Collecting Data

The purpose of this course is for you to learn what inferences can be made about a population based on information obtained from a sample taken from that population.  For inferences to have any validity, the sample must be chosen correctly.  How to correctly choose a sample and what can go wrong when a sample is incorrectly chosen is the subject of this chapter.
Problems:  undercoverage, nonresponse bias and response bias
EX:  The General Social Survey is the nation’s most important social science survey.  The GSS also contacts its sample in person and it is run by a university. Despite these advantages, its most recent survey had a 30% rate of nonresponse.  Media, market research and opinion polling firms have a much higher rate of nonresponse.  We don’t know their rates of nonresponse, because they won’t say.  That itself is a bad sign.  The Pew Research center imitated a careful telephone survey and published the results: out of 2879 households called, 1658 were never at home, refused or would not finish the interview.  That’s a non-response rate of 58%.

EX:  Ann Landers asked readers, "If you had it to do over again, would you have children?" A few weeks later, her column was headlined "70% OF PARENTS SAY KIDS NOT WORTH IT." 70% of the nearly 10,000 parents who wrote in said they would not have children if they could make the choice again, but these were only the people who felt strongly enough to write in a response.

EX:  The following example of an experiment involving adolescent males (15 – 19 years old) which appeared in Science, 1995.  The purpose of this experiment was to determine how much the desire to give socially acceptable answers influenced the results of social survey polls and if there were certain kinds of survey techniques that would reduce the amount of response bias.  

In this experiment the participants were randomly assigned one of two different survey forms.  The two different survey forms had identical questions concerning the sexual practices and drug habits of the participants in the study.  The two versions of the survey were:


Paper version: put answers in an envelope with ID # on it, and returned in person. 


Computer version: listen to questions in headphone, and answer on laptop.
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Remark:       One way researchers handle surveys of potentially embarrassing questions like this is to use the following technique (or some variation on it):  Each person in the survey is asked to flip a coin before being asked each question.  If the coin comes up heads, the participant is to answer in the affirmative. However, if the coin comes up tails, then the participant is to answer truthfully.  The researcher can use probability to come up with a reasonable estimate of the proportion of the population who are in the affirmative.   The idea is, since the person knows the researcher doesn’t know whether or not heads were tossed, the respondent can answer truthfully without embarrassment.

EX:   How to Americans feel about government help for the poor?  Only 13% think we are spending too much on “assistance to the poor,” but 44% think we spending too much on “welfare.”  How do the Scots feel about the movement to become independent from England?  Well, 51% would for “independence for Scotland,” but only 34% support “an independent Scotland separate from the United Kingdom.”  

EX:  The 1936 Literary Digest Poll

· The Literary Digest magazine conducted a poll to predict the result of the 1936 Presidential election between Franklin Roosevelt (Democrat and incumbent) and Alf Landon (Republican). At the time the poll was famous, because they had correctly predicted three successive elections. In 1936 they mailed questionnaires to 10 million people and asked how they planned to vote. The sampling frame was constructed from telephone directories, country club memberships, and automobile registrations.

· The Literary Digest predicted that Landon would win, getting 57% of the vote. Instead, Landon got only 36%, and Roosevelt won in a landslide.

· What went wrong?
· Ideally, the sampling frame should list every individual in the population (i.e., registered voters in the US in 1936). Instead the survey had two severe problems:

· Sampling bias due to undercoverage: In 1936 the US was in the Great Depression. Those who had cars and country club memberships and thus received questionnaires tend to be relatively wealthy, and tended to vote Republican. In addition, there was no guarantee that an individual in the sampling frame was a registered voter.

· Nonresponse bias: Of the 10 million people who received questionnaires,  7.7 million did not respond. As might be expected, those individuals who were unhappy with the incumbent (Roosevelt) were more likely to complete the questionnaire and return it.

Source: Agresti, A & Franklin C (2009) Statistics: The Art and Science of Learning from Data (2nd edn) Pearson Prentice Hall

EX:  Which of the following are observational studies and which are experimental studies?  

1)  A U.S. study done in 2000 compared 469 patients with brain cancer to 422 patients who did not have brain cancer.  The patients' cell-phone use was measured using a questionnaire.  The difference if the percent of subjects getting brain cancer was not statistically significantly different.

2)  An Australian study (1997) conducted a study with 200 transgenic (A transgenic animal is one that carries a foreign gene that has been deliberately inserted into its genome.) mice.  One hundred were exposed to 2.5-hour periods/day to the same kind of microwaves with roughly the same power as the kind transmitted from a cell phone.  The other 100 mice were not exposed.  After 18 months, the brain tumor rate for the mice exposed to the radiation was twice as high as the brain tumor rate for the unexposed mice.

· Why are the studies different (besides the fact that one studied mice and the other people)?
· Can they really be compared to each other?
· Could the 2nd study be performed on human beings?

3)
A friend who was recently diagnosed with brain cancer was a frequent cell phone user.  Is this strong evidence that frequent cell phone use increases the likelihood of getting brain cancer?
4)  A researcher buys seeds of two different varieties of corn, variety A and variety B.  He randomly selects 30 seeds of each variety and plants them in his backyard, making sure to label the location of each seed and its type.  He then measures how long it takes each seed to sprout.  At the end of the study he compares the average germination time of the two and finds that the germination time of variety A plants is statistically significantly shorter.

5)  A researcher has only 1 variety of tomato seeds.  He has 60 nearly identical pots of soil and plants one tomato seed in each.  He randomly selects 30 pots and keeps them at 70 F.  The other 30 pots he keeps at 55 F.  Aside from temperature, he provides the same growing conditions to all pots.  He then measures how long it takes for the seeds to sprout.  At the end of the study he compares the average germination time of the different temperature groups and finds that the germination time of plants in pots kept at 70o F is statistically significantly shorter.

· Does it make sense to you that the higher temperature caused the plants to germinate faster?
6)  A researcher wanted to know “Are adult women who take an aspirin every other day less likely to get a heart attack than adult women who do not take an aspirin every other day?”  To answer this question, a random sample of 20,000 female nurses is selected from the registry of all registered nurses.  Each nurse is asked if she takes an aspirin every other day or not.  The nurses are then followed for 5 years to determine their heart health status.  It was found that there was no statistically significant difference in the percent of heart attacks in the two groups (aspirin/no aspirin).  However, the group that took aspirin had statistically significantly fewer strokes.

· Do you think that taking aspirin caused the women taking aspirin to have fewer strokes?

Types of Designs:

7)  To investigate whether it helps smokers to quit smoking if they take antidepressants, one study used 400 men who were 18 or older and had smoked 15 cigarettes or more per day in the previous year.  They were all highly motivated to quit and were all in good health.  The men were randomly assigned to one of two groups.  One group took Zyban, an antidepressant, while the other group took a placebo.  Assume the researchers did not know which treatment a patient was receiving.  At the end of a year, whether or not each subject had successfully abstained from smoking or had relapsed was recorded.

Completely Randomized Design
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Matched Pairs Design
· Case 1:  Each subject is matched up with another subject who is similar in terms of age, health, etc.

· This creates a matched pair.

· One subject in a pair is randomly assigned to one of the treatments.  The other subject in the pair receives the other treatment.
· Case 2:  Each subject receives both treatments in a random order.
· A matched pair design ensures that the two treatment groups are essentially identical.

Randomized Block Design

· Similar subjects are matched up to create a large set of experimental units.

· This is called a block.
· The different blocks can have different characteristics but within a block, the subjects should be very similar.

· The treatments are then randomly assigned to experimental units within the blocks.
· Blocks are another form of control when they are formed based on important but unavoidable sources of variability among the experimental units (such as gender).
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