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AnnouncementsAnnouncements

�� ReadingReading

�� TodayToday M&M 6.1M&M 6.1 349349--369369

M&M 7.1M&M 7.1 418418--422422

M&M 8.1M&M 8.1 488488--493493

�� Next classNext class M&M 6.2M&M 6.2 372372--390390
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TopicsTopics

�� TT--distributiondistribution

�� Confidence intervals for Confidence intervals for µµ with unknown with unknown σσ
�� Confidence intervals for pConfidence intervals for p
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What if We DonWhat if We Don’’t Know t Know σσσσσσσσ??

�� We usually donWe usually don’’t know the population standard t know the population standard 

deviation, deviation, σσ..
�� Estimate Estimate σσ using the sample standard deviation using the sample standard deviation 

s.s.

�� This will change our formula for the confidence This will change our formula for the confidence 

interval since we will no longer be under a interval since we will no longer be under a 

normal distribution (the CLT doesnnormal distribution (the CLT doesn’’t help us t help us 

here).here).
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Confidence Intervals (Confidence Intervals (σσσσσσσσ unknown)unknown)

We can estimate the sd of  using ;

this is called the standard error of .

Estimating  with  introduces a new source 

of variation.  As a result the CI needs to be wider.

How much wider?
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Confidence Intervals (Confidence Intervals (σσσσσσσσ unknown)unknown)

�� When n is small, s doesnWhen n is small, s doesn’’t estimate t estimate σσ well, so well, so 

the CI needs to be quite a bit wider.the CI needs to be quite a bit wider.

�� When n is large, s estimates When n is large, s estimates σσ better, and the CI better, and the CI 

only needs to be slightly wider.only needs to be slightly wider.

�� How do we make the interval wider?How do we make the interval wider?

�� Make the multiplier z* larger; use the tMake the multiplier z* larger; use the t--

distribution (t*) instead of the standard normal distribution (t*) instead of the standard normal 

distribution.distribution.
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StudentStudent’’s ts t--distributiondistribution

�� Properties of the tProperties of the t--distributiondistribution

�� ““BellBell--shapedshaped”” and symmetric similar to the normal and symmetric similar to the normal 

distribution.distribution.

�� More spread out than the normal distribution.More spread out than the normal distribution.

�� Exact shape depends on its degrees of freedom.Exact shape depends on its degrees of freedom.

�� As the number if degrees of freedom increases, the As the number if degrees of freedom increases, the 

corresponding tcorresponding t--distribution looks more like a distribution looks more like a 

standard normal distribution.standard normal distribution.
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Normal versus tNormal versus t--distributiondistribution
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Confidence Intervals (Confidence Intervals (σσσσσσσσ unknown)unknown)

Before  had a standard normal

distribution (CLT).

Now  has a t-distribution with

1 degrees of freedom (df)

df = amount of information available in

data for estimating .
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Sampling Distribution of a Sample Sampling Distribution of a Sample 

MeanMean

�� Distribution of values taken by the sample mean Distribution of values taken by the sample mean 
in all possible samples of size in all possible samples of size nn from the from the 

population with unknown population with unknown σσ..
�� For sample 1:  SRS of size n For sample 1:  SRS of size n ��

�� For sample 2:  SRS of size n For sample 2:  SRS of size n ��

�� Etc.Etc.
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CICI’’s from the ts from the t--distributiondistribution

�� Before, we had a CI for Before, we had a CI for µµ given by,given by,
*

* *

Now the CI is given by

 and  is the margin of error.

Note:  This interval is exact when the underlying

population has a normal distribution, but is approx.

correct when n is "large."
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Example:  Housing PricesExample:  Housing Prices

�� In an SRS of size 25, we obtain a sample mean In an SRS of size 25, we obtain a sample mean 

of 215, and a sample of 215, and a sample sdsd of of ofof 42.42.

*

*

95% CI: 

42
215 2.064

25
(197.7,232.4)

Note with n = 25, df = n-1, and 2.064
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Note:  For a tNote:  For a t--distribution with 24 distribution with 24 dfdf, 95% of the , 95% of the 

area falls between area falls between --2.064 and +2.064.2.064 and +2.064.
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Finding t Multipliers in Finding t Multipliers in StataStata

�� Use the command line for this.Use the command line for this.

�� To find the value that cuts off a certain area (p) To find the value that cuts off a certain area (p) 

to the right under a tto the right under a t--distribution with distribution with dfdf

degrees of freedom:degrees of freedom:

�� display display invttail(dfinvttail(df, p), p)

�� For example,  For example,  ““display ttail(24,.025)display ttail(24,.025)”” gives gives 

2.064.2.064.
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Sampling Distribution for a ProportionSampling Distribution for a Proportion

�� Recall:  when n is large (Recall:  when n is large (npnp ≥≥ 10 and n(110 and n(1--p) p) ≥≥

10) then10) then

ˆ

ˆ

ˆthe sampling distribution of 

is approximately normal with
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Sampling Distribution of a Sampling Distribution of a 

ProportionProportion
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CI for a ProportionCI for a Proportion

�� A A ““traditionaltraditional”” 95% CI for p:95% CI for p:

ˆ ˆ(1 )
ˆ 1.96

ˆwhere  is calculated from our sample.

The multiplier can of course be changed for 

any confidence level.
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CI for a ProportionCI for a Proportion

�� There is a problem with this formulation when p There is a problem with this formulation when p 

is close to 0 or 1.is close to 0 or 1.

�� Adjustment:Adjustment: Pretend we have 4 additional Pretend we have 4 additional 

observations, 2 successes and 2 failures.observations, 2 successes and 2 failures.

* (1 )

4
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where  is the adjusted sample 
4

proportion.

p p
p z

n
x

p
n

−±
+
+=
+

ɶ ɶ
ɶ

ɶ



20

ExampleExample

�� In an SRS of 100 adults, obtain x = 95 who In an SRS of 100 adults, obtain x = 95 who 

want better health insurance.want better health insurance.
(1 )

95% CI for p:  1.96
4

2 95 2
0.933

4 100 4
95% CI for p:  

0.933(1 0.933)
0.933 1.96 (0.885,0.981)

104
A traditional 95% CI for p is (0.907,0.993)
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