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# Population, &K

# SAIEIRESN 100

mu <- 100

# BIMREEIREN 15

sigma <- 15

# PENFFEIREN 2026
set.seed(202605)

# 1% ID 5 IQ FARERTF
populationl10000 <- data.frame(
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# &£ 10000 1 ID (#AHFS)
ID = seq(1:10000),
# £BC 10000 MIEN mu. FRHEEN delta B IQ £

IQ = round(rnorm(10000, mean = mu, sd = sigma), O0)
)
# BEIER

# View(population10000)

# BERYURRE 6 17

range (population10000$IQ)
## [1] 38 156

head (population10000)

## ID IQ
## 1 1 126
# 2 2 94
## 3 3 93
## 4 4 119
## 5 5 104
## 6 6 81

# SMREIERRISE

mean (population10000$IQ)

## [1] 99.8009

# SABISERRRIEZE

sqrt (sum((population10000$IQ - mean(population10000$IQ))~2)/10000)
## [1] 14.94354

2 RxaH

B4&5% (population distribution) 244 (10000 B#iH 1Q E5) M, ERIZDHEVEYLIRE

=IE,
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# ERRHNERE
# SMADMR 10000 NMUBRHST.
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 BEdiE

BTk, RIAVMEDEEIETE, HOM N = 10000 BIRPEENIHER—MERE n = 100 B9EER, A

FRXAMEAS samplel,

# NSRRREHHRER—MEREN 100 IR, #HEE ID
samplelID <- sample(population10000$ID, 100)
# tR1E ID XL samplel BIENE

samplel <- population10000[samplelID, ]
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BE samplel IR, IR #Hid ID HNIRFREN, XIHENEESIN,

# BEEA

head (samplel)

## ID 1IQ
## 1553 1553 116
## 71307 7307 98
## 5822 5822 90
## 6361 6361 104
## 2752 2752 124
## 242 242 99

5 BFHEE 1 Gt FEEREE

HANBDERDMMIENERMTT. BRNREZERRNTRANIRES, BItERFEANERITESIEN
BIMREENT R, REZN ‘TR, LIRLEREREN.

# BETEE

range (samplel$IQ)

## [1] 67 139

# I8 samplel B IQ BIE

samplel_mean <- mean(samplel$IQ)

samplel_mean

## [1] 98.93

# I8 samplel ] IQ BIREZE

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

## [1] 14.04511

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

## [1] 14.11587

# R sd REItE samplel MLRITEE (SIAREENGEITHE)
sd(sample1$IQ)

## [1] 14.11587
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6 HAxSfh: BEX 1 95/

¥AS# (sample distribution) #FAD 100 MR 1Q BoHNDM,

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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7T BEDHESRHSMIREA

ERRRIYE mu SHREE sigma 2R, BNTUBRKNISES TRTEERGITSITHII9ES R
HE:

mu = Msample (1)

sigma = s (2)
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RSP, M, BHANOE, s ERANERTES,

8 ESHE

FERA—MHEATESINYEGITRANESENRETRRKA, IRENESEHFNIRE, MRS M
K, BSIERNYERE, B4, BRMBEIENEHNMGIHE. TE, RIOMAAZ N = 10000 598
RRENE m = 1000 MERE n = 100 B,

# NZER 10000 B9BEEARPRITHMEY 1000 MEREN 100 HIHEAR, 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
## 989 989 107
## 194 194 115
## 3489 3489 104
## 4818 4818 144
## T487T 7487 122
## 3070 3070 117

9 H#ESM: 1000 MERIENIESIREE

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

# 9BITE 1000 MEARIE, —HSE 1000 MIE, FA samples_means
samples_means <- sapply(samples, function(x) mean(x$IQ))

head (samples_means)

## [1] 101.21 98.14 100.45 100.09 100.32 98.57

range (samples_means)

## [1] 95.35 104.40

head(samples_means)

## [1] 101.21 98.14 100.45 100.09 100.32 98.57

# 1000 PEEFMFAIIIENIIE,
mean (samples_means)
## [1] 99.8118
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# 1000 PEEFMFAMIENTTE,

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

## [1] 2.023013

# 1000 PEEFRMEARBUENWRREE,

sqrt (sum((samples_means-mean (samples_means)) ~2)/1000)
## [1] 1.422327

10 H#ESH

WESHE 1000 MEANBENSH. ITPHPHE—THERR—TMEARD 100 #0189 1Q 8913
B, MAR—THIRXN I1Q 592, RTOHFLOERE 1000 MEANIENE, XTOHIREEZR
1000 MEARRIIERIREE.

# WS, B, 1000 MERINIIENS A,
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 ()
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# + coord_cartesian(xlim = c(40, 160))

11 BFESHEESRESM. BEIHIXFE

& RMARISME mu SREE sigma EEHAEY:

Msampling = mu (3)
stgma
SDsampling = \/ﬁ (4)

FLHXD, n REAE,

EVARIE mu SiREE sigma R, FOTURHEKRNIYES TRREERGIT2ITEI9ESIR
HEE:

Msampling = Msample (5)
S
Ssampling = % (6)

FEERP, M, BHANGE, s ERANERTES,

12 =S mEvtER

R =Ff D m RIS D E:

library(patchwork)
plot_pop <- ggplot(populationl10000, aes(x = IQ)) +
geom_histogram(breaks = seq(40, 160, 10),
fill = "wheat",
color = "grey") +
scale_x_continuous(breaks = seq(40, 160, 20)) +
coord_cartesian(xlim = c(40, 160), ylim = c(0, 3000)) +
labs(title = "Population") +
annotate(geom = "text",
label = c("N == 10000","mu == 99.80","sigma == 14.94"),
x = 55, y = c(2300, 2000, 1700), parse = TRUE) +



theme classic()
plot_sample <- ggplot(samplel, aes(IQ)) +
geom_histogram(breaks = seq(40, 160, 10),
fill = "wheat",
color = "grey") +
scale_x_continuous(breaks = seq(40, 160, 20)) +
coord_cartesian(xlim = c(40, 160), ylim = c(0, 30)) +
labs(title = "Sample") +
annotate(geom = "text",
label = c("n == 100","M == 98.93","SD == 14.12"),
x = 65, y = c(23, 20, 17), parse = TRUE) +
theme classic()
plot_sampling <- ggplot(data.frame(samples_means), aes(samples_means)) +
geom_histogram(breaks = seq(95, 105, 1),
fill = "wheat",
color = "grey") +
scale_x_continuous(breaks = seq(95, 105, 1)) +
coord_cartesian(ylim = c(0, 300)) +
labs(title = "Sampling", x = "Mean of IQ") +
annotate(geom = "text",
label = c("m == 1000","M[mean] == 99.81","SD[mean] == 1.42"),
x = 96.3, y = c(230, 200, 170), parse = TRUE) +
theme classic()
plot_pop + plot_sample + plot_sampling



Population Sample Sampling

30001 30+ 300
= 10000 =100 =1000
20004{=99.8 201=98.93 2004 =99.81
= = 14.94 = =14.12 = ean = 1:42
=) > >
(@] (@) (@)
(] (&) (&)
1000 - 101 100+
04 04 0-
40 60 801001 2014Q160 40 60 801001 2014CL60 9D ® VHANONEIDS
IQ 1Q Mean of IQ

ggsave ("compare3distributions.png", width = 12, height = 3)
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