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Distribution of 
Sample Mean

Population =Normal Distribution
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Di t ib ti f lDistribution of sample mean
Variance becomes smaller then that of 

the population. 
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Mean of sample meanMean of sample mean
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Variance of sample meanVariance of sample mean

)
1
()( VXV  )()( x
n

VarXVar i 

2
)(

1
xVar i 

2

2

1
)(

1
V

n


21
)(

1 
n

xVar
n i 

Sample Distribution 4



Standardization of  
Normal distribution

Population =Normal Distribution
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Distribution of sample mean
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Sample VarianceSample Variance

Maximum likelihood variance(最尤分散)
L l thLarge sample theory
Consistency (一致性) xx

s i i 


2
2 )(

n
s 

U bi d iUnbiased variance
small sample theory )( 2
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Unbiased (不偏性) 
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Basic knowledgeBasic knowledge

2)( ixVar
2)(  ixE

22 )(2)(   ii xExE
22)(  ixE

222 )(  ixE
Sample Distribution 7

)( i

mean of sample variancemean of sample variance
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Unbiased varianceUnbiased variance
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Chi square distributionChi-square distribution

The population is N(0,1)
Take sample whose size is nTake sample whose size is n
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The squared sum of n samples follows 
Chi di ib i ith d fChi-square distribution with degree of 
freedom n :χ2 (n)
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Distribution of sample p
variance

The population is N(μ,σ2)

T k l h i iTake samples whose size is n
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T distributionT distribution
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Practically speakingPractically speaking

)1()1( 2
2

n
s

nC 
)1,0(~

2
N

X
z




)1(~)1(
2

 nnC 


2

n

n

)1(~ 


 nt
X

t


)1(
2

nt
s

t

n
Sample Distribution 13

Binomial distributionBinomial distribution

 Probability of “success or failure” 
 1 (success) with probability 1 (success) with probability p
 0 (failure) with probability 1-p

 Trial times : n
 Probability of total points “x”y p
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Mean & variance of 
Binomial Distribution

Binomial distribution 
= total of Bernoulli distribution

Mean

= total of Bernoulli distribution
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Variance
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Distribution of proportionDistribution of proportion
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Distribution of ratio
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 If  the sample size is large enough
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