Cover Sheet: Observation Studies and Experiments (Chapter 13)

Objective

We want the students to learn the difference between observational studies and experiments, emphasizing the importance of cause-and-effect relationships. We expect students to understand that randomization is needed in order to establish this relationship. During this activity, we also hope that the students learn such terms as: factors, treatments, retrospective and prospective studies, etc.

The Activity

Prior to assigning this activity, students should have had an introduction to the ideas and vocabulary behind observational studies and experiments. The activity involves data collected directly from the students, as to get them more directly involved with the activity. Two questions are asked by the activity: average amount of soda daily and average amount of sleep daily. A scatterplot should then be made to graph the association, and then relevant questions about the relationship between soda and sleep are observed. This is followed by questions regarding the data about observational studies and the scope of the conclusion. The next step is to design and diagram an experiment that would show more convincingly the effects of caffeine on sleep. Emphasis of the activity focuses on the design and conclusions of observational studies and experiments. Terms applicable to observational studies and experiments are also included to reinforce the concepts learned previously in lecture or elsewhere. 

Assessment

The assessment of this assignment will be based mainly on completion of the assignment with good logical explanations of the questions that were asked. Vocabulary is important here, we have observational studies, experiments, confounding and lurking variables, treatments, etc. The terms must be used correctly. Understanding the scope of the conclusion is again highly emphasized in this activity and should be evaluated. Knowing the difference between an observational study and an experiment should be second nature after this activity. 

Class participation can be counted as well. How active were particular students? Did they ask intuitive and intelligent questions regarding the activity? An example is: Diagram an experiment where the researcher is interested in the recovery time of surgical patients when nurses practice therapeutic touch on them during the surgery. 

Formal assessment can include exam questions about particular data sets or homework questions that will reinforce the concepts presented by this activity. A few possible questions include:

· An artisan wants to create pottery that has the appearance of age. She prepares several samples of clay with four different glazes and test fires them in a kiln at three different temperature settings. 

· Is this an observational study or an experiment? 

· Describe the factors, levels of each factor, treatments, response variable, and any blocking or  blinding that may be present?

· What conclusions can be reached?

· A study based on data in which no manipulation of factors has been employed is a (an):

a)  experiment

b)  random assignment

c)  observational study

d)  placebo effect

Many different questions could be asked regarding observational studies or experiments, in either multiple choice form, true/false or short answer. 

Teaching Notes

· The estimated time to compete this activity is approximately 25-30 minutes assuming you collect the initial data in advance and create the scatterplot.

· This activity can be done in class or assigned as out-of-class work. Either way I would suggest that students be allowed to work together on the assignment so that they might discuss the issues together.

· This activity is not dependent upon any particular piece of technology. I recommend StatCrunch since it is a free piece of statistical software, but students could do the activity using another software package or graphing calculator. The only technology required is to make the scatterplot of the data.

Activity: Observation Studies and Experiments (Chapter 13)

We want to explore the relationship between the amount of caffeine one drinks and the amount of sleep he or she gets each night.  Specifically, does more caffeine lead to less sleep?  To do this, we will measure the average amount of soda each person consumes each day and compare it to total hours of sleep. 

How many ounces of soda do you drink each day (on average)? ________

How much sleep (in hours) do you get each night (on average)? ________ 

(measure to the nearest quarter-hour)

Your TA will collect this information from each student and use it to construct a plot of sleep hours versus soda ounces.  

Questions:

1. Is this an observational study or an experiment?  Why?

2. If it’s an observational study, is it retrospective or prospective?  Why?

3. How were the subjects selected?

4. What are the explanatory variable and the response variable?

5. Does it appear that there is a relationship between soda consumption and sleep?

6. What is the scope of the conclusion that this study can reach?

7. How could we alter this to make it a prospective study?  Would this be an improvement over the study described above?

To broaden the scope of our conclusion, we need to create an experiment.  

8. How should we design this experiment to fully capture the amount of caffeine that one consumes in a day?

9. How can we completely observe the amount of sleep one gets in a day?

10. In this experiment, what are the experimental units?

11. Diagram the experiment to test the effect of caffeine on amount of sleep.  Make sure to: include a control group; label the levels, factors, and treatments; and specify how people are placed in each group.  Are there any blocking factors that should be present?

12. Now, what is the scope of the conclusion that this experiment can reach? 

13. Is an observational study or an experiment preferable in this case?

Activity: Observation Studies and Experiments (Ch. 13) Instructor Solutions
We want to explore the relationship between the amount of caffeine one drinks and the amount of sleep he or she gets each night.  Specifically, does more caffeine lead to less sleep?  To do this, we will measure the average amount of soda each person consumes each day and compare it to total hours of sleep. 

How many ounces of soda do you drink each day (on average)? ________

How much sleep (in hours) do you get each night (on average)? ________

(measure to the nearest quarter-hour)

Your TA will collect this information from each student and use it to construct a plot of sleep hours versus soda ounces.  

Questions:

1. Is this an observational study or an experiment?  Why? 

Observational study, since there is no random assignment.

2. If it’s an observational study, is it retrospective or prospective?  Why?

Retrospective

3. How were the subjects selected?

Convenience sample

14. What are the explanatory variable and the response variable?

Explanatory – Caffine Intake (oz. of soda)

Response - Amount of sleep (in hours)

4. Does it appear that there is a relationship between soda consumption and sleep?

Based on scatter plot, but it should show a negative relationship.

5. What is the scope of the conclusion that this study can reach?

Since this is an observational study, we can only say that there is an association between the two.
6. How could we alter this to make it a prospective study?  Would this be an improvement over the study described above?

We could ask them to keep track of how much soda they drink every day for a week.  This would be more accurate.
To broaden the scope of our conclusion, we need to create an experiment.  

7. How should we design this experiment to fully capture the amount of caffeine that one consumes in a day?

If we really want to get at total caffeine intake, we should control for caffeine through tea, coffee, and soda (anything else?  Chocolate?).  Also, care should be taken for “hybrid” products, like those damn Starbucks double-mochachino, half-whipped cream, extra shot of espresso.  (How much caffeine is in something like that?)

8. How can we completely observe the amount of sleep one gets in a day?

If we really want to go all out, we could put them in the sleep chamber, use brain monitors, all that scary stuff.

9. In this experiment, what are the experimental units?

People

10. Diagram the experiment to test the effect of caffeine on amount of sleep.  Make sure to: include a control group; label the levels, factors, and treatments; and specify how people are placed in each group.  Are there any blocking factors that should be present?

Factors: caffeine intake

Levels: no caffeine (control), low, moderate, high amounts

Treatments: 4 (same as levels)

Blocking: Possible blocking factors include: gender, stress levels, children, age, etc.

Clearly, randomly assign people into each of these groups.

Finally, measure total hours of sleep for each person and compare.

11. Now, what is the scope of the conclusion that this experiment can reach? 

Since this is an experiment, we can conclude a causal relationship between the two variables.  As the amount of caffeine increases, it causes the amount of sleep to decrease.  This is due to caffeine’s stimulant effect.

12. Is an observational study or an experiment preferable in this case?

An experiment is preferable here because there are lots of possible confounding variables that can’t be controlled for in an observational study.

