CHAPTER 5

PRODUCING DATA

If data are to be collected to provide an answer to a

question of interest, a careful plan must be developed.
Both the type of analysis that is appropriate and the
nature of conclusions that can be drawn from that
analysis depend in a critical way on how the data was
collected. Collecting data in a reasonable way, through
sampling or experimentation, is an essential step in the

data analysis process.

PRODUCING DATA:
¢ 5.1: Sampling Methods sockng. 2
Scheme &

¢ 5.2: Experimental Design

¢ 5.3: Simulations
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AP STATISTICS CHAPTER 5:
PRODUCING DATA

""NOT EVERYTHING THAT CAN BE COUNTED COUNTS; AND NOT EVERYTHING
THAT COUNTS CAN BE COUNTED" ~ GEORGE GALLUD {GALLUP DoLs}

Tentative Lesson Guide

Date Stats Lesson Assignment Done

Thu 11/9 5.1  [Sampling Methods Rd 269-283 Do 1-12

Fri 11/10 5. [Sampling and Bias Rd 284-285 Do 19-29
Mon 11/13 5.2  [Experimental Design Rd 290-297 Do 31-39
Tues 11/14 5.2 [Matched Pairs and Blocking |Rd 299-303 Do 43-48
Wed [ 11/15 Rev  [Review 5.1-5.2 Rd 305-306 Do 49-53, 56, 58
Thu 11/16 | Quiz |Quiz 5.1-5.2 Read "Damned Lies Ch 2"

Fri /17 5.3  [Simulating Experiments Rd 309-319 Do 59-63, 74-80
Mon 11/20 Rev [Review Do 82-83, 86
Tues | 11/2]1 | Exam |[Exam Chapter 5 Online Quiz Due

Wed - Fri Thanksgiving Break

Note: Class Website:

The purpose of this guide is to help you or-
ganize your studies for this chapter.
The schedule and assignments may change

slightly.

Keep your homework organized and refer to
this when you turn in your assignments at the
end of the chapter.

Be sure to log on to the class website for
notes, worksheets, links to our text compan-
ion site, etc.

http://web.mac.com/statsmonkey

Don’t forget to take your online quiz!. Be
sure to enter my email address correctly!

http://bcs.whfreeman.com/yates2e
My email address is:

jmmolesky@isd194.k12.mn.us
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Chapter 5 Objectives and Skills:

These are the expectations for this chapter. You should be able to answer these questions and perform
these tasks accurately and thoroughly. Although this is not an exhaustive review sheet, it gives a good
idea of the "big picture" skills that you should have after completing this chapter. The more thoroughly
and accurately you can complete these tasks, the better your preparation.

¢ SAMPLING

] Identify the population in a sampling situation.

] Recognize bias due to voluntary response
samples and other inferior sampling methods.

] Use a table of random digits to select a simple
random sample (SRS) from a population.

] Recognize the presence of undercoverage and
nonresponse as sources of error in a sample
survey. Recognize the effect of the wording of
questions on the response.

] Use random digits to select a stratified ran-
dom sample from a population when the
strata are identified.

¢ EXPERIMENTS

] Recognize whether a study is an observa-
tional study or an experiment.

] Recognize bias due to confounding of ex-
planatory variables with lurking variables in
either an observational study or an experi-
ment. Describe how confounding occurs, in
context of the situation.

[ Identify the factors (explanatory variables),
treatments, response variables, and experi-
mental units or subjects in an experiment.

[ Outline the design of a completely random-
ized experiment using a diagram.The diagram
in a specific case should show the sizes of the
groups, the specific treatments, and the re-
sponse variable.

] Use a table of random digits or the Tl 83 to
carry out the random assignment of subjects
to groups in a completely randomized ex-
periment.

] Recognize the placebo effect. Recognize when
double-blinding should be used.

] Recognize a block design and when it would
be appropriate. Know when a matched
pairs design would be appropriate and how
to design a matched pairs experiment.

[ Explain why a randomized comparative ex-
periment can give good evidence for cause-
and-effect relationships.

¢ SIMULATIONS
] Recognize when random phenomena can be
investigated by means of a carefully de-
signed simulation.
[ Use the following steps to construct and run
a simulation:
a. State the problem or describe the ex-
periment.
b. State the assumptions.
c.Assign digits to represent a single trial.
d. Simulate many trials.
e. Calculate relative frequencies and state
your conclusions.
(] Use a random number table, the TI-83/89 to
conduct simulations.
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5.1: Introduction - Sampling Methods

Our goal in producing data is to gain a picture of the population that is disturbed as little as possible by
the act of gathering the information. In some situations, we will observe individuals and measure vari-
ables without attempting to influence responses. In others, we will deliberately impose a treatment on
individuals to observe their responses.

[ Observational Study:

[ Experiment:

4 )

\_ J

Sampling Designs:

gaaaa|aan

Cautions about Sampling Designs:

=

]
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Random m&m’s {Adapted from “Statistics in Action™ by Watkins, Schaeffer; Cobb}

DO NOT TURN THIS SHEET OVER UNTIL TOLD TO DO SO!
GOAL: Estimate the average number of m&m’s per pile for the 100 piles pictured on the back.

I. When | give you the signal, you will have 10 seconds to look at the back side of this sheet and make a
guess as to the average number of m&m’s per pile. Do not use a pencil or paper...just guess.

Guess: Enter this guess on the dotplot on the board.

2. Select five piles that are, in your judgment, representative of the entire population. Calculate the aver-
age pile size and enter the result on the dotplot on the board.

Your Representative Average: Enter this guess on the dotplot on the board.
Compare the two distributions...

3. Use a random number table or your calculator to select a SRS of 5 different piles. Calculate the aver-
age number of m&m’s for these piles and enter the sample average below and on the dotplot on the
board. Repeat this process until you have 5 sample averages.

SRS Average Area:
SRS Average Area:
SRS Average Area: Enter these averages on the dotplot on the board.
SRS Average Area:
SRS Average Area:

C The true average number of m&m'’s for the 100 piles is: )

What is the point of this exercise!
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{Adapted from Statistics in Action : Watkins, Scheaffer; Cobb}

Random m&m’s

L Sy I Sy Sy Gy Sy Sy sy G
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5.1: Simple Random Sample (SRS)

A sample chosen by chance reduces the possibility of bias by giving all individuals an equal chance of be-
ing chosen. The simplest way to select a random sample is to put the names of the individuals in a hat
and draw names. However, this method can be tedious and time consuming. An easier method is to la-
bel the individuals with unique numbers and select a sample using a table of random digits or a random
number generator.

4 Simple Random Sample

[ Choosing an SRS:

=
=

Use the table of random digits below to select an SRS of 5 individuals from the following population:

Roger John Calvin Peck Velleman Starnes
Nick Paul Hobbes Olson DeVeaux Watkins
David George Linus Devore Yates Schaeffer
Richard Ringo Lucy Bock Moore Cobb

Random Digits
19223 95034 05756 28713 96409 12531 42544 82853

73676 47150 99400 01927 27754 42648 82425 36290
45467 71709 77558 00095 32863 29485 82226 90056

SRS: N y ) )

Use the RandInt feature on your calculator to select an SRS of 5 individuals:

SRS: , ’ ) )
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5.2: Designing Experiments

An observational study can not establish a cause-effect relationship. However, in an experiment, we ac-
tually do something to individuals to observe a response, allowing us to establish causation (if we are
take care to design our experiment properly).

4 Experiment:

[.'_71’ Experimental Units:
4 Subjects:

4 Treatment:

Comparative Experiments:

Units ——>» Apply Treatment —>» Observe Response

Principles of Experimental Design:

]
=
=

Completely Controlled Randomized Experiment:

e G G

Other Experimental Designs:

[ Double Blind
MMatched Pairs

[ Blocked
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AP® EXPERIMENTAL DESIGN Free-Response Problems

These are actual free-response problems from the AP Statistics Exam. During the AP Exam, you
will be expected to spend no more than about |3-15 minutes on these types of problems. VWhen
answering, keep in mind that you want to be complete, yet concise.

1. High cholesterol level in people can be reduced by exercise or by drug treatment. A pharmaceutical
company has developed a new cholesterol-reducing drug. Researchers would like to compare its
effects to the effects of the cholesterol-reducing drug that is currently available on the market.
Volunteers who have a history of high cholesterol and who are currently not on medication will be
recruited to participate in a study.

(2) Explain how you would carry out a completely randomized experiment for the study.
(b) Describe an experimental design that would improve the design in (a) by incorporating blocking.

(c) Can the experimental design in (b) be carried out in a double blind manner? Explain.

2.The dentists in a dental clinic would like to determine if there is a difference between the number of
new cavities in people who eat an apple a day and in people who eat less than one apple a week.They
are going to conduct a study with 50 people in each group.

Fifty clinic patients who report that they routinely eat an apple a day and 50 clinic patients who report
that they eat less than one apple a week will be identified. The dentists will examine the patients and
their records to determine the number of new cavities the patients have had over the past two years.
They will then compare the number of new cavities in the two groups.

(@) Why is this an observational study and not an experiment?

(b) Explain the concept of confounding in the context of this study. Include an example of a possible
confounding variable.

(c) If the mean number of new cavities for those who ate an apple a day was statistically significantly
smaller than the mean number of new cavities for those who ate less than one apple a week, could
one conclude that the lower number of cavities can be attributed to eating an apple a day? Explain.
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3. A new type of fish food has become available for salmon raised on fish farms. Your task is to design an
experiment to compare the weight gain of salmon raised over a six-month period on the new and the
old types of food.The salmon you will use for the experiment have already been randomly placed in
eight large tanks in a room that has a considerable temperature gradient. Specifically, tanks on the
north side of the room tend to be much colder than those on the south side. The arrangement of
tanks is shown in the diagram below.

Door
Window -~ ~___ Window North
L 1 L 1
1 2 3 4
5 6 7 8
Heater

Describe a design for this experiment that takes account of the temperature gradient.

4. Students are designing an experiment to compare the productivity of two varieties of dwarf fruit
trees.The site for the experiment is a field that is bordered by a densely forested area on the west
(left) side.The field has been divided into eight plots of approximately the same area.The students have
decided that the test plots should be blocked. Four trees, two of each of the two varieties, will be
assigned at random to the four plots within each block, with one tree planted in each plot.

The two blocking schemes shown below are under consideration. For each scheme, one block is
indicated by the white region and the other block is indicated by the gray region in the figures.

(a) Which of the blocking schemes, A or B is better for this experiment? Explain your answer.

(b) Even though the students have decided to block, they must randomly assign the variety of trees to
the plots within each block.What is the purpose of this randomization in the context of this experiment?
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Elements of a “Good” Experimental Design Response

When answering an experimental design question, be sure to include the following
elements:

1) Diagram (if possible)
Sketch how the experimental units will be divided...what are the different
treatment levels! How many in each group? Etc. How will you block, if
necessary?

2) Written Description
Be sure to write a few sentences detailing how the experiment will be carried
out.

[ What question are we trying to answer?

4 How will units be divided into treatment groups? Random? Blocking?
Matched Pairs? Etc.

[ What are the different treatment levels? Placebo? How will the treatment
be administered? Will you incorporate blinding?

[ What will be measured and compared to answer the question? How will

you determine “statistical significance”?

Also, keep in mind WHY we randomize.
The logic of experimental design requires all treatment groups to be as
similar as possible. Random assignment
ensures the effects of lurking and
Blocking confounding variables will be felt equally
Scheme A in all groups. Randomization helps us set
up experimental groups that are (as far
Forest Block 1 as we know) nearly identical in all
respects. The only difference between
Block2 experimental groups should be the
Blocking treatment itself. That way, any differences
Scheme B at the end of the experiment may be
attributed to the treatment.

e

Forest

CHAPTER 5: PRODUCING DATA II



5.3: Simulating Experiments

“The imitation of chance behavior, based on a model that accurately reflects the experiment under con-
sideration, is called a simulation.” In cases where an experiment may be too time-consuming, expensive,
dangerous, etc., a simulation can be used to estimate the probability of a particular outcome occurring.

Steps in a Simulation:
N
2)
3)

4)

5)

A commuter jet has 10 seats. The airline knows 90% of people who purchase a ticket show up for the
flight, 10% are “no shows”. Suppose the airline sells 12 tickets for the flight. Use a simulation to deter-
mine the probability that the commuter jet will be overbooked. Assume passengers are independent.

1) If 12 tickets are sold, what is the probability O, I, or 2 will be “no-shows”?
2) Passengers are independent. Each passenger has a 90% chance of showing up.

3) We will select random numbers from [-100.
1-90 = passenger shows up
91-100 =“no show”

4) Use “randInt” on your calculator to select |2 numbers between | and 100, inclusive. Repeat |0 times
Why are we selecting |2 random numbers?

Overbooked?

Yes No
randint(1,100,12) = , , , , . , ) ) ) ) )
randInt(1,100,12) = , , , , . , ) ) ) ) )
randInt(1,100,12) = , , , , . , ) ) , ) )
randInt(1,100,12) = , , , , . , ) ) ) ) )
randint(1,100,12) = , , , , . , ) ) ) ) )
randInt(1,100,12) = , , , , . , ) , ) ) )
randint(1,100,12) = , , , , . , ) ) ) ) )
randInt(1,100,12) = , , , , . , ) ) ) ) )
randInt(1,100,12) = , , , , . , ) ) , ) )
randint(1,100,12) = , , , , . , ) ) ) ) )

5) Calculate the probability the flight will be overbooked:

P(overbooked) = # overbooked + 10 =
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Non-Cents Simulation {Adapted from “Activity Based Statistics”}

Read the following article from the Milwaukee Journal (May 1992). Does this seem like a reasonable pro-
posal to eliminate carrying change? How could we determine whether or not it is fair?

Non-cents: Laws of Probability Could End Need for Change

Chicago, I11.-AP-Michael Rossides
has a simple goal: to get rid of that
change weighing down pockets
and cluttering up purses.

And he says his scheme
could help the economy. “The
change thing is the cutest aspect of
it, but it’s not the whole enchilada
by any means,” Rossides said.

His system, tested Thurs-
day and Friday at Northwestern
University in the north Chicago
suburb of Evanston, uses the law
of probability to round purchase
amounts to the nearest dollar.” 1
think it’s rather ingenious.” Said
John Deighton, an associate pro-
fessor of marketing at the Univer-
sity of Chicago.

“It certainly simplifies the
life of a businessperson and as
long as there’s no perceived cost
to the consumer it’s going to be
adopted with relish,” Deighton
said.

Rossides’ basic concept works
like this:

A customer plunks down a jug
of milk at the cash register and
agrees to gamble on having the $1.89
price rounded down to $1 or up to
$2.

Rossides system weighs the
odds so that over many transactions,
the customer would end up paying an
average $1.89 for the jug of milk but
would not be inconvenienced by
change. That’s where a random
number generator comes in. With 89
cents the amount to be rounded, the
amount is rounded up if the comput-
erized random number generator
produced a number from 1 to 89;
from 90 to 100 the amount is
rounded down.

Rossides, 29, says his system
would cut out small transactions,
reducing the cost of individual goods
and using resources more efficiently.

The real question whether
people will accept it.

Rossides was delighted when
more than 60% of the customers at a
Northwestern business school coffee
shop tried it Thursday. Leo Hermac-
inski, a graduate student at North-
western’s Kellogg School of Man-
agement, gambled and won. He paid
$1 for a cup of coffee and a muffin
that normally would have cost $1.30.

Rossides is seeking financial
backing and wants to test his patented
system in convenience stores.

But a coffee shop manger said
the system might not fare as well
there.

“Virtually all of the clientele at
Kellogg are educated in statistics, so
the theories are readily grasped.” Sid
Craig Witt, also a graduate student.
“If it were just to be applied cold to
average convenience store customers,
I don’t know how it would be re-
ceived.”

Source: Milwaukee Journal, May
1992

Suppose you want to buy a bag of m&m’s from the vending machine. The bag is priced $0.85. The

scheme proposed by Mr. Rossides suggests you will pay $0 or $1 for the candy, depending on your selec-
tion of a random number. Simulate purchasing 50 bags of m&m’s using this scheme. Keep track of how
much you pay per bag and determine the average cost for the 50 bags. Does his program appear to
work?

Total Amount Paid: Average Cost per Bag:
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