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Sampling,
Sampling Distribution of Sample Means,
Central Limit Theorem

Element:

The entities on which data is collected (Primary Key)
Variable:

The characteristic of interest for the elements (Fields)
Observation:

The set of measurements obtained for a particular element

Data set:
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Population:
All elements of interest

Sample:
A subset of the population
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Why do we sample instead of look at whole population?
e \We select sample to collect data to answer research question about a

population
e Specific reasons: |
o The physical impossibility of checking all items in the population
= Example:
e Can’t count all the fish in the ocean
o The cost of studying all the items in a population
= Example:
e General Mills hires firm to test a new cereal:
o Sample test: cost = $40,000
o Population test: cost = $1,000,000,000
o Contacting the whole population would often be time-consuming
= Political polls can be completed in one or two days
= Polling all the USA voters would take nearly 200 years!
o The destructive nature of certain tests
= Examples:
e Test each bottle of wine?!1?
e Testing all seeds from Burpee =» there’d be none left
o The sample results are usually adequate
= Consumer price index constructed from a sample is an
excellent estimate for a consumer price index that could be
constructed from the population

See Fish Article:
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Scientists Conduct First-Ever Fish Census

http:f;’wu;.rw,rer:lorbii_cémmewsa’qeneraIIBES?EIséiéntists conduct firstever fish census/

An unprecedented census of life in the world's oceans is discovering three new
fish species a week on average and predicts as many as 5,000 unknown fish
species may be lurking undetected, according to the first interim report.

=

By the time they're done in 2010, scientists say they may find more than 2 million __Ejn‘
different species of marine life. Q*‘«-
! E/J‘
Three hundred scientists from 53 countries participating in the $1 billion study
reported their first findings Thursday, three years into the decade-long project. So
far, the Census of Marine Life comprised 15,304 species of fish and 194,696 to
214,696 species of animals and plants, estimated to be roughly 10 percent of the
world's total.

The census is adding about 150 to 200 species of fish and 1,700 species of
animals and plants each year.

The scientists said they believe the oceans that extend across 70 percent of
Earth's surface hold about 20,000 species of fish and up to 1.98 million species
of animals and plants. Many of those could be basic and small life forms, such as
worms and jellyfish.

"We've tended to be interested in the things that we eat," said Jesse Ausubel, an
environmental scientist at The Rockefeller University in New York City. He helps
run the census for the Alfred P. Sloan Foundation, which provided $20 million in

funding.

"We've tended not to be interested in the things that pass through our nets or
don't taste good," Ausubel said. "But the small critters are tremendously
impartant in the ecosystem ... and in an evolutionary sense, the small things
came first. They're ancient, and they're survivors."

Scientists hope to gain a better understanding of life in the mostly unexplored
seas, learning about evolution and climate, pole to pole. Environmentalists hope
to use it to counter overfishing and pollution that has depleted the ocean's
resources. Industry hopes it will lead to more efficient fishing and shipping, new
pharmaceuticals and industrial compounds.
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"Our goal by 2010 is to know as much about life in the oceans as we know about
life on land now," said Ronald O'Dor, a marine biologist at Dalhousie University in
Canada and the project's chief scientist.

"No one would claim that we know everything about life on land," he said. "There
are probably still a few hundred thousand beetles in tropical forests that haven't
been described. But we'd like to aim for parity."

The project grew from scientists’ concerns after a 1995 report by the National
Academy of Sciences found that human population growth was fast changing the
diversity of life in the oceans, possibly irreversibly.

They wanted to learn what still was there.

The census started organization six years ago, partly through the efforts of J.
Frederick Grassle, director of Rutgers University's Institute of Marine & Coastal
Sciences. Actual work began in 2000. It has cost $70 million so far and the price
tag eventually is expected to reach $1 billion, paid by participating governments.

H . ; o 5 L |'l e -~ P l.llll
Their work may never really be finished. ~ ¢ 1;’3:::: 25 ble 40 coval=all,
"We know we won't have counted every animal,” said Grassle, who chairs the

census's scientific steering committee. "The limit on the knowable is in major part
the resources that can go into the problem.”
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Statistical Inference:

The process of using data obtained from a sample to make estimates or test
hypotheses about characteristics of the population (like mean)

Infer:

Conclude from evidence

Sampled Population:
Population from which the sample is drawn

Target Population:
Population we want to make an inference about

e Sampled Population and Target Population are not always the same!

o If you took a sample from a College Registration List, they are the
same

o If your goal is to take a sample of all movie goers and you sample
only matinee movie goers:

= Sampled Population = matinee movie goers
and

= Target Population = all movie goers
are not the same!

o Conclusion: When a sample is used to make inferences about the
population, make sure that the sampled and target population are in
close agreement. This is not a mathematical calculation, it is a
judgment call.
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Frame:

List of elements that sample will be selected from. It is not always possible to
construct a Frame.

e Frame that CAN be constructed:
o Take sample at Highline Community College to see how many people
have iPods
Sampled Population = List of registered students
Frame = List of registered students
The sampled population has a finite number of elements
This is called “Sampling from a Finite Population”. Use “Simple
Random Sampling” method to select a sample
e Frame that CANNOT be constructed:
o Population is too big (like counting all the fish in the sea) or not
feasible (cots too much)
o Take a sample of cereal box weights from a cereal box filling machine
= Sampled Population = conceptual population of all boxes that
could have been filled at that particular point in time. In this
sense, the sampled population is considered infinite.
" Frame = impossible to construct frame from infinite population
because all the elements are not present
* The sampled population has a conceptually infinite number of
elements
* This is called "Sampling from an infinite Population or
Process”. Use “Random Sampling” method to select a sample
e “Random Sampling” is the same as “Simple Random

Sampling”, except for two assumptions have to hold true
(more later)

Qo9 Q9
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Sampling from a Finite Population:
e Replacing each sampled element before selecting subsequent elements is

called sampling with replacement

e Sampling without replacement is the procedure used most often

e Inlarge sampling projects, computer-generated random numbers are often
used to automate the sample selection process

Processes (Sampling from an infinite Population):
e Examples of processes:
o Machine fills boxes of cereal
Machine fills bags of lettuce
Machines make bolts and screws for airplanes
Router makes boomerangs
Transactions occur at bank
Calls arrive at Highline help desk
o Customers entering store
e All are viewed as coming from a process generating elements from a
conceptually infinite population
e How a sample can help to decide whether the process is working properly:
o Processes not working properly (like machine filling too much) will
produce sample statistics that are not close (statistically significant)
to the population parameter
¢ Processes working properly (like machine filling just right) will
produce sample statistics that are close (statistically insignificant) to
the population parameter

L N e JUY & R 5 M )
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Random Variable:

Numerical Description of the outcome of an experiment

If we consider the process of selecting a “Random Sample” as an

experiment, the X,., is the numerical description of the outcome of the
experiment. Thus X, is the random variable

Random Sample:

1.

2. Random Sample:

Simple Random Sample:

A sample selected so that each item or person in the population has the
same chance of being included

Used for Finite Populations

How to select a sample:

o Select any n units in a random way

o Names of classmates in a hat, mix up names, select until sample size,

“n" is reached Seg

o Using Excel’s RAND() function to select a sample from a population ——

o There are other methods in Excel also E rcel [
'H-:v’f’i '.(,'?L?:I #
These must hold true:

< Each one of the sampled elements is independent (each has no affect

on others) of the other elements in the population
o Each one of the sampled elements follows the same probability
distribution as the elements in the population
Used for Infinite Populations or Populations where it is not feasible to list
all elements
How to select a sample:
o Select any n units in a random way
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Samples are only estimates:
e In point estimation we use the data from the sample to compute a value of
a sample statistic that serves as an estimate of a population parameter.
o We refer to Xu., as the point estimator of the population mean mu.
e \We refer to s as the point estimator of the population mean sigma.
e \We refer to Py, as the point estimator of the population mean p.

Sampling Error:
Does Xy always equal Mu?

Rarely!
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" ST

Mean Of The Distribution Of The Sample

Sum of all sample means
Mean e P
Total number of samples

= |f we are able to select all possible samples of a

particular size from a given population, then the
mean of the Sampling Distribution Of The Sample

Mean will exactly equal the population mean:
iy =t = Mean of the Distribution of the Sample Means

= Even if we do not select all possible samples,
they will be approximately equal:

Uz = 1= Mean of the Distribution of the Sample Means

E(0)=Mz =M




| Standard Deviation Of The Sampling

Distribution Of The Sample Mean
(Standard Error Of The Mean)

= There is less dispersion in the sampling
distribution of the sample mean than in the
population (each value is an average!!)

Oy = % = SD of the Sampling Distribution of the Sample Mean

= g = population standard deviation

= n =sample size

= WWhen we increase “n” the standard deviation of
the sample will decrease
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Leading up to the Central Limit Theorem:

= If all samples of a particular size are selected from any population, the
sampling distribution of the sample mean Xg., is approximately a normal

distribution. This approximation improves with larger samples —= 5g€ rexT
o &

Central Limit Theorem:

» |nselecting simple random samples of size n from a population, the
sampling distribution of the sample mean X, can be approximated by a
normal distribution as the sample size becomes large

» If population distribution is symmetrical but not normal, the
distribution will converge toward normal when n > 10

= Skewed or thick-tailed distributions converge toward normal
when n > 30

* Heavily skew distributions converge n > 50

| Use of Central Limit Theorem:

= ‘We can reason about the Sampling Distribution of Xbar with absolutely no
information about the shape of the original distribution from which the
sample is taken
® This means that:
= \We can take one sample and compare it to the Standard Normal
Curve (NORMSDIST) or Normal Curve (NORMDIST) to see if our
sample result is reasonable or not.
= |fitis reasonable, the process or claim is reasonable
= |f it is not reasonable, the process or claim is not reasonable




Sampling Methods and the Central Limit Theorem

Populations

CHART 8-2 Results of the Central Limit Theorem for Several Populations
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The Crossett Trucking Company
The Crossett Trucking Company claims that the mean weight of their delivery trucks when they are fully
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