Lam sang thong ké

Phan phoi chuan

Nguyén Vin Tuén

Tuén vira qua toi nhan dugc mot cAu hoi rat cin ban, ma toi thdy can phai giai
thich rd rang, vi dy 1a co so cho nhitng phan tich thdng ké. Khi phy trich muc nay, toi
gia dinh ban doc da biét qua vai diéu cin ban vé thdng ké va xdc suat, nhung c6 18 gia
dinh d6 khéng ding, vi theo cdu héi cua ban doc niy, van ¢6 nhiéu ngudi chua hoc qua,
hodc da hoc qua ma ... khong hiéu. Ciing gidng nhu t6i ngay xwa, hoc qua théng k& ma
khong hiéu vi né qua triru tuong. Khong ddm d6 thira thiy giai thich khong 13, nhung c6
18 vi khi giang thay khong dé cap dén tmg dung nén hoc chi dé hoc chir chang biét dé lam
gi.

“Gdi anh Tudn! Toi la mét bdc st gid, nén khong ranh vé thong ké gi cd, vi hoi xua téi
khéng cé hoc thong ké. Nhung bay gic lam nghién ciru t6i mdi thdy sw quan trong cua
né. Toi tim sdch dé tw hoc, nhung doc hodi van khéng hiéu! Trong khi sap “dau hang”
tinh co t6i vao trang nha ykhoanet va doc dwoc tdt ca nhitng bai gidang ciia anh. Phdi néi
thdt anh giang hay ldm, qud ro rang, lam cho mét bdc st gia nhw tdi ma ciing hiéu dwoc
cdc khdi niém thong ké, va t6i thdy yéu cdi mon hoc nay! C6 1& anh khong biét rang anh
da gitip cho téi rdt nhiéu. Xin cdm on anh.

Téi rdt mong doc tiép loat bai gidng “lam sang thong ké” ciia anh. Nhan ddy toi muon
héi anh mét cau nhé. Trong mdy bai vira qua, anh nhdc dén “phdn phoi chuan” va con
56 1,96 dé tinh khodng tin cdy 95% rat nhiéu lan. Vay xin héi anh, con sé 1,96 nay dén tir
ddu va phdn phéi chudn la phan phéi gi? Xin cdm on anh triede.

VD"

Xin thanh that cd&m on ban doc TVD vé nhitng cau chir dﬁy khich 1&. Viét ra ma
¢6 ngudi doc va theo doi thi that 1a qui 1im. D6 ciing 1a dong co dé tdi viét tiép. Nhén
dip nay, toi muén muon ciu hoi dé gidi thich vé mét dinh luat phan phéi tru cOt cua
thong ké hoc: d6 1a phan phdi chuan.

Thi that véi cic ban, ngdy xwa, mdi 1an nghe dén hai chir “distribution” (phan
phéi) 12 i di thdy lung bung trong dau rdi, vi khong biét né c6 nghia 1a gi. Céi khé cua
mdt sinh vién ngoai qubc nhu tbi (tic 12 trinh d6 tiéng Anh lic d6 con kém, nhiic nhéc)
gilta ddng mon nguoi ban xt, t6i khong ddm hoi thay, so bi méang 1a ... dét. Sau nay, toi
moi nghiém ra rz‘“mg biét dwgc minh dot 1a mot didu cuc ki ¢6 ich va cling 1a mot hanh
phidc. Céi dbt cta toi bat du tir chir distribution, ma toi thdy chwa c6 sich gido khoa nao
giai thich cu thé ca, hay giai thich theo kiéu todn hoc rét triru tuong.
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Pé cu thé héa van dé, ban doc c6 thé 1am mot thi nghiém (hay tudng tuong mat
thi nghiém) don gian nhu sau: chon ngau nhién 100 dong nghiép hay sinh vién, do chiéu
cao cua ho. Két qua ma ban doc s€ thu thap dugc cé thé nhu sau:

176.1 176.0 160.6 158.4 165.3 158.0 155.3 164.2 157.2 159.0
167.7 155.6 165.1 170.0 167.4 166.4 162.3 167.1 154.0 159.3
164.5 171.5 151.9 166.0 166.9 162.0 152.5 147.6 163.6 163.5
172.2 165.8 172.4 162.0 149.6 159.9 157.0 154.6 162.3 171.2
171.1 162.0 158.6 164.4 176.6 159.5 149.9 164.0 162.2 162.0
167.3 156.1 162.5 158.4 156.8 167.8 168.7 164.6 170.6 165.2
168.9 166.2 155.3 157.9 167.4 171.8 170.2 178.7 171.7 171.5
164.0 171.7 162.7 155.8 161.4 163.4 148.3 160.9 156.1 165.6
157.9 166.8 157.2 158.8 162.7 157.1 165.9 162.7 176.7 172.1
157.0 160.8 165.2 161.8 163.8 164.2 174.7 158.2 162.3 168.9

Trudc mdt “rimg” con sé nhu thé, ching ta phai lam gi? CAu hoi d6 con tiy
thudc vao muyc dich ciia nghién ciru. Nhung ¢ day, ching ta mudn md ta chidu cao va
huyét 4p cua 100 d6i twong. Trong van chuong, “md ta” c6 nghia 1 ding tir ngit dé ndi
dén nhitng khia canh cia mot sy kién ma trong tiéng Anh né tém gon trong nhitng chit
cai W: what (su kién gi), when (xay ra ¢ dau), where (xay ra lic nao), va khoé hon chuit 1a
why (tai sao su kién xay ra). Trong khoa hoc, chiing ta cling md ta su kién voi nhitng
khia canh d6, nhung chidng ta st dung ca tir ngit va con s6. Vi mé ta bang con s, chiing
ta can hoi thém nhitng cAu hoi nhu “bao nhiéu” (how many hay how much) nhu: chiéu
cao thap nhét va cao nhét 12 bao nhiéu, chiéu cao trung binh bao nhiéu, do dao dong cao
thép bao nhiéu, v.v...

V61 hang tram con s6 nhu thé, rat khé cam nhan dugc van dé. Mot céch khdc tot
hon 1a ching ta sap x&p so li¢u tur thap nhat dén cao nhat nhu sau:

147.6 148.3 149.6 149.9 151.9 152.5 154.0 154.6 155.3 155.3
155.6 155.8 156.1 156.1 156.8 157.0 157.0 157.1 157.2 157.2
157.9 157.9 158.0 158.2 158.4 158.4 158.6 158.8 159.0 159.3
159.5 159.9 160.6 160.8 160.9 161.4 161.8 162.0 162.0 162.0
162.0 162.2 162.3 162.3 162.3 162.5 162.7 162.7 162.7 163.4
163.5 163.6 163.8 164.0 164.0 164.2 164.2 164.4 164.5 164.6
165.1 165.2 165.2 165.3 165.6 165.8 165.9 166.0 166.2 166.4
166.8 166.9 167.1 167.3 167.4 167.4 167.7 167.8 168.7 168.9
168.9 170.0 170.2 170.6 171.1 171.2 171.5 171.5 171.7 171.7
171.8 172.1 172.2 172.4 174.7 176.0 176.1 176.6 176.7 178.7

Cich sip xép nay (tiéng Anh goi 12 sorr) cho chiing ta thdy ngudi c6 chidu cao
thdp nhat 1a 148.7 cm, va ngudi cao nhét 1a 178.7 cm. Nhung néu nhin ki, ching ta ciing
chd ¥ rang phan 16n cdc ddi twong c6 chiéu cao khoang 160 dén 165 cm.

Pén day thi ciu hoi dit ra 1a c¢6 bao nhiéu dbi twong vi mdi chiéu cao tir 160 dén
165 cm, va c6 bao nhiéu doi tugng cé chi€u cao thap hon hay cao hon hai gia tri d6? Co6
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nhién, cdch hay nhét 1 ching ta dém. Nhung v6i mdy tinh, ching ta c6 thé yéu cau mdy
tinh dém va tot hon nira 1a v€ biéu do dudi day.

Frequency distribution of height
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Biéu d6 1: (a) Mat d6 phan phdi ciia chiéu cao, véi truc tung 12 sé ddi twong. (b) Biéu d6
bén phai la x4c suat tich lily (cumulative probability) cta chiéu cao.

Trong Biéu dd trén (phia tréi), truc tung la s6 ddi tuong va tryc hoanh la chiéu
cao. Nhu ban doc c6 thé thfiy, c6 4 dbi tuong voi chiéu cao tir 145 dén 150 cm, va tir 151
dén 155 cm. Tuong ty, chi c6 4 d6i tugng c6 chiéu cao tir 175 dén 180 cm. Ping nhu
cam nhén ban dau, dinh cua biéu d6 1a sb d6i tuong c6 chiéu cao tir 160 dén 170 cm.

Biéu d6 bén phai thé hién xdc suét tich lily chiéu cao. Nhin qua biéu d6 nay,
chiing ta c¢6 thé néi rang khoang 30% d6i tuong c6 chiéu cao thap hon 160 cm, va khoang
80% dbi tugng c6 chibu cao thip hon hay bang 170 cm. NGi cach khdc, s6 dbi twong c6
chiéu cao tir 160 dén 170 cm chiém khoang 50% tong s6 ¢& mau.

Do d6, néi dén “phan phdi” 12 dé cap dén tan sb kha di (hay xdc sudt) cua cdc gid
tri chiéu cao.

Vé hinh dang, chiing ta d& dang thiy riang su phan phdi chiéu cao ¢ 100 dbi twong
nay gidng nhu mot hinh chudéng. Cdc phan phdi c6 hinh dang nay duoc goi 1a “Normal
distribution” (chit N ctia normal viét hoa), hay phan phdi binh thuong. Nhung vi tinh
cich chuan héa cia phan phdi nay, nén t6i tam dich 1a phdn phoi chudn. Bé cho c6 vé
khoa hoc va “trf thirc” mot chdt (va 1am cho nhiéu ngudi phai buc téc gii dau), gidi todn
hoc thinh thoang thém chir “luat” thanh “luat phan phdi”!

Phén phdi binh thuéng con duoc goi 1a Gaussian distribution, bai vi ngudi phat
hién ra luat phan phéi nay la nha todn hoc danh tiéng Carl F. Gauss (nguoi Buc). That ra,
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ngudi dé cap dén luat phan phdi nay 1a nha todn hoc ngudi Phdp De Moivre, nhung ong
khong phét trién thém. Trong cudn Theorie Analytique des Probabilites, Gauss phat trién
céc dic diém cua luat phan phdi chuan va chi ra rang luat phan phdi nay phii hop véi cic
hién tuong tw nhién. That vy, hau hét cdc hién twong sinh hoc tu nhién (nhu chiéu cao,
trong luong co thé, huyét 4p, mat dé xuwong, v.v...) déu c6 thé mo ta bang luat phan phdi
binh thuéng mot cach chinh xdc. Chinh vi thé ma luat phan phdi chuan duoc tng dung
cuc ki rong rdi trong khoa hoc thyc nghiém. C6 thé néi khong ngoa rang phan phdi
chuan 1 nén tang, 1a try cot cta tat ca cdc phan tich thong ké. Khong c6 luat phan phdi
nay ciing c6 nghia 1a khong c6 khoa hoc thong ké hién dai.

D¢ hiéu 16 hon tam quan trong cua luat phan phdi chuan, chiing ta can ghi nhé
rang trong nghién ctru khoa hoc thuc nghiém, ching ta khong biét cdc thong sb ciia mot
quﬁn thé, ma chi sy vao céc sd liéu tir mot hay nhiéu mau dé suy luan cho mot quﬁn thé.
Cu thé hon, & dy ching ta khong biét chiéu cao trung binh cta toan thé ngudi Viét 1a
bao nhiéu, ching ta chi biét chiéu cao cua 100 dbi twong vira thu thiap dugc, va ching ta
mudn sir dung céc s liéu nay dé suy luan cho toan thé nguoi Viét.

Do d6, trong bat cir phan tich thdng ké ndo, ching ta ldc nao nén nhé va phan biét
giita khai niém quan thé (population) va mau (sample). Cic chi s6 théng k& duoc udc
tinh tir mau goi 12 wéc 5o (estimates), va cdc chi sé thdng ké ctia quan thé ching ta goi 1a
thong sé (parameters). Thong thuong cdc ude sé duoc thé hién bang ki hiéu La Ma (nhu
m, s, 1), cdn cdc thong sé duoc ki hiéu bang chit Hi Lap twong dwong (nhu 4, o, 7).

I. Phan phéi chuan

Quay tré lai v6i van dé cua ching ta, mot trong nhitng ciu héi ma c6 18 ching ta
mudn biét 12: néu mot ngudi dan 6ng dugc chon ngﬁu nhién, xdc suit ma ngudi dan 6ng
nay c6 chiéu cao bang 160 cm 1a bao nhiéu. Hoi cach khac (va theo ngdn ngit khong todn
hoc), c6 bao nhiéu dan 6ng ngudi ¢ Viét Nam c6 chiéu cao chinh x4c 12 160 cm? CAu tra
161 ¢6 thé dua vao s6 lidu thu thap dugc. Ching ta théy chi c6 mot nguodi co chiéu cao
159.9 cm (hay 160 cm), do d6 xéc suat 12 1% (vi ¢6 mau ching ta cé 1a 100 nguoi).

Nhung vi ching ta chon mau ngau nhién, cho nén con s6 nay chua chac chinh
xdc. Néu ching ta ngau nhién chon 100 ngudi khac, ¢é thé cé hai nguoi ¢6 chiéu cao 160
cm, va do d6 xac suat 1a 2%.

That ra, ching ta ciing ¢6 thé dat mot ciu hoi chung nhu sau: néu mot dan ong
dugc chon ngiu nhién, xdc suit ma vi dan dng nay ¢ chidu cao x cm 12 bao nhiéu? Hay,
né6i cach khéc, c6 bao nhiéu phan traim dan dng Viét Nam voi chiéu cao x cm, trong d6 x
c6 thé 12 bat ctr gid tri chiéu cao nao. Trong tinh hudng bat dinh cta chon mau nhu thé,
luat phan phéi chuin cung cap cho chiing ta mot md hinh todn hoc dé tra 16i ciu hoi nay.
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Goi X 1a bién s0 chiéu cao, [ 1a chiéu cao trung binh ciia mdt quan the, va ¢ 1a do
1éch chuan, ciu hoi trén c6 thé phét biéu bang cong thirc toan hoc nhu sau:

P(X :xl,u,O'Z)=?

N ¢

(Chd ¥, P 12 viét tit ctia chir probability, tirc xdc suét; ki hiéu “I” ¢6 nghia 1a “given” hay
“vo1 diéu kién”). Do d6, ki hiéu trén c6 thé doc nhu sau: xac suat ma X = x voi di€u kién
chiing ta biét dugc 1 va 6 12 bao nhiu). Cau tra 10i ma Gauss dd c6 san cho ching ta 1a:

6(|”

= ! exp _(x—,u)z
o\2n 20°

P(X =xlu,0%) [1]

Chi y rang cong thic trén d6i khi cling xuat hién trong cdc sich gido khoa véi
mot hinh thitc khdc: thay vi viét P(X =x|u,07), c6 tdc gia viét khé hiéu hon Ia fix)!

Tat nhién, trong cong thic trén T = 3.1416. ..

Nhur c6 thé thdy qua cong thirc [1] trén day, luat phan phdi chuan duoc hoan toan
xédc dinh béi 2 thong sé: trung binh p va do 1éch chuan 6. Néi cdch khdc, néu ching ta
biét dugc 2 thong sd ndy, ching ta c6 thé udce tinh xdc suit cho bat ctr chiéu cao ndo. (Do
d6 chiing ta can phai chon miu (sample) nghién ctiru nhu thé nao dé cho céc ude sb cua
mAau nghién ctru 12 rat sat véi cdc thong sb trong dwong ctia quin thé. Phan nay da duoc
dé cap chi tiét trong bai chon mau nghién ctru). Trong trudng hop cua ching ta, udc sb
cho 1 va 6 chinh 1a s trung binh va d6 1éch chuin ciia mau. Céc udc sb nay 12 (cc ban
¢6 thé kiém tra):

Trung binh: m = 163.3 cm
Do 1éch chuén: s = 6.6 cm

Thay thé cac udc so nay cho cho | va ¢, chiing ta c6 thé trd 161 cau hoi “c6 bao nhiéu dan
ong nguoi ¢ Vi¢t Nam c6 chi€u cao chinh x4c 1a 160 cm™:

(160-163.3)’
| =0.0533

1
€X
6.6x2x3.1416 " 2%(6.6)°

P(X =160)=

Theo ddp s6 nay, ching ta c6 thé dodn ring c6 khoang 5.3% dan dng Viét Nam c6 chiéu
cao chinh xdc 14 160 cm. Tuy céch tinh thoat dau nhin qua c6 vé khic phirc tap, nhung
v6i phan mém R, chi mot 1énh don gian dnorm (160, mean=163.3, sd=6.6) 1a ching ta
c6 ngay ddp s6 chinh xic!
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Tuong tu, ching ta c6 thé wéc tinh xdc suat cho bat ctr chiéu cao nio qua cong
thie [1]. Bang sau day trinh bay mdt so xdc suat cho chiéu cao tir thap dén cao.

Bang 1. Xac suat chieu cao cia dan ong Viét Nam

Chiéu cao X4c suat Chiéu cao Xac suit
(cm) (tinh bang (cm) (tinh bang
%) %)
140 0.0118 161 5.6885
141 0.0200 162 5.9285
142 0.0331 163 6.0383
143 0.0533 164 6.0107
144 0.0840 165 5.8474
145 0.1290 166 5.5594
146 0.1947 167 5.1656
147 0.2863 168 4.6908
148 0.4116 169 4.1630
149 0.5781 170 3.6107
150 0.7935 171 3.0606
151 1.0645 172 2.5354
152 1.3958 173 2.0527
153 1.7886 174 1.6242
154 2.2398 175 1.2559
155 2.7412 176 0.9491
156 3.2788 177 0.7010
157 3.8327 178 0.5060
158 4.3786 179 0.3570
159 4.8887 180 0.2461
160 5.3343 181 0.1658

Néu ban doc chiu khé cong tAt ca cdc xdc suit nay lai (thuc ra khong cﬁn) thi téng
sO s& 12 gan bang 100%. N6i tém lai, xdc sudt gan 100% 1a chiéu cao cua dan dng Viét
Nam dao dong tir 140 dén 181 cm.

Gia du nhu néu mot dan dng c¢6 chiéu cao 200 cm, ciu héi dit ra 1a chiéu cao nay
c6 “bat binh thudong” hay khéng. Theo sy phan phdi chiéu cao nhu vira mé ta (tic trung
binh 163.3 cm va dd 1éch chuin 6.6 cm), s6 dan ong Viét Nam c6 chiéu cao 200 cm chi
0.00000116 ma thoi.
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Céc xdc suat trén ddy cling c6 thé thé hién bang mot biéu dd ma thuat ngi tiéng
Anh goi 1a probability density distribution (pdf) ma t6i tam dich 1a phdn phoi cua mat do
xdc suat. Biéu d6 nay nhu sau:

Probability distribution of height in Viethamese men

Probability
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l
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Biéu do 2. Mat do xéc suat chiéu cao & dan ong Viét Nam
véi trung binh 163.3 cm va d¢ I¢ch chuan 6.6 cm.

Biéu d6 trén chinh 1a luat phan phdi chuan (theo cong thirc [1]). Tét nhién, tong
dién tich dudi duong biéu dién phai bang 1 (hay 100%). Piéu nay c6 nghia 12 néu chiing
ta mudn udc tinh xédc sudt cho bat cir khoang chiéu cao ndo. Vi du néu ching ta mudn
biét c6 bao nhiéu dan 6ng Viét Nam c6 chiéu thap hon 150 cm, chidng ta chi can tinh dién
tich ma truc hoanh tir 150 cm hay thap hon dudi duong biéu dién. Phat biéu theo ngdn
nglt todn hoc cau hdi nay la: P(X < 150) = 7 Hay n6i chinh xéac hon ntra:

P(X <1501 4=163.3,0=6.6)="

Cich tinh don gian nhat 12 chiing ta cong cic xdc suat chiéu tir 140 dén 149 (Bang
1 (Bang 1): 0.0118 + 0.0200 + 0.0331 + .... + 0.5781 = 1.8%.

Tuy nhi€n, c6 mdt cach tinh nhanh hon va “tinh vi” hon la st dung tich phan.
Ban doc nao con nh¢ tich phan thi cau tra 161 cho cau hoi nay qua don gian: chi can tinh
tich phan chiéu cao tir O (thap nhat) dén 159 cm:

P(X <150)= " f (x)dx
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. 1 (x-163.3)°
trong dO, f(X):meXp —2(6—6)2

khong can phai 1am cdc tinh todn tich phan phirc tap, vi pham mém R c6 mot 1énh don
gian dé tinh tich phan trén (tdi trinh bay 1énh nay trong phan chi thich & phia cudi bai).

Két qua tat nhién 12 0.018. Ban doc

Biéu d6 duwéi diy minh hoa cho xac suét nay bang cach té dam dién tich duéi
dwong biéu dien de ban doc c6 thé hieu r6 hon:

Probability distribution of height in Viethamese men
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0.03 004 0.05 0.06
! ! ! !
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Biéu d6 3. Dién tich dudi duong biéu dién (mau xanh nhat) cho
chiéu cao <150 cm la xdc sudt P(X <1501 4=163.3,0=6.6) =
0.018

Tuong tu, ching ta ¢6 thé ude tinh xdc suét cho bat ctr khoang chiéu cao nao gitta
a va b theo cong thtrc tich phan trén ddy. Chang han nhu x4c suat dan 6ng Vi¢t Nam c6
chiéu cao tur 160 dén 170 cm la:

P(160< X <170)= " f (x)dx
Hay mdt cach chung hon:
b
P(a<X <b)=["f(x)dx 2]
Il. Phan phdi chuan hoa - standardized normal distribution
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Trong phan trén, ching ta quan tim dén viéc phan tich chiéu cao bang cich ung
dung luat phan phdi chuan. Tuy nhién, nhu dé cép trong phan dau, luat phan phdi chuan
c6 thé ung dung cho rat nhiéu hién tugng ty nhién. Nhung cic bién khéc nhau vé don vi
do luong, nhu chiéu cao do bang cm, nhung huyét 4p do bang mmHg, nén ching ta khé
ma so sdnh hai bién s6 nay bai vi ching c6 don vi do luong khéc nhau, va c6 thé d6 1éch
chuan ciing khéc nhau. Chéing han nhu néu mot dbi tugng c6 chiéu cao 1a 175 cm va
huyét 4p 1a 120 mmHg, 1am sao ching ta biét cdc thong sé c4 nhan nay cao hay thap. Do
d6, ching ta can phai c6 mot cich chuin héa luat phan phdi sao cho ching ta c6 thé so
sdnh céc bién s6 nay ma khéng can biét dén don vi do ludng.

Mot trong nhimng cdch chuan héa d6 1a phan phdi chuan héa, ma c6 1& ban doc
ting thiy dau d6 trong sach gido khoa ngudi ta goi 14 standardized normal distrubution.
Nhu thy trong cong thirc [1], hai thong sb trung binh va d6 1éch chuan hoan toan xdc
dinh luat phan phéi chuén, cho nén, mét cach chuin héa 1a hodn chuyén chiéu cao (hay
mot bién sé) sao cho ching ddc 1ap voi don vi do luong. Céach hodn chuyén nay cé tén la
z-transformation hay hoan chuyén z. Két qua ctia hodn chuyén 12 mot chi s6 z (thuét ngi
tiéng Anh 1a z-score).

Trong vi du vé chiéu cao, z 1a d§ khéc biét gitta chiéu cao mot cd nhan (ki hi¢u 1a
x) va chi€u cao trung binh cua quan thé chia cho d¢ I¢ch chuan. Néi cach khéc:

*— K [3]

Boi vi x, £ va otrong cong thire trén ddy déu ¢ cting don vi (cm), va cm chia cho
cm thi khong bién méi hoan toan doc lap voi don vi do luong. That ra, don vi cua z bay
gid khong con 12 cm nira, ma 14 d6 1éch chuan. Xem ki cong thirc [3] trén ching ta c6 thé
rat ra vai nhan xét nhu sau:

e Neéu chi€u cao cua mdt cd nhan thap hon chi€u cao trung binh ctia dan so (tirc 1a x
< W) chi s6 z s€ am. Chang han nhu néu 6ng A c6 chiéu cao 150 cm, thi chi so6 z

cuadngla z= % =-2.01, tirc 12 thap hon chiéu cao ctia dan sb khoang 2

d6 1éch chuan;
e Néux=,chisozselaO;
e Vanéu x> U, chisd zs€ la s6 duong. Chang han nhu néu chiéu cao cua mot doi

tugng 12 175 cm, thi z = 1.77. Néi céch khéc, chiéu cao cta ddi twong nay cao
hon trung binh khoang 1.8 d¢ léch chuan.
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Nhu vay, thay vi mé ta su phan phdi cia chiéu cao bang don vi cm voi ham sé
[1], ching ta mo ta bé“mg don vi d6 1éch chuan hay chi s6z Chisdz bay gio c6 ) trung
binh 12 p = 0 va do 1éch chuén 1a 6 = 1. Néu thay [3] vao [1], ching ta c6 mot ham s
mai va don gian hon nhu sau:

f(z)= \/;—ﬂexp{—z—;} [4]

Va ham sb tich lity [2] s& tré thanh:

0577

b be
P(a<Z<b):Lf(Z)dZZLEdZ [5]

Biéu d6 4 dudi ddy minh hoa cho phan phéi chiéu cao tinh biang cm va bang chi sb z:

Probability distribution of height in Viethamese men

Probability
0.02 0.03 0.04 0.05 0.06
L

0.00 0.01

| | | | | |
140 150 160 170 180 190

Height

Biéu do 4a. Mat d¢ xac suat chiéu cao ¢ dan 6ng Viét Nam, md ta bang
cm.
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Probability distribution of z height in Viethamese men

<
o
@ _|
o
2
5 o
S oS
<}
o
- - P(1.645<2 < 1.645) = 0.9 .
o
o | AR
o
T T T T T
4 2 0 2 4
Z score

Biéu do 4b. Mat d6 xéc suét cta phan phdi chuén f{z), voi trung binh 0 va

d6 1éch chuén 1.

C5 nhién, dién tich dudi duong biéu dién ciia ham s f{z) trong Biéu d6 4b phai 1a

khodng 1. NGi cdch khdc, P(-4<z<4)= J'_: f(z)dz; 1. Ngoai ra, phan phéi chuan

nhu mo ta qua Bi€u d6 4b con ham chira mdt so thong tin ¢6 ich va thad vi:

e Xidc sudt ma z < 1.96 1a 0.025 (tirc 2.5%). N6i cach khéc, dién tich dudi duong

biéu dién tinh tir z = -1.96 hay thap hon 13 0.025.

e Boi vi phan phdi chuan cin ddi (symmetric), ching ta ciing c6 thé néi (hay suy

ludn) rang xdc sudt ma z > 1.96 ciing bang 0.025.

e Nhu vay, xdc suit ma z nam trong khoang -1.96 va 1.96 1a 1-0.025-0.025 = 0.95

(hay 95%). Néi cach khéc, khoang tin cdy 95% cua z 12 -1.96 dén 1.96.

e Tuong ty, ching ta ciing c6 thé phat biéu (va ban doc ¢6 thé tw minh kiém ching)
rang xdc sudt ma z nam trong khoang -1.645 dén 1.645 12 90%. Xdc sudt ma z
nam trong khoang -2.576 dén 2.576 1a 99%. Xéc suit ma z nam trong khoang -

3.09 dén 3.09 12 99.9%.
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Dén day, ching ta da thiy hing s6 1.96, 1.64 hay 3.0 xuét phat tir ddu! Céc hang
sO nay chiang c¢6 gi bi mat ca: ching 12 chi sb z ciia phan phdi chuan. Bang sau ddy s&
cung cip mot sd xdc sudt cho cic chi sb z théng dung trong thdng ké hoc va mg dung
trong y khoa:

Bang 2. Xac suit cac gia triz

Z -3.090 | -2.326 | -1.96 | -1.645 | -1.282 0 1.282 | 1.96 | 2.326 | 3.090

P(Z<z) | 0.001 0.01 | 0.025 | 0.05 0.10 | 0.50 | 090 | 0975 | 0.99 | 0.999

lll. Khoang tin cay 95%

Bay gio ching ta s& diém qua vai ng dung ludt phan phdi chuan trong y khoa.
Vi ¢6 quéd nhiéu tmg dung, nén tdi chi tdp trung vao nhimng van dé lién quan dén nhiing
bai giang cia t6i, va mot vin dé ma ching ta hay thy 1a udc tinh khoang tin cay 95%
(thuat ngir tiéng Anh 13 95% confidence interval hay c6 khi con viét 12 95% confidence
limit, tham chi 95% credible interval).

Trong nhiéu nghién ctru y hoc mang tinh mé ta, ching ta thudng mudn phét trién
mot cdc tham chiéu (reference range hay c6 khi goi khong chinh xdc 1a normal range).
Chang han nhu dé phat trién céc gid tri tham chiéu cho mét bién s sinh héa nhu calcium
trong mau, ching ta c6 thé ngﬁu nhién chon mot sd d6i tuong va do néng d6 calcium
trong mau, va sau dé tinh khoang tin cdy 95%. Khodng tin cay 95% nay chinh la cic gid
trj tham chiéu. Néu ndng d6 calcium trong mdu ctia mot cd nhan nam ngoai khoang tin
ciy 95% thi ching ta c6 thé (xin nhin manh: “cé thé”) phat biéu rang nong do cua ci
nhan nay “bat binh thudng”.

Pé ude tinh khoang tin cay 95% (KTC95%), chiing ta chd y mbi lién hé giira x va

z trong cong thuc [3]; vi z = A , do do:
o

X=[+z70
Nhu dé cép trong phan trén, 95% gi4 tri ciia z nam trong khoang -1.96 dén +1.96,
cho nén ching ta ciing c6 thé néi rang 95% gid tri ciia x ndm trong khoang 1 —1.960 va

1 +1.960 . Hay néi ngin gon hon, 95% cdc gia tri x nam trong khoang:

x=put1.960 [6]
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Quay lai v6i vi du vé chiéu cao, ching ta biét rang sd trung binh 13 163.3 cm va
d6 1éch chuan 12 6.6 cm. Do d6, chiing ta ¢6 thé suy luan rang 95% dan 6ng Viét Nam c6
chiéu cao trong khoang 163.3 + 1.96x6.6 = 150.4 cm dén 176.2 cm.

Tat nhién, ching ta ciing c6 thé udc tinh xdc sudt 99% chiéu cao dan dng Viét
Nam nam trong khoang 163.3 + 3x6.6 = 143.5 cm dén 183.1 cm. Do d6, néu mot dan
ong c6 chidu cao thip hon 143.5 cm, ching ta c6 thé néi 1a “thip”, véi xdc sudt dudi
0.5%!

Tay theo van dé cu thé, nhung phan 16n cdc gid tri tham chiéu trong y khoa déu
lay khoang tin cdy 95% lam chuan. Khi xdc sut mot chi sé thong ké nam ngoai khoang
tin cdy 95% dugc xem 12 “cé y nghia thdng ké” (statistical significant).

IV. Két luan

Qua bai nay, hi vong t6i da giai thich phan phdi chuén 1 gi, va hing s6 1.96 trong
cich tinh khoang tin cdy 95% xudt phat tir ddu. Phan phdi chuin déng mot vai trd thiét
yéu trong khoa hoc thdng ké. Hau hét tat ca cic suy luan thong ké déu dya vao ludt phan
phdi chuan dé phat trién cdc kiém dinh thong ké (statistical tests). Ngay ca cédc luat phan
phéi nhi phan hay phan phdi Poisson (ma tdi s& ban dén trong mot bai khic) ciing c6 thé
md hinh bang luat phan phéi chuan.

Nhu 1a mot qui luat tu nhién, rat nhiéu bién s 1am sang va khoa hoc thuc nghiém
n6i chung déu tun theo luat phan phdi chuan. Ciing ¢ thé c6 mot sé bién sé sinh héa
khong tudn theo luat phan phdi chuan, nhung c6 thé hodn chuyén dé chiing tuén theo luat
phan phéi chuan. Do d6, cic phuong phdp phan tich tham s (parametric methods) van
¢6 thé dp dung cho cdc bién loai nay.
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Cac ma R sir dung trong bai viét:

# Nhap dit 1iéu vé chiéu cao va goi bién 1a ht
# ngudn: mé phéng

ht <- c(

176.1, 176.0, 160.6, 158.4, 165.3, 158.0, 155.3, 164.2, 157.2, 159.0,
167.7, 155.6, 165.1, 170.0, 167.4, 166.4, 162.3, 167.1, 154.0, 159.3,
164.5, 171.5, 151.9, 166.0, 166.9, 162.0, 152.5, 147.6, 163.6, 163.5,
172.2, 165.8, 172.4, 162.0, 149.6, 159.9, 157.0, 154.6, 162.3, 171.2,
171.1, 162.0, 158.6, 164.4, 176.6, 159.5, 149.9, 164.0, 162.2, 162.0,
167.3, 156.1, 162.5, 158.4, 156.8, 167.8, 168.7, 164.6, 170.6, 165.2,
168.9, 166.2, 155.3, 157.9, 167.4, 171.8, 170.2, 178.7, 171.7, 171.5,
l64.0, 171.7, 162.7, 155.8, 161.4, 163.4, 148.3, 160.9, 156.1, 165.6,
157.9, 166.8, 157.2, 158.8, 162.7, 157.1, 165.9, 162.7, 176.7, 172.1,
157.0, 160.8, 165.2, 161.8, 163.8, 164.2, 174.7, 158.2, 162.3, 168.9)

~
~
~
~
~
~
~

# sdp xép sb 1liéu chiéu cao tur thip dén cao
sort (ht)
# Vvé biéu dd mat la

hist (ht, breaks=10,
xlab="Height", main="Frequency distribution of height")

# vé biéu dé mat 1b
n <- length (ht)
plot (sort(ht), (1l:n)/n,

type="s", ylim=c(0,1), =xlab="Height")

plot (density(ht), main="Plot of density distribution of height",
xlab="Height")

# Tim sb trung binh va dd léch chuin cia chiéu cao

mean (ht)
sd (ht)

# Ubc tinh xac suidt chidu cao = 160 cm vdi trung binh=163.3 va sd=6.6
dnorm (160, mean=163.3, sd=6.6)
# Udc tinh xdc suédt cho bang 1

height <- seq(140, 181, 1)
dnorm(height, mean=163.3, sd=6.6)*100

# vé biéu dd 2
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height <- seq(140, 190, 1)
plot (height, dnorm(height, 163.3, 6.6),
type:" 1",
ylab="Probability”,
xlab="Height”,
main="Probability distribution of height in Vietnamese men")

149
# Uéc tinh x4c sudt chidu cao < 150 cm, P(X <150)=L f(x)dx
pnorm(149, mean=163.3, sd=6.6)

# ve biéu dd 3
height <- seq(140, 190, 1)
dht <- dnorm(height, 163.3, 6.6)
ht <- data.frame(z=height, ht=dht)
zc <—- 150
plot (ht,
type="n"
ylab="Probability",
xlab="Height",
main="Probability distribution of height in Vietnamese men")

t <- subset (ht, z<= zc)
polygon(c(rev(t$z), t$z),
c(rep (0, nrow(t)), t$ht), col="lightblue", border=NA)
lines (ht, 1lwd=2)
arrows (148,0.01,148,0.002, angle=30, length=0.1)
text (145,0.012, "P(X < 150) = 1.8%", cex=0.8)

# Hodn chuyén sang z score va vé biéu do 4b

zheight <- seq(-4, 4, 0.01)
dzht <- dnorm(zheight, 0, 1)
zht <- data.frame (z=zheight, ht=dzht)

plot (zht,
type="n"
ylab="Probability",
xlab="7 score",
main="Probability distribution of z height in Vietnamese men")

zl <- 1.65
z2 <— -1.65
z3 <- 1.96
z4 <- -1.96
z5 <- 2.58
z6 <— —-2.58

tl <- subset (zht, z>= z1)
polygon(c(rev(tl$z), tlsSz),
c(rep(0, nrow(tl)), tl$Sht), col="lightblue")

Chuwong trinh huin luyén y khoa - YKHOA.NET Training — Nguyén Vin Tuén 15



t2 <- subset (zht,
polygon(c(rev(t2$z),
c(rep(0,

z<= z2)
t2$z),
nrow(t2)),

t3 <- subset(zht, z>= 2z3)
polygon(c(rev(t3$z), t3S$z),
c(rep(0, nrow(t3)),

t4d <- subset (zht,
polygon(c(rev(tds$z),
c(rep(0,

z<= z4)
t4s$z),
nrow(t4)),

t5 <- subset (zht, z>= z5)
polygon(c(rev(t5%z), t5Sz),
c(rep(0, nrow(tb)),

t6 <- subset(zht,
polygon(c(rev(t6$z),
c(rep (O,

z<= z6)
t6sz),
nrow (t6)),

lines(zht, lwd=2)
arrows(-1.65,0.1,1.65,0.1,
text (0,0.11, "P(-1.645 < z

arrows(-1.96,0.05,1.96,0.05,
"P(-1.96 < z < 1.96)

text (0,0.06,

arrows(-2.58,0.01,2.58,0.01,

text (0,0.02, "P(-2.576 < z

# Cho bai tép

bp <- c(

%0, 130, 120, 130, 100,
110, 170, 110, 110, 120,
110, 120, 120, 120, 110,
130, 150, 150, 110, 140,
150, 110, 120, 120, 130,
100, 130, 130, 130, 140,
130, 110, 130, 120, 150,
120, 100, 100, 110, 140,
120, 120, 150, 120, 110,
160, 110, 110, 120, 120,
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nhap sé liéu
# ngudn: nghién ctru bénh dai

t2%ht), col="lightblue")
t3$ht), col="lightpink")
t4$ht), col="lightpink")
t5sht), col="lavender")
t6sht), col="lavender")
angle=30, length=0.1, code=3, lty=2)
< 1.645) = 0.9", cex=0.8)
angle=30, length=0.1, code=3, lty=2)
= 0.95", cex=0.8)
angle=30, length=0.1, code=3, lty=2)
< 2.576) = 0.99", cex=0.8)
huyét ap ciia 100 déi tuong
thdo dudng TPHCM 2007.
150, 100, 120, 100, 110,
110, 110, 120, 110, 85,
150, 120, 120, 120, 110,
140, 120, 110, 120, 110,
110, 110, 120, 120, 140,
100, 110, 110, 110, 120,
100, 120, 100, 120, 140,
125, 100, 140, 110, 120,
120, 150, 100, 110, 120,
150, 120, 130, 160, 90)
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