor mot quan thé voi nhidu nhém va nhiéu dic tinh khic nhau. Ching ta s& khong
quan tam dén pham tram thay doi gitra cdc thoi dlem nhung chi quan tam dén s6 liéu
goc. Do do, cach klem dinh outlier don gian nhat 1a sép xép dir liéu thanh mot vector hay
mot bién s6. Cach sap xép s liéu sao cho mdi chudt c6 mot dong, va dong nay phai ma
s6 duoc chudt thudc vao nhém nao va thoi diém ndo. N6i céch khéc, ching ta bién sb
liéu tr Bang 1 thanh Bang 2 duéi day:

Biang 2. Két qua thi nghiém dwoc siap xép theo dong

Treatment id Time Y
Test 1 0 3.9
Test 1 2 4.7
Test 1 3 3.7
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NGi céch khdc, thay vi mdi chudt ¢6 4 cot, chiing ta sip xép lai mdi chudt c6 4
dong, nhung mdi dong phai dugce nhan dang 1 rang thugc nhom nao va thoi diém nao.
Ching ta ¢6 19 x 4 = 76 dong nhu trén. Diéu nay rat can thlet cho phan tich sau nay.
(Xin néi thém rang phan 16n phan tich sai 1am ciing vi cdch td chic s liéu khong ding;
do d6 cich sap xép sb lidu 1a mot bude cuc ki quan trong trong phan tich thong ké).

Bay gio ching ta chi ¢ mot ¢t dé phan tich (cot d6 dugc ki hiéu 1a Y nhu bang
sO liéu trén). Chiing ta thtr nhédp sO liéu vao R va su dung package Design d¢ phan

tich:
library (Des
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describe (y)

Két qua nhu sau:

n missing unigue Mean .05 .10 .25 .50 .75 .90 .95
76 0 38 4.959 3.200 3.400 3.975 4.750 5.900 6.350 7.525

lowest : 2.9 3.1 3.2 3.3 3.5, highest: 6.9 7.5 7.6 7.7 8.0

Nhin qua két qua trén, ching ta thidy Q1 = 3.975 va Q3 = 5.90, va IQR = 1.925. Do d6,
gid tri thap va cao cua bién 1a:

L =3.975 -1IQR*1.5=1.09
U=5.90+IQR*1.5=8.79

Nhung két qua trén cho chung ta thdy s6 liéu thap nhét cua bién Y 13 2.9 va cao
nhit 12 8.0; tat ca déu nam trong vong L va U. Dua vao phdn tich niy chiing ta c6 thé néi
khong c6 s6 liéu nao trong nghién ciru nay dugc xem 12 outlier.

Céc ban c6 thé kiém dinh outlier bang phuong phép dya vao phan phdi chuin nhu
to1 vira mo ta phan trén. Phuong phdp nay ciing cho két qua khong c6 outlier. Mot van
dé khdc, sb lidu nay khong hin tuin theo luat phan phdi chuan, nhung ciing khong qua
léch. Do d6, cac ban c6 thé hodn chuyén sb liéu sang don vi logarithm va kiém dinh
outlier dya trén bién s6 méi nay. N6i theo “ngdn ngii” R:

log.y = log(y)
describe(log.y)

Nhung t6i dé cho cdc ban thuc hanh. Trong bai sau, toi s& ban vé cdch phan tich
s0 li€u cua thi nghiém nay. DAy la mét truong hop i tudng dé céc ban cé thé thuc hanh
phan tich theo m6 hinh mixed-effects, mot m6 hinh dugc xem la state-of-the-art hién nay.
Chai thich:

1. Phuong phap phi tham s

Ban doc quen v&i ngdn ngit R ¢6 thé tién hanh cac phén tich trén nhu sau:

y = c(5.9, 3.9, 3.9, 3.6, 5.3, 4.7, 3.5, 3.2, 4.6, 3.7,
3.3, 3.2, 6.2, 4.6, 4.3, 3.9, 6.0, 5.4, 5.2, 4.8,
6.4, 4.7, 4.8, 4.3, 7.6, 4.1, 3.8, 4.1, 5.9, 3.1,
3.6, 3.3, 7.5, 6.1, 5.4, 4.6, 6.2, 5.3, 4.9, 4.5,
6.9, 5.6, 5.9, 5.9, 5.6, 4.7, 4.6, 4.0, 5.1, 3.9,
2.9, 2.9, 5.7, 4.7, 4.3, 4.6, 5.0, 4.0, 3.5, 3.3,
5.2, 4.2, 4.0, 3.8, 7.7, 6.2, 6.1, 5.7, 8.0, 5.8,
6.5, 6.0, 7.7, 5.0, 6.3, 6.2)
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gl quantile(y, prob=0.25)

a3 quantile(y, prob=0.75)

igr = g3-qgl

L = gl-1.5*iqgr

U = g3+1.5*iqgr

outlier <- ifelse(y < L | y > U, "*", "OK")
cbind(y, outlier)

Ban chi can cit va dédn cdc 1énh trén vao R 12 s& thiy két qua.
2. Phwong phap dwa vao trung vi

Cac mi sau ddy s& kiém dinh outlier theo phuong phdp dwa vao s trung vi:

y = c¢c(5.9, 3.9, 3.9, 3.6, 5.3, 4.7, 3.5, 3.2, 4.6, 3.7,
3.3, 3.2, 6.2, 4.6, 4.3, 3.9, 6.0, 5.4, 5.2, 4.8,
6.4, 4.7, 4.8, 4.3, 7.6, 4.1, 3.8, 4.1, 5.9, 3.1,
3.6, 3.3, 7.5, 6.1, 5.4, 4.6, 6.2, 5.3, 4.9, 4.5,
6.9, 5.6, 5.9, 5.9, 5.6, 4.7, 4.6, 4.0, 5.1, 3.9,
2.9, 2.9, 5.7, 4.7, 4.3, 4.6, 5.0, 4.0, 3.5, 3.3,
5.2, 4.2, 4.0, 3.8, 7.7, 6.2, 6.1, 5.7, 8.0, 5.8,
6.5, 6.0, 7.7, 5.0, 6.3, 6.2)

median = median(y)

abs.dev = abs(y - median)

median.abs.dev = median (abs.dev)

stat <- abs.dev/median.abs.dev

outlier2.5 <- ifelse(stat>=2.5, 'outlier', 'ok')
outlier4.5 <- ifelse(stat>=4.5, 'outlier', 'ok'")
cbind(y, outlier2.5, outlier4.5)



