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Lesson Plan:   Six steps to solving a statistical problem

The following steps are a general guideline to help students determine what type of statistical procedure they should use when faced with a question.  A real-life example on the effect of diet on health is then given to demonstrate how the guideline may be used to help identifying the right statistical analysis.
Step 1:  What is the question? What type of answer am I looking for?  
Step 2:  What type of data do I have?  

(a) What does the data look like?

(b) Do I have data in ratio, interval, ordinal, or nominal scale?
(c) How many groups?
(d) How many variables? 

Step 3:  Analysis?

(a) What is the hypothesis?
(b) What is my desired significance level?

(c) Based on the above information, what types of analyses may be used and why?

Step 4:  How do I carry out the calculation?
Step 5:  What is the result of my analysis?  What does it tell me?
Step 6:  What is the next step?
Hook:

What’s for dinner?  From low fat to low sodium to low carb, millions of bewildered Americans are suffering from what New York Times Magazine journalist Michael Pollan dubbed “a national eating disorder” in his best-selling new book, “The Omnivore’s Dilemma: A Natural History of Four Meals.”  Can statisticians cook up the right meal?   

Background  

Is a Mediterranean diet, rich in vegetables, fruits, and grains, better for your health?  To answer this question, De Lorgeril (1998)* and colleagues conducted a randomized clinical trial comparing the effect of a Mediterranean diet to a low-fat diet recommended by the American Heart Association.  Results of the study can be found at Archives of Internal Medicine free of charge after registration.

*De Lorgeril, M., Salen, P., Martin, J., Monjaud, I., Boucher, P., Mamelle, N. (1998). Mediterranean Dietary pattern in a Randomized Trial. Archives of Internal Medicine, 158, 1181-1187. 

The subjects, 605 survivors of a heart attack, were randomly assigned follow either (1) a diet close to the "prudent diet step 1" of the American Heart Association (control group) or (2) a Mediterranean-type diet consisting of more bread and cereals, more fresh fruit and vegetables.  Over a period of four years, the researcher recorded the incidences of various illness and fatalities for each of the two groups, and a short summary of the result can be found here.
Step 1:  What is the question? What type of answer am I looking for?  

Is the Mediterranean Diet or the AHA low-fat diet better for one’s health?  I am looking for the diet that gives a statistically significant lower incidence of fatalities and illnesses?
Step 2:  Data Type:  

(a) Do I have data in ratio, interval, ordinal, or nominal scale?
Nominal/categorical data, specifically binomial (for each variable, there are only two possible answers: yes or no)

(b) How many groups?

Two (AHA low-fat and Mediterranean)

(c) How many variables? 

Four (Cancer, Death, Non-fatal illnesses, Healthy)
Step 3:  Analysis.  Based on the above information, what type of analysis may be used?

Which one(s) do I choose and why? (More than one may be valid.)
(a) What does the data look like?

By presenting the data in a bar graph, we can quickly get a sense of what the data is telling us. Bar graphs can be generated using various statistical software and graphical software such as Microsoft Excel (shown below)
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(b) What is the hypothesis?
H(0): there is no difference between the incidence of fatalities and incidences between the those on the Mediterranean diet vs. those on low-fat diet over a four year period.  H(1): there is a difference between the incidence of fatalities and incidences between the those on the Mediterranean diet vs. those on low-fat diet over a four year period.  

(c) What is my desired significance level?
α = 0.5.  This means that we are willing to accept a 5% risk of falsely rejecting the null hypothesis.
(d) Based on the above information, what types of analyses may be used and why?

Based on the above information, Chi-Square test would be a good choice since we have nominal data with two groups and four variables.  
Step 4:  How do I carry out the calculation?
“Computing the Chi Square in Test of Independence” provide a nice example for how to perform a Chi Square analysis.  Various statistical packages such as Fathom (good for beginners) and SAS (good for advanced users) may also be used.  A web based Chi-Sqaure analysis calculator can be found at LINK. 
FIND A SITE, FILL IN THE CORRECT VALUES IN THE CORRECT BOXES AND PROVIDE SCREEN SHOTS.

Here, the p-value for the null hypothesis was found to be 0.0009.  By comparing the incidences of illnesses and fatalities in each group, we can determine that the Mediterranean diet is better for one’s health than the AHA low-fat diet over a four year period.
Step 5:  What is the result of my analysis?  What does it tell me?

I am 99.91% confident that there is a difference in the incidences of illness and fatalities between those who adhere to a Mediterranean diet compared to those to adhere to an AHA low-fat diet over a four year period.  The evidence support that the Mediterranean diet is better for one’s health than the AHA low-fat diet. 
Step 6:  What is the next step?

The De Lorgeril (1998) study provided evidence that the Mediterranean diet is better than an AHA low-fat diet.  The p-value for rejecting the null hypothesis was found to be 0.09% (~1/1,100).  This means that there is a ~1/1,100 risk that our conclusion is wrong.  Although the risk is very low, it is not impossible.  There may also be other hidden reasons not considered here that may affect the outcome.  Thus, the experiment should be repeated!
Note:  Chi sqaure is not the only valid statistical method that can be used to answer this question!  Other methods includes, and not limited to, X, Y, Z. 

