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HANZE—DAZN 10000 ARSI, 79 10000 BHAIRERS ID, FHEEHE 1Q HiE, ”’E 1Q B9
9ERN 100, tREER 15,

# Population, GS\K

# BMAISEIREN 100

mu <- 100

# BAIREZEIREN 15

sigma <- 15

# BENFFEIREN 20240906
set.seed(20251107)

# %% ID 5 IQ FAKERT
population10000 <- data.frame(
# %A 10000 1 ID (WiAHES)

ID = seq(1:10000),
# H£BE 10000 MIEN mu. FREERN delta B IQ £
IQ = round(rnorm(10000, mean = mu, sd = sigma), O0)
)

# BEHIRER

# View(population10000)

# BEEHUERA 6 17

head (population10000)

## ID IQ

# 1 1 57

#H 2 2 109

## 3 3 105

## 4 4 68

## 5 5 105

## 6 6 135

2 RS/

&7 (population distribution) RAMK (10000 Zik 1Q 85) H5%., ERZAEIBHALIRY
205,

# EREHNELE

# BESHE 10000 MRS,

library(ggplot2)

ggplot (population10000, aes(IQ)) +
geom_histogram(breaks = seq(40, 160, 10),



S

f£ill = "lightskyblue", color = "gray") +
scale_x_continuous(breaks = seq(40, 160, 10)) +
coord_cartesian(xlim = c(40, 160))
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3 BEdiE

BTIR, BROVEMEENERE, BN N = 10000 BISMAPEEFIHER—MERE n = 100 BIEER, AN
MROXMERF samplel,

# NSRPRENIHER—MEAREN 100 BUHFA, MEE ID
samplelID <- sample(population10000$ID, 100)

# IR#E ID IEH samplel HIEUE
samplel <- population10000[samplelID, ]

4 #A

BE samplel IR, FR: #H&id ID HNIRFREN, XSHENEESIEN,
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#t BEEHEAR
head(samplel)

## ID IQ
## 2974 2974 110
## 6384 6384 117
## 8008 8008 84
## TTT3 TT73 94
#HT247T T247 117
## 3739 3739 115

5 BEFHEAHITRBIESIREES

BEANBDERSMMIENERMGTT. BRNMREERRNTRANIRES, BEREANERITEZSEN
BIMTEENTRMET, REZN ‘TR, LRLEREREN.

# 18 samplel B IQ HIIE

samplel_mean <- mean(samplel$IQ)

samplel_mean

## [1] 98.26

# 118 samplel B IQ BIMREZE

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

## [1] 15.76745

# samplel WILRITEZ (BT samplel {fitRMAEIIREE)
samplel_sd_unbiased <- sqrt(sum((samplel$IQ - samplel_mean) 2)/(100 - 1))
samplel_sd_unbiased

## [1] 15.8/688

# A sd REItE samplel MLRITEE (SIMREZENGEITHE)
sd(sample1$IQ)

## [1] 15.84688

6 HEDH

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

ggplot (samplel, aes(IQ)) +
geom_histogram(breaks = seq(40, 160, 10),
fill = "lightskyblue", color = "gray") +
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scale_x_continuous(breaks = seq(40, 160, 10)) +
coord_cartesian(xlim = c(40, 160))
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7 EENE

FERA—THERNTESIHNYEGITRANESENREZTERA, RENESEHEFNTRE, MRS M
K, BESMERNIERE, B4, BB EIEREHOMGITHE, TE, ZNOMAE N = 10000 89
RHEH m = 1000 MEARE n = 100 BT,

# MNEECA 10000 BIHEARTRITHMEN 1000 MEAEN 100 BIHA, FA samples
samples <- list()

for (index in 1:1000) samples[[index]] <- population10000[sample.int(10000, 100), ]
# BE samples

length(samples)

## [1] 1000

head(samples[[1]])

## ID 1IQ

## 2238 2238 74

## 5186 5186 105

## 4033 4033 138

## 2375 2375 118
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## 7640 7640 131
## 556 556 93

8 1000 MHEARIERIE

S58MER (B9 samplel) #8EE, 1000 NSERRFARGIIERIIEEMEBELSIAINE,

# 2RE 1000 MEARIIE, —HBE 1000 NMIE, FA samples_means
samples_means <- sapply(samples, function(x) mean(x$IQ))

range (samples_means)

## [1] 95.49 104.44

head (samples_means)

## [1] 99.54 101.41 101.60 100.98 99.20 99.97

# 1000 PEFRFEARRIIIENIIE,
mean (samples_means)
## [1] 100.0849

9 WMESH

MESME 1000 MEANBIENSH. ITPEPHE—THERR—TMEARD 100 8K 1Q 8913
B, MAR—THIRXE 1Q /592, XTOHPLOER 1000 MEANIENIE, XTOHIREER
1000 MEARIIIEIITEE,

# ST, B, 1000 PMERNIIENST,
ggplot(data.frame(samples_means), aes(samples_means)) +
geom_histogram(breaks = seq(95, 105, 1),
f£ill = "lightskyblue", color = "gray") +
scale_x_continuous(breaks = seq(95, 105, 1))
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samples_means

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

# S MIREE,

# BD, 1000 MMIYEHIREE,

sqrt (sum((samples_means - mean(samples_means)) ~ 2) / 1000)
## [1] 1.528941

10 EREZNMRIRE

EBRFMT, MESHMBRNESS A, EUWH “EMES P GNSO A . PEPFESHASEH
HNRmER. BSONRKEESHEAX, RIKREDSSRIFESIA SR, Fit EAKM— N HEER
IRAUARAERER p < 0.05, p =2 probability %S, =B, 2HRMERIRIESS (SEMRIFES
5aNHRkiESS) G288 5%, AFESHTEENHRYE, BANRR (EMILLUE) &5 2.5%, A
MEL (BMALUAR) & 2.5%. SESEESHRNER 5% HXEN, EMNMIRZESSS2HEPO
(DHNE) BEEEER. 52, MRBMNMET —NMED x AL PHMEREYEHRIEEHY
B, BMNMITUHEHINMED x SOBNPOREEFREEER,

# S, B, 1000 MERIIIENS .
ggplot(data.frame(samples_means), aes(samples_means)) +
geom_histogram(aes(y = after_stat(density)),
breaks = seq(95, 105, 0.2),
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fill = "lightskyblue", color
scale_x_continuous(breaks = seq(95, 105, 1))
stat_function(fun = dnorm,

args = list(mean =

linewidth = 1,

color = "gold") +
geom_vline(xintercept = mean(samples_means)
color = "red", linewidth = 1) +
geom_vline(xintercept = mean(samples_means)
color = "red", linewidth = 1) +
geom_vline(xintercept = samplel_mean,

= ||grayu) +
+

mean (samples_means), sd = sd(samples_means)),

- gnorm(0.975) *sd (samples_means),

+ gnorm(0.975) *sd (samples_means),

color = "chartreuse4", linewidth = 1) +
annotate("text", x = samplel_mean, y = 0.05,
label = "samplel mean", color = "chartreuse4")
0.3-
0.2-
2
k%)
c
()
©
0.1-
samplejl mean
0.0-
1 1 1 1 1 1 1 1 1 1 1
95 96 97 98 99 100 101 102 103 104 105

samples_means

11 samplel BHESSMFIIERIEMELIR

samplel 1314 98.26, LbRAEIEN, BR, X—ERES

BE? BRINBEME samplel BIYETEM

HomPHNNE, FEBEGLIRHT samplel HENNE., I, samplel HEHREENMES, &

samplel HESSMIIERBREER.



12 z HERER z 1018

BEERT, MESHRAESSH, ESHRIOREER, BLFSEHRAETRINNELR, 1
ERNME TR, RORTHE X —ESRFRIE RN RHNEHRER, ATRSER (HI:
2R, 6. 58) NEMAR, ATETHE, BIOTUWSTRESRUN 2 H5, BEIENS R
IATEESHT, NTHE 2 DRFNRNRHIE, 2 SEERNATIT, b M, 5 x K19,
SD, % x HObRaEE:

z— M

T

SD,

z =

¥iN  DHE, 2 SBEER 0, fREER 1, z PBBSHUT,

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 = qnorm(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")
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z

z DEENIE (SBAPL0) H 0, z NEUEBEXREA [4, 4. z RBET—MELESAPFINE, 2 <
0 B, z UFDHPONEM, =2z > 08, z NFoHAFONEM, B 2z, pnorm() REITLUTERIR
WX p (MLEPSRESHESERL » SENER). pnorm() BAMTENERIANRRME, AN
EERRIMEER, N, & 2z = -1 83, ZRAIEER 0.1586553, B4+, BA p, gnorm() HEHTLUIHE 2z,

Elt, FAITLUE samplel IEHIRA 2z 98, ABITE samplel IEEMESHPHEIMER, 12
BERT (Fli: #AE n BX, MEERNEE m FX), BESHINIER 1 = 100, HESHH
EER % = \/11% = 1.5, HESMIREZBERMAIRER (Standard Error), #it&FsSH SE,

BAENRERRIR T HEAREG T SAENIREIRE,

# (FERSREEGITHIENIRER

sigma / sqrt(100)

## [1] 1.5

# BEFSRIREE, X samplel BUISEMTEEAR z 16
z <- (samplel_mean - mu)/(sigma/sqrt(100))
z

## [1] -1.16

# z EREME

p_one_tailed <- pnorm(z)

p_one_tailed

## [1] 0.1230244

#z WE p B

p_two_tailed <- p_one_tailed*2

10
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p_two_tailed
## [1] 0.2460488

18, z =-1.16, p = 0.25, samplel HESEFIIE 100 REEEER,

XE, #IME 2z 98, #MitE p ENRIHRESEMEEES 2 01, BER 2 RRIMERRERDAF
WE. tREEEMNERT, WBREANESSEIENESR,

13 t PHEEES t 1218

B, SHBYESHEZEERANN, TERFANIESKRINESHTEIT, RRSBER 2 01018
RE7FE, BMNTUTEL “2” RE p . ATFEANEBANGETEREZ, AENIESERTRIMES
EHBHNRESHSETREES BIMRESAITHSEINBESHERE, AL, BN “2” 12
z, T2 t, X—HREMISEER t 1R,

# ERAEFAR 1 BREEGITER 1 I9ENRER
samplel_sd_unbiased / sqrt(100)

## [1] 1.58/688

# BT samplel LiRITEZE, 3 samplel BIIEMITEMEA t K£IE
t <- (samplel_mean - mu)/(samplel_sd_unbiased/sqrt(100))
t

## [1] -1.098008

# t BOXWE p B

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

p_t

## [1] 0.2748644

g, BEX z REHTERFEN 2z E. p B5EFFR t RETESIN z B, p EREEN, RIHELRE
HEE8Y,

EX L, HNALFE LARBHMERNAERETEER t 810, t.test O RETLUARRMS:

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

##

## UOne Sample t-test

##

## data: samplel$IQ

## t = -1.098, df = 99, p-value = 0.2749

## alternative hypothesis: true mean ts not equal to 100

## 95 percent confidence interval:

11
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##  95.11564 101.40436
## sample estimates:

## mean of

## 98.26

g0, t.test) RBHERSHRNBEANABUHENERE—HE,

14 BHE

FLmE ¢ IR, p EXITESERBEHE (degree of freedom, df) X—#HitE, TARBEHE? BH
ERBIETBHTMNEE, EaiXd, I samplel IMEMHTEEARN ¢ R, X—REBERIE
%itHE samplel 89198, & samplel HUIIEMRIFALTH, HAFRE n-1=100-1 =99 MAH
IQ BEUAEEZT, FELBEHE df = 99, EIAZMNABEERG: BRigK=. =N, T8 IQ i9E
7100, BAVERBMK=. =Y 1Q SHRTLMEREM, k=, F0H IQ BoIUEHTL, BEK
=. Z=AK IQ BH PRI 140, 90, BBAETR, M IQ BoAREEERRBN, T2 1Q BoAEB
B, ERK=. 2. T8 1Q tH9ER 100, FIAEH 1Q @AXUER: 100%3 - 140 - 90 = 70,

15 t SHIEBEE

FEEEARN t 101D, df =n- 1, HF n ABEERE, BRANERETEARR, AFERIESHERTREREES
HHBINEES T IEEFRERERN, HAEHX, BFANESHATRITEEMHITEENBHES
hoHREE T RMIES B REE ISR HEDS .,

ETED®, £8M%N 2z 9%, EELHRFRTENEHERN 1. 4. 9 B t 9%, IR, 5 z SHAEL,
HAREN (df BN, t DHNESSHE, XMEKRT z RIES t 18101 p EHNER.

ggplot (data.frame(x = seq(-4, 4, 0.1)), aes(x)) +

stat_function(fun = dnorm, color = "gold", linewidth = 2) +
stat_function(fun = dt, args = list(df = 1),

color = "slateblue4", linewidth = 1) +
stat_function(fun = dt, args = list(df = 4),

color = "slateblue3", linewidth = 1) +
stat_function(fun = dt, args = list(df = 9),

color = "slateblue2", linewidth = 1) +
theme bw()

12
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