Lam sang th ng ké
Phan tich cac bin khéng th hoan chuy n

NguynV nTun

Trong hai bai tr c, téi c6 mo t cach hoan chuy s li u sao cho tuan theo lu
phan phi chu n (Normal distribution) ti n chovic ng d ng cac ph ng phap phan
tich nh ki m nh t, phan tich ph ng sai (analysis of variance). Tuy nhiémg cé
tr ng h p chdng ta khéng thhoan chuyn s li u b ng cac ham théng dig nh logarit
hay ham m. Trongtr ng h p nay, chang ta cé hai phng an  phan tich:

Ph ng &nh th nhtla s d ng cac ph ng phap phéan tich phi thébng ¢non-
parametric methods). Nhén gi, cac ph ng phap phi tham skhéng oi h i cic bin
s phi tuan theo lut phén phi chun, va cach tinhagt ng i nginhncéc
ph ng phap c6 tham s Phn | n cac ph ng phap nay hoan chuycac bin liéntc
(contonuous measurement) thanh caalh h ng (rank), va phan tich trén cac ith
h ng nay. Chng hn nh bi n {79, 23, 5, 7, 56, } tr ¢ khi phan tich s ¢ hoan
chuy nthanh sth hngnh {5, 3,1, 2,4} Nhthyquavid ngintrén, ph ng
cach hoan chunt s liént c sang sth h ng trén c6 th gay nén tinh tng m t théng
tin (loss of information). Nhng may mn thay, trong nhiu tr ng hp,vn mt
théng tin khéng gaynhh ngl n nvi cki m nh cac gi thi tkhoa hc.

N uchiangtamunkim nhs li ut hainhém! cl p, thay vis d ng ki m

nh t, ph ng phap phi tham st ng ng la ph ng phap Wilcoxon (con g la

Wilcoxon’s rank sum test,haycé khi con gi la Wilcoxon-Mann-Whitney test). N u

c6 h n hai nhém, thay vi sd ng phan tich ph ng sai, ph ng phap phi tham st ng
ng la ki m nh Kruskal-Wallis (con g la Kruskal-Wallis test).

Ph ng éanth haila ng dng ph ng phéap bootstrap (ma té& gi i thich trong
baitr | iv cach ctinhkhongtincy95% chostrungvtr c ay).

1. Ki m nh Wilcoxon

Ph ng phap kim nh Wilcoxon c6 th minh ho bngmtvid nginnh
sau: gi d changtacosli ut 2 nhém (A va B) nh sau:

Nhém A (2 it ng): 4, 12
Nhom B (3 it ng): 14, 10, 17
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va chang ta mwn bi t xem hai nhdm nay c6 khac bihay khéng. Vi ph ng phap

ki m nh Wilcoxon, chang ta shoan chuyn s li u thanh hng (rank). Tr c k t,

chiungtatp h ps li uhai nhém thanh ht vector, vaspx ptheot t't s thpnht
n cao nht nh sau:

Nhém A + B: 4, 10,12, 14, 17
H ng (rank): 1, 2, 3, 4, 5

Chu y rng nh#ng ch# s ctd m thuc nhém B. ching tatly tsng s h ng @@
nhém B la:

S=2+4+5=11 [1]

T$ngs hng 6 codyngl&a gi? Tr ckhitr | icau hi 6, ching ta danh vai
phat suy ngk Cottc 5 ol ng;trong 6, nhdm B c6 30l ng. Do 6,nu3 o
| ng @& nhom B hoan toanthh n2 ol ng nhdm A, thit ng s h ng (sum of
ranks) @ nhom B phicégiatrtithiula:1+2+3=6. Ngcli,nu3 ol ng
c% nhém B hoan toan caom2 ol ng nhdm A, thi$ng s h ng @& nhém B phi cé
giatrti ala3+4+5=12,

NoOi chung, nu chdng ta con, it ng trong nhom Avan, it ng trong

. . . n(n+1)
nhom B,t ithi ut ng s h ng c¥ nhom B Ia.T, vat i atngs h ngc¥
. . n,(n, +1) . . .
nhomBIa:nlnzT . Bn ccoththayth n =2van,=3 ki mtrakt
qu trén.

N u hai nhom khéng kh&c nhau, Wilcoxonr(g la cl6t ch Hi p h'i khoa hc
th ng ké M&trong thp nién 1950s) chrar ng s h ng trung binh €& nhém B la:

_n(n+n+1)

5 [2]

m
Chua y r ng trong cong thc trén phi tuan theo tht' n,>n. Vaph ng sai la:

2 _ iy (n+n+1)
T 12

s (3]

(N6i cach khac,! | chchunla:s, =4s2).
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Vanus it ngd&ahainhomtng i y % (nh trén 10 chng hn), thi

ch's th ngkéT = S M tuén theo lut phén phi chu n. NGi cach khéc, m hai nhom
T

khéng khac nhau, thi 95% 8 c%&Ts dao! ngtrong khong-2 n2. Tcla nuT
th p h n -2 hay cao hn 2, ching ta c6 Img chng phat biur ng ! khéc bit gi#a
hai nhém co y ngfa th ng ké.

M!'t cach khac la c tinh khong tin cy 95% @& m nh sau: m +1.96xs, .
N u t$ng s h ng Sn m trong khong tin cy 95%, ching ta cé li do phét biu r ng
hai nhom khéng khac nhau;unSn m ngoai khong tin cy 95%, 6 la tin hiu cho thy
hai nhém khac nhau cé y n@ghth ng ké.

2. Ki m nhWicoxonim tvid

Vid 1. S liusau ay(domtbn ccungcp)v mtnghiéncu so sanh't
| thisodium qua ng n c tiu (fractional excretion — FE)#g hai nhdm bnh
nhan, tm g i la nhom 1 va nhom 2. Si u FE (trich §n minh h a cho vi d) c%
hai nhom nh sau:

B ngl TI th isodium (tinh b ng ph ntr m) qua ngn ctiucaz2s5 i
t ng

Nhom 1 (§ m 10 b nh nhan):
1.51, 0.07, 0.21, 0.29, 0.04, 0.03, 0.11, 0.00, 0.0 5, 0.00

Nhom 2: (§ m 15 b nh nhén):
0.08, 0.41, 11.60, 0.09, 0.00, 0.44, 0.03, 0.21, 0. 28,0.36,
0.73, 0.05, 0.23, 0.06, 0.14

Chang ta mun ki m nh gi thi t FE & hai nhom t ng ng nhau. Mt ph ng
phap “chun” xétnghimgi nhnaylakim nht (t-test). Nhngbiu ) sau ay
chothys liurtrirc. Phnl n(75%) bnh nhan cé pmtr m FE thp h n 0.30%,
va co mtb nh nhan co gia tfFE cao nht (11.6%). Trong tt ¢ cac ham hoan chug
nh arsine, logarit, ham mv.v... u khoéng th chu n héa (normalize) sli u. Do 0,
ph ngphap kim nhtkhéngth ngd ngtrongtr ngh p nay.
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Histogram of fe
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Bi u 1. Phéan phi c% FE trong hai nhém bh nhan

Nh c p trong phn u, Mt ph ng phap thay thcho kim nhtla kim

nh Wilcoxon trong nhom cac phng phap phi tham s Gi  nh chinh && ph ng

phap Wilcoxon la it ng && hai nhbm ¢ chn mit cach ngu nhiénva! clp

nhau. Ph ng phap Wilcoxon khéngoi h i s li u FE phi tuan theo lut phan phi
chu n.

Ph ng phap tinh toan% ki m nh Wilcoxon co6thmét bngcacb cc
th nh sau:

B clténghps li ucdhai nhom trond ng 1v i nhau thanh mt nhom

chung:
1.51, 0.07, 0.21, 0.29, 0.04, 0.03, 0.11, 0.00, 0.0 5, 0.00
0.08, 0.41, 11.60, 0.09, 0.00, 0.44, 0.03, 0.21, 0. 28,0.36,

0.73, 0.05, 0.23, 0.06, 0.14
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B c2spxpcacgiatrt thpnht n cao nht, cho hng (rank), va tinh
tSng s c%& h ng:

0.00 0.00 0.00 0.03 0.03 0.04 0.05 0.05 0.0 6 0.07 0.08 0.09
0.11 0.14 0.21 0.21 0.23 0.28 0.29 0.36 0.4 1 0.44 0.73 1.51
11.60

cho hng nh sau:

FE H ng H ng lién
k t
0.00 1 2
0.00 1 2
0.00 1 2
0.03 2 4.5
0.03 2 4.5
0.04 3 6
0.05 4 7.5
0.05 4 7.5
0.06 5 9
0.07 6 10
0.08 7 11
0.09 8 12
0.11 9 13
0.14 10 14
0.21 11 15.5
0.21 11 15.5
0.23 12 17
0.28 13 18
0.29 14 19
0.36 15 20
0.41 16 21
0.44 17 22
0.73 18 23
151 19 24
11.60 20 25
T ngs nhom?2 2215

Chuy:sliutd mlathdcnhém 2.
Chang ta chu y trong bg trén, c6 2 la h ng: hng nginvah ngliénk t (tied

rank). Hng nginlas hngt thpnht ncaonht,theo 6cac it ng
v iFEOchangtacholmgl,va it ngviFEbng11.6 co hng 20.
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Ch

Nhng acdé63 it ngviFEbngO0,2 it ngviO0.3, 0.5va0.21; doo,
chungtacnphi® i uchnh”hngchocéc it ngnay. C6 nhu ph ng phap
i u chnh, nhng ph ng phap p# bi n nhtla ph ng phap binh quan. Theo
ph ng ph4p binh quén, kim it ng co cung gi4 trching ta ly tng s v tri
chiachon. C th trongtr nghptrén,c63 it ngviFEO,vavtricvah la
1,2 va 3, chonér$ng s v trila 1+2+3 = 6, va “mg lién kt"do 6 b ng 6/3 = 2.
T ngt,2 it ngviFEO.03,va$ngv trila4+5=9,chonén s ngla9/2 =
4.5. Vanvan ...

vatinh#$ngs h ng(gilaS) cho nhém 2 theo céng th[1] nh sau:
S=2+45+75+9+..+22+23+25=2215

B c¢3 * ctinhchs trung binh va ph ng sai & h ng theo céng thc sau
ay xinnhcliml!tl nr#a—r tquantr ng—rng, n, =10 van, = 15, cho

nén chdng ta ps p X p n, N m ngoai ngec kép):

_n(ntn+l) 1510+15+ ) oo
2

m

A sTZ:nan(nll;nzﬂ):lo 15(12 18 }_ooe

Noi cach khac,! | chchunla: s, =4/325=18.C.

B c4 * ctinhchs thngkéT= S- . Trong tr ng h p trén, chang ta

St

cOT =(221.5-130) /18 = 1.47

Theo li thuyt phan phichun,nus it ng @& hai nhém trén 207 co s
trung binh 1& 0 va | ch chun la 1. Noi cach khac, o hai nhom hoan toan
khéng khac nhau, thi chang ta king rng 95% trs ¢ T s dao ! ng trong
khong-2 n2.
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Nh ngtrong tlict, nghién cu nay chothytr s Tla 1.47,tccao hntr s
kivng2gpnmln. Do 6, chiungtaklunrng! thisodium gi#a hai
nhém it ng khéng khac nhau.

C ng co6 th tinh toan khong tin cy 95% @& th h ng nh sau:

m +1.96%s, =195 + 1.96x18

=160 to 230
Vi S = 221.5 nm trong khong tin cy nay, chung ta k lu n r ng hai nhdm
t ng ngnhau.

Cac b ctinhtodntrénaycév rcri,nh ngtrongtict,viphnmmR,
chcnmtl nhduynhtlachingtacokqu vatrs p. (XemChuathichld i ay)

3. Ph  ng phéap bootstrap

Ph ng phap bootstrap o n may tinh va pmm m mR, vi n6 d a vao li thuyt
ch nm ung u nhién c6 hoan li (sampling with replacement}. gi i thich khai nim
ch n m(ungu nhién coé hoani, tis l ymitvid nginnh sau: Gid chingta
c6s ol nghuytapt 5bnhnhan. Hay m xem ayla mitqunth. Chung ta
mu n ti n hanh chn ngu nhiént “qu n th ” nay 1000 In, mi | n ch n 3 b nh nhan.
Chung ta cé thlam tiecdng nh sau:

B c1: anhdus hiubnhnhan:1, 2,3, 4,va5. Bacs hi unay vao mt
caid(xinl.ibn cnungdnt c% tdi nghe hi ... thi u khoa hc, nhng 8
th tthicaisla ... cai #);

B c2: atayvao$ chnmts hiu, ghinhns hiu 6trongmtt giy,
vab lis hiu 6vaocai$,

B c3:chns hiulnth 2,ghinhns hiuvaot giy,b Iis hiuvao
r;tiptcchns hiulnth 3,ghinhns hiuvaot giy,b Iis hiuvao
r$;

B c4:hHplib c2va31000h.

K tqu c% vi c ch n m(u ngu nhién cé hoanicoé th nh sau:
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Ln utién,chn:3,2,1
L nth hai,chn: 1,4, 3
Lnth 3: 2,3,4
Lnth 4. 2,1,1
Lnth 5: 2,1,2

L nth 1000:5, 4,1

Chu y rng trong cach cin ngu nhién c6 hoan i nh trén, c6é th co mts
m(ubnhnhdn cchnhnlln. Chnghnnh trongvid trén, bnhnhdan1l c
chn2lntronglnchnm(uth 4,vabnhnhdan2 cchn2lntronglnchnm(u
th 5.

Vac m.il nchnm(u 3 bnh nhén, ching ta tinh!mch s th ng ké (nh s
trung binh, trung v ph ng sai, v.v...). Sau khi c6 1000(m chung ta c6 1000 cls
th ng ké, va quad, coth  ctinh khong tin cy 95% @& ch s nay.

Ph ng phap chn m(u nh th nhm m c ich to ra nhiu m(u ngu nhién t
m! t m(u, va qua cach cm nay, tp h pni#ng m(ucoth idi nchomtqunth. Vi
tinh idi n 6, vi csuy lun th ng ké cng mang tinh hp li ¢%& n6. Chinh vi thma
vi ¢ phat trin &%& ph ng phap bootstrap ¢ xem la mht cul ¢ cdch mng quan trng
nh t trong khoa hc th ng ké th k' 20 va 21.

4. M tvid ng d ng ph  ng phap bootstrap ki m nh khac
bi tgi ahainhom

Vid 1(tiptc) Changtacosli uFEt hainhom it ng (nhom 1 ym
10 ng ivanhom 2 ym 15 ng i). Vis li ukhdéng tuan theo It phén phi chu n,
nén chung ta sti n hanh phan tich bg ph ng phép bootstrap- ti n cho vic theo
doi, toi trinh bay sli u % 25 bnhnhadnd i ay,vambtcacb cphantichcth:

Nhém 1:1.51, 0.07, 0.21, 0.29, 0.04, 0.03, 0.11, 0.00, 0.0 5, 0.00

Nhém 2:0.08, 0.41, 11.60, 0.09, 0.00, 0.44, 0.03, 0.21, 0. 28,0.36,
0.73, 0.05, 0.23, 0.06, 0.14
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B clchnl0 it ngnmnltcach ngu nhiént nhom 1, va ctinhs trung
v chonhdm 1 (imgila m);

B c2chnil5 it ngnltcach ngu nhiént nhom 2, va c tinh s trung
v chonhom 2 (imgila m,);

B c¢3tinh! khac bit gi#a hainhdm (imgilad): d=m- m

B c4l#plib c1,2va3 nnln(ncoth [a1000Inhayltriul n—cn
th n coi ch ng may tinh b“ng t" n u chonl n qua!)

B ¢ 5 sau khixong b ¢ 4, chang tad cons trungv,do 6, b c sau cung
la ctinhs trung v c%dva khong dao! ng 95% éad.

Trongthct,cacb ctréncdthchoraktqu nh sau:

L nch nm u ml m2 d
1 0.06 0.09 -0.03
2 0.04 0.21 -0.17
3 0.07 0.08 -0.01
4 0.035 0.21 -0.175
5 0.06 0.14 -0.08
6 029 0.21 0.08
7 0.09 0.36 -0.27
8 0.04 0.21 -0.17
9 0.06 0.14 -0.08
10 0.07 0.06 0.01

Sau 1000 In ch n m(u, chung ta c6 strung v c%d la -0.12 va khong tin cy
95%t -0.32 n 0.08. NOi cach khac, xac $185% la FE b nh nhan nhém 1 co th
th p hn FE b nh nhdn nhém 2 khag 0.32%, hay cao Im nhém 2 khong 0.08%.
Bi u) phan phic¥%adnh sau:
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Histogram of d
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Bi u 2 Phanphic¥ ! khac bit gi#a hai trung vc%a nhdm 1 va nhom 2 sau 1000
| ntai chn m(u qua ph ng phap bootstrap

Vi kho ng tin cy 95% bao ym c thp hn (s am) vacao m (s d ng),
chungtaphik tlu nrng! khacbitv FE g#a hai nhom khéong khac nhau. tHu n
nay cng nht quan vi k t qu phan tich phi tham snh trinh bay trén. (XenChu
thich2v cacb ctrén bngR).

5. Tom | C

Trong tinh hung s |i u khéong th hoan chuyn  tuan theo Iut phan phi
chun, co hai ph ng phap phén tich ki m nh ! khac bit gi#a hai nfu: 0 la
ph ng phap kim nh Wilcoxon, va ph ng phap bootstrap. Ngay nay, ping phap
bootstrap ¢ a chudng cho cac phan tich ma 8 u khéong tuan theo la phan phi
chun. Tuy “k&thu t” tinh toan & ph ng phap bootstrap cg yph ctp, nhng v i
phnmmnh Rthirt ngin. Bn ccothctvadancachhd i ayvaoR va
s co6 ktqu trongvong 1 phut!
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Chu thich k thu t:

Chu thich 1: CAc m@ Rsaudy & c¢s d ng cho phén tich \a trinh bay trong bai
vi t.

#nh ps li uc at ngnhém
fel <- ¢(1.51, 0.07, 0.21, 0.29, 0.04, 0.03, 0.11, 0.00, 0.05, 0.00)
fe2 <- ¢(0.08, 0.41, 11.60, 0.09, 0.00, 0.44, 0.03, 0.21, 0.28,0.36,

0.73, 0.05, 0.23, 0.06, 0.14)

#t ngh ps |li  u2nhémthanh m t nhém chung, g ibi n o6lafe.
#ngoaira, t othémm tbhi  ngroup phan bi tnhdbm 1c6 10 b nh nhéan
#vanhom2c615b nh nhan

fe <- c(fel, fe2)
group <- c(rep(1,10), rep(2,15))

#th v bi wu 1
hist(fe)

#sau O ngi nl nhwilcox.test nh sau:

wilcox.test(fe ~ group)

# Ghi chd thém: N ub n cmu ntinhs h ng (rank) thi co th
#s d ngl nhsortvaranks nh sau:

#1tr ch tts px pfetheoth t th p n cao:

sort(fe)

# sau 61 nhrank

rank(sort(fe), ties.method="average")

Cha thich 2 Ca&cmdRsauday & c¢s d ng cho phan tich bootstrap trinh bay trong
ph n 4 && baivit:

#nh ps [|i  uvao haibi ng ilafelvafe2 (cho hai nhém)
fel <- ¢(1.51, 0.07, 0.21, 0.29, 0.04, 0.03, 0.11, 0.00, 0.05, 0.00)
fe2 <- ¢(0.08, 0.41, 11.60, 0.09, 0.00, 0.44, 0.03, 0.21, 0.28,0.36,

0.73, 0.05, 0.23, 0.06, 0.14)
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# xac nhs it ng trong nhém 1 va nhém 2
nl <- length(fel)
n2 <- length(fe2)

#changtas ch nm u1000I n

N <- 1000
#t o0 3vectorstr ng,g ilaml, m2vad, ch as trungv
#c¢ anhom 1, nhdm 2, va khac bi tgi a2s trungv

m1 <- numeric(N)
m2 <- numeric(N)

d <- numeric(N)

#B t uch nm u,c m im u,chdngtatinh khac bi
# nhém va cho vao m1, m2 vad v at otrén

for (iin 1:N)

{

bs.fel <- sample(fel, n1, replace=T)
bs.fe2 <- sample(fe2, n2, replace=T)
m1[i] <- median(bs.fel)

m2[i] <- median(bs.fe2)

d[i] <- median(bs.fel) — median(bs.fe2)

# c tinh kho ng tin c y 95% va trung v c ad
guantile(d, probs=c(0.025, 0.50, 0.975))

#V bi u 2 — phan ph ic al000s d:
hist(d, breaks=50)
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