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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: ”

%) g gardg b 0
| O are P a orSa .
,,ﬁement(Primafy,Keyt}§3> Deere 8577 | $71.00| $150.00 $75.00 |<== Obsewation(Record)l o
‘ $0.57 | $43.00; 31052 $9.00
$0.43°| - $32.00 $68.95 $10.32

Population: |
All elements of interest

Sample:
A subset of the population




Page 2 |

~*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 nea rly 200 years!
o The destructive nature of certain tests
»  Examples:
e Test each bottle of wine?!!?
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
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~ Statistical Inference:

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

e Draw reasonable conclusions about population from statistics

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, Sampled Population and

- Target Population are the same

o If you take a sample from only matenee movie-goers and you want to make
inferences about all movie goers your Sampled Population (matenee) is different

- than your Target Population (all movie goers): they 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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" _.ist of elements that sample will be selected from. It is not always possible to construct a

Frame.

e Frame that CAN be constructed:

(@]

0 O O 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

. Frame that CANNOT be constructed:

C

O

Population is too big (like counting all the fish in the sea) or not feasible (cots too
much) _
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 aH
~ the elements are not present.
* The sampled population has a conceptually mﬂmte 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)
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Gamplmg 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

O O 0 0 0O

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

Customers entering store

e All are viewed as' coming from a process generatmg elements from a conceptuaHy
mflmte populatsoh ' , ~ ,
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~Random Variable:
" umerical Description of the outcome of an experiment
e 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
Probability Sample
1. Each possible sample has a known probability of selection and a random process is used
to select the elements for the sample. Good because we have techniques to help us
understand if our sample is “good”, reasonable — more later...
2. Examples:
a. Simple Random Sample (Finite pop)

i. Asimple random sample of size n from a finite population of size N is a
sample selected such that each possible sample of size n has the same
probability of being selected

b. Random Sample (Infinite population)
i. Arandom sample of size n from an infinite population is a sample selected
such that the following is true; |
1. Each element selected comes from same population
2. Each element is selected independently
c. Stratified Random Sampling (allows smaller sample size and lower cost)

i. Population divided into mutually exclusive strata where elements in each
strata are similar

ii. Works best when the variation among the elements in each strata is
relatively small.

iii. Formulas available
d. Cluster Sampling
i. Elements in clusters are not a like — each cluster is like a min populatlon
ii. Helps to reduce cost.
e. Systematic Sampling
i. Like with invoices or other ordered popu!atnons
Non-probability Sampling
1. Not good because we can’t calculate how reasonable the sample results are
2. Convenience Sampling
3. Judgment Sampling
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~~Random Sample:
' 1. Simple Random Sample:
* Asample selected so that each item or person in the population has the same chance of
being included
e Used for Finite Populations
e How to select a sample:
o Select any n units in a random way
* Book method:
e Step 1: Assign Random Number to each element in population
e Step 2: Select “n” elements that have the “n” smallest (or largest)
random numbers
o Using Excel’s RAND or RANDBETWEEN functions (each follows
a Uniform Distribution between 0 and 1)
* Names of classmates in a hat, mix up names, select until sample Size, “n"is
reached
» There are other methods in Excel also
2. Random Sample:
e These must hold true:
1) Each element selected comes from same population (Sampled and Targeted
Populations are the same). , ‘
2) Each element is selected independently - to prevent selection bias (prevent all
from similar group, or similar attitudes, or choosing to get desired result)
» Used for Infinite Populations or Populations where it is not feasible to list all elements
e How to select a sample:
o Select any n units in a random way
= Examples: ,
* Machines filling boxes or bags, choose sample from same point in
time .
e People arriving at a restaurant, choose customer directly after
customer who uses coupon (McDonald’s did this to simulate a
random selection.
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- Samples are only estimates:
1‘ ¢ 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.
e We refer to Xpq, as the point estimator of the population mean mew.
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 X,ar always equal Mew?

Rarely!
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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 X,,, is approximately a normal
distribution. This approximation improves with larger samples 5 s.. eyt
' Page

Central Limit Theorem:

* Inselecting 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 (NORM.S.DIST) or Normal Curve (NORM.DIST) to see if our
sample result is reasonable or not.

= |f it is reasonable, the process or claim is reasonable

= |fitis not reasonable, the process or claim is not reasonable



~“ampling Methods and the Central Limit Theorem =65
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Business Decisions Example 1 N
= History for a food manufacturer shows the 63“:‘“’5‘2 “L 'S B

weight for a Chocolate Covered Sugar iahice! ,
Bombs (popular breakfast cereal) is: UMM&@@ W’f’ 7‘?45
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“ o= 4oz i%ﬂﬁ%

= |f the morning shift sample shows: o < <, The Ity
® Xpa = 14.14 02 v ~
o= Probably vepresonts

= |5 this sampling error reasonable, or do we A Machine. et 1S

need to shut down the filling operations?
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Suppose the mean selling
price of a gallon of gasoline
in the United States is $3.12.
(4) Further, assume the
distribution is positively
skewed, with a standard
deviation of $0.98 (g). What
is the probability of
selecting a sample of 35
gasoline stations (n = 35)
and finding the sample mean
within $.33?
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