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1. Question #3 1999

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 conduct a study of 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.

a. Why is this an observational study and not an experiment?

This is an observational study because the subjects are not randomly assigned to treatment groups.  
OR this is an observational study because there are no treatments imposed.

OR existing data is being used.  
b. Explain the concept of confounding in the context of this study.  Include an example of a possible confounding variable.

Two variables are confounded when their effect on the response variable cannot be distinguished from one another.  In the context of this problem, two variables are confounded if their effect on the number of new cavities cannot be distinguished.
For example, overall diet, flossing, using mouthwash, or general health could be confounding variables.  (The variable must relate in some way to dental health)

A person who eats an apple a day may have a more nutritious diet in the first place, and the healthy diet might explain the reason why they have fewer new cavities.
c. If the mean number of new cavities for those who ate an apple a day was 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.

The answer is NO.  “Attributed to” means cause and effect.  This is an observational study and you can only draw cause and effect conclusions from a well designed experiment.
2. Question #5 2000

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 that have a history of high cholesterol and who are currently NOT on medication will be recruited to participate in a study.

a. Explain how you would carry out a completely randomized experiment for the study.
















b. Describe an experimental design that would improve the design in part (a) by incorporating blocking.











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

Yes, it could be double blind.  That means that neither the subject nor those administering the drugs or monitoring the cholesterol levels know which of the two drugs is being used.
3. Question #4 2001
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 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, 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 identified by the white region and the other block indicated by the grey region in the figures.










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

Blocking scheme A is better because it creates homogeneous blocks with respect to the forest.  That means that all plots in the same block have similar exposure to the forest (shade).
b. Even though the students have decided to block, they must randomly assign the varieties of the trees to the plots within each block.  What is the purpose of this randomization in the context of the experiment?

Randomization of varieties of trees to the plots within each block should reduce any possible bias due to confounding variables (such as soil quality or moisture) on the productivity of the two types of dwarf fruit trees.
When assigning the two varieties of fruit trees (A, B) to each block, it is important to include two and only two of each variety.  To get the random assignment within the “shade” block, I would flip a coin.  If heads comes up, I plant dwarf tree A;  tails, I would plant dwarf tree B.  I continue flipping coins until two of one variety is planted, then the remaining plots are the other variety.
4. Throughout history millions of people have used garlic to obtain a variety of perceived health benefits.  A vitamin production company decides to run a scientific test to assess the value of garlic in promoting a general sense of well-being.  They randomly pick 250 of their employees, and once a day for 2 months the employees fill out questionnaires about their sense of well-being that day.  For the next 2 months the employees take garlic capsules daily and again fill out the same questionnaires.  Finally, for the last 2 months the employees stop taking the pills and continue to fill out the daily questionnaires. 

Comment on the design of this experiment.

Any conclusions are probably meaningless.  There is substantial danger of the placebo effect.  The placebo effect is a real physical response caused by the psychological effect of knowing the intent of the research.  
The experiment would be strengthened by using a control group taking a look-alike “placebo” garlic pill that contains inert ingredients.

Conclusions are weak or meaningless because the subjects were not randomly selected from the population of interest (all people who take vitamins to promote well-being).  The researcher selected company employees (convenience sample) and the sample will be biased toward good company product results.  They would be biased toward good results for job security reasons.
5. A new pain control procedure has been developed in which the patient uses a small battery pack to vary the intensity and duration of electric signals to electrodes surgically embedded in the afflicted area.  

a. Putting all ethical considerations aside, design an experiment to test the procedure. 

Ask doctors and hospitals to advertise you are looking for chronic pain sufferers for a study.  As the volunteers come in, use a random number table (or flip a coin, die, etc) to assign them to one of two groups 1) electrode embedded in correct place and 2) electrode embedded in wrong place.  This would be accomplished by odds get treatment #1, and evens get treatment #2.
This should be double blind, which means both the volunteer patients and the doctors doing the monitoring will NOT know if the electrodes were embedded in the correct place.
b. What ethical considerations might arise during the testing that would force an early end to the experiment? ( Hint from Mrs. Sez: Discuss both negative situations, and positive situations)
Ethical considerations will arise if the procedure is VERY successful.  For example, if the correctly embedded patients are pain free and the incorrectly embedded patients are still in pain, then the experiment should be stopped and everyone should receive the correct placement.
Or, if either group starts to feel pain in a new location as a result of the electrode being embedded under the skin, then the experiment should be stopped so no one has to experience any more pain than he/she had originally.
6. A new vegetable fertilizer is to be tested at two different levels (regular concentration and double concentration).  Design an experiment, including a control, for 30 test plots, half of which are in the shade.  Explain carefully how you would use randomization. (Hint: Draw a picture or tree diagram to organize your thoughts).




In the fifteen plots in the “sun” block, assign numbers 1-15.  Using two digit numbers from a random number, table read off two digit numbers.  Ignore 00 and 16-99.  The first five numbers between 1-15 that come up are assigned the CONTROL group.  Ignore repeats so you have five unique numbers.  Keep going until you get five numbers that between 

1-15 that haven’t already been assigned to the control group.  This second set of five is assigned to the regular fertilizer concentration.  The last five plots are assigned double fertilizer concentration by default.
Repeat the whole process for the “shade” plot.





