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Quiz
• Write down (or compute) the mean and 

variance of the sample mean for iid
random variables with mean mx and 
variance σ2

• True or False: The Strong Law of Large 
Numbers refers to convergence in 
probability



• Section 7.3
• Central Limit Theorem



Statistical inference 

– process by which information from 
samples data is used to draw conclusions 
about the population from which the sample 
was selected.





































Central limit theorem 

If X is the mean of a random sample X1, …, Xn, of size n from 
a distribution with finite mean μ and finite positive variance σ2, 

then the distribution of: 
σ

μ
σ

μ
n

nT
n

XW o −
=

−
=  is N(0,1) as n 

→ ∞. 
 

• Important points to notice: 
o When n is “sufficiently large” (n>30), a practical

use of the CLT is : 
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o The theorem holds for any distribution with 
finite mean and variance. 



Central limit theorem 

• What it all means: 
 

o If n is “large: and we wish to calculate say 
( )bXaP ≤≤  or P(a≤ To ≤ b), we need only 

“pretend” that X  or To is normal, standardize it, and 
determine the probabilities from the normal table. 
The resulting theorem states that it will be 
approximately correct. 



Central Limit Theorem
• Using the exponential distribution and random number 

generator, it is possible to plot the resulting frequency 

distributions of data.  Notice the trend towards normality.
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Central Limit Theorem
• Continuing,
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T-Distribution

t-distribution or student’s t-distribution 
Using S for σ in computing standardized z-values to look up on the 
normal table is not trustworthy for small sample sizes (n<30). 
 
Why? Because the CLT only applies to “large” samples. 
 
As a result, when n is small and/or σ is unknown, you must use an 
alternate distribution, the t-distribution. 
 
Theorem – When X  is the mean of a random sample of size n from a 

normal distribution with mean μ, the random variable 

ns
XT μ−

=  ~ t-distribution with n-1degrees of freedom. 

Note: A t-distribution has 1 parameter called the degrees of freedom, 
ν. Possible values of ν are 1, 2, …. Each different value of ν 
corresponds to a different t-distribution. ⇒ df = n-1. 



T-Distribution

Properties of the t-distribution: 
 
each tν curve is bell-shaped and centered at zero. 
 
as ν increases, the spread of the corresponding tν curve 
decreases. 
 
each tν curve is more spread out then the standard normal(z) 
curve. 
 
as ν→∞, the tν curve approaches the standard normal curve.
 
Let tα,ν = the point on the t-distribution with νdf, such that 
the area to the right is α. 




