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AEAA AABHAY. RE 7|22z 31 EX4wo24 R Commander®] 45 R (teaching de-
mos{‘RemdrPlugin. TeachingDemos’)) 7} E017} 9+ R CommanderE ARE-3l9ct a4H 27 59
7} 9= R Commandert T3} 22 3 0] k.

1.

R Commander/e] 9702] & v (File, Edit, Data, Statistics, Graphs, Models, Distributions,
Tools, Help) #]9l ‘Demos’gh= F9%7}F 1L ©] ‘Demos’ W% 3tol] 7719 vl 28 Buj}37(Central
limit theorem(FA4 332 HlE), Confidence interval for the mean(E 7ol th3 AFH L7 6
&), Power of the test(AA 8 d|2), Flip a coin(FA €3] 7] tl2), Roll a die(FAMYZ 7 v|2),
Simple linear regression(H<= N33 724 € R), Simple correlation(A4&A4 vl2))7} o}, =
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# Bol 30|31 REAAT} 2% AFEEAA

# FE9 F7|7} 49 FEZEE 10009 7317
r.mean=rep(0,1000);r.median=rep(0,1000);r.var=rep(0,1000);r.sd=rep(0,1000)
for(i in seq(1000))

r=rnorm(n=4,mean=3,sd=2)
r.mean(i]=mean(r);r.median(i]=median(r};r.var[i]=var(r);r.sd[i}=sd(r)
par(mfrow=c(2,2))

hist{r.mean,xlim=c(-5,10),xlab=" BB HF" main="F R F#2] EX")
hist(r.median, xlim=c(-5,10),xlab=" B Z 43" main="R BZF I £X")
hist(r.var,xlab="ZEE 4 main="EZF4e] ££”)

hist(r.sd,main="F 2 X FHz}o] BE£")

ol@A 73 TARESY FF, 24, ERUAES FIE 0 2k I whE Aage] Fe o]
£ 2A8E E(X) = p, Var(X) = o?/nolZ E(S°) = o4& & 5 Ytk =3, 2EF7 24|
EHFGre] BT 2S¢ U1, B(S) <o 2

> # BT, BEFYE, BEEL, SRR JUg, B4, 22

)

=
=
@
Y]
B
=
tnl
«
&
g
g
[
S
B
=
-
w
a
p

> mean(r.mean);mean(r.median);
[1] 3.055991
[1] 3.043938
[1] 4.097572
[1] 1.865406

> var(r.mean);var(r.median);var(r.var);var(r.sd)
[1] 0.9890213

[1] 1.214045

[1] 11.08310

[1] 0.6184521

> sd(r.mean);sd(r.median);sd(r.var);sd(r.sd)

[1] 0.9944955

[1] 1.101837

[1] 3.32913

[1] 0.7864173

(b) T 1% 3.2& AFET 5¢ FlolAFEEANAN &
ZFHAE P S 1,0008 AlYT & mE-P7, BEF Y, TEEAY, 28
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2. AHRTIt 52 FHOIMES220HM FEE HEFERE

r.mean=rep(0,1000);r.median=rep(0,1000);r.var=rep(0,1000);r.sd=rep(0,1000)
for(i in seq{1000))

r=rchisq(n=4,df=5)
r.mean[i|=mean(r);r.median[i]=median(r);r.var[i]=var(r);r.sd[i] =sd(r)
par{mfrow=c(2,2))

FBI
ol
M
o
Ae
b

hist(r.mean,xlim=c(0,20),main=" 3%
hist (r.median, xlim=c(0,20),main=" F 2 F %ge] BE”)
hist(r.var,main=" 8 E84o] HE")

hist(r.sd,main="F X FH 29 B¥”

~——r

o|gA e BAFES FH,
£ BA8 E(X) = p, Var(X) = o?/nola E(§?) =
EES YU AT FA2E 4+ A3, E(S) < o¥& & 5 YUtk

H

> # BEEE, 2ES ¢, £2EA, REXEAAY] 7vig, B4 28R
> mean(r.mean);mean(r.median);mean(r.
(1] 4.958888

[1] 4.599006

[1] 10.09648

[1] 2.819139

> var(r.mean);var(r.median);var(r.var);var(r.sd)
1] 2.495527

1] 2.687176

1] 125.3678
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[1] 2.151090
> sd(r.mean);sd(r.median);sd(r.var);sd(r.sd)
[1] 1.579724
[1] 1.639261
[1] 11.19678
(1] 1.466659

X1, Xz, .., Xp012 @ 0 (a) BAAFY T (X — M)*E Hasehs g
3 FYF T o= AU (b) BARUG 30, X - M2 A3 7
2EE, FEFLYE T o= AW

Z0|: (a) °]8 FUF7] 3t BEAFEEZZRE 1079 BES Fol B3¢, 2EFF, 2ES
4ze Moz dlo] BAAFEE F) ol AAHL 1000 A Ayl o2 17 3.3tk
1009 A3 23 B F BRAFE Mo Fo] 23 AAATT] AL 2S¢ 5 Uk

I% 3.3 1287 §3 R 23 PEE g3 2o}

# AAAFZ

A=matrix(rep(0,300),ncol=3)

plot(0:10,type="n" xlim=c(1,100),ylim=c(0,30) ,xlab="$=A]" ylab=" Hx}A| F &)
for(i in 1:100)

x=rnorm(10)

mean.x=mean(x)

median.x=median(x)

Ali,1)=sum((x-0)"2)

Ali,2]=sum({x-mean.x)"2)
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Ali,3]=sum((x-median.x)"2)

points(i,A[i,1],pch=3)

points(i,A[i,2])

points(i,A[i,3],pch=4)

va=c(A[i,1},A]i,2],A[i,3])

lines{c(i,i),c(min(va),max(va)),lty=2)

legend(locator(1),c(” BE @, BR2HF",” BEFH3”),pch=c(3,1,4))

(b) o8 7] Yot ERAFEEZLE 10709 EES Bo} 237, BEYF, TEIYY
& Moz 3o RAAYRY &L 7L olHF FAL 1009 A3 AFr} e 1 3.40]).
1008 83 A3 D5 BEF PGS Moz st 73 BAAoge Fol AlY Fee ¢4 Yk
a9 3.48 287 $13 R 23 Y E= v 2o}

# AXEURe &
B=matrix(rep(0,300},ncol=3)
plot(0:15,type="n" xlim=c(1,100),ylim=c(0,15) xlab="%A]" ylab=" A X} A k] &)
for(i in 1:100)

x=rnorm(10)
mean.x=mean(x)
median.x=median(x)
Bl[i,1]=sum(abs(x-0))
BJi,2]=sum(abs(x-mean.x))
BJ[i,3]=sum(abs(x-median.x))
points(i,B[i,1],pch=3)
points(i,BJi,2],pch=4)
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points(i,B}i,3])

vb=c(B[i,1],Bl3,2],B[i,3})
lines(c(i,i),c(min(vb),max(vb)),lty=2)
legend(locator(1l),c(” 3", 2EZ 7" RES

O 3.3 U0l p =039 Yole) PUAA LEE 1007] ot ke
48 A3 TEHES Foeh oA FHEL 10008 AFR F

R

20l w29 377 EHE ooz EEHIEY $TE Y 3594 R

3%

19 3.58 187 93 R 23 YEL b33 At
# (BEulgS] Ex

# A3 E p=0.3% ZHTAA

#=

29 7717} 100 FEFEES 10009 3171
r.mean=rep{0,1000);r.var=rep(0,1000)

for(i in seq(1000))
r=rbinom(n=100,1,0.3)
r.mean[i]=mean(r)

# B2 &9 71Uz &

mean(r.mean)

A
var(r.mean)

sd(r.mean)

# EZEYEY #2

h=hist(r.mean, plot=F)
ylim=range(0,h$density,dnorm(0.3,mean=0.3,sd=0.0458)})

035

T 1
040 045

F3”),pch=c(3,4,1))

pq)/n = /(0.3 X 0.7)/100 ~ 0.0458¢%) FFEE

e
b

(=]
AL
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hist(r.mean,prob=TRUE,ylim=ylim xlab=" % £4]-&” ylab="U X" main="")
x1=seq(min(r.mean),max(r.mean),length=200)
yl=dnorm(x=x1,mean=0.3,sd=0.0458)

lines(x1,y1)

OIAl 3.4: EAcho]l F5EEY wl FAHIFTA 7 4TS BAAY S B35l B}

20 ZHdo]l #5EE f(z) = H0<X<1)d of oh3 1% 3.67 Zo] SAFRARY AT &
A4RE T8t B 5 ivk 289 37 A wiek Ay TEE 7Y €2 AeE He ¢
T A BF 058 THE A A5EE ¢ 5 Aok

a9 3.6 187 98 R A3YELE 23 7).

TR Bk FSEZ
par(oma=c(0,0,5,0))
par(mfrow=c(2,2))
central. Uniform=function(a,b)
nt = ¢(5, 15, 30, 100)
xbar = rep(0,1000)
for(i in 1:4)
for(j in 1:1000)
xbar(j] = sum(runif(at[i],a,b))/ntli]
hist(xbar,main=paste(” £-22] 3 7]=",nt[i]) xlim=c(0,1),xlab="FEH 7" ylab="% ")
mtext(” A I -2 FE5EE” side=3,outer=T,cex=1.5)
central. Uniform(0,1)
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O 3.5: the RS+ 40% o thste] AAAHE S017] A% 3 2 A ¥4 o
zolth.

60, 40, 50, 30, 60, 50, 90, 30, 60, 60, 60, 80, 90, 90, 60, 30, 20, 120, 60, 50,

20, 60, 30, 120, 50, 30, 90, 20, 30, 40, 50, 40, 30, 40, 20, 30, 60, 50, 60, 80

gt FF A SA £ ol 3 95% Al FHE 73}k

E0|: EE 27)7} d07fololq hERo|BE The} 2L R AAYEE Agste] BFEEE ol§
3 95% ZAMAF F7HS FobE (45.54, 61.46)7F et

4 2370 e 723 (NERY F9)
one.sample.z.confidence.interval=function(x, confidence.level)
n=length(x)

xbar=mean(x)

se=sd(x)/sqrt(n)

alpha.half=(1-confidence.level)/2
z.alpha.half=gnorm(1-alpha.half)
¢(xbar-z.alpha.half*se,xbar+z.alpha.half*se)
x=c(60,40,50,30,60,50,90,30,60,60,60,80,90,90,60,30,20,120,60,50
,20,60,30,120,50,30,90,20,30,40,50,40,30,40,20,30,60,50,60,80)
one.sample.z.confidence.interval(x,0.95)

o B¢ t-EEE ol 4 05% NATLS THEF 22 R 2AYES AFSsHe] T3 (45.29, 61.71)]
o AFEEES o8 A= Ho 23 E AL FAY £ Uk

t.test(x)

OIMI 3.6: EHFol thit 95% AT TR AL o] % AT 1007 Fehe w957
o AsiFel RATE TR ) AAFUE RYTE TP Pvhe dAvjelnh Fole o)
23} 2e Bl (2D § (2005)0] AT R ATYE)S Bl AFLEE o188 RRFo
e o5% 491779 Jm)E Sk 4 sith BATo] o] 00)T BEHAT 12 PGl
@ ) 22| 2707} 50709 AFT2e) ASE 500071744 B0l Hn ABT7o] RRHF 08 T3}
£ulgg AN 28 o 29 3,73 2o) 95%el £ARE T 5 Uk

# 3 ED 5 (2005)0] 4T R 23JE
confidence.normal =

function(n, nz, mu, std)

trial = rep(1,nz)

z.val = qnorm(0.975)

x = matrix(rnorm{n*nz, mu, std), nrow=nz)
xbar = apply(x,1,mean)
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xvar = apply(x,1,var)

limit = z.val * sqrt(xvar/n)
xbar = xbar - mu
trial[abs(xbar) > limit] = 0
trial = cumsum(trial)/ 1:nz

T T
4000 5000

plot(trial,ylim=c(0.9,1),type="1" xlab="A1F F7}] /M4” ylab="E2H 7 & EF3I= v]-&")

abline(0.95, 0)
confidence.normal(50,5000,0,1)

919 R 2ZYES AP T2 2& A4S Folo] AFRE
7209 Q0 A @ 9 sekd 4 Yirh. RAwe] BFo] 00]2

=
=2
3T
AL

o}g3 =Tl et 95% A
B2 19 AEggelet

=
pus

o W) A7) ASE 30071747 TSR} AR F7o] BRF 02 TR A9 olRs} I g
ge

Asstol B o8 29 3.83) 2ol 95%0l vk e & 4 ek

£ Bl 37 95%0] £URL L 5 9ok

confidence.normal2 =
function(n, nz, mu, std)
par(mfrow=c(2,1))

trial = rep(1,nz)

z.val = qonorm(0.975)

x = matrix(rnorm{n*nz, mu, std), nrow=nz)
xbar = apply(x,1,mean)
xvar = apply(x,1,var)

limit = z.val * sqrt(xvar/n)
ulimit=xbar+limit
llimit=xbar-limit

xbar = xbar - mu

¥ 3747 AgAS
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trial{abs(xbar) > limit] = 0

trial = cumsum(trial)/ 1:nz

plot(c(0,nz),c(-1.5,1.5),type="n" xlab=" A] 8 B " ylab=" 415 L 7}")
for (k in 1:nz)

points(c(k,k),c(llimit[k},ulimit[k]},type="1")

abline(0, 0)

plot(trial,type="1",,xlab="A| ¥ =" ylab=" B HF& L F&}= ul-&")
par(mfrow=c(1,1))

confidence.normal2(50,300,0,1)

OIA 3.7: 3o e N AFEERE 7MRE)E 13¢ A% 2ABH o2 29ttt
88.6 86.4 87.2 88.4 87.2 87.6 86.8 86.1 87.4 87.3 86.4 86.6 87.1

L e7} 2337l it 95% 41¥) 27 23}e}

Z0|: EBE 377} 137)0lolH AR RO BE tEEE o]&3F 95% AFHTL vk o) FaHd
(86.71, 87.61) ]t}

> # ZRF AE 7AFB(LEEY B9)

>

x=c(88.6,86.4,87.2,88.4,87.2,87.6,86.8,86.1,87.4,87.3,86.4,86.6,87.1)
> t.test(x)

One Sample t-test

data: x
t = 423.4101, df = 12, p-value < 2.2e-16
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alternative hypothesis: true mean is not equal to 0
95 percent confidence interval:

86.71302 87.61006

sample estimates: mean of x

87.16154

B2 B Hege] SRl thelod AFREE AsThe Aol YUk $TE Aus AFRE
£ oFt A YEstIol Vb The 399 T AFHELYL 1)1 Shapiro-Wilk FHE B3}
B pgo] 042 FFEEL € Btk AEL YL 5 Aok

> qqnorm(x,main="%fo] L¥rle] et A4 GE1H”)
> qqline(x,col="red")
> shapiro.test(x)

Shapiro-Wilk normality test
data: x

W = 0.9386, p-value = 0.4395

O 3.8: ol AAe] AYEL A 13ted 1,0008& ZAFBH 159 0] AYAto|ich. BAYE
o ShE 05% A1 T2k Fket

£0]: Foje] ol AFEAZFE o83 95% AH 7L T3 (0.0087, 0.0252) o]t}

> # BH]Eol g #5A-90j9] FlolAlFF A o)
> prop.test(15,1000)
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1-sample proportions test with continuity correction

data: 15 out of 1000, null probability 0.5
X-squared = 938.961, df = 1, p-value < 2.2e-16
alternative hypothesis: true p is not equal to 0.5
95 percent confidence interval:

0.008733248 0.025217456

sample estimates:

p
0.015

FE9 777} 1,0007]0lo)A tiEEERZ T3} 22 R 2AYEE AHESt AFERZE 8%
95% ZAMALZ F7HE 518 (0.0075, 0.0225) 0]t}

# 2ulgof tfgt 2LFA-ZAETFEE o8
one.sample.p.confidence.interval=function(n,x,confidence.level)
p-hat=x/n

se=sqrt(p.hat*(1-p.hat)/n)

alpha.half=(1-confidence.level)/2
z.alpha.half=gnorm(1-alpha.half)
c(p.hat-z.alpha.half*se,p.hat+z.alpha.half*se)

one.sample .p.conﬁdence‘. interval(1000,15,0.95)

3.3. 844

ARANA A 15 27 A 235 &7 Atold B4, fFrAsEd ), F5FAH D5FHY Aol p-7
o} ojujo)] h3te o g Foj7tH FYENA AA3) 7= 2T}

OilAM 3.9: AACNA A 15 279 Al 25 257 Aol AAE L7938t AFHIR7} E071 A€ R
Commandero| A A5HE F 2AY WBE 29 o 29 3.103% 2t AF7H Ho @ p < po, W™
7V Hy:p > pod W REEAAT} 0o AHERDAA REE 07} FE o Al 1F 279 IS o=
Eom EZQ X}(standard error)E se = o//n, 712+ (rejection region)& X > po + zo0 /1, AR
(= 1- Al 2% LF)E r(u) = PrlZ 2 (o — pn)/(0/v/R) + za]0 BTk, 1% 3100141 po = 0]
t}. n =10, o(Standard Deviation® EA]) = 2, u1 — po(True Difference® EA]) = 2, a = 0.052 A
AEtH 29 A se = 0.63, Z1AFoA 25 = po + za0/v/n = 1.04, FFHL r(2) = 0.9357} At}
A 1% 2FE FA 39 Al 2% 257 AAL A 15 LFE 2A 3 A 2% L7V A He W)
g FAZ dPshs AE A 2dgaE U4 + Uk

OIlM| 3.10: 35A91A 5547129 94 10099 gt B] kA4 (BMI, body mass index)& ZAFIY
EE3go] 25.120|% FEEFHAA/} 530wk B@AEr 25K Avda & = Qv FoeE
5%A4 AL B3tet
Z0l: 7HdL o3 Bt

Hy:p <25, Hi:p>25
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se = 0,832 104

o
. i
SandardDedalory oo s
n=10 sd= 290 diff = 2.00 a!pha=0050 RO s S
Frue Liigonce: 7
Null Distritution
ipha ;
I A S L 1
;73 v b
T D
g ‘) ¥ ngm;gg ¥ T T
>3 4 1 2 3 # &
*
Rtemative Distribution
»re!gﬁnmgm 3 Power
2 e
S . oy
© T 1 fﬂ{m} i 1 T
SN N A R T A
X Bmal:] Er
fiscds 15~ Yeodhs: 157
03 3.10. 14027t S0IF Y= R Commander0iA ZEZ G2 31H

EEY 3717} 100702 hEEo)mZ FRARE vh3 2ol AT £ Atk p-Fhol 0410224
0.058Tt 2B ARIEE 7148 5 gok. & HuA 47 25T Ity & 5 vk

> # 237 g AR (HEEY FH)

> one.sample.z.test=function(mean.x,sd.x,n,alt,mu)
+{

+ se=sd.x/sqrt(n)

+ z=(mean.x-mu)/se

+ if(alt=="2") print(1-pnorm(z))

+ if(alt=="23") print(pnorm(z))

+ if(alt===""Z"8") print(1-pnorm(abs{z))+pnorm{-abs(z)))
+}

> one.sample.z.test(25.12,5.3,100,” 3" ,25)

[1] 0.4104393

OIM 3.11: The AEE ol Aol 157 A FHF(AN: ololAY ES)E 24 23

oIk B AP0l 435t /acrelih IHD Y 5 QT FUAFE S%IN AL ABAH(, S
& AFRES ol Fchn APBHAL).

3.56, 5.00, 4.88, 4.93, 3.92, 4.25, 5.12, 5.13, 5.35, 4.81, 3.48, 4.45, 4.72, 4.79, 4.45

Z20|: 7ML v 2
Hy :p <£4.35, Hy:p>4.35

£2o| 277} 15702 £EEO|BE 144L Theh 2o] BT 4 vk p-gho] 0.06324 0,054 2
B2 ATAEE 7148 4 Yok 3 BF £8Pl 435t/acre i Z0kT T 5 Yok
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Sample Quantiles

Theoretical Quantiles

02 3.11. Aelsszol ost dreE08

> # ZRg thE AR (222 B39)
> x=c¢(3.56,5.00,4.88,4.93,3.92,4.25,5.12,5.13,5.35,4.81,3.48,4.45,4.72,4.79,4.45)
> t.test(x,alt="greater” ,mu=4.35)

One Sample t-test

data: x

t = 1.6314, df = 14, p-value = 0.06255

alternative hypothesis: true mean is greater than 4.35
95 percent confidence interval:

4.330935 Inf

sample estimates: mean of x

4.589333

a2 WY AFEAGeIkE 7o) Qo AAS B3] A ARE 0§l FRFRATelNT &
% Q& AE PESelol Itk The 1Y 3.113% 22 AFREIY ¥ Shapiro Wilk 2R Esto]
AR BRI Gl ¥ 4 ek

> qgnorm(x,main="xl| | &= o3t F7FEIY”)
> qqline(x,col="red”)
> shapiro.test(x)

Shapiro-Wilk normality test

data: x
W = 0.9109, p-value = 0.1396
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IRl 3.12: J2HEATS AEAT) gt ABEE ZAY] Fohe] 1008 TIgeE FHo] B
s % 79 ol Zzte) ANE mE F F } e ANE AHSEE SAnY 6190 A5ANE
AEoT,. AFATG) B ABTI 65%RT AT FY 5 AE A FASE %0l BHE
a2},

Zol: e oew 2
Hy:p>0.65, H, :p<0.65

BH 77171 1007]2 hEEIEE AFAFE thedt 2o] #E 5 Yot p-gho] 023224 0.052
o ZEE ARENEE 714 £ sivh. & AT eVt 65%ETE ATi @ 5 givh RelAe 2929 3
AollA Fojee FoAFEAFS ol8et] FRBE B

> # 2u]go) g FA
> prop.test(61,100,p=0.65,alt="less”)

1-sample proportions test with continuity correction

data: 61 out of 100, null probability 0.65
X-squared = 0.5385, df = 1, p-value = 0.2315
alternative hypothesis: true p is less than 0.65
95 percent confidence interval:

0.0000000 0.6910052

sample estimates:

p

0.61

4. 82

R TSt 12FA% 2257 99 29 A BEE BA) ot & AolA AongTh F%

FAz2A 3 B 714.%741”L 22274 99 79 Al FAHZANZEA 7125AEE R GUIA R Com-
manderg &3 d77F A

]

[ )
_T’_Eh

2713, ezl
512, 0I5
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Applications of R for Inferential Statistics in the
Elementary Statistics Course

Dae-Heung Jang!
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Abstract
We can use R package as a statistical package on the statistical education for college students. R is an
interactive mode package and graphical presentation tools are powerful in R. The greatest advantage is that
R is a general public license package. We need to counsider R package as a standard statistical package on
the statistical education for college students. We can consider the applications of R for inferential statistics

in elementary statistics course.
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