Six Sigma Green Belt Certification Course

Statapult Exercise
(ANALYSIS Stage)

SITUATION:  

The Statapult Defects Team has completed the MEASURE stage of the DMAIC model.  The primary output (Y) variable for this project was determined to be the placement (measured in inches) of the ball when thrown by the Statapult.  The Project Team has quantified the problem and confirmed with hard data that the customer specifications are not being met.  Basic defective PPM (or DPMO) and process sigma calculations have been done to baseline the current process output.  The objective in the ANALYSIS stage is to now extract some additional information out of the existing data and calculations and then to generate further hypotheses on what other variables might be contributing to the undesirable impact on the final product.  The Project Team has briefed senior management on the results of the MEASURE stage and has been directed to continue on to the ANALYSIS stage.

The Project Team is considering several options at this point.  The DMAIC model calls for three types of activities in the Analysis Stage.  

Data Exploration:  Basically seeing if any stratification is apparent in the data.


Hypothesis Generation:  Based on exploration, the Project Team needs to make additional educated guesses at what the Y = f(X) relationship might be and collect additional data if required.


Cause Verification:  Analyzing data (new/old) against the new hypotheses to see if the 

Y = f(X) relationship can be further understood.

EXERCISE:
In preparation for the following analysis work, the instructor will have the teams enter data from the MEASURE stage into a Minitab project.  At a minimum, data input will consist of:  the shot distance, the statapult operator, and the ball type.  Optional data could be the inspector for each measurement.
1.
Pareto Analysis.  (Data Exploration)  Reference pages 236-239. (90 minutes)
The Project Team has the Statapult output data stratified by several factors, one of which is “ball type” (simulating material from different vendors).  You decide to use this stratification factor in building a Pareto Chart.  The customer wants the ball placed at a certain distance (X inches) from the Statapult with a tolerance of plus/minus 3 inches (instructor will work with the team to set the X distance).   The team decides to pass the continuous measurement data through a “threshold filter” and convert it to attributes (discrete) data which is required for conducting a Pareto analysis.  The team decides to set the threshold filter equal to the tolerance and centered on the X value in order to divide the “shots” into GOOD versus BAD product (for the purpose of building the Pareto chart).   Shots that fall within plus/minus 3 inches of the X distance are GOOD shots; all others are bad shots.   Perform both of the following:


a.
A manual Pareto Chart construction/analysis (using the provided template).


b.
A Minitab analysis (optional).  In setting up the Minitab worksheet, the team may use either a “chart defects table” built around the stratification factor for ball type for input (this is preferred method in this instance) or work with the values individually for each Statapult shot.  Note:  If you work with the values separately, you will need to build a column of converted attribute data as each individual measurement is passed through a threshold filter.  Discuss the results and prepare to report.
2.
Histogram Analysis (Data Exploration) Reference pages 244-249.  (90 minutes)
The Project Team also decides to look at the distribution of all the Statapult output data combined into one histogram and perform a preliminary capability study on the data.  Use all available measurement data.  Perform both of the following: 


a.
A manual construction of a histogram using the provided exercise sheets.  Based on the target for the process (X) and the tolerance of plus/minus 3 inches, do a rough Cpk calculation. 


b.
A Minitab capability analysis which includes a histogram (following instructions from the class leader).  Use the provided worksheet.  Discuss the results and prepare to report your findings.  Are the data normal?  What are the capability indexes showing?  Are they valid?  
3.
Run Chart (Data Exploration) Reference pages 238-244.  (60 minutes)
The Project Team wants to see if there are any “time related” or “order of production” influences acting on the process.  Using the provided run chart template, manually construct a simple run chart and see what information it provides (Note:  The instructor may have you use only every 4th or 5th data point for the manual chart construction depending on the original sample size.)  Then use the data in Minitab to construct a run chart using all the data.  Use the provided worksheet.  
4.
Cause and Effect Diagram (Hypothesis Generation) Reference pages 250-251. (30 minutes)
Using the results (if any) of the Pareto, Histogram and Run Chart analyses and all other information gathered so far by the team, conduct a Cause and Effect Analysis to further explore the Y = f(X) equation.  The Y-variable is still the “X distance from the Statapult” and this will be (in some form) at the head of the Cause and Effect Diagram (fishbone).  The team will brainstorm possible X-variables (i.e. possible causes).  Keep in mind that there are two important CTQs for the customer and both are derived from this output variable (i.e. the mean of the shot distance and the variability of the shot distance).  It would not be unusual to have a separate C&E analysis for each one since the cause factors might be quite different.  Sometimes it is better to get the excess variability out of a process first, then attack the centering problem (as in this case).  The team decides to take this approach and work on the excess variability issue first, especially in light of the Pareto, Histogram and Run Chart explorations, and then work on increasing the “mean shot distance” to meet the customer’s target value.  NOTE:  The purpose is to show how the C&E process works and to generate the next “drill-down” level of the Y = f(X) equation.  In this case, the team is “hypothesizing” something in the product or process (X-variable) that can be connected in a “cause and effect” relationship to the high variation in output Y-variable.  
The problem with the output mean being off from the desired target should also be analyzed on a C&E diagram.  The results will be further investigated during the Scatter Plot exercise.
The instructor will make sure that all teams move forward together from this point.  The C&E discussions will generate several paths that could be followed, but for the purposes of teaching key concepts, the instructor will determine which possible causes are further analyzed.

5.
ANOVA (Cause Verification) Reference pages 272-274.  (60 minutes)
Use the results of the Cause and Effect Diagram and analysis as input to this ANOVA exercise.  The Project Team has probably found several significant “possible causes” of high variation in the process output (Y-variable).  The team decides to use an ANOVA analysis to see if their hypothesis is valid.  Discuss your findings.  What is the single most obvious contributor to overall variation in shot distance (i.e. is there any “low hanging fruit)?  Are there additional differences that can be identified in the output of the analysis?  Record the results of your analysis.  This will be used in the IMROVE stage.
6.
Filtering the Data Set  (30 minutes)
Based on the “low hanging fruit” identified in the previous analyses, remove ONE BALL TYPE from your original data set.  Revisit some of the earlier analysis procedures and see what difference this makes to the results.

7.
Scatter Plot and Linear Regression (Cause Verification) Reference pages 254-255, 274-276.  (90 minutes)
The Project Team has identified, targeted, and eliminated a major cause of excess variability as a result of the ANOVA analysis (i.e. a clear case of low hanging fruit).  (NOTE:  The team will make its case in the IMPROVE stage for what additional factors to change in order to achieve a desired level of variability reduction and mean distance improvement).  Removal of this large “low hanging fruit” contributor to variability may also have resulted (depending on team decisions) in a significant increase in the average shot distance as well.  The Project Team now needs to identify at least one cause variable (X-variable) that they hypothesize has a direct relationship to the resulting output of the shot distance (mean shot distance).  (This should already have been done in the previous C&E exercise; if not, do so now).  To test this hypothesis, the team decides to use a Scatter Plot.  The team takes the following actions:


a.
Develop and implement a new data collection plan to collect the data on the hypothesized X-variable now that the process is operating under the improved production process resulting from the reduction in output variability in shot distance.  It is important NOT to use the original data since it is no longer representative of the process.  These data must be “paired data” in order to build the Scatter Plot.  Following guidance from the class instructor, the team will:

b.
Manually build a Scatter Plot using the provided template.  

c.
Conduct a Minitab analysis.  (Note:  First, use Minitab to perform a basic scatter plot.  Then after receiving instructions, data will be used to perform and discuss a linear regression/correlation analysis).

d.
Record the results of this analysis for use in the IMPROVE stage.
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Histogram and Capability Study Worksheet
Statapult:  Analysis Stage Exercise in Minitab
1.
Open your Statapult Project.  Data should already be entered into Column C1 of a new worksheet and labeled as Shot Distance.   
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2.
Choose Stat > Quality Tools > Capability Analysis > Normal

[image: image6.emf]Pareto Chart
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3.
In the dialog box, select single column and put C1 or ‘shot distance’ in the white box.  

4.
Set subgroup size to 1.

5.
Type in the lower and upper specification limits.

[image: image7.emf]Histogram
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6.
You may change output options if desired by clicking on ‘Options’.

7.
Click ‘OK’.

8.
The graph for Process Capability of shot distance will appear.   
9.
The CP index is the best possible “short term” capability if the process were centered.  Standard deviation (within) is based on “within sample” variation. 

10.
The CPK index is the “short term” capability computed against the spec limit nearest the process mean.  

11.
The PP  and the PPK  are similar to CP  and the CPK only they represent “long term” capability.  Standard deviation (overall) for theses indices is based on both “within and between sample” variation.

12.
Observed Performance shows PPM values IF any of the current sample values actually exceeded the spec limits.  In this example, out of 50 measurements, one was 83 (above the USL).  One out of 50 is 2 percent or 20,000 PPM.

13.
Expected Within Performance for PPM is calculated using the Z value, derived from the standard deviation (within), at both spec limits.

14.
Expected Overall Performance for PPM is calculated using the Z value, derived from the standard deviation (overall), at both spec limits.

15.
Choose Stat > Quality Tools > Capability Sixpack > Normal

16.
Check the Normal Probability Plot.  If the P-value is less than 0.05, then reject the NULL hypothesis (i.e. reject the assumption that the distribution is normal).  For P-values only slightly higher, be cautious if you have a small sample size (i.e. less than 30 measurements).  

17.
Control charts (I and MR) should be in control.

Statapult Data Analysis for Capability Class Exercise

Use the data generated by your team to answer the following questions.

1.
What is the Anderson-Darling Normality Test Index for your data? _________________________.

2.
What is the P-Value for the normality test?  _______________. Is your data normal? ___________

3.
Does your data show “in control” on the I Chart and the MR Chart? __________What would you do if 

the control charts were NOT in control? ________________________________________________________,

4.
What is your process CPK ?  _____ CP ? _____ Why are they different?________________________

5.
PPK is bigger than CPK for normal data.  Which is larger for your data and why? __________________ 

_______________________________________________________________________________________

6.
Could you use the capability indices based on this data as it is? ______   If necessary, what 

could you do to get a better “normal” distribution? _______________________________________
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