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library (Keng)
data("well")
library(ggplot2)

1 B2

HANZE—DAZN 10000 ABISE, 9 10000 BH0tIRERS ID, FHEEHE 1Q #iE, ”’E 1Q B9
9ERN 100, tREER 15,

# Population, &K
# BIREIRERN 100
mu <- 100
# DIMREZIREN 15
sigma <- 15
# FENFPFEIREN 2026
set.seed(2026)
# 1% ID 5 IQ FARERTF
populationl10000 <- data.frame(
# &£p 10000 1 ID (#AHS)
ID = seq(1:10000),
# B 10000 MIEN mu. FREESN delta By IQ £
IQ = round(rnorm(10000, mean = mu, sd = sigma), 0)
)
# BEEHER
# View(population10000)
# EFLUERE 6 17
range (population10000$IQ)
## [1] 45 158
head (population10000)
## ID IQ
## 1 1 108
#2 2 84
## 3 3 102
w4 4 99
## 5 5 90



## 6 6 62

# SARISCRRINE

mean (population10000$IQ)

## [1] 100.0531

# SREYSERRTEE

sqrt (sum((population10000$IQ - mean(population10000$IQ))~2)/10000)
## [1] 15.01792

2 RxaH

k4375 (population distribution) 2E4A (10000 Bk 1Q 89) B9, ERIZATHIBHLIRN
248,

# ERANELE
# SMEDHRE 10000 MUERHD A,
library(ggplot2)
ggplot (population10000, aes(x = IQ)) +
geom_histogram(breaks = seq(40, 160, 10),
fill = "white",
color = "black") +
scale_x_continuous(breaks = seq(40, 160, 10)) +
coord_cartesian(xlim = c(40, 160)) +
theme_bw ()
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3 iR

BT, BAMSHEEEERE, BIIM N = 10000 SRR —MERSE n = 100 8, 3]
FRXAMEAS samplel,

# NRADRREHARMER—MEAREN 100 B9EAR, HEE ID
samplelID <- sample(population10000$ID, 100)
# #RiE ID & samplel HIEUR

samplel <- population10000[samplelID, ]

4 B#A

BE samplel PHIEHE, F=: #id ID NIRFRIEY, XSHBNEESEHN,

# BEEHEAR

head (samplel)

## ID IQ
## 5784 5784 107

## 4443 4443 103
## 1968 1968 91
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## 1890 1890 85
## 697 697 111
## 9873 9873 101

5 EFHEAMEUREIESIREE

HARNERSAENTRME T, FRREZRR/N\TRAIINES, BWERFEARNTRINEEFEN
RISREENT AT, REBN “ER", LRLEREREN,

# BEEE

range (samplel1$IQ)

## [1] 65 154

# 118 samplel B IQ BIIE

samplel_mean <- mean(samplel$IQ)

samplel_mean

## [1] 99.2

# 8 samplel B9 IQ BItREZE

samplel_sd <- sqrt(sum((samplel$IQ - samplel_mean) ~2)/100)
samplel_sd

## [1] 15.12614

# samplel MERITEE (EF samplel fhitRMABIIREZ)
samplel_sd_unbiased <- sqrt(sum((samplel$IQ - samplel_mean)~2)/(100 - 1))
samplel_sd_unbiased

## [1] 15.20234

# EH sd " REItE samplel HLRITEEZ (SIAREZENGEIHE)
sd(samplel1$IQ)

## [1] 15.20234

6 HESDH

HASH (sample distribution) 2#AD 100 MEX 1Q BoHNSA,

ggplot (samplel, aes(IQ)) +
geom_histogram(breaks = seq(40, 160, 10),
fill = "white",
color = "black") +
scale_x_continuous(breaks = seq(40, 160, 10)) +
coord_cartesian(xlim = c(40, 160)) +
theme bw()
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6.1 #EADHSEEIHHIXR
ERRRIYE mu SHEE sigma 2R, BNTUBARKNISES TRTEERGITSITHII9MES R
HE:

mu = M,

sampleSigma = Sp—1 (1)

FEERD, M, . SHENOE, s, | ERANERITES,

7 ESHE

FERA—TMHEATESHNYEGITRANESENREZTRERKA, IRENESEHFNZRE, MRS M
K, BSIERNERE, B4, BRMBEIENEHNMGEIHE. TE, RIOMAZ N = 10000 598
RRENE m = 1000 MERE n = 100 B,

# MNSEJ 10000 BUBEARPRIHHEN 1000 MEAEN 100 BIHFAR, FA samples

samples <- list()

for (index in 1:1000) samples[[index]] <- populationl10000[sample.int (10000, 100), 1]

# BE samples
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length(samples)
## [1] 1000
head(samples[[1]1])
## ID 1IQ
## 4095 4095 77
## 7241 7241 76
## 2867 2867 98
## 6947 6947 114
## 3949 3949 109
## 1464 1464 133

8 1000 MFAaIEAIE

S5BMER (BIE0: samplel) 4L, 1000 PEFREFARIIENEEMEREDEISE,

# 2BIHE 1000 MEARIE, —HEE 1000 MYE, FA samples_means
samples_means <- sapply(samples, function(x) mean(x$IQ))

head (samples_means)

## [1] 97.21 101.42 101.24 101.03 102.31 99.55

range (samples_means)

## [1] 95.11 106.23

head(samples_means)

## [1] 97.21 101.42 101.24 101.03 102.31 99.55

# 1000 DEEFREARBIIIERIINE.

mean (samples_means)

## [1] 100.0201

# 1000 PEEFRMEARBUENRRAEE,

sum( (samples_means-mean(samples_means)) ~2) /1000
## [1] 2.231855

9 WMEDH

mFESHE 1000 MERNBIENSH, IT2HPHES—MEIERE—MERD 100 Z48089 1Q 8913
B, MAR—MHIRN IQ B9, XNMSHPLOZER 1000 MEANIIENNE, XTMOHNIREER
1000 MEARIIHEIITEE,



# S, B, 1000 MEARNIIENS .

ggplot(data.frame(samples_means), aes(samples_means)) +

geom_histogram(breaks = seq(95, 105, 1),
fill = "white",

color = "black") +
scale_x_continuous(breaks = seq(95, 105, 1)) +
theme_bw()
200 A
IS
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o
o
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samples_means

# + coord_cartesian(xlim = c(40, 160))

# HEDMIREE.
# BN, 1000 NMYERIIREE,

102

103 104 105

sqrt (sum((samples_means - mean(samples_means)) ~ 2) / 1000)

## [1] 1.493939

9.1 HESHER2USH. BEIHNXFE

HERE mu SHREE sigma FEAY:

M

sampling

= muSD

sampling

sigma




LR, n BREARE,

EVARIIE mu SiREE sigma R, FOTUARHERNIYES TRREERGITSITHIES IR
HE:

M - = Sn- (3)

. S )
sampling sample®sampling \/’
n

R, M, BHANIE, s, SHANTRRES,

ample

10 fEskik

SPEBNAIHEMEBRER—ARE (X)) B—KF, BaIER, R P, HEN—AHES
BREM (Representativeness),

11 2%

HOIHEBE W HRF flourishl BIINENR 5.32, BNTUBRRSH 1787 HEIKNEERED N
5.75, A, ZFENFERREESTERRN—RKT? RERALZFENERRESISEFANE
0.43 2, EX—EZRURERNERESHN, fiN, FESEEN, ZELEERMIEER (Fia: 6
57) £, —DZERRERRERBEONES, EXENFEEVKTELRLEERN, #MiEhH, &
TEXEN “ER” FIE WIHERALEEREER", ANHELNESTEEANEIRESHMERN
MEHY, XMRELNESARHARMMEFELRLINESR, IRBIMEEELRLNES, &)
MIRA TN UENEREZE (significant), HER, RIMMENEREERITERN., B4, HENZFENE
BROKES=RERN—RKFEEZEERERMTAR? 2H=E,

12 ZRBEFMRRIRE

EMNENENETEI THRESMN—RAE: BREMT, SESHRNESSH, ZUERSSDE, &
MEREPDE, PEPFESHERSH., ROER, SHNSRESEMEBEERN, BRI NRFESH
BIVEXREM, BRIt LA — 2 HEERIBIITENEER p < 0.05, p  probability 9%EE. BEI, &
HERMEBIIRRSS (FEMREISENRED) G588 5%. BFESSHEENRNE, BEltA
MESD (EMIL%LAE) & 2.5%, GMESS (BMILLAA) & 2.5%. HEEERMES 5% X
B, JMOMRZE2ESHOPO (DHENE) BEEEER,
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dat_plot <- data.frame(flourishl = 1:10)
dat_1tail <- data.frame(
seq(l, 3.50, 0.01),
dnorm(seq(1, 3.50, 0.01),
mean = mean(well$flourishl),
sd = sd(well$flourishil)))
dat_rtail <- data.frame(
seq(7.14, 10, 0.01),
dnorm(seq(7.14, 10, 0.01),
mean = mean(well$flourishl),
sd = sd(well$flourishl)))
ggplot(dat_plot, aes(flourishl)) +
stat_function(fun = dnorm,

< X
o

< ™
o

args = list(mean = mean(well$flourishl),
sd = sd(well$flourishl))) +
scale_x_continuous(breaks = 1:10) +
geom_area(data = dat_ltail,
mapping = aes(x, y),
fill = "grey") +
geom_area(data = dat_rtail,
mapping = aes(x, y),
fill = "grey") +
scale_y_continuous(expand = expansion(mult = c(0, 0.05))) +
geom_vline(xintercept = 5.32, linewidth = 1) +
geom_vline(xintercept = 5.75) +
annotate("text", x = 5.1, y = 0.1, label = "5.32") +
annotate("text", x = 6, y = 0.05, label = "5.75") +
theme_classic()
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# MWD, B, 1000 MEREIIENS .
ggplot(data.frame(samples_means), aes(samples_means)) +
geom_histogram(aes(y = after_stat(density)),
breaks = seq(95, 105, 0.2),
f£ill = "grey") +
scale_x_continuous(breaks = seq(95, 105, 1)) +
stat_function(fun = dnorm,

args = list(mean = mean(samples_means), sd = sd(samples_means)),

linewidth = 1,
color = "gold") +

geom_vline(xintercept = mean(samples_means) - gnorm(0.975)*sd(samples_means),

color = "red", linewidth = 1) +
geom_vline(xintercept = mean(samples_means) + gnorm(0.975)*sd(samples_means),
color = "red", linewidth = 1) +
geom_vline(xintercept = samplel_mean,
color = "chartreuse4", linewidth = 1) +
annotate("text", x = samplel_mean, y = 0.05,
label = "samplel mean", color = "chartreuse4") +

theme_bw ()

11



0.3 1

density

0.1+

samplefl mean

0.0 1

95 96 97 98 99 100 101 102 103 104 105
samples_means

13 samplel IMESEHIERIEMELE

samplel 3{E)9 samplel_mean, LLRMAINEN, ER, X—EREEEE? RMNFEWMER samplel By
WEEHESTATINMNE, LEECEIRET samplel HEMNME., oI, samplel HWEHREFENM
EBB, ¥ samplel BHESEMKINEREREEER.

14 z HERER z 1018

BEERT, MESHRAESSH, ESHRIOREER, BLFSEHRAETRINNELR, 1
ERNME TR, RORTHEHX—HARRIE RN RSNEHRER, ATASER (HI:
HE. 6. 58) NEMAR, ATETHE, BITUWSTRESEUN 2 H5, BEIENSREK
IATEESHT, NTIHE 2 DRFANRNRHIER, 2 SEERNATIT, b M, 5 x K19,
SD, % x HObRaEE:

x— M,
SD,

z =

¥iN o DEE, 2 SBEER 0, WREER 1, z PBINSHUT,

12



ggplot(data.frame(z = seq(-4, 4, 0.1)), aes(z)) +
scale_x_continuous(breaks = seq(-4, 4, 0.5)) +
stat_function(fun = dnorm,

linewidth = 1,
color = "gold") +
geom_vline(xintercept = gnorm(0.025),

color = "red", linewidth = 1) +
geom_vline(xintercept = qnorm(0.975),
color = "red", linewidth = 1) +

geom_vline(xintercept = (samplel_mean - mu)/(sigma/sqrt(100)),
color = "skyblue", linewidth = 1) +
annotate("text", x = -1, y = 0,
label = "z = -1.16",
color = "deepskyblue") +
theme_bw ()

0.4 1

0.3

> 0.24

0.1+

0.0 1 z=-1.16
—4.0-35-3.0-25-2.0-1.5-1.0-05 00 0.5 1.0 1.5 2.0 25 3.0 3.5 40
Z

z FEEIE (PHIDP0) A0, z NEUEBEXREA [4, 4], z RBET—MESESHPHNUE, K2z <
0 BY, z UFAHPONEM, =z > 08, z NFoHAPO8NEMN, B 2, pnorm() REITLITERIR
W= p (MLEYESRESHESERSL » SENHETR), pnorm() BATENEEIGHRRMER, BIAN
EERRIMER, i, & 2z = -1 83, ZRAIEER 0.1586553, B4+, BA p, gnorm() HETLUIHE 2z,

Ett, FAITLUE samplel IEHIRA 2z 98, ABIMTE samplel IHEEMELHPHEIMER, 1B
BERT (Fla: #ASE n BX, MEEKRNEE m FX), BESHIER 1 = 100, HESHH

13
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WEEN 7 = Lo — 1.5, MESMEARESBEEWIRARER (Standard Error), #it#SH SE,

V100

BARENRERRIR T AR EG T SRENREIRE,

# ERARRIREEAITIENREIR

sigma / sqrt(100)

## [1] 1.5

# BETLARREE, X samplel BUISEMITHEER z €6
z <- (samplel_mean - mu)/(sigma/sqrt(100))
z

## [1] -0.5333333

# z ERWR

p_one_tailed <- pnorm(z)

p_one_tailed

## [1] 0.2969014

#z WE p &

p_two_tailed <- p_one_tailed*2
p_two_tailed

## [1] 0.5938029

al{§, 2z =-1.16, p = 0.25, samplel ¥WESEFIIE 100 FEEEER,

XE, #IME 2z 98, #MitE p BENRIHMRESEMEEER 2 01, BHEK 2z RRIMERRERDAF
E. MEEEMNBRT, WRERIESBIFENESR,

15 t PUEEES t 1218

B, SHBYESHREZEERANN, TERFANIESKRINESETEIT, RRSBHFAXR 2 01018
BE7FE, BMNTUHEL “2” RE p . ATFEANERANMGEITTEREZ, AENIESERTRIMES
HHBHNAESHESETEREAES BIMRESAITHSEINBESBERE, FLt, LEEHN “2” 12
z, T2 t. X—HREMIBEER t R,

# ERAFEAR 1 BREEGTHER 1 BHENRER
samplel_sd_unbiased / sqrt(100)

## [1] 1.52023

# BTF samplel LRITEZE, X samplel BIIEFHITEMEAR t 10K
t <- (samplel_mean - mu)/(samplel_sd_unbiased/sqrt(100))
t

## [1] -0.5262348

#t BIXWE p B

p_t <- pt(t, df = 100 - 1)*2

p_t

## [1] 0.599902

14
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i, 8Kz REHTESEN 2z B, p ESEHFAN t RIETESIN 2 &, p BREEN, RiHELR

HHEY,
EX L, HNALFE LRBHMERIADRETEER t 810, t.test O RETLUARRMS:

t.test.out <- t.test(samplel$IQ, alternative = "two.sided", mu = 100)
print(t.test.out)

##

## One Sample t-test

##

## data: samplel$IQ)

## t = -0.52623, df = 99, p-value = 0.5999

## alternative hypothesis: true mean ©s nmot equal to 100
## 95 percent confidence interval:

##  96.18353 102.21647

## sample estimates:

## mean of x

## 99.2

g, t.test() RENERSHRNFEEADNABITENERE—FN,

16 BHE

FLEH ¢ RS, p ENTERERBEBHE (degree of freedom, df) X—FHitE, TAREHE? BH
EREIETABHEHEE, XD, HIIX samplel HEMTREEAK ( 1818, X—RRFERIIE
%itHE samplel B9i9{E. & samplel BUIJERIFATE, #APFRE n-1=100-1 =99 ™AH
IQ BT BT, EEAE df = 99, BN NANSIERA: RIgK=. =M. T8 1Q 89i9E
79 100, BAVEEMK=. =M I1Q BSANTLUEREN, K=, =0 IQ B2 IBEATNK, BREK
=. ZFAH 1Q B9 8IA 140, 90, BRAKE TR, £ZM IQ BoREERBEN, M 1Q BHoAEH
B, Erk=. =M. T/ 1Q W9ER 100, FRAEZMN 1Q BowdEE: 100*3 - 140 - 90 = 70,

17 t 2HBEHE

FEEEA t1RDP, df =n- 1, HP n ABERE, BRANEFRETRARR, AFERIESHERTRIRES
HIBINEES A IEEFRERERN, BAEHX, ANANESHATRIREEMITSENBES
mEHREE T RAIES B REE IS EIAE S,

ETES, ML z £, BELAARTENEHEN 1. 4. 9 BN t 9%/, IR, 5 z 2H18L,
HAEEN (df BN, t PHNERSHE, XMERT z RIS t 10101 p ERNES.
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ggplot(data.frame(x
stat_function(fun
stat_function(fun

seq(-4, 4, 0.1)), aes(x)) +
dnorm, color = "gold", linewidth = 2)
dt, args = list(df = 1),

color = "slateblue4", linewidth = 1) +
stat_function(fun = dt, args = list(df = 4),
color = "slateblue3d", linewidth = 1) +
stat_function(fun = dt, args = list(df = 9),
color = "slateblue2", linewidth = 1) +
theme bw()
0.4 1
0.3 1
> 0.2
0.1
0.0 1
b 5 5 ;
X
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