General Comments on Statistical Problem Solving and Report Writing 

What does an applied statistician do?

Statistical consulting -- clients who need help with data analysis or collection ask the statistician for help.

Joint research -- the statistician is part of a research team.

Problem solving -- the statistician is part of a team set up to solve a problem, improve a process, etc.

Common theme -- use of data to understand phenomena.

Common steps in applied statistical work:
 Understand the problem and the goals, including relevant scientific background.

 Phrase the goals in statistical terms.

 Find out what data are available and verify any structure in the data.  

 Guide the collection of additional data.

 Analyze the data.


Initial data screen to check for errors or problems.


Preliminary analysis to explore the structure in the data.


Detailed model fitting and testing, matching the analysis to the problem goals.


If necessary, guide collection of additional data and re-analyze.

 Summarize the results (written and oral reports).

 Discuss plans for next phase of work.  We tend to present statistics as though each study is completely new and isolated from other work.  In fact, most scientific work involves a progression of studies, each one raising new questions that are addressed in the sequel.

Important skills:

 Client focus -- a satisfied customer will return and will bring friends and colleagues.

 Ability to communicate.  


Talk the client’s language; avoid statistical jargon.


Use playback to make sure that you understand the client’s problem and 



that (s)he agrees with any translation you make into statistical terms.


End meetings with a clear summary of the tasks each party is committed to



perform.


Contact the client as necessary during the analysis.


Avoid errors of the third kind!


Write clear, concise reports.


Explain statistical methods to the client.

 Knowledge of statistical techniques and of mathematics.


The more the better -- applied statisticians need a large toolkit.


Match the analysis to the problem, not the problem to the analysis.


If needed, learn new techniques to solve the problem.


KISS -- Keep it simple, stupid.  If you can’t explain to the client what you did,



you overdid it.

 Facility using computers and statistical packages.

 Promptness -- a good answer tomorrow is usually much more valuable than an optimal answer in three months.

 A sense of perspective and a nose for balance -- if you become more interested than the client, you have probably gone too far.

Data analysis -- general strategy
1. LOOK AT THE DATA.  Use simple graphs and summary statistics.  Check for outliers.  Often you will need to contact the client with questions.  

2. Formulate a sensible model.  Incorporate relevant scientific knowledge and data structure.

3. Fit the model to the data.  Obtain estimates of the uncertainty of any estimated parameters.

4. Check the model fit.  Examine residuals.  Look for further structure.  Test assumptions.  Check for influential observations.

5. Use the data analysis to answer the major questions.

Report preparation
1. Write for the client.

2. Highlight the major results of interest to the client.  A good idea is to begin a report with an executive summary of the main conclusions, then to follow that with more details of the analysis.

3. Quantify your conclusions -- don’t just say that there is a difference between the two groups, say by how much they differ.

4. Round numbers -- don’t report “significant digits” that are statistically meaningless.  

5. Pictures are often worth 1000 words.  Use informative graphics.  NEVER include graphs without clear captions.  (Clients will often look at the graphs first.  Don’t make them hunt through the text to find out what is there.)

6. Tables are very effective for communicating results.

7. Don’t give the client pages of output.  Summarize the output and, where necessary, cut and paste output into your report.  Modern computing environments make this much easier than in the past.

8. Express conclusions, as much as possible, in the client’s language.  For example, refer to variables by their actual names, not by shorthand names like X or Var1.  Don’t refer to variables that are not defined.

9. Explain any analyses that were performed, to the extent necessary.

10. Write enough, but not too much.  Don’t write oddyseys -- clients usually don’t want to know about all the ideas that didn’t work.  Statistical details and lengthy output can often be relegated to appendices.
Two specific examples:

1. Analysis of data for disease diagnosis.

2. Design and analysis of an electrical pricing experiment.  The goal is to examine the effect on household electricity consumption of differential pricing policies, in which higher rates are charged during peak hours than during low-use hours.

Some data summary problems (from Chatfield):

1. Exam marks.

2. Absenteeism from workplace

3. Women’s heights.

4. Failure times of tractors.

