Inferential Statistics

-making conclusion about a population from a sample, often using point and interval estimates.

Estimation

-assignment of a value or values to a population parameter based on the value of a sample statistic

Estimate vs. Estimator

The value or values assigned to a population parameter based on the value of a sample statistic is called an estimate.  The sample statistic used to estimate a population parameter is called an estimator.
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is an estimator.  If 
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= 22, then 22 is an estimate of the true mean.

A point estimate of a parameter is the value of a statistic used to estimate the parameter. 

i.e. the value of  
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  is a point estimate of the value of (
Based on what we know about 
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 and continuous random variables, what is the probability that 
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 = µ?         P(
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 = µ) = _____

Point estimates have some error in estimating the population parameter.  In addition to the estimate, we must provide information on its accuracy. To do this, we construct an interval and state how confident we are that ( lies in that interval.  What do we know about 
[image: image7.wmf]x

 that might help us do this?

Confidence Interval and Confidence Level

-A confidence interval estimate of a parameter is an interval of numbers and a percentage of how confident we are the parameter is in that interval.  The percentage is the confidence level.

Ex. Find a point estimate of the mean height of students, and find a 95.44% confidence interval estimate using the below sample with σ = 3, n=8.

{69, 64, 71.5, 74, 64, 60.5, 62, 71}


__= Σx/n = 536/8 = 67

Recall that 
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 is normally distributed with ____ = ___ and ___ = ___.  We don’t know __, but


____
= _____ = 3/√8 = 1.061

Recall from the empirical rule that 95.44% of all observation are within 2 standard deviations from the mean.  So 95.44% of all sample means of size 8 are within 2*(1.061) = 2.122 units of µ.  Equivalently, 95.44% of all sample of size 8 have the property that ____________   to _____________ contains µ (the true mean).

So our 95.44% confidence interval or C.I. is 


67 - 2.122 to 67 + 2.122   or (64.878,69.122)

We are 95.44% confident that the true mean lies in this interval.

In other words, if we took 100 samples of size 8, about 95 of them would have intervals that contain or capture µ.

Confidence Level

The confidence level is (1-α)*100%.  Also, recall that zα denotes the z score with α to its right and zα/2 is the z-score that has an area of α/2 to its right.

Above, α=1-.9544 = .0456 and α/2 = .0228 so that zα/2  = 2.

We can generalize this to any (1-α)*100% CI

Since 
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 is normally distributed (or approximately normal)  if x is normal or if the sample size is large, we can say that C=(1-α)*100% of all samples of size n have the property that the interval 
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captures the true mean.  ie this interval contains µ about C% of the time (where C is our confidence level.)

Common Confidence levels

-for C = 90%:   α = .10 and α/2 = .05  and zα/2 = 1.645

-for C = 95%:   α = .05 and α/2 = .025  and zα/2 = 1.96

-for C = 99%:   α = .01 and α/2 = .005  and zα/2 = 2.575

Procedure for Finding One-Sample Z-intervals (large sample interval)

Assumptions

1)Simple random sample (independence)

2)From a normal population or large sample (n>30)

3) σ is known, or if ( is unknown we can use s  if we have a large sample size

Step 1: For confidence level  C=(1-α)*100%, use the normal table to find zα/2

Step 2: The confidence interval for µ is from 
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depending on whether we know (, or if we have to estimate ( using s.

The book uses 
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or      
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      if ( is unknown and n is large
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  and z is found from the standard normal table using the appropriate confidence level.
Step 3:  Interpret

Note:  When we say “from a normal population” we mean that the variable under consideration is normally distributed.  In general, this procedure is “robust”, meaning that it is still pretty good for slight departures from the assumptions.  This method is still very close if the population is not normal and n is small. 

Ex:  Let 
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 = 67, n=49, σ = 3 and X~N(µ, σ =3)   µ is unknown

Find the 90% CI

Step 1:  zα/2 = 1.645

Step 2:   
67-1.645 *(3/√49) to  67+1.645 *(3/√49)  

>>

67- 0.705   to 67 + .705

or 
(66.295, 68.705)

Step 3: We are 90% confident that µ lies within this interval.

Find the 95% CI

Step 1:  zα/2 = 1.96

Step 2:   
67±1.96 *(3/√49)     >>>>>     67 ± .85


Or   (66.15, 67.85)

Step 3: We are 95% confident that µ lies within this interval.

Find the 99% CI

Step 1:  zα/2 = 2.575

Step 2:   
67 ± 2.575 *(3/√49)    >>>    67 ± 1.104


Or   (65.896, 68.104)

Step 3: We are 99% confident that µ lies within this interval.

Notice that for the fixed sample size, increasing the confidence level decreases the precision, giving us wider intervals.

When to use the one-sample z-intervals (what do we mean for assumption 2)

-small sample size (15 or less):
when the population is normal

-moderate sample size (15 to 30):    when population is close to normal and there are no outliers (symmetric distributions)

-large sample size (30 or more):  use without restriction as long as there are on extreme outliers

Note: Plot your data first to check assumptions and for outliers.

Margin of Error

-the margin of error for an estimate of µ is 




E = zα/2 (σ/√n)    sometime denoted ME or m

The margin of error is half the length of the confidence interval.

Ex: for  x-bar  = 67, n =8, σ = 3, normal population

The error in estimating µ at 95% confidence level is


E  = zα/2 (σ/√n) = 1.96 *(3/√8) = 2.078

The margin of error is the precision with which we estimate µ.  If we increase the sample size, at a given fixed confidence level, we decrease the margin of error (increase the precision of our estimate).  Also if we increase our confidence at a fixed sample size, we increase the margin of error (decrease precision).

E  = zα/2 (σ/√n)   
as n ↑  then   E  ↓






as C ↑ then   E ↑

Sample Size for estimating µ

The sample size required for a (1-α) level confidence interval for µ with a specified margin of error, E, is given by 




n = 
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and round n up to the nearest whole number.

Ex:  How many players must we sample to ensure that we are 95% confident that µ is within 1 inch of 
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. Recall σ = 3


n = 
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= 34.57 = 35 players.

Notice that the confidence interval is 
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 ± E.
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