
Name _________________________________



Period _______    Date ___________________

	4.1 Samples and Surveys

	Observational Study versus Experimental Study

	

	What’s the difference between a Population and a Sample?
	

	Problem 1 
Identify the population and sample in each of the following settings.

· The student government at a high school surveys 100 of the students at the school to get their opinions about a change to the bell schedule.  

· The quality control manager at a bottling company selects a sample of 10 cans from the production line every hour to see if the volume of the soda is within acceptable limits.  



	What is a Census?
	

	Bad Sampling

	What is bias?
	

	What’s a convenience sample and what’s the problem with this sampling method?
	

	What’s a voluntary response sample and what’s the problem with this sampling method?
	

	Problem 2 
In May 2010, the Los Angeles City Council voted to ban most travel and contracts with the state of Arizona to protest Arizona’s new immigration enforcement law.  The Los Angeles Times conducted an online poll that asked if the City Council was right to pass a boycott of Arizona.  The results showed that 96% of the 41,068 people in the sample said “No.”  Does this result represent the opinions of all Los Angeles residents?  Explain.


	Good Sampling

	What is random sampling?  
	

	What’s an SRS?  
	

	What’s systematic random sampling?
	

	Problem 3 
The management company of a local mall plans to survey a random sample of 3 stores to determine the hours they would like to stay open during the holiday season.  

Aeropostale


Forever 21


Old Navy

All American Burger

GameStop


Pac Sun

Arby’s



Gymboree


Panda Express

Barnes & Noble


Haggar



Payless Shoes

Carter’s for Kids


Just Sports


Star Jewelers

Destination Tan


Mrs. Fields


Vitamin World

Famous Footwear


Nike Factory Store

Zales Diamond Store
a) Select an SRS of three stores using technology.

b) Select and SRS of three stores using a Random Digits Table. 


	Other Sampling Methods

	What’s a stratified random sample?  How is it different than a simple random sample?


	

	When is it beneficial to use a stratified random sample and what is the benefit?


	

	What’s a cluster sample?  
	

	What are the similarities and difference between stratified random samples and cluster samples?
	

	Problem 4 
The manager of a beach-front hotel wants to survey guests in the hotel to estimate overall customer satisfaction.  The hotel has two towers, an older one to the south and a newer one to the north.  Each tower has 10 floors of standard rooms (40 rooms per floor) and 2 floors of suites (20 suites per floor).  Half of the rooms in each tower face the beach, while the other half of the rooms face the street.  This means there are (2 towers)(10 floors)(40 rooms) + (2 towers)(2 floors)(20 suites) = 880 total rooms.  

1) Explain how to select a simple random sample of 88 rooms using a random digits table.
2)
Explain how to select a stratified random sample of 88 rooms.  Explain your choice of strata.

3)
Explain why selecting 2 of the 24 different floors would not be a good way to obtain a cluster sample.  



	Inference for Sampling
	

	Problem 5 – Increasing sample size
Use your graphing calculator to select an SRS of 20 states.  Find the average land area and share your results with the class.  How does the dotplot for samples of size 20 compare to the dotplot using samples of size 5?  



	Sample Surveys: What Can Go Wrong?

	Undercoverage
	

	Nonresponse
	

	Response Bias
	

	4.2 Experiments

	Problem 6 - ADHD Linked to Lead and Mom’s Smoking, by Karen Barrow (February 01, 2007)
A mother’s smoking during pregnancy and exposure to lead significantly increases her child’s risk for developing attention deficit hyperactivity disorder (ADHD), say researchers. In fact, as many as one third of cases of ADHD in children are linked to exposure to tobacco smoke and lead before birth, giving moms yet another reason to quit smoking during pregnancy. 

For the study, researchers from Cincinnati Children’s Hospital Medical Center surveyed over 4,700 children between the ages of 4 and 15 and their parents. Over 4 percent of the children included had ADHD. The researchers found that those children whose mother smoked during pregnancy were over twice as likely to develop ADHD than a child whose mother had not smoked. In addition, a child who had been exposed to lead, giving them high lead blood levels, were four times as likely to have ADHD, as compared to a child with low lead levels in his blood. 

Based on this study, should we conclude that smoking during pregnancy causes children to have a greater chance of developing ADHD??  



	What are some of the differences between an observational study and an experiment?
	

	What is confounding?
	

	Problem 7 – Family Dinner
Does eating dinner with their families improve students’ academic performance? According to an ABC News article, “Teenagers who eat with their families at least five times a week are more likely to get better grades in school.” This finding was based on a sample survey conducted by researchers at Columbia University.

a) Was this an observational study or an experiment? Explain.

b) What are the explanatory and response variables?

c) Explain clearly why such a study cannot establish a cause-and-effect relationship.  Suggest a variable that may be confounded with whether families eat dinner together.


	The Language of Experiments

	Define:

Experimental Units 

Subjects

Treatment

Factor(s)

Level 

  

	Problem 8 
A study published in the New England Journal of Medicine (March 11, 2010) compared two medicines to treat head lice: an oral medication called ivermectin and a topical lotion containing malathion. Researchers studied 812 people in 376 households in seven areas around the world. Of the 185 households randomly assigned to ivermectin, 171 were free from head lice after two weeks compared with only 151 of the 191 households randomly assigned to malathion.  Identify the experimental units, explanatory and response variables, and the treatments in this experiment.  



	Problem 9 
Does adding fertilizer affect the productivity of tomato plants? How about the amount of water given to the plants? To answer these questions, a gardener plants 24 similar tomato plants in identical pots in his greenhouse. He will add fertilizer to the soil in half of the pots. Also, he will water 8 of the plants with 0.5 gallon of water per day, 8 of the plants with 1 gallon of water per day, and the remaining 8 plants with 1.5 gallons of water per day. At the end of three months, he will record the total weight of tomatoes produced on each plant.  Identify the experimental units, factors, levels, and list all the treatments.  



	Problem 10 - Does caffeine affect pulse rate?

Initial Plan:

· Measure initial pulse rate

· Give each student some caffeine

· Wait for a specific time

· Measure final pulse rate

· Compare final and initial rates

Problem with this plan?


Solutions to the problems?




	Overall goal when experimenting
	

	How to Experiment Badly

	Example: A high school regularly offers a review course to prepare students for the SAT. This year, budget cuts will allow the school to offer only an online version of the course. Over the past 10 years, the average SAT score of students in the classroom course was 1620. The online group gets an average score of 1780. That’s roughly 10% higher than the long-time average for those who took the classroom review course. Is the online course more effective?
This experiment has a very simple design. A group of subjects (the students) were exposed to a treatment (the online course), and the outcome (SAT scores) was observed. Here is the design:
Students → Online course → SAT scores
A closer look showed that the students in the online review course were quite different from the students who took the classroom course in past years. They had higher GPAs and were taking more AP classes.
The effect of online versus in-class instruction is mixed up with the effect of these lurking variables. Maybe the online students earned higher SAT scores because they were smarter to begin with, not because the online course prepared them better. This confounding prevents us from concluding that the online course is more effective than classroom instruction.


	How to Experiment Well – Principles of Experimental Design:

	· Comparison

· Random Assignment

· Control

· Replication



	What is a completely randomized design?
	

	What is a control group?
	

	Do all experiments need a control group?
	

	Problem 11 

Many utility companies have introduced programs to encourage energy conservation among their customers. An electric company considers placing small digital displays in households to show current electricity use and what the cost would be if this use continued for a month. Will the displays reduce electricity use? One cheaper approach is to give customers a chart and information about monitoring their electricity use from their outside meter. Would this method work almost as well? The company decides to conduct an experiment to compare these two approaches (display, chart) with a control group of customers who receive information about energy consumption but no help in monitoring electricity use.

Outline a completely randomized design involving 60 single-family residences in the same city who are willing to participate in such an experiment.  Write a few sentences describing how you would implement your design.


Explain how (and why) the problem above incorporated each of the principles of experimental design.


	Experiments: What can go wrong?

	The Placebo Effect
	

	Double-blind Study
	

	Lack of Realism
	

	Problem 12 - Dueling diets
A health organization wants to know if a low-carb or a low-fat diet is more effective for long-term weight loss. The organization decides to conduct an experiment to compare these two diet plans with a control group that is only provided with a brochure about healthy eating. Ninety volunteers agree to participate in the study for one year.  

a) identify the explanatory and response variables

b) Outline a completely randomized design for this experiment. Write a few sentences describing how you would implement your design..


	What does it mean if the results of an experiment are statistically significant?
	

	Blocking
	

	Problem 13 – Caffeine revisited

In the caffeine experiment, suppose that females have different reactions to caffeine than males. 
a) How can we deal with the lurking variable gender?    

b) What other variables could we block for?


	Problem 14 – Pop Pop Popcorn
A popcorn lover wants to know if it is better to use the “popcorn” button on her microwave oven or use the amount of time recommended on the bag of popcorn.  To measure how well each method works, she will count the number of unpopped kernels remaining after popping.  To obtain the experimental units, she goes to the store and buys 10 bags each of 4 different varieties and brands of microwave popcorn, for a total of 40 bags.
a) Explain why a randomized block design might be preferable to a completely randomized design for this experiment.

b) Outline a randomized block design for this experiment. Describe how you would carry out the random assignment required by your design.


	What is a matched pairs design?
	

	When is it beneficial to use a blocked/paired design?
	

	Problem 15 – Standing and Sitting Pulse Rates (activity page 255)




	4.3 Using Studies Wisely

	Scope of Inference
	

	Inference Summary Table
Were individuals randomly assigned to groups?

Yes

No

Were individuals 

Yes

randomly selected?

No



	Problem 16 – Silence is golden?
Many students insist that they study better when listening to music. A teacher doubts this claim and suspects that listening to music actually hurts academic performance. Here are four possible study designs to address this question at your school. In each case, the response variable will be the students’ GPA at the end of the semester:
Design 1 – 
Get all the students in your AP Statistics class to participate in the study.  Ask them whether or not they study with music on and divide them into two groups based on their answer to this question.
Design 2 – Select a random sample of students from your school to participate in a study.  Then divide them into two groups as in Design 1.

Design 3 – Get all the students in your AP Statistics class to participate in the study.  Randomly assign half of the students to listen to music while studying for the entire semester and have the remaining half abstain from listening to music while studying.

Design 4 – Select a random sample of students from your school to participate in a study. Randomly assign half of the students to listen to music while studying for the entire semester and have the remaining half abstain from listening to music while studying.

Suppose that for each design, the mean GPA for students who listen to music while studying was significantly lower than the mean GPA of students who didn’t listen to music while studying. What can we conclude for each design?


	Establishing Causation Without an Experiment? 
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