STEPS FOR A DESIGNED EXPERIMENT

(Schmidt 1997, pg 2-3 to 2-24)

1. STATEMENT OF THE PROBLEM: During this step you should estimate your current level of quality by way of Cpk, dpm, or total loss. In addition, try to answer the question, “what is the cost of doing nothing?” This estimate will then be compared with improvements found after Step 14. 

2. OBJECTIVE OF THE EXPERIMENT: Is the objective screening, modeling, optimizing, characterizing, trouble shooting, robustness, variance reduction, etc.
3. START DATE: _________________      END DATE: ________________________

4. SELECT OUTPUT: These are also known as the response or dependent variables. These outputs should be related to customer needs and expectations.  Use continuous outcomes whenever possible.

Response
Type

(Continuous or Discrete)
Anticipated Range
How will you measure the response?  Is the measurement method good?

a.




b.




c.




5. PREP WORK: Complete a literature review, process flow (PF) diagram, and a cause and effect (CE) diagram.  On the CE diagram identify variables as Constant (C), Noise (N), and experimental(X).  Identifying CNX’s on the cause and effect diagram is often an iterative process. 

6. SELECT INPUTS: (these are also called factors and/or parameters).  From the Cause and Effect diagram select the inputs (X’s) which are believed to effect the output. 
Input
Type
Range of Interest
Levels
Anticipated interactions
How measured?

a.






b.






c.






d.






e.






f.






g.






h.






i.






j.






k.






7. DEVELOP SOPs: Write Standard Operating Procedures (SOPs) for all variables identified as constants  (Cs) on the cause and effect diagram.  In addition, you should have a SOP for how the experiment will be conducted.

8. SOURCES: Determine the number of resource to be used in the experiment. Consider the desired number (see rules of thumb in Appendix M of Schmidt 1999), the cost per resource, time per experimental trial, and the maximum allowable number of resources.  Be sure to allow for confirmation runs.  In addition, experimentation is often an iterative process.  One DOE leads to another and so forth, so you may not want to expend all your resources on the 1st DOE. 
9. DESIGN STRATEGIES: Which design types and analysis strategies are appropriate? Discuss advantages and disadvantages of each. See rules of thumb in Appendix M of Schmidt 1999.
10. SELECT DESIGN: Select the type of design and analysis strategy that best meets your needs.
11. RANDOMIZATION:  Can all the runs be randomized?  Which inputs are most difficult to randomize?  

12. CONDUCT THE EXPERIMENT AND RECORD THE DATA: Monitor both of these events for accuracy.  The keeping of an experimental log may prove to be very valuable.

13. ANALYZE DATA, DRAW CONCLUSIONS, MAKE PREDICTIONS, AND DO CONFIRMATION TESTS:
a. Check data for accuracy.

b. Conduct visual analysis of the data.

c. Calculate the average at each level for each column.

d. Calculate the effects and half-effects for each column.

e. Plot the averages from step 13c.

f.  Generate a Pareto diagram of the absolute value of each half-effect from step 13d.

g. Determine the “importance” of each half-effect.* When appropriate, construct interaction plots for “important” interactions.

h. Generate a prediction equation using “important” half-effects.

i.  Based upon your objective, select the best settings for important factors/interactions.

j.  Using the prediction equation generated in Step 13h, predict the response. Use this value as a target for confirmation runs.

14. *If using software such as DOE KISS, use statistical significance to determine important half-effects (coefficients). See Appendix M for Rules of Thumb (Schmidt 1997).

15. ASSESS RESULTS, MAKE DECISIONS, AND DOCUMENT YOUR RESULTS. Evaluate your new state of quality and compare with the quality level prior to the improvement effort. Estimate your return on investment. If necessary, conduct more experimentation.
Reference:

Schmidt, Steven R and Launsby, Robert G (1997), Understanding Industrial Designed Experiments, 4th Edition, Air Academy Press, Colorado Springs, CO.
