Statistics 528 - Lecture 13

Sampling Design

Theidea of sampling:

We want to say something about a population - the entire group of
individual s that we want information about.

To get at thiswe take a sample - apart of the population that we actually
examine in order to gather information.
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Why take a sample?

It may be impossible to collect information about every member of the
population.
— Time
— Cost
— Convenience

The information from a sample is often adequate and easier to obtain.
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Example: The Lantern wanted to know how Columbus residents rate the
movie “The Lord of the Rings: The Return of the King.” They asked
100 people coming out of the first showing of this movie at the AMC
Lennox theatre and noted their ratings.

Population: Columbus Residents
Sample: 100 people attending first show
Variable of interest: Rating of movie
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Since we make conclusions about a population based on the
information obtained from a sample, it isimportant that the unitsin the
sample are representative of the entire population.

The sampling design, the method chosen to select the sample from the
overall population, has important consequences. Poor sampling
designs can yield midleading conclusions.
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e A sampling method is biased if it systematically favors certain
outcomes.

«  Some commonly used but biased sampling designs are ...
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1. Voluntary Response Survey

A voluntary response sample consists of people who choose
themselves by responding to a general appeal. Voluntary response
samples are biased because people with strong opinions, especially
negative ones, are most likely to respond.
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Example:

e The ABC news program Nightline once asked their viewers whether
the United Nations should continue to have its headquartersin the
United States. In order to have their opinions counted, viewers had to
call a1-900 number and pay a small fee. More than 186,000 callers
responded and 67% said “No.”

« A nationwide poll with a proper sampling design found that less than
28 % of US adults want the UN to move out of the United States.
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2. Convenience Sampling

Convenience sampling chooses the individual s easiest to reach to be
in the sample.

Examples: interviewing at the mall or on a street corner.
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Problemswith Convenience Samples:

» People at malls are more wealthy than the general population and more
likely to be teenagers or retired.

* Interviewers often approach neat, “safe” -looking individuals.
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Random Samples

* Inorder to minimize the possibility of bias, such as favoritism (by a
sampler) and self-selection (by respondents), statisticians use chance to
select samples.

* Theideaisto avoid bias by giving al individuals an equal chance to
be chosen to be in the sample.

« A Simple Random Sample (SRS) of size n consists of nindividuals
from the population chosen in such away that every set of n
individuals has an equal chance to be the sample actually selected.
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Probability Sampling

e SRSisone particular kind of statistical sampling. It comes under the
general framework called probability sampling.

A probability sample gives each member of the population a known
chance (greater than zero) of being selected.

Examples:
1. SRS
2. Stratified Samples
3. Multistage Samples
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2. Stratified Samples

To select astratified random sample, first divide the population into
groups of similar individuals, called strata. Then choose a separate
simple random sample (SRS) in each stratum and combine these SRSs
to form the full sample.

(Similar to block experiments.)
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Example:

The Dean of the College of Mathematical and Physical Sciences wantsto
meet with several members of the faculty of the Department of
Statistics to discuss concerns they might have about their department.
He does not have time to talk to all of the faculty members, but wants
to be sure that he meets with faculty with various levels of seniority.
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Department of Statistics:
18 Professors
3 Associate Professors
5 Assistant Professors

The Dean decides to speak with 5 Professors, 2 Associate Professors, and
3 Assistant Professors. What sampling design can be used?

We can use a dtratified random sample. Use Table B (or Minitab) to
select 5 of the 18 Professors, use Table B (or Minitab) again to select
2 of the 3 Associate Professors, and then finally use Table B (or
Minitab) to select 3 of the 5 of the Assistant Professors.
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3. Multistage Samples:

M ultistage sampling chooses samplesin stages to get asamplein
clusters which are less time-consuming and costly to visit.

Examples: national surveys (Current Population Survey - see text)
and opinion polls

Analysis of multistage samples can be very complex.
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Bias

Even if we use probability sampling, our sample can suffer from bias.
Some sources of bias are:

1. Under coverage - occurs when some groups in the population are | eft
out of the process of choosing the sample.
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Example (under cover age):

Suppose we conduct a telephone survey to find out about the credit use
of householdsin Columbus. We take a simple random sample of
listings in the white pages of the telephone book. Householdsin the
telephone book make up our sampling frame. Are there members of
the population that are not included in the sampling frame?

Y es, households with unlisted numbers and those without phone
service are excluded.
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2. Nonresponse - occurs when an individual chosen for the sample

cannot be contacted or refuses to cooperate.

Example:

Suppose a survey organization conducts a telephone survey and asks
respondents how many hours a week they work. The interviewers only
work from 9 to 5 Monday through Friday, so that is when all the calls
are made. Will the estimate of average number of hours of work per
week be biased?

Y es, everyone who works atypical work day will be a nonrespondent.
Those who are home during the day are likely to work fewer hours.
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3. Respondent Bias

The behavior of the respondent or of the interviewer can cause

response bias. Respondents may lie, especialy if asked about illegal
or unpopular behavior.

Examples. socia pressure—“Did you vote in the last election”,
misremembering dates of past events
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4. Wording of Questions

The wording of questionsis possibly the most important influence on
the answers given to a sample survey. Confusing or leading questions
can introduce strong bias, and even minor changes in wording can
change a survey’s outcome.
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The following are two wordings of the same question asking the
respondent about campaign finance reform. Which question is biased
due to poor wording?

a. Should laws be passed to eliminate all possibilities of special interest
groups giving huge sums of money to candidates?

b. Should laws be passed to prohibit interest groups from contributing to
campaigns, or do groups have aright to contribute to the candidates
they support?
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Toward Statistical Inference

Statistical Inference: Sample — Population

The goal of statistical inferenceisto draw conclusions about a
population from data collected on selected individuals.

Parametersvs. Statistics

« A parameter isanumber that describes the population. It isafixed
number, but in practice we do not know that number.

* A statisticisanumber that describes a sample. The value of the
dtatistic is known when we have taken a sample, but it can change
from sample to sample.

o Statistical Inference: Estimate a population parameter using a
sample statistic.
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Examples:

e A carload lot of ball bearing has a mean diameter of 2.503 centimeters
(cm). Thisiswithin the specifications for acceptance of the lot by the
purchaser. The inspector happens to inspect 100 bearings from the ot
with a mean diameter of 2.515cm. Thisis outside the specified limits,
so the lot is mistakenly rejected.

» A telemarketing firmin Los Angeles uses a device that dials residential
telephone numbersin that city at random. Of the first 100 numbers
dialed, 43 are unlisted. Thisis not surprising, because 52% of all Los
Angelesresidential phones are unlisted.
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Sampling Variability - the value of a statistic variesin repeated random
sampling —» we cannot trust our inferences if there istoo much
sampling variability.

Advantages of random sampling:
1. Eliminates bias due to favoritism, confounding factors, etc.

2. Thevariability in random samples of the same size from the same
population follows a predictable pattern.

Idea of statistical inference: To see how trustworthy a procedure is, ask
what would happen if we repeated it many times.
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Question: What would happen if we took many samples from a
population and look at the distribution of the sample statistic p
calculated for each sample?
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Question: What happensto the variability of the p asthe size of the
sample gets larger?
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Sampling Distribution: The sampling distribution of a statistic isthe
distribution of values taken by the statistic in all possible samples of
the same size from the same popul ation.

Describing the Sampling Distribution:

1. Shape - normal?

2. Center - A statistic p isbiased if the sampling distribution of p isnot
centered at the value of the population parameter p.

3. Spread - The spread is determined by the sampling design and the
sample size. Statistics from larger samples have smaller spreads.
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Biasvs. Variability
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Population Size Does Not M atter

The variability of a statistic from a random sample does not depend on
the size of the population, aslong as the population is at least 100
times larger than the sample.
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