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2Ⅰ. 표본평균의 표본분포

- X∼ N(𝝁, 𝝈𝟐)이면, ഥ𝑿∼𝐍(𝝁,
𝝈𝟐

𝒏
)

단, n은 표본의 크기(sample size)

- (예 1) 평균이 2.5이고, 분산이 1.25인 모집단에서 표본크기가 2인 표본을 추출할 경우 표본평균의 평
균은 모평균과 동일한 2.5가 되고, 분산은 1.25/2인 분포를 근사적으로 따르는데 10,000개 표본평균의
평균과 분산은 각각 2.498928 및 0.643669로 모집단의 이론적인 평균과 분산에 근접함을 알 수 있음

b1-ch5-1.py

import numpy as np

import scipy.stats as stats

import seaborn as sns

# set the random seed:

np.random.seed(123456)

# set sample size:

n=2

# initialize sampling dist. to an array of length r=10000 to later store results:

r = 10000

sample_dist = np.empty(r)

# repeat r times:

for j in range(1,r):

# draw a sample and store the sample mean in pos. j=0,1,... of sample_dist:

sample = stats.norm.rvs(2.5, 1.1182, size=n)

sample_dist[j] = np.mean(sample)

mean = np.mean(sample_dist)

variance = np.var(sample_dist)

print("Mean of sampl mean distribution is :", mean)

print("Variance of sample mean distribution is :", variance)

sns.histplot(data=sample_dist, x=None, kde=True).set(title='Histogram of Sampling_dist')
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- (예 2) 표본평균의 평균은 표본크기에 관계없이 모평균과 동일하고, 표본평균의 분산은 모분산을 표본
크기로 나눈 값과 같으므로 표본크기가 커짐에 따라 표본평균의 분산은 작아짐을 보일 수 있음

b1-ch5-2.py

(패키지생략)

# set the random seed:

np.random.seed(123456)

# set sample size:

n1=2

n2=5

n3=10

n4=30

# initialize sampling dist. to an array of length r=10000 to later store results:

r = 10000

sample_dist_2 = np.empty(r)

sample_dist_5 = np.empty(r)

sample_dist_10 = np.empty(r)

sample_dist_30 = np.empty(r)

# repeat r times:

for j in range(1,r):

# draw a sample and store the sample mean in pos. j=0,1,... of sample_dist:

sample_2 = stats.norm.rvs(2.5, 1.1182, size=n1)

sample_dist_2[j] = np.mean(sample_2)

(중략)

mean_2 = np.mean(sample_dist_2)

variance_2 = np.var(sample_dist_2)

print("Mean of sampling distribution w/ n=2 is :", mean_2)

print("Variance of sampling distribution w/ n=2 is :", variance_2)

(중략)

mean_5 = np.mean(sample_dist_5)

variance_5 = np.var(sample_dist_5)

print("Mean of sampling distribution w/ n=5 is :", mean_5)

print("Variance of sampling distribution w/ n=5 is :", variance_5)

fig, ax = plt.subplots()

sns.histplot(data=sample_dist_2, x=None, kde=True).set(title='Histogram of Sampling_dist_2')

ax.set_xlim(-1,6)

plt.show()

(이하생략)



4Ⅱ. 중심극한정리

- X∼ (𝝁, 𝝈𝟐)이면, n이 커짐에 따라 ഥ𝑿 ሶ~ 𝐍(𝝁,
𝝈𝟐

𝒏
) , n은 표본의 크기(sample size)

- (실험 1) X∼U(0,1)에서 X의 평균은 1/2, 분산은 1/12이므로 n=11인 경우 표본평균 ഥ𝑿는 근사적으로
N(1/2, 1/132)을 따르는데 1,000개 표본평균의 평균과 분산은 각각 0.500009및 0.0073으로 모집단의
이론적인 평균과 표준편차에 근접함을 알 수 있음

b1-ch5-3.py

import numpy as np

#import scipy.stats as stats

import seaborn as sns

from numpy import random

# set the random seed:

np.random.seed(1234556)

# set sample size:

n=11

min = 0

max = 1

# initialize sampling dist. to an array of length r=10000 to later store results:

r = 1000

sample_dist = np.empty(r)

# repeat r times:

for j in range(1,r):

# draw a sample and store the sample mean in pos. j=0,1,... of sample_dist:

sample = random.uniform(0,1,size=n)

sample_dist[j] = np.mean(sample)

mean = np.mean(sample_dist)

variance = np.var(sample_dist)

print("Mean of sampling distribution from Unifrom(0,1) is :", mean)

print("Variance of sampling distribution from Uniform(0,1)is :", variance)

sns.histplot(data=sample_dist, x=None, kde=True).set(title='Histogram of Sampling_dist of n=11')
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- (실험 2) 확률변수 X가 평균이 10, 표준편차가 2인 정규분포를 따른다고 할 때 이러한 확률분포로부터
표본크기가 각각 5, 10, 20, 30인 확률표본을 10,000개 추출하는 실험을 통해 표본크기에 따라 10,000
개 표본평균의 평균과 분산은 모집단의 이론적인 평균과 분산에 근접함을 알 수 있음

b1-ch5-4.py

(패키지생략)

# set the random seed:

np.random.seed(123456)

# set sample size:

n_5 = 5

n_10 = 10

n_20 = 20

n_30 = 30

# initialize ybar to an array of length r=10000 to later store results:

r = 10000

ybar_5 = np.empty(r)

ybar_10 = np.empty(r)

ybar_20 = np.empty(r)

ybar_30 = np.empty(r)

# repeat r times:

for j in range(r):

# draw a sample and store the sample mean in pos. j=0,1,... of ybar:

sample_5 = stats.norm.rvs(10, 2, size=n_5)

ybar_5[j] = np.mean(sample_5)

(중략)

mean_5 = np.mean(ybar_5)

variance_5 = np.var(ybar_5)

print("Mean of sampling distribution w/ n=5 is :", mean_5)

print("Variance of sampling distribution w/ n=5 is :", variance_5)

(중략)

# simulated density:

kde_5 = sm.nonparametric.KDEUnivariate(ybar_5)

kde_5.fit()

(중략)

# normal density:

x_range_5 = np.linspace(9, 11)

y_5 = stats.norm.pdf(x_range_5, 10, np.sqrt(4/n_5))

(이하생략)

구분 n=5 n=10 n=20 n=30

표본평균의 평균 10.00254 10.00433 10.00125 10.00179

표본평균의 분산 0.80042 0.4003 0.1985 0.12997
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- (실험 3) 확률변수 X가 자유도가 1인 𝝌𝟐-분포를 따른다고 할 때(따라서 평균은 1, 분산은 2됨) 이러한 확
률분포로부터 표본크기가 각각 2, 10, 20, 30인 확률표본을 10,000개 추출하는 실험을 통해 표본크기에
따라 10,000개 표본평균의 평균과 분산은 모집단의 이론적인 평균과 분산에 근접함을 알 수 있음

b1-ch5-5.py

(패키지생략)

# set the random seed:

np.random.seed(123456)

# set sample size:

n_2 = 2

n_10 = 10

n_20 = 20

n_30 = 30

# initialize ybar to an array of length r=10000 to later store results:

r = 10000

ybar_2 = np.empty(r)

ybar_10 = np.empty(r)

ybar_20 = np.empty(r)

ybar_30 = np.empty(r)

# repeat r times:

for j in range(r):

# draw a sample and store the sample mean in pos. j=0,1,... of ybar:

sample_2 = random.chisquare(df=1, size=n_2)

ybar_2[j] = np.mean(sample_2)

(중략)

mean_2 = np.mean(ybar_2)

variance_2 = np.var(ybar_2)

print("Mean of sampling distribution w/ df=1 & n=2 is :", mean_2)

print("Variance of sampling distribution w/ df=1 & n=2 is :", variance_2)

(중략)

# simulated density:

kde_2 = sm.nonparametric.KDEUnivariate(ybar_2)

kde_2.fit()

(이하생략)

구분 n=2 n=10 n=20 n=30

표본평균의 평균 1.01986 1.00539 0.99734 1.00046

표본평균의 분산 1.06407 0.20082 0.10035 0.06607
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- (실험 4) 확률변수 X가 균등분포 U(0,1)을 따른다고 할 때(평균은 0.5, 분산은 0.083333) 이러한 확률분
포로부터 표본크기가 각각 2, 10, 20, 30인 확률표본을 10,000개 추출하는 실험을 통해 표본크기에 따
라 10,000개 표본평균의 평균과 분산은 모집단의 이론적인 평균과 분산에 근접함을 알 수 있음

b1-ch5-6.py

(패키지생략)

# set the random seed:

np.random.seed(123456)

# set sample size:

n_2 = 2

n_10 = 10

n_20 = 20

n_30 = 30

# initialize ybar to an array of length r=10000 to later store results:

r = 10000

ybar_2 = np.empty(r)

ybar_10 = np.empty(r)

ybar_20 = np.empty(r)

ybar_30 = np.empty(r)

# repeat r times:

for j in range(r):

# draw a sample and store the sample mean in pos. j=0,1,... of ybar:

sample_2 = np.random.uniform(0,1,size=n_2)

ybar_2[j] = np.mean(sample_2)

(중략)

mean_2 = np.mean(ybar_2)

variance_2 = np.var(ybar_2)

print("Mean of sampling distribution w/ n=2 is :", mean_2)

print("Variance of sampling distribution w/ n=2 is :", variance_2)

(중략)

mean_10 = np.mean(ybar_10)

variance_10 = np.var(ybar_10)

print("Mean of sampling distribution w/ n=10 is :", mean_10)

print("Variance of sampling distribution w/ n=10 is :", variance_10)

# simulated density:

kde_2 = sm.nonparametric.KDEUnivariate(ybar_2)

kde_2.fit()

(이하생략)

구분 n=2 n=10 n=20 n=30

표본평균의 평균 0.502469 0.5009 0.49999 0.49975

표본평균의 분산 0.041391 0.00857 0.00412 0.00279



8Ⅲ. 표본분산의 표본분포

- 모집단이 정규분포에 따르더라도 표본분산의 표본분포는 정규분포에 따르지 않고 표본분산의 평균은

𝝈𝟐, 분산은
𝟐𝝈𝟒

𝒏−𝟏
인 분포에 따름

- (예 1) 평균이 2.5이고, 분산이 1.25인 모집단에서 표본크기가 2인 표본을 추출할 경우 표본분산은 근
사적으로 평균 1.25, 분산 3.125인 분포를 따르는데 10,000개 표본의 표본분산의 평균 1.260899, 분
산 3.176788로 모집단의 이론적인 평균과 분산에 근접함을 알 수 있음

b1-ch5-7.py

import numpy as np

import scipy.stats as stats

import seaborn as sns

import matplotlib.pyplot as plt

# set the random seed:

np.random.seed(12345)

# set sample size:

n=2

# initialize sampling dist. to an array of length r=10000 to later store results:

r = 10000

sample_dist = np.empty(r)

# repeat r times:

for j in range(1,r):

# draw a sample and store the sample mean in pos. j=0,1,... of sample_dist:

sample = stats.norm.rvs(2.5, 1.118, size=2)

sample_dist[j] = np.var(sample, ddof=1)

mean = np.mean(sample_dist)

variance = np.var(sample_dist,ddof=1)

print("Mean of sample variance distribution is :", mean)

print("Variance of sample variance distribution is :", variance)

fig, ax = plt.subplots()

sns.histplot(data=sample_dist, ax=ax, kde=True).set(title='Histogram of Sampling_dist')

ax.set_xlim(0,10)
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- (예 2) 평균이 10이고, 표준편차가 2인 정규분포에 따르는 모집단에서 표본크기가 11인 1,000개 표본
으로부터 구한 표본분산 𝒔𝟏

𝟐 , 𝒔𝟐
𝟐 , … , 𝒔𝟏𝟎𝟎𝟎

𝟐 은 정규분포에 따르지 않는다는 것을 확인할 수 있음

b1-ch5-8.py

import numpy as np

#import statsmodels.api as sm

import scipy.stats as stats

import matplotlib.pyplot as plt

import seaborn as sns

# set the random seed:

np.random.seed(123456)

# set sample size:

n = 11

# initialize r to an array of length r=1000 to later store results:

r = 1000

sample_mean = np.empty(r)

sample_var = np.empty(r)

# repeat r times:

for j in range(r):

# draw a sample and store the sample mean in pos. j=0,1,... of ybar:

sample = stats.norm.rvs(10, 2, size=n)

sample_mean[j] = np.mean(sample)

sample_var[j] = np.var(sample, ddof=1)

mean = np.mean(sample_var)

variance = np.var(sample_var, ddof=1)

print("Mean of sampling distribution from Normal is :", mean)

print("Variance of sampling distribution from Normal is :", variance)

# simulated density:

#kde = sm.nonparametric.KDEUnivariate(sample_var)

#kde.fit()

fig, ax = plt.subplots()

sns.histplot(data=sample_var, x=None, kde=True).set(title='Histogram of Sampling_dist w/ n=11')

ax.set_xlim(0,15)

#plt.savefig('C:/BOOK/PyBasics/PyStat/code/b1-ch5-8.png')
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- (예 3) 표본크기를 다르게 할 경우 표본분산의 분포는 모집단의 이론적인 평균인 𝝈𝟐과 분산인
𝟐𝝈𝟒

𝒏−𝟏
에

근접함을 알 수 있음

b1-ch5-9.py

(패키지생략)

# set the random seed:

np.random.seed(123456)

# set sample size:

n1=10

n2=20

n3=30

n4=100

# initialize sampling dist. to an array of length r=10000 to later store results:

r = 10000

yvar_10 = np.empty(r)

yvar_20 = np.empty(r)

yvar_30 = np.empty(r)

yvar_100 = np.empty(r)

# repeat r times:

for j in range(1,r):

# draw a sample and store the sample mean in pos. j=0,1,... of sample_dist:

sample_10 = stats.norm.rvs(10, 2, size=n1)

yvar_10[j] = np.var(sample_10, ddof=1)

(중략)

# repeat r times:

for j in range(1,r):

# draw a sample and store the sample mean in pos. j=0,1,... of sample_dist:

sample_100 = stats.norm.rvs(10, 2, size=n4)

yvar_100[j] = np.var(sample_100, ddof=1)

mean_10 = np.mean(yvar_10)

variance_10 = np.var(yvar_10, ddof=1)

print("Mean of sample variance distribution w/ n=10 is :", mean_10)

print("Variance of sample variance distribution w/ n=10 is :", variance_10)

(이하생략)

구분 n=10 n=20 n=30 n=100

평균
표본분산 3.99581 3.9925 4.00163 3.99624

모집단 4 4 4 4

분산
표본분산 3.5946 1.70038 1.12352 0.3206

모집단 3.5555 1.6842 1.1034 0.3232


