Central Limit Theorem

¥ 1n a nutshell—
Averages ( X ) are normally distributed

¥ Makes the Normal Distribution the backbone of
statistical inference--linking X to



Types of questions we will be answering:

Example: The Forest Legacy program (FLP) was
designed to 1dentify and protect environmentally
important private forestlands that are threatened by
conversion to nonforest uses. As part of their
program evaluation, the FLP has identified a goal that
the average cost/acre of land acquired is $291/acre in
2005. A random sample of 1000 acres purchased
averages $1031/acre with a standard deviation of
$300. Can we conclude that the FLP probably did
not meet its goal?

Example: New Zealand On Air is NZ’s major radio
funding agency. One of NZ On Air’s goals has been
getting more NZ music played on commercial radio.
In 2002, the government and the Radio Broadcasters
Association set a code of practice and agreed to a
target (20% of on air music would be NZ music).

In 2004, a sample of size 30 of NZ radio station
airplay, indicated that NZ music accounted for 18.6%
of the music. If the standard deviation was 1%, is
this sufficient evidence to conclude that the target of
20% may have already been met in 2004?



A reminder of two important definitions:

1. A parameter describes some characteristic of a
population (e.g., W, ! ). It 1s calculated from all of
the observations in the population.

2. A sample statistic (e.g. x,s) describes some
characteristic of a sample. It is calculated only
from those members of the population included in
the sample.

Statistic " sample quantity
Parameter " population quantity
¥ Values of a statistic will vary from sample to

sample. Thus, a sample statistic 1s a random
variable.

¥ A parameter 1s a fixed quantity.

Definition: A sampling distribution is the probability

distribution of a sample statistics (e.g., X, m, s).



¥ Use sample statistics like

x and s to estimate population
parameters [l and! .

¥ Sample statistics are random
variables. Can’t know their

value until we draw the sample.

Sample

X, S

\ 4

Population

b, !

A sampling distribution, which gives the probability
of a sample statistic taking on all its possible values,
forms a probabilistic connection between sample

statistics and parameters.




http://www.ruf.rice.edu/%7Elane/stat sim/sampling
dist/index.html

The Central Limit Theorem: If X possesses any

distribution with mean U and standard deviation ! , X

based on a random sample of size n is approximately

normally distributed with mean U and standard
/
s | R
deviation /5 = .

¥ Central Limit Theorem applies for all distributions
of X.

¥ Conventional practice is to apply Central Limit
Theorem when n # 30.



Applying the Central Limit Theorem

X=cost per acre of land acquired by the FLP

Does X=$1031/acre computed from a sample of
1000 acres seem consistent with the assumption that
U=$291/acre (assuming ! $s=$300)?

For u=$291 and ! =$300 what is P(x<$1000)?
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Suppose the mean fuel consumption of a sample of
the entire fleet of GM cars is a random variable X. If
X has a mean of 26.4 mpg and a standard deviation
of 2 mpg, what 1s the probability that for a randomly
selected sample of 36 cars from the GM fleet, the
average fuel consumption of this sample will be <
27.5 mpg?



The USDA, in charge of running the food stamp
program, claims that the average error in food stamp
distribution 1s 5.9%. If an auditor takes a random
sample of 1000 cases and notices that the average
error 1s 6% with a standard deviation of 1%, what (if
anything) might the auditor conclude about the
agencies claim?



Example of proportions:

You are charged with assessing customer satisfaction
with a new on-line bill paying system. You send a
survey to a random sample of 500 customers and
76% percent report they like the new system better
than the old “pay-by-mail” system. If indeed 76% of
the entire population like the new system, what 1s the
probability that in another random sample of 500
people we will find that <70% of the sample support
the new system?

Is this solid evidence that the new system is a real
improvement?

Parameter = p = proportion of the population who
like the new system better

Sample statistic = p = proportion of the sample who
like the new system better



