Lam sang th ng ké
Phan ticht ng quan

NguynV nTun

M t trong nhng m c tiéu c a nghién cu y h ¢ (va khoa hc ndéi chung) la tim
hiunhngmit ngquangiacacyut lam sanghaycacyt c nlam sang, va qua
0coth tiéenl ngmtyut ph thuct cacyut clp. "M it ngquan” ay
baogmcac ¢ i mnh mc t ngquan (degree of correlation) va xaynd m t
mo hinh tién oan. M6 hinh &y chinh la ham sn i k t hai bin v i nhau, va ham s
nay phicé tincynht nhvacoyngasinhhc c¢6th ngdngtrong lam

sang.

Chnghnnh timhiumiliénh gia tuivamt x ng(bone mineral
density, hay BMD) c6 ngh la chiung ta muwn bit m it ng quan gia hai bin nay ra
saovacoths dng tui tiénl ngmt x ngchomtcanhan hay khéng.
Trong milién h nay, chung ta xacnh BMD labi n ph thu c (dependent variable) va

tuilabi n cl p(independent variable). No6i theo ngdn rigan, gi BMD la Y va

tuilaX,chingtamuntimhiu t ngquangiaXvaY,vahams mét mi
litnh nginnay. Mttrongnhnghams nginnhtvacdél thbngdngnhtla
h i quituy ntinh n bi n (simple linear regression). Trong bai nay, toils | c gi i
thich ph ng phap phantich t ¢ haimctiéu nay.

1. Toml clithuy t
" mot t ng quan gia hai bin, chung talm phi ctinhh s t ng

guan (coefficient of correlation). Va, hiu“ ch”c ah s t ng quan, ching ta

c'n lam quen vi khai ni m hi p bi n (covariance). Chung ta birfng vim t bi n X

hay Y, cé ba théng sth ng ké mé t: s ¢ m%, s trung (mean), va phng sai

(variance), ma téid ban qua trong b&ddm sang thng ké th nh't. Nn ng mét m i

t ngquan giahai binXvaY,changtatn n hip bin.

Co th hi u hi p bi nqua hinh hcl ng giac nh sau. Chung ta ki ing cho
m t tam giac vudng, nu g i ¢ nh huyn lac va hai cnh con lilaavab, " nhli
Pythagoras cho ki binh ph ng ¢ nh huyn bé#ng t ng binh ph ng hai cnh kia:

¢’ =a’+b?
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Nh ng cho mt tam gidc tH ng, thi milién h gi acva hai cnhavab ph c
tphnvimiliénh ¢ nhl ngk¥ng ham cosine @ gécC nh sau:

c* =a’+b?- 2ahk.cosC

T ngt nh vy, cho haibinXvaY, vanu hai binnay hoantoan cl pv i
nhau, chung ta co thphat biu ing ph ng sai ca bin X + Y b#ng ph ng sai caX
cngviph ngsaicay:

var(X +Y) = varX) + var(y)

trong 0, “var’ la vi t t(t c a ph ng sai (tc variance). Chu y#ng X+Y lamt bi n
m i. Chung ta ¥ng cha y #ng cong thc nay t ng ng v i" nhli Pythagoras cho
tam giac vuoéng.

N u hai binXvaYcét ng quan nhau, thi céng thtrén ¢ thay th b#ng
m t cong th c khac vi hi p bi n:

var(X +Y) = var(X) + var(Y) + 2xCov{,Y)

trong 6, “Cov” lavi tt(tc ahip bi n (t c covariance). Chung ta chi#ng céng thc
ndyt ng ngvicongthc c atam giac th ng, va ¢ng cha y #ng cbng thc trén

gi ngnh nh th ¢ (x+y)* =%+ y +2xy).

Trén ay la khai nim. Bay gi i vao chi tit toan, chuang talea mts ki
hiu vitt(tcacchs trén. Gi x vay, lahaibinquansat ccaXvaYchoca
nhani. Gi s changtacé it ngthii=1,2,3,...n. Gi X vay lahais trung
binh ca bin quan sat cxvay; s va sﬁ I'nl claph ngsaicahaibin, c

nh ngha nh sau:
=g oo %
va
N

. g)2
1 i)

5)2/:

Do O6,nuXvaY cl p,chdngtaco thvi t:
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Sey=S*§ [1]

Nh ngnuXvaYco lién h v inhau, céng thc trén khbngadp ng cvn &mobt.

Chung ta tn tim mt ch*s khac mé t m i lién h gi a hai bin, b¥ng cach nhan

| chcabinxt s trung b‘lnh,(xi - X), cho lchcabiny, (yi - V), thay vi binh
ph ng | chtnghbinriéngtnh cbngthc [1]. No6i cach khac, tich shai | ch

chinh la hipbi n. ™ iv im,icanhan, hip bi nla:

cov(x,y)=(x-X)(y-

Nh ng A&ychangtacé it ng,chonénlmmphic ngttc |ivachiachos i
t ng:

cov(x.y)=——  (%-%)(y- ) [2]

Cong thc [2] chinh la nh ngha ca hip bin. T hai cong thc trén, chidng ta co th
rat ra vai nhn xét s kh i:

Ph ng sailic nao)ng las d ng, bivi chiung c tinh toan t binh
ph ng,nhnghipbincoth &m magngcothd ngvi ¢ ctinht
tichcahai | ch.

M thipbinlasd ngconghala | cht s trung binh caxtuén theo
chi®uh ngthunviy.

Mthipbinlas amcénglala | cht s trung binh cax tuan theo
chi®u h ngnghchviy.

N u hi p bi nla 0, thi hai binxvay c | p nhau, tc khéng cét ng quan
gi v i nhau.

M tcach “chu-n hoéa” hip binvaph ngsailalyt*s c ahaichs nay,

va o6chinhla nhnghacah st ngquan.H s t ngquanti ng cKkihiu
b#ngr:
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Cov( % )0

CO\(x)'

" fear(x)

s §

(Chuyengcns bc hai caph ng saila

S, :\/g, cho nén cong ttt trén

V ivaithaotac is,coth vi tlicoéngthc[3] nh sau:

n

i=1

(% - X)v; - ¥)

c mbét b#ng

| ch chun, tcla s =g va

,o L
:1>§i n o

X

r =

coefficient)

"% - 5

Coéng thc con c bit

(n-1)ss

| ch chun, thay vi ph ng sai).

[4]

la h s Pearson (Pearson’s correlation
ghi nhn ¢ ng hin c a nhathng ké hc niti ng Karl Pearson, ngi
I u tién phat trin li thuy t v&t ng quan vao! u th k*20.

N ugiatrcarlad ng, hai binxvaycung bin thién theo mth ng; nu

giatr c arlaéam,xvaylién h
N ur=1hayr=-1(Biu

ong c:tckhikhixtngthiygim,vang cli.

lavalb), milién h c ayvax c hoan toan xac nh;

cé ngha la cho bt ¢ gia tr nao cax, chingta cé thxac nhgidtrcay. Nur=20
(Bi u 1c), hai binxvayhoantoan cl p,t c khéng co lién hv i nhau.

(@)

15
1

10
1

(b)

(€)

ooooooooooooooo

Biu 1:Miliénh gi axvay:(@r=1,({m)r=-1,va(cr=0( cl p).
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(d) (e) (f)

Biu 1:M iliénh gi axvay: (d)r=0.80; (ey =-0.80, va (f)r =0.001

T t nhién, trong thc t khoa hc th ¢ nghi m, it khi nao chidng ta c6 nhg m i
lien h xac nh nh v a trinh bay. Vi sai strong o |' ng, vi cac li do dao ng sinh
hc,miliénh gi axvayth' ngdao ngcaohn-l1vathphnl, nh Biu 1d,
le va 1f.

Vné& traladindchynghacah s t ngquannhth nao? Coéthxem
h st ngquannhlamt“h s nhh ng”(effectsize). Nuh s nhh ngcang
cao, thi mi lién h c6 y ngha lam sang thc t . Tuy nhién, vi y ngla |am sang con tuy
thu ¢ vao b moén khoa hc. Chng hnnh iv icacb mon khoa hc 0i h.i
chinh xac cao, hs t ng quan phi trén 0.8 mi co th xem la “c6 y ngha”; nh ng i
v icac b moén khoa hc lam sang va y tcong cng, mth s t ng quan 0.6 )ng co
th lacoyngha. B ng 2sau ay lanhng qui ¢ chung &cachdindchh s t ng
guan trong lam sang va y¢ong cng.

B ng2 Ynghacah st ngquan

H st ngquan Y ngha

+0.01 nz0.1 Mit ngquan quatip, khbng ang k
+0.2 nz0.3 Mit ngquan thp

0.4 nz0.5 Mit ngquan trung binh

+0.6 n 0.7 Mit ngquancao

+0.8tr Ién M it ngquan rtcao
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C'nnhnmnhmtllnna, aychlanh ng gia tr tham chiu, né khéng cé ngh la
nh ng “tiéu chun vang” ng d ng.

2. M tvid c¢ th

Vid 1-Cannngvavongeo S liusauay ctrichrat m tnghiéncu
qui moé (trén 3000 ngi) Vi t Namv&m ilién h gi a cac chs nhan tfc va bnh

titu ' ng. Trngl ngvavongeo@a15 it ng c¢ ol' ngvaktqu nh sau:
Tr ngl ng Vong eo (waist; cm)
(weight; kg)

51.0 71.0

66.0 89.0

47.0 64.0

54.0 74.0

64.0 87.0

75.0 93.0

54.0 66.0

52.0 74.0

53.0 75.0

52.0 72.0

48.0 70.0

46.0 66.0

63.0 81.0

40.0 57.0

90.0 94.0

Chay#ngcannng ctinh Bng kg va vong eofimg cm. Bi u  2sau ayth hi n
m ilién h gi a haibin:

weight
70 80
I I

60
1

50
1

40

60 70 80 90

waist

Biu 2.M it ngquan giavong eo (waist) va
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cannng (weight) 15 it ngng iVit ¢
ch n ngt nhién

Ap d ng cong thc [1] trén chdng ta c6 thmé t hai bi n nay qua cac ¢ts th ng ké nh sau:

51+ 66+ 47+ ..+ 9O

Tr ng!l ngtrung binh:x = G =57.0 kg
2 2
Ph ngsaicatrngl ng:s’= (51- 57) + (66 53+15( 4;7 5 +.( 90 E)27=163.6
\Vong eo trung binhy = i 89+1654+ ot 9 75.5cm
2 2 2 2
Ph  ng sai vong eos? = (71- 755)* +(89- 755) I 5(ezl- 755)° +..+(94- 755)° _ 1226
Va hi p bi n:
Cov(x y) = (51- 57 (74 755 (66 5f (-64 A5+ .(- 90 B 94 7f_ 21 5
14

Tom | i

n=15

Tr ng!l ngtrung binhx =57.0, | chchun: s =12.8 kg
Vong eo trung binhy =75.5, | chchun: s, =11.1cm
Hi pbincahaitrngl ngvavongeo: Cox(y =71.2

Do 6,h st ngquangiatr ngl ngvavong eo (theo cong th[3]) la:

:Cov(x y) _ 712 =0.92

r =0.
s’ 128 111

D avaoqui cv a & c ptrong phn trén, chang ta co tndi trong nhdm it ng
nay, mit ng quan giacan nngvavongeotcao. Numit ngquannay c
I pli mthay nhGu nhdm it ngkhac, coths d ngvong eo tién oan trng
| ng.

3. Kho ngtinc y95%c ah s t ngquan
C)ng nh céac thdong sth ng ké khac nh's trung binhva | ch chun, h s

t ngquangng chu nhh ngcadao nggi acac . Do 0, chung talm phi
c tinh khongtincy 95% ca h s t ng quan. Xin nfc | i ré#ng, ching ta khong
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bith st ngquantht(t clah s trongqunth,vahdygih s naylar) labao
nhiéu,nénphs dngh s r c tinhr.

Mu n ¢ tinh khong tin cy 95% car, chung ta btn phi ctinh | ch

1- r?

n- 2
ay, nh congthcnay chothy,la | chchunc artaythucvaor,t clamttinh
clp. Do 6,dnphitimm tph ngphap khac sao cho khach quan.hNha thng
ké h c (va gngla cha+ c akhoa hcth ngké hin ivacha+ c alithuytditruyn
hi n i) Ronald A. Fisher chng minh #ng thay vi tinh | ch chun c ar, c6 th tinh

| chchuncamthamscarvas t c¢m ctiéukhach quan.

. Khé khn

chuncar. Lithuy tth ngkéchobit [chchuncarlas =

Theo ph ng phap ca Fisher, tr ¢ ht chang ta bn phi hoan chuyn r sang
m tch*s m iz qua cdng thc sau ay:

1 1+r
z==log — 5
2 g 1-r 5]

Va,coth ch ngminh#ng | chchunc azla:

[6]

>
1
w

Do 0,khongtincy95% cazla: z+1.96 s. T tnhién, sau khid ctinh

c khong tin cy 95% ca z, chang ta cé thhoan chuyn ng c | i cho khong tin
cy9%car.

Vid 1(ti ptheo)—Céan n ngvavong eo / phn trén, chingtad ctinh
r=0.92; do 0, theo [5] chs zla:
1 1+0.92
==lo

g =1.59
2 1- 0.92

vavis c¢dm¥n=15chiungtacéth ctinh | chchunc azqual6]nh sau:

1
S = =0.267
* J15- 3
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Kho ngtincy 95% cazdao ngt 1.067 n 2.113 (1.59-1.96x0.267 = 1.067n
1.59+1.96x0.267 = 2.113). Bay giching ta c6 thhoan chuyn kho ng tin cy 95%
sang h s r qua cong thc (suy rat céng th c [5])

e”-1
= 7

eZZ +1 [ ]
Khi z=1.067,r = 0.79. Khiz=2.113r = 0.97. Néi cach khac, s t ng quan gia
can nng vavong eo la 0.92 vkho ngtincy 95% dao ngt 0.79 n 0.97.

4. Ki m nhhaih s t ngquan

Gi s chungtaco haihs t ngquanr var,,la cs cahaihs r,var,
trongmtqunth. Haih s r var, c ctinht hainth clpnvan, i
t ng." kim nhgi nhwengr,=r,vagi nhr,* r,,chingtatr chtcln
ph i hoan chuynr thanh chs z

1+r, . _1 1+r,
va z, =—log
1- 1 2 1-1,

:1|Og
A 2
G id=z- z, chung ta cé thch ng minh #ng ph ng sai cad la:

[8]

[9]

=4 % [10]
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Co th ch ng minh #ing nu gi thuyt r, = r, la ung thit tuan theo lut phan phi
chunv itrung binh O va ph ng sai 1." i&u nay cé nglalanu gidtrc at thphn-
2 hay cao hn +2, chiang ta c6 thndi hai h s t ng quan kh&c nhau c6 y nghth ng
ké.

Vid 2—-Sosanhhaihs t ngquan Gi s ching tatimthytrongyvn
M,h st ngquangiacannngvavongeola0.7,vals nay ¢ ctinh 1000
it ng. Nhngvil5 it ng,chingtacdé hs 0.92. Cauh trala khac
bi t gi ahaih s nay co ynghath ng ké hay chdo cac yut ngl nhién gay nén.

1.7

Vih s r = 0.7 ching ta cézz%log 03 =0.867, va ph ng sai
S = 1 .1 -0.001.
n-3 1000 &

V ih s r, =0.92, ching ta ch= 1.59, va ph ng sais :F:Lg,: 0.0833.

Do 6, khac bitla:d = 0.867 — 1.59 = -0.723. Phng sai cadla: s =
0.001+0.0833 = 0.0843. D, clts tla:

_-0.723 _

t= =-2.49
1/0.0843

Vich*s tth p h n-2.0, ching ta cothg chng phéatbiumngh s t ng quan
ng' iVitcaohn ng' iM,va khéacbhit 6 co6ynghath ngké.

5. Tom | C

Qua trinh bay trén, chudng té bi t qua li thuyt va ph ng phap tinh Yng nh
kim nhmth s t ngquan (vasosanh haibl t ng quan). €n phindi thém
r#fing cac kt qu  c tinh v a trinh bay trén ¢hcd y ngha n u hai bin x vay tuan theo
lu t phan phi chu-n (t ¢ normal distribution). Nu gi  nh phan phi chu-n khéng ap

ng, cac kt qu so sanh co6 th(nh n m nh: “co th”) khéng con gia tr Tuy nhién,
trongthct,vis | ngc&m¥l n,ngaycl cht lutphén phichun ¢ngkhéng
c6é nhh ngln nktqu.
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Cinl uyrngkhindi nt ngquan A&y, chingtandi nt ng quan tuyn
tinh —t ngquantheold ' ngthng. Do 6, ktqu phan tich skhdng cé y ngla
khi m it ng quan khéng tuan theo tutuy n tinh. " i& nay quan tmg, vi tr ¢ khi
tinh toan h s t ng quan, ching ta nén i u  xem mi lién h gi a hai bin co
tuan theo lut t ng quan tuyn tinh hay khéng. Ni khéng, c6 | ching ta tn phi
hoan chuyn s i utr c khi phéan tich. Khéng cé phéan tich nao cahi u h nla biu

nthund avao con sr tcoth sailm.

Bi u sau aychothybamit ngquan&ucéh s t ngquan nhnhau:r
=0.62. NhngchrcoBiu (a)lacoyngrabivimiliénh gi axvaylatuyn
tinh, con milién h (b) va (c) thi rt khac.

(@) (b) (c)

19 20 21 22 23 18 19 20 21 22 20 21 22 23 24

25

M t i& c c ki quan trng dn rém long khi din dch kt qu phéan tich t ng
quan la hs t ng quankhéng h n phn nh miquan h nhan qu (cause-and-effect
relationship). Nu khéng c6 li do sinh tt, khéng th va khéng nén dn dch h s
t ng quan theo nh h ng nguyén nhan va hqu. Chng hn nh mit ng quan
gi atrngl ngvavong eo nhv a phan tich trén t cao (0.92), nhng i& nay khéng
cé ngha latrng | ng la nguyén nhan lam cho hg ta c6 vong eo mg, hay vong eo
r ng la nguyén nhéan lam cho hg ta cdn nng. M ilién h ma chdng ta quan sat*ch

nthunlat ngquan. Vics dngvadindchmit ngquan 6 trong bic nh
lam sang ra sao con tuy thvao kinh nghimva kinth cc at ngb mén khoa hc.

Thu tng s d ngtrongbaivi t

Ch ngtrinh hu nluy ny khoa— YKHOA.NET Training—Nguy nV nTu n 11




Ti ng Vit Ti ng Anh

H s t ngquan Coefficient of correlation
Hi pbin Covariance

Kho ng tin cy 95% 95% confidence interval
Ph ng sai Variance

" 1 chchun Standard deviation

Bi nph thuc Dependent variable

Bin clp Independent variable

Chathichk thu tt CAcmdRsaudy & cs d ngcho phantich\a trinh bay.

# MO ph ng cho bi u 1d
#1tr ch tt ora2days v 100 it ng o

# tuan theo lu t phan ph ichu nb ngcachs d ng ham rnorm

znl <- rnorm(100)
zn2 <- rnorm(100)
#mu ncoh s t ng quan = 0.8

r=0.80

#mdph ngxv itrungbinh5va I chchu n15
x<-5+1.5*zn1

#mbéph ngy v i trung binh 10 va | chchu n2var=0.80
y <- 10 + r*2.0*zn1 + 2.0*sqrt(1-r"2)*zn2

#v bi u

plot(y ~ x, pch=16)

# M6 ph ng cho bi u le, | nnay h s t ng quan =-0.8

znl <- rnorm(100)

zn2 <- rnorm(100)

r=-0.80

X<-5+1.5*znl

y <- 10 + r*2.0*zn1 + 2.0*sqrt(1-r"2)*zn2
plot(y ~ x, pch=16)

# M6 ph ng cho bi u 1f-h s t ng quan = 0.001

znl <- rnorm(100)

zn2 <- rnorm(100)

r=0.001

X<-5+1.5*znl

y <- 10 + r*2.0*zn1 + 2.0*sqrt(1-r"2)*zn2
plot(y ~ x, pch=16)

#nh ps i utr ngl ng va vong eo
weight <- ¢(51,66,47,54,64,75,54,52,53,52,48,46,63, 40,90)
waist <- ¢(71,89,64,74,87,93,66,74,75,72,70,66,81,5 7,94)

#v bi u 2
plot(weight ~ waist, pch=16)

#tinh s trung binh, dung ham mean
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mean(weight)

mean(waist)

# tinh | chchu n,dung ham sd
sd(weight)

sd(waist)

# tinh hi pbi nvar

cov(weight, waist)
cov(weight, waist) / (sd(weight)*sd(waist))

# hay c0 th s d ngham cortrong R
cor(weight, waist)

#ki m nhrvakho ngtinc y 95%
cor.test(weight, waist)

#v b u trong ph n “tom | c
y <-¢(10, 8, 13,9, 11, 14, 6, 4, 12, 7, 5)

x1 <- ¢(21.26, 20.57, 20.15, 22.28, 21.36, 22.30, 2

18.73, 20.01)

X2 <-¢(22.40, 21.84, 21.35, 22.15, 22.27, 20.43, 2

21.15, 19.05)

x3 <- ¢(20.70, 20.43, 25.31, 20.56, 20.80, 21.19, 2

20.31, 20.09)

plot(y ~ x1, pch=16)
plot(y ~ x2, pch=16)
plot(y ~ x3, pch=16)

1.35, 18.81, 23.63,
0.25, 17.66, 21.90,

0.21, 19.90, 20.95,
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