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Course Overview

The key to improving process performance is the ability to understand, control and reduce variation. In 

this workshop, participants will learn how the monitoring and analysis tools of SPC can be used to 

achieve that goal. Going beyond the mere mechanics of SPC, this workshop will also guide participants 

through the steps needed to define a process and determine proper measurement techniques so that the 

right control chart is used in the right place at the right time. 

Learning Objectives

By the end of the course, you will be able to:

▪ Understand the role of SPC in the quality improvement process

▪ Identify key process and product characteristics

▪ Establish key characteristics for process monitoring

▪ Distinguish between variable and attribute data

▪ Create a meaningful data collection plan

▪ Use statistics to separate common and assignable causes of variation

▪ Perform a process capability study

▪ Decide when a particular SPC tool is appropriate to use

▪ Collect data for that tool and convert the data into charts

▪ Interpret patterns and signals on the charts

▪ Use Cause and Effect diagrams and Pareto charts to diagnose process problems

▪ Use Excel for basic statistical analysis and capability studies.

Course Outline:

Day 1

• Why Use SPC?

• Defining the Process

• Measuring the Process

• Using Statistics

Who Should Attend:

Individuals and teams requiring a thorough understanding of the philosophy and tools of Statistical 

Process Control (SPC) in order to plan and implement successful SPC efforts their workplace.

Prerequisites:

Participants in this training course should have:

A laptop computer loaded with MS Excel (version 2003 or later). They will also need to add in the 

Analysis ToolPak, a statistical package that comes with MS Excel. 

An SPC project in mind from their workplace.

Experience using personal computers, especially using the Windows operating system

Basic math skills and be able to follow the order of operations for basic algebraic functions.  

Day 2     

• Determining Process Capability

• Control Charts for Variables

• Control Charts for Attributes

• Identifying Patterns and Trends

• Diagnosing the Process



Just starting out, how much do you know about Statistical Process Control and why it is used? 

Nothing A little A lot
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What are some examples of processes in your area?
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Assignable cause variation is also referred to as “special” cause variation.
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When we “screen” parts during testing and inspection, the goal is to detect defects in a product, 

often well after the defect was introduced.
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The prevention method recognizes that values close to the spec may lead to defects further down 

the line and/or decreased quality and reliability for the end customer, and that it’s better to 

reduce variation around the specification target. SPC helps to achieve this goal.
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What are some other process benefits?
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Which of the benefits above would be most valuable for your organization? 

What are some other organizational benefits?
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Which benefits above are most important for you?

What might some other benefits be?
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We must eliminate  _______________  ____________ variation in order to gain stability.

We compare process data to  _________ ___________  to determine if the process is capable.

It is important to have a common language for communicating about quality issues because:

 _________________________________________________________________________

When we focus on preventing problems, we can spend less time on  _____________ing 

problems.

We want to expose problems so that we can...
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SPC is one of the key tools for continual improvement. It can help to identify problems, solve 

problems and determine whether an implemented solution is effective.
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A general definition of a process is that it takes an input and transforms it into an output.

Think about how a process in your area fits this description.
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Another way to model a process is to show it in blocks, as above.
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Internal Suppliers: External Suppliers: 

• Stockroom 

• Tool Crib 

• Upstream area/workstation 

• Planner, Supervisor, Engineer, etc. 

• Raw material supplier. 

• Components manufacturer. 

• Outsourced processing 

• Service provider 

 
Internal Customers: 

• Downstream area/workstation 

• Test/Inspection area 

• Finished Goods warehouse 

 

External customers are the people who buy products and/or services from your organization; 

they also play a supplier role.

External customers are the people who buy products and/or services from your organization; 

they also play a supplier role.
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It’s important to remember that the organization is made up of many chains of suppliers, 

processes, and customers. All of these chains must link to meet the external customers’ needs, 

and process control efforts need to support this goal. 

In general, SPC should be used as early as possible in the overall flow, rather than at the “end of 

the line.”
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When planning for SPC implementation, we need to understand the process under study in terms 

of its relationship to the whole and well as its immediate interfaces, and whether they are 

internal or external to the organization.

SPC efforts may involve a process which:

• is solely within the control of a single department, 

• crosses several work areas inside the organization, &/or

• involves external suppliers/customers.
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Having a clear picture of the process is an important step in preparing for SPC. What are some 

other reasons for defining the process, in addition to the benefits listed above?
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What are some other times when a process should be defined or redefined?

We’ll continue to build on our process model, by defining the process in more detail in the 

following pages.
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For service processes, “product” characteristics are those aspects of the service that can be 

observed  &/or experienced, such as speed of service delivery, responsiveness of the provider, 

etc.
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Environmental factors are also called “noise” or “nuisance” factors. They are aspects of the 

process that are present but cannot be completely controlled or eliminated.
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Outputs — the Y variables, are associated with product characteristics.

Process  and Environmental/Noise characteristics are the X variables. 

Note: Depending on the situation, X variables may be controllable or not. If the 

Environmental/Noise factors are controllable, e.g., temperature, humidity, particle count inside a 

Clean Room, then these parameters should be considered Process Characteristics. There will 

always be “unknown” X variables.

To summarize, what a process can produce is a function of what goes into the process and the 

performance of the process itself. 
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BUILDING A PROCESS MODEL

Worksheet 

Process Characteristics UOM

Instructions:

1. Fill in the information below for a process in your area. 

2. Put a star by key process, product and environmental characteristics.

Environmental Characteristics

Material/Information Inputs: Product/Service Outputs:Process Name:

X variables Y variables

UOM = Unit of Measure

Product Characteristics UOM



38



39

Looking back at your examples of product characteristics, which might be key characteristics?

Traditionally, customers speak of key characteristics for products only. It is just as important to 

identify key process and environmental characteristics that can impact product quality.

Looking back at your examples of process and environmental characteristics, which would you 

consider to be key?
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Creating or accessing a detailed flow chart of the process is suggested for the same reasons we 

listed earlier under defining the process. 
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When creating a flow chart, decide where the process boundary is going to be drawn. In the 

example above, the boundary was Work Order (WO) Preparation.

Flow Chart Symbols
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BUILDING A PROCESS FLOW CHART
Worksheet 

Instructions 1. Draw a context diagram of your selected process.

2. Draw the flow chart. Be descriptive: use at least two words to

describe what is being done (verb) to what (noun).

Flow Chart Symbols
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Think of process measurement as setting gauges at different places in our processes and reading 

the dials to see how the key characteristics are performing.

The three categories being measured are:

• Effectiveness

• Efficiency

• Adaptability 

How might these measurement categories relate to X and Y Variables? Remember the formula: 

𝑦 = 𝑓 𝑥
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Measurement Question Asked Dimensions Examples 

Effectiveness Are the outputs of the 

process meeting the 

customer’s expectations? 

Accuracy 

 

 

 

 

 

Responsiveness 

Number of change orders 

per drawing. 

Number of qualification 

failures. 

 

 

Percent of parts delivered 

on time. 

 

 

Efficiency How well does the process 

utilize resources to provide 

output meeting customer 

expectations? 

Are the resources 

minimized and waste 

eliminated? 

Throughput 

 

 

 

Resource 

Utilization 

Product or process cycle 

time. 

 

 

Time spent correcting 

bills of material. 

 

 

Adaptability How well does the process 

respond to special 

customer requests or a 

changing environment? 

Frequency of 

requests made that 

deviate from 

standard policy and 

procedure. 

 

Number of special 

requests per time period 

(week, month, etc.) 

Number of special 

requests granted. 

 

 

  Percentage of time 

requests are granted. 

Percentage of special 

requests granted by direct 

contact employees. 

 

 

 

Process Measurement Examples
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What are some ways 

to measure process 

efficiency?

What are some ways to 

measure whether our 

process meets customer 

expectations?

Process Name

———————

Customers:

external and

internal

Suppliers:

external and

internal

What are some ways to 

measure whether 

suppliers are meeting our 

expectations?

What are

some ways to

measure process

adaptability?

Defining Process Measurements

Worksheet

Instructions:

1. Answer the questions below for a process in your area.

2. Hint: Look back at your key characteristics from the module “Defining the Process.”
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As we have seen, there are a variety of measurements that can be taken. It is important to 

measure the right things, in the right combination, to get the best possible information about a 

process.

For example, a process may be effective (parts meet specifications), but it might not be efficient 

(the process takes too long to run, or relies too much on inspection to get good parts). Or, a 

process may have a very good throughput (parts per hour), but is not effective because the reject 

rate is too high.
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Variable data are also referred to as Continuous or Quantitative data.

What are some other examples of variable data?
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Attribute data are also referred to as Categorical data.

What are some other examples of attribute data?

Look back at your Process Measurements Worksheet and think about what kind of data would be 

generated by each of the measurements.

Label each measurement as “V” for variable or “A” for attribute. 

What did you find?
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Answer the measurement purpose questions above for a process in your area.
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Sources of Variation

MACHINE 

◼ Set up 

◼ Tool wear 

◼ Fixturing 

 

 
 

MOTHER NATURE 

◼ Temperature 

◼ Humidity 

◼ Vibration 

 

 
 

MEMBERS 

◼ Experience vs. 

Inexperience 

◼ Training 

 

 
 

MATERIAL 

◼ Thickness 

◼ Availability 

◼ Shelf Life 

 

 
 

METHOD 

◼ Procedures 

◼ Maintenance 

Programs 

 

 
 

MEASUREMENT 

◼ Inaccurate 

Measurement 

System 

 

 
 

 

  

 

6 5 4 3 2 1 

What are some additional ways the “6 M’s” above can vary for the process(es) in your area? 

Think about quantity as well as the nature of the variation — how many machines, members, 

measurement devices, etc. exist in the process?

The 6 M’s of a process are all sources for X variables. The design and procurement/resource 

provision choices made for each “M” and the resulting effects (including interactions among the 

M’s), are what determine the Y variables, i.e., the output from the process. As before: 𝑦 = 𝑓 𝑥
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What is the dominant factor for the process(es) in your area?
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Juran’s Theory of Dominance

Adapted from: Juran’s Quality Control Handbook, 4th edition, McGraw Hill. 

Dominance 

Factor 

Biggest Influence 

on Quality 

Process 

Examples 

Suggested Areas 

for Process Control 

Ability of Operator to 

Control Process 

Setup accuracy of setup drilling 

die cutting 

screen printing 

press work 

molding 

labeling 

• know where to center 

the setup 

• measure whether the 

setup is actually 

centered 

• be able to adjust the 

setup with precision 

• pay attention to process 

and product 

characteristics 

 

operator can adjust the 

setup 

Time progressive process 

changes over time 

(tool wear, heating 

up of machine, 

depletion of chemical 

reagent) 

screw machining 

volume filling 

paper making 

chemical processes 

automated machining 

• have a schedule of 

process checks with 

feedback 

• adjust process only 

when necessary 

• measure product 

defects or process 

characteristics 

 

operator can adjust the 

process (machine, tools, 

materials, etc.) 

Operator skill and talent of the 

person 

welding 

painting 

order picking 

manual operations-

soldering, grinding, die 

attach 

 

• use training and 

certification for 

operators 

• use process audits 

• measure defects 

operator has the most 

control over her/his 

ability 

Component input materials and 

components 

defects can be 

epidemic or random 

 

assembly operations 

food formulation 

• use supplier 

partnerships 

• monitor incoming 

material 

 

operator has limited 

control, can report 

problems 

Information accuracy and up-to-

dateness of 

information provided 

to operators 

order editing 

lot travelers in job 

shops 

• actively check 

documentation 

• use computer 

generated info 

• use barcodes and 

electronic entry 

 

operator has limited 

control, can report 

problems 
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How would you describe the measurement scenarios above?

1.

2.

3.
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Resolution is not the same thing as accuracy!
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What types of gauges (and resolution) are available/needed for measuring your process and 

product characteristics?

Typical resolution values for various measurement devices:

Calipers: 0.0005 inches

Micrometer: 0.0001 inches

Vision System: 0.00001 inches

CMM (Coordinate Measuring Machine): 0.000001 inches
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Practice writing an operational definition for a product or process attribute.
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THE F TEST

Worksheet

Instructions 

 

 

 

 

Read through the paragraph shown by the instructor and 

keep a running tally in your head of the number of times 

you see the letter “f.” 

How many “f’s” did you count? 
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What are some examples of populations and samples in the process(es) in your area?
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What would be the primary reasons for using sampling in your process?
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An understanding of the interplay of the 6M’s for a process is critical to designing a 

representative sampling strategy for SPC charting.
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A sampling plan might be to pull 5 parts in a row from a machine every hour, or every 100 parts, 

or some other interval. For non-production processes, a monitoring frequency could be daily, 

weekly, monthly, quarterly, etc.

What methods might you use to gather a nonbiased sample from the process(es) in your area?

Note: samples pulled for ongoing monitoring of a process have a different purpose from a “set-

up” part/sample used for machine/process buy-off.
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While a statistical sample size calculation could be performed, it is not necessary. The most 

important aspect of sampling for SPC charting is to make the samples representative of the day-

to-day process. 
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Relevant data refers to the information that helps trace a data point back to when and where it 

was collected.
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When does it make sense to measure the process(es) in your area?



SPC DATA COLLECTION FORM 

Part Name/Class: Gauge Used: Gauge Resolution: 

Part Number: Sampling Frequency: USL= 
Target= 

Material Type: Characteristic Measured: LSL= 

Date/Time Changes to the Process M1 M2 M3 M4 M5 M6 M7 M8 M9 M10 
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SPC DATA COLLECTION PLAN 

Worksheet 

Purpose Statement: (What information is needed? By whom?) 

 

 

Process Dominance Factor: (Setup, time, operator, component, information) 

 

 

Major Sources of Variation: (More than one machine, tool, operator, etc.?) 

 

 

Process/Product Characteristic to be Measured or Inspected: 

 

 

Specification/Tolerance for Variable Data: (List measurement and units.) 

 

 

Gauge(s) to be Used: (List gauge and required resolution, note whether new gauges, fixtures, S/W, etc. are 

needed. Could also list Gauge Capability index, reference to work instructions for measurement, 

calibration, etc.) 

 

 

Measurement Instructions for Variables Data: (measurement location, method of measurement, how to 

read gauge and record data; could reference a work instruction.) 

 

Sampling Method: (How will sample be pulled? By whom? When?) 

 

 

Operational Definition for Attribute Data: (Inspection method, pass/fail criteria, inspection aids, etc. 

Could reference a work instruction.) 

 

 

Traceability Information Needed: (Time, machine, tool, material lot #, job #, etc.) 

 

 

Notes: 
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Example: SPC DATA COLLECTION PLAN 

Worksheet 

Purpose Statement: (What information is needed? By whom?) 

Information is needed on the effectiveness of the widget making process in meeting the customer’s 

specification for length. Process operators will use the SPC chart information to monitor in real-time the 

accuracy and consistency of the production process. 

Process Dominance Factor: (Setup, time, operator, component, information) 

The widget process is time dominant. The cutting tool can wear and cause material to go outside 

specifications. 

Major Sources of Variation: (More than one machine, tool, operator, etc.?) 

The three stamping machines and their cutting tools. 

Process/Product Characteristic to be Measured or Inspected: 

Widget length. 

Specification/Tolerance for Variable Data: (List measurement and units.) 

Widget length = 1.0 ± 0.1 inch. 

Gauge(s) to be Used: Gauge(s) to be Used: (List gauge and required resolution, note whether new gauges, 

fixtures, S/W, etc. are needed. Could also list Gauge Capability index, reference to work instructions for 

measurement, calibration, etc.) 

Digital micrometer with resolution of 0.01 inch or better. 

Measurement Instructions for Variables Data: (measurement location, method of measurement, how to 

read gauge and record data.) 

Take one length measurement for each part in sample. Use fixture S/N 335 per work instruction WI-001. 

Enter data in SPC S/W program per WI-002. 

Sampling Method: (How will sample be pulled? By whom? When?) 

A sample of 3 parts will be pulled from every 20 parts built (after setup approval) by the operators on each 

machine, and also after any machine adjustments and/or tool changes. A second operator will select the 3 

sample parts from the twenty parts.  

Operational Definition for Attribute Data: (Inspection method, pass/fail criteria, inspection aids, etc.) 

Not applicable. 

Traceability Information Needed: (Time, machine, tool, material lot #, job #, etc.) 

Date, time, machine #, tool #, job #. 

Notes: 
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The term “control” in SPC is a bit of a misnomer; a more accurate word would be “monitoring.”
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A typical collection of raw data is shown above.

How quickly can you find the highest and lowest values in this set of data?

What number would fall in the middle of this data set?

Trying to interpret a set of data by looking at the raw numbers can be difficult. By using a few 

simple statistical charts and calculations, we can organize our data and make it easier to 

understand.
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Yellow Red Blue Green Orange Brown 

 

M & M DISTRIBUTION

Worksheet

What are some characteristics of this distribution?
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An easy way to chart a frequency distribution is to tally the numbers in a table format. 

• The first column lists the possible measurement values. 

• The second column is used to keep a tally.

• The last column shows the totals (frequencies). 
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What are you noticing about the frequency distributions we’ve seen so far?

We can take the Frequency Table one step further by charting a Histogram. Think of this chart as 

showing the “history” of the process. 

The histogram shows both the frequency and distribution of the data, except this time the 

measurement scale is shown on the bottom of the chart, and a frequency scale is drawn up the 

side.

As before, the individual data values are used. Instead

of a tally mark for each number, the data is broken into “classes.” A class can be an individual 

number (as shown), or if there is a greater spread of data, classes may be ranges of numbers. For 

example, 0.50 – 0.51, 0.52 – 0.53, 0.53 – 0.54, etc.

Each class is shown with a bar; the height of the bar (on the Frequency Scale) shows how many 

measurements fell into this range.
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Do some editing, as shown above, to make the chart a little better looking.
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The frequency distributions we have looked at are called Normal distributions. These types of 

distributions happen regularly in nature, and tend to be normal for manufacturing processes too. 
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What might be some examples of Normal distributions?

What would the distribution shape look like if we plotted heights of both NBA basketball players 

and horse racing jockeys on the same histogram? 

This shape would be similar to what a distribution might look if data from two different sources 

(like machines) were mixed.
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If we had the following measurements, what would the average be?

2, 5, 3, 6, 4

     = x
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Thinking back to the Bull’s Eye pictures in the Measurement module, what is another term used 

for describing measurement scatter? 



95

The Standard Deviation for that last data set of five numbers is s = 1.58

What would the Range be?
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Which distribution would have the smallest range and standard deviation?

Which distribution would have the highest range and standard deviation?

Looking at Range or Standard Deviation will tell you how much spread there is in a process; 

therefore, how consistent it is.

If you were able to make five parts with lengths exactly the same—say 6.000 inches—what 

would the average be? Range? Standard deviation? 

Which of the processes—A, B, or C—is the most consistent? 



98

CALCULATING STATISTICS

Worksheet

Instructions Generate a set of data using the method described by the instructor. 

 

         

         

         

 

Compute: 

Average (  x ) = 

 

 

Range (R) =  

 

 

Standard Deviation (s) =  
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The Normal distribution is an abstraction, an idealization, a mathematical construct. At the same 

time it has been, overwhelmingly, the device of greatest practical value in the toolkit of 

Statistics.

It’s called the Gaussian distribution because the German mathematician Carl Friedrich Gauss 

made important early applications to astronomy in the 1820’s. As we will see, it was actually 

discovered a century earlier by the French mathematician Abraham de Moivre. Life really isn’t 

fair.
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The statistical model for the number of heads in N tosses of a coin is called the Binomial 

distribution. In 1730, the French mathematician Abraham de Moivre discovered the bell-shaped 

curve as the limiting form approached by the Binomial distribution as the sample size N 

increases without bound. He never made any money on his discovery of the Normal distribution, 

and in fact died a pauper. To add insult to injury, it was eventually named after someone else 

(Gauss).

Over the next 200 years, de Moivre’s discovery was extended far beyond coin tossing. Today, we 

know that most continuous measurements are sums of large numbers of small, independent, 

possibly unobservable contributing factors. Measurements of this type in a stable population will 

follow the Normal distribution, at least as a good approximation. Statisticians call this 

phenomenon the Central Limit Theorem.

For this reason, the Normal distribution is the default population model for continuous data.  
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A population model is an equation that can be used to make predictions about a population. 

When we represent the mean and standard deviation by Greek letters, as above, we are thinking 

of the mean and standard deviation of the entire population, not just the numbers in our data set. 

It means we are thinking of the Normal distribution as a population model. When English letters 

are used for statistics, they represent a sample from a population.

You may have been graded “on the curve” at some point in your academic career. Well, this is 

the curve, and here is the formula (i.e., the probability density function):

𝑓 𝑦 =
1

2π

1

σ
𝑒

−
1
2

𝑦−μ
σ

2

In this equation, f (y) is the height of the curve above the value y on the horizontal axis.
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The Normal Distribution has some very unique characteristics, which are the key to SPC. Its bell 

curve is like a crystal ball—it can be used to make predictions.

• Using the Average and Standard Deviation, we can predict where the data will fall if it 

has a Normal distribution.

• The numbers show what we can see from the curve: most of the data (68%) falls 

fairly close to the center peak, and then it drops off from there.

• What is most significant, is that 99.7% of the data in a Normal distribution will fall in 

between the three standard deviations on either side of the average.
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Common cause variation will be random, with many small fluctuations. Causes for these 

individual fluctuations cannot be determined, they are an inherent part of the process as designed 

(the combination of the “6M’s”). 
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The  term “assignable” describes the case where the causes of individual fluctuations can be 

determined (sometimes easily, sometimes not). Again, the source of this assignable variation will 

come from one or more of the 6M’s.

Variation that is not normal will be systematic, which means there is an underlying pattern. We 

will discuss these different types of patterns in a later section.
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W. Edwards Deming was well-known for saying “Blame the process, not the people!” 
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The process potential “index” using attributes data such as fraction of units defective (p chart) or 

defects per unit (u chart) is simply the mean of the distribution — the center line of the control 

chart. (In plain English: “on average we expect the yield of this process to be ____%.”  
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LSL USL 

NOT CAPABLE 

 
Cp < 1 

 

BARELY CAPABLE 

 
Cp = 1 

 

CAPABLE 

 
Cp > 1 

LSL USL 

LSL USL If the specification limits fall inside the 

distribution, the Cp index will be less 

than 1.

The process is not capable because it is 

producing parts outside the specification 

limits.

If the specification limits fall right on ±3 

standard deviations of the distribution, 

the Cp index will be equal to 1.

The process is barely capable because 

there’s a good chance some parts will 

fall outside the specification limits.

If the specification limits fall outside the 

distribution, the Cp index will be greater 

than 1.

The process is capable because there is 

virtually no chance of parts falling 

outside the specification limits.

A Cp = 1.33 is usually the minimum 

number required to have a capable 

process. 

Process Potential Scenarios
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When the process is off-center the Cp shows what the potential improvement would be if the 

process mean were centered between the USL and LSL.
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 POTENTIAL ACTUAL 

 

 

 
Cp = 1.5 

 
Cpk = 1.5 

 

 

 
Cp = 1.5 

 
Cpk = 1 

 

 

 
Cp = 1.5 

 
Cpk < 1 

 

 
Cp = 1.5 

 
Cpk = 0 

 

LSL USL 

Cp vs. Cpk
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Instructions Draw the process distribution described in each 

scenario below. Decide if Cpk is >1, <1, or =1. 

 

A.  LSL USL 

  

Process is very consistent, but parts are falling outside 

the upper specification limit. 

Cpk ________  

 

B.  LSL USL 

  

Process is very consistent, yield =100% (no defects), 

and parts are right on target. 

Cpk ________  

 

C.  LSL USL 

  

On average, the parts are on target, but consistency is 

very poor and parts are falling outside both the upper 

and lower specifications. 

Cpk ________  

 

D.  LSL USL 

  

Consistency is poor. Parts are falling outside the lower 

specification, but staying inside the upper 

specification. 

Cpk ________  

 

 For scenarios E and F, a process capability study 

would be invalid—Cpk would not really be accurate. 

Why? 

E.  LSL USL 

 

  

 

 

 

F.  LSL USL 

 

  

 

 

 

 

DESCRIBING PROCESS CAPABILITY

Worksheet
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CALCULATING Cp and Cpk 

Worksheet

Instructions 

 

Using the data provided, calculate Cp and Cpk. 

 

Data USL = 0.60 

LSL = 0.54 

= 0.56 

 = .01 

 

Formulas Cp = 


−

6

LSLUSL
 =  __________________________  

 

Cpu = 






−

3

USL
 =  ___________________________  

 

Cpl = 






−

3

LSL
 =  ____________________________  

 

Cpk = minimum of Cpu and Cpl =  ________________________  
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As with control charting measurements, gauges used for the in a capability study should be 

capable.
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For equipment with multiple heads/spindles/tools etc., each “option” must be considered a 

separate machine for the study. 

Length of time for the study will depend on the process. Running for just a couple minutes 

wouldn’t be long enough but running too long would allow other sources of variation to affect 

the process. Ideally, run as many parts as possible (with consideration of cost) before the 

machine would need more material, lubricant, etc. 

Most important, do not adjust or “tweak” the machine during the study.
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Designing a Capability Study

Worksheet

Instructions Design a Capability Study for a process in your area of 

responsibility; choose a focus of either Machine or Process. 

Address the following Elements 

 

Purpose of Study:     Machine Capability     Process Capability     

Name of Machine 

or Process: 

 

Variation Sources: Consider the 6M’s of variation and describe key factors of concern 

related to each source during the Capability Study: 

MACHINE:  

MOTHER NATURE 
(ENVIRONMENT): 

 

MEMBERS:  

MATERIAL:  

MEMBERS:  

MEASUREMENT:  

Sampling & Set-up: Given the considerations above, describe a sampling and set-up 

strategy appropriate to the purpose of the study, include the time 

duration needed in order to collect at least 30 data points, as 

appropriate to the study purpose: 
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The three–sigma limits contain 99.73% of a Normal population. The three–sigma limits based on 

a sample mean and standard deviation are predicted to contain 99.73% of future outcomes from 

the same process. This assumes (a) the variable in question follows a Normal distribution, at 

least approximately, and (b) there are no significant changes to the process.

The three–sigma limits for the data set shown above contain all the data values. This will not 

always be the case, even for data on a variable known to follow a Normal distribution. What is 

true, for most real data sets, is that the percent of values contained by the sample three–sigma 

limits will be in the high 90’s. The theoretical minimum coverage for arbitrary data sets is 89%, 

but this minimum is approached only in artificially constructed examples. 
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The practice of calculating % or PPM defective by means of fitted distributions instead of raw 

data came about historically as a crude but effective way for customers in the aerospace and 

automotive supply chains to expose the “hidden factories” of their suppliers. Suppliers would 

present final inspection data to customers to document their process capability. In the example 

shown above, the supplier claims 100% yield. When plotted as a histogram, the data 

mysteriously disappears right at the upper spec limit. This is because parts exceeding the upper 

limit are either scrapped or reworked to the limit. Often the rework is done by the inspector and 

not recorded as rework. In either case, the first–pass data is not recorded.

A distribution curve pays no attention to spec limits and will always produce a positive value for 

% or PPM defective. This gives a crude estimate of the supplier’s first–pass yield. In the 

example shown above, it is obvious that the first–pass yield is far below 100%.
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The problem with extrapolating  defect predictions from a fitted curve  occurs when the curve 

does not represent the actual distribution. A few possible scenarios:

• The sampling used to gather the data did not take into account all typical sources of 

variation (e.g., not a long enough time span,  data from only one lot/operator/shift, 

etc.) .

• The process is not stable.

• The true distribution is Non–Normal, as may be found when a characteristic has a 

physical boundary. (Some statistical software allows a user to choose a different 

distribution model, such as Weibull, on which to base the capability predictions.)
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Predicting Defects

PPM = Parts Per Million

 PPB = Parts Per Billion

 Note: 1% = 10,000 PPM

*Cpk fallout is just for the closest specification limit 

(i.e., worst case scenario)

Cp, Cpk 

Value 
Cp Fallout 
(centered) 

Cpk Fallout* 
(not centered) 

.5  133,620 PPM  66,810 PPM 

.6  71,860  35,930 

.7  35,720  17,860 

.8  16,400  8,200 

.9  6,940  3,470 

1.0  2,700  1,350 

1.1  966  483 

1.2  318  159 

1.3  96  48 

1.33  66  33 

1.4  26  13 

1.5  7  3 

1.6  2  800 PPB 

1.7  340 PPB  170 

1.8  60  30 

1.9  12  6 

2.0  2  1 
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1. Open Data sets for exercises \ solution properties. Find the mean and standard deviation of 

Spec grav, then use the Normal distribution calculator to find the % or PPM for which Spec 

grav is greater than 0.925. Save your work. 

2. Open Data sets for exercises \ ER patient visits. Find the mean and standard deviation of 

Visits, then use the Normal distribution calculator to find the % or PPM for which Visits is 

either less than 2700 or greater than 3300. Save your work
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Try this calculator with numbers from the previous exercises.

When data is not normally distributed (for example, when a characteristic has a physical 

boundary like zero), some statistical software packages will offer the choice of other 

distributions (e.g., the Weibull distribution) to use for Process Capability calculations. 
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For each scenario above, sketch what the distribution vs. the specification “goalposts” would 

look like.
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For each scenario above, sketch what the distribution vs. the specification “goalposts” would 

look like.
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What would be the advantages if your processes were highly capable?

There is a risk to be considered when working to increase Process Capability Indices — 

suboptimization. 

Let us recall the “Supplier-Process-Customer Chain” in the module, Defining the Process. 

Understanding a process in terms of its relation to the whole system,  (i.e., the overall 

manufacturing/assembly/fabrication/service flow) is key to avoiding the risk of optimizing one 

process or output parameter to the detriment of others, especially those that are critical to 

product functionality, safety &/or reliability. Suboptimization can happen in terms of both 

effectiveness and efficiency.
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As with all the charts we will use in this module, measurement is shown on the vertical scale, 

and time is shown on the horizontal scale. 
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CREATING A RUN CHART

Worksheet

Instructions Let’s say the data below represents your commute time to 

work in minutes: 

  M T W TH  F 

 Week 1 15 25 27 18 22 

 Week 2 28 9 19 21 11 

 Week 3 30 14 21   

  

Plot the commute times on the run chart form below: 
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What might cause your commute times to change from day to day? 

Looking at your run chart, can you tell whether the points happened due to assignable or 

common causes? 
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What do run charts get used for in your area, and/or the organization? 

How might knowing what kind of variation is present be helpful in the types of business process 

applications above?
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To get information on what type of variation is occurring in a process, we need to use the 

Normal Distribution. 

If we tip the Normal Distribution on its side, we can see how to draw a control chart.
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What statistic have we used to describe the center of the data set? 

For the consistency? 



158

SCENARIO A 

 

 

 

 

 

The centering is ________________  

______________________________  

 

The consistency is ______________  

______________________________  

 

SCENARIO B 

 

 

 

 

The centering is ________________  

______________________________  

 

The consistency is ______________  

_______________________________ 

 

Variables Control Charts

1

2

3

3

2

1
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Remember to apply the measurement and sampling concepts discussed in the module 

‘Measuring the Process.’
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Variables Control Charts

The only difference in the several types of variables control charts is in which statistics are used.

We’ll discuss another application of the IX chart for attributes charts in the next section.

Control  
Charts 

Statistics  
Plotted 

Sample 
Size 

 
Description 

X-bar & R Average & 

Range 

2–5 The X-bar and R chart was the first and most common 

variables control chart used in SPC, only because in the days 

before calculators and statistical software, Range was easier to 

calculate than Standard Deviation. 

The X-bar and R chart can be useful for monitoring product, 

process or environmental characteristics when the sample size 

is fairly small (say 5 or less). 

But given the prevalence of software tools available, it should 

really be replaced by the X-bar and s chart unless there is a 

particular need for spotting “outlier” range values. 

X-bar & s Average & 

Standard 

Deviation 

5–15 The X-bar and s chart is useful for monitoring product, 

process or environmental characteristics, especially when the 

sample size is larger (say, more than 5). 

Again, the standard deviation chart will be more robust than 

range because all data are used, not just the highest and lowest 

numbers. 

IX & MR Individual & 

Moving 

Range 

1 The IX and MR chart is used when the sample size is one. A 

single sample may need to be taken because: 

• It is expensive to take samples. 

• The measurement method is destructive. 

• It is the only sample size that makes sense for 

that process. 

Because an average cannot be calculated for a sample size of 

one, the individual data points are used.  

When there is only one number, standard deviation and range 

cannot be calculated. Instead, we use what is called the 

Moving Range. 
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There may be times when only the “centering” chart is used, e.g., for business process/project 

monitoring. (Remember the earlier question about using control charts for business applications 

where typically run charts are used?) In a classic manufacturing sense, it’s best to look at both 

charts since they give important information about the type of adjustment needed for the process. 

For example, whether a piece of equipment is staying both centered and consistent.
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Why would the limits shown above (from the Individual data values) be ineffective for statistical 

monitoring of the averages?

Control limits for a distribution of averages must be calculated a different way. 
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These are the true control limits for the averages. 

In addition to the obvious narrowing of the distribution, the Central Limit Theorem (stated 

simply), concludes that subgroup averages converge to a Normal distribution, even if the 

underlying distribution is non-Normal.
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We’re using official “Statistics Speak” here: mean is calculated the same way as mathematical 

average.
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N  = sample subgroup size during baseline monitoring period (if quantities differ slightly, their 

average can be used)

UCL  =  Upper Control Limit

   CL  =  Center Line 

 LCL  =  Lower Control Limit

μ and σ are the estimates of the population average and standard deviation, which we calculate 

from the baseline data.

For monitoring averages and standard deviations, a negative value of LCL is meaningless; use 

LCL = 0 in this case.
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Since a range is being used to estimate the standard deviation of the population, mathematical 

constants are used to adjust for this fact and are dependent on the sample size of the subgroups 

used. See next page for a table of these constants.

UCL  =  Upper Control Limit

   CL  =  Center Line 

 LCL  =  Lower Control Limit

The “Grand Average” is the average of all the subgroup averages, which is mathematically 

equivalent to averaging all the individual values. Without software, this latter calculation was too 

time consuming.

As with the X-bar and s chart, a negative value of LCL is meaningless; use LCL = 0 in this case.
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n  = sample subgroup size during baseline monitoring period (if quantities differ slightly, an 

average can be used)
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Using the   X  AND s CHART 

Worksheet 

Instructions 

 

 

 

 

We want to use X-bar and s control charts to monitor a critical dimension, 

diameter, of the parts we are producing.  

Use Excel formulas for the following: 

1. Open Data sets for exercises \ diameter. Does the baseline data appear to 

be adequate to represent process variation? 

2. Calculate the average (X-bar) and standard deviation (s) for each 

subgroup of five parts.  

3. Calculate the overall average, which will be the center line (CL) of the  

X-bar chart.  

There are two ways to do so: take the average of all the data points or take 

the average of the subgroup averages.  

The name given to the statistic from the second method is X-double bar (a 

second line is added over X-bar) or the Grand Average.  

4. Calculate the average of the subgroup standard deviations, (s-bar), which 

will be the Center Line (CL) for the standard deviation chart.  

5. The estimates of the standard deviation of the distribution of averages and 

the distribution of standard deviations have been calculated for you. They 

are used in the “3-sigma” quantities that are added to and subtracted from 

the Center Lines. 

6. Use the numbers found above to calculate the upper and lower control 

limits for each chart. 

 

 

 

 



This chart was created in JMP, a statistical software package. For learning purposes, we are 

looking at the various control limit formulas to aid in understanding the concepts of control 

charting. 

In practice, statistical software will be doing the calculation work for you. However, 

understanding the statistical concepts behind these calculations is critical to creating accurate 

and appropriate digital control charts.
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Both charts are shown above. There is debate in the statistics field about the value of plotting the 

Moving Ranges. The argument “for” is that it provides a way to look at consistency between 

samples. The argument “against” is that it duplicates the signals on the IX chart and can give 

false alarms. ETI’s advice is to use just the IX chart (and if at all possible, try to get a bigger 

sample size and use averages and standard deviations!). 
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Here again, μ and σ are the estimates of the population parameters calculated from the baseline 

data. 
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More on absolute value:

In a subtraction, it means always reporting a positive number. If you were doing the subtraction 

manually, it would mean putting the higher number first so the result would be positive.



These formulas use the average Moving Range to estimate the standard deviation, along with the 

constants discussed previously. The quantity (
MR

d2
) is the estimate of standard deviation, and is 

also referred to as “Short-term Sigma.” For a sample size of two (moving range of two 

consecutive points), the constants are: d2 = 1.128, D3 = 0 and D4 = 3.267.

When the distribution is stable (common cause variation only), the two different calculations 

shown herein for standard deviation of the Individuals will produce similar numbers.

UCL  =  Upper Control Limit

   CL  =  Center Line 

 LCL  =  Lower Control Limit

MR = xi −  xi−1   (The “absolute value” formula.)

For monitoring individuals and moving ranges, a negative value of LCL is meaningless; use

LCL = 0 in this case.

179



180



181

Using the IX Chart with MR  

Exercise 

Instructions 

 

 

 

 

1. Open Forms-tools-examples \ calculator - individual chart 

using moving range. 

2. Open Data sets for exercises \ solution properties. 

3. Use the calculator to create an Individuals (IX) chart, using 

all the solution properties data. 
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Optional: create an MR chart for the previous exercise (hint: pull formulas and set-up from 

Forms-tools-examples \ example_calculator - individual and moving range charts_raw data).
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To set up control limits, we need to calculate a baseline average and standard deviation (aka 

sigma) for the parameter to be charted. The typical standard deviation formula used, (STDEV 

function in Excel), measures the variation of the individual data points from the average. This 

value is also referred to as “long-term” or “overall” sigma, because it captures all aspects of the 

variation in the data. 

The example above shows a data set with control limits based on long-term sigma. These are the 

correct control limits to use going forward if we view the trending behavior in the data as an 

inherent characteristic of the process, or a known assignable cause that we are unable to remove. 

This sort of underlying trend is referred to as “autocorrelation.” It can occur when a process or 

product parameter correlates with another variable, often an environmental factor.

What could cause autocorrelation for processes in your area?
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The concept of short-term sigma is illustrated above. 

Short-term sigma, also referred to as “within sigma” measures the variation of individual data 

points from the trend, not from the sample mean. The mean of the Normal distribution curve 

based on short-term sigma is not constant, but instead follows the trend. Short-term sigma is 

usually smaller than long-term sigma.



186

As before, the centerline is the average of the baseline data. The control limits above are based 

on short-term sigma instead of long-term sigma. These are the correct control limits to use going 

forward if we view the trending behavior in the data as an assignable cause, and most 

importantly, a cause which we understand and can eliminate. Using short-term sigma allows us 

to “salvage” the autocorrelated baseline data to establish beginning control limits.

For some processes, an autocorrelation cannot be removed. For example, suppose a liquid 

solution is continuously piped from a tank to points of use. At the same time, new solution is 

continuously added and blended into the remaining old solution. The blended solution in the tank 

has “memory.” Common-cause variations in the properties of the incoming solution do not show 

up immediately in the properties of the blended solution. Instead, the effects of incoming 

variation are averaged over time, thereby producing a known trend. For this type of process, 

control limits based on short–term sigma will produce a constant stream of false alarms. Control 

limits based on long-term sigma should be used instead (as shown previously). 
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The data in sigma short-term example 1 is the source for the charts shown in the preceding slides 

(see the accompanying control chart in this Excel file).

The moving range method is the most widely used way of calculating short-term sigma. It is 

based on the ranges between pairs of consecutive data points instead of the distances between 

data points and the sample mean. It can be applied to any set of quantities in time sequence.

The details of calculating short-term sigma by the moving range method are given in Forms-

tools-examples \ calculator - individual chart using moving range. Refer to the section on the 

Individual and Moving Range control chart.

See also Forms-tools-examples \ sigma short-term example 2 for an example with a negative 

LCL; in this case the LCL is ignored or considered to be zero.
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The reported value for process capability needs to properly reflect the “sigma situation” for the 

associated control chart. If the use of short-term sigma for control limit calculation is 

appropriate, then it’s correct to use short-term sigma for the Process Capability index (once the 

assignable cause is addressed and its trending affect on product parameters is removed). If not, 

then long-term sigma should be used.

Just as it’s helpful to contrast Cp and Cpk (to see if the process is off-center), it can also be helpful 

to look at both short and long-term calculations for these indices for further indications of 

trending (e.g., assignable causes, autocorrelation). If a process is stable with only common cause 

variation present and data observations are independent of each other, then short and long-term 

capability should be nearly identical. 

Software Note: Commercially available statistical software packages will typically provide 

options for process capability calculations using both short-term (within) and long-term (overall) 

standard deviation and may apply different terms for the resulting indices. Sometimes different 

terms are used for Cp and Cpk as well. It is critically important to understand both the terms and 

formulas used by a particular S/W program.
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“Short-run SPC” refers to the common situation where a single machine or process produces a mix 

of different products. Work orders for each product are small relative to the total production 

volume. The spring coiling process is an example.

As in the spring coiling example, the products in question are often of a similar type, and they 

often have certain Y variables in common. The difficulty is that the common Y variables have 

different nominal values for different part numbers, and possibly different tolerances. 

Other manufacturing applications of short-run SPC include solder thickness for circuit boards and 

dimensions of parts formed by extrusion, injection molding, casting, forging and machining. 

Business process applications include cycle times for purchase orders of different sizes or types, 

product or service delivery times relative to differing customer requests and days sales outstanding 

relative to differing supplier requests.
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The solution to doing SPC in a short–run context is to focus on the single process rather the 

many products. But how do we do this? For example, even though we have a common Y 

variable, we can’t just plot Y for all part numbers on the same chart. Different nominal values 

imply different ranges of Y for different part numbers. Charts for individual values or subgroup 

means will show us nothing but the differences between the part numbers.
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The most common, and easiest, method of short–run SPC is to chart deviations from nominal 

values. In this hypothetical example, there are four “part numbers” A, B, C and D. The nominal 

value for products A and B is 600, the nominal value for C and D is 50. 

The data table above shows a calculated column of deviation–from–nominal values. This  

baseline Dev Nom data would be used to establish control limits. The process would then be 

monitored over time by plotting future Dev Nom data on a single control chart, regardless of 

which part number is being run. 

The choice of charting technique is not affected by the transformation of Y values to deviations 

from nominal. We can chart individual values, or means and standard deviations presummarized 

by subgroups of our choosing.
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Here are the resulting control charts of means and standard deviations of Dev Nom plotted by 

consecutive subgroups of size 4. The standard deviations chart is the same, but the means chart is 

vastly improved.

We do see some assignable causes flagged on the means chart. The deviation–from–nominal 

method is based on the assumption that subtracting the nominal values from Y eliminates 

assignable causes due to differences between part numbers. As shown as on the next page, we 

can check this assumption informally by identifying part numbers on the chart.
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Here is an enlargement of the means chart. An informal way of testing whether “part number” is 

an assignable cause for Dev Nom is to label each point by the part number it represents, then 

look for patterns. In this hypothetical example, each work order consisted of 16 parts. We used 

subgroups of size 4, so each work order is represented by four subgroup means.

Notice that the means for Part B are always above the centerline and the means for Part C are 

always below the centerline. We have to conclude that “part number” is an assignable cause for 

Dev Nom. 

The deviation–from–nominal method is easy to implement and often works quite well. It is the 

method you should try first. However, this hypothetical example reminds us that it doesn’t 

always work. In these situations, another method is needed. 
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The data table above shows a calculated column of deviation–from–mean values. This  baseline 

Dev Mean data would be used to establish control limits. The process would then be monitored 

over time by plotting future Dev Mean data on a single control chart, regardless of which part 

number is being run. 

As with Dev Nom, the choice of charting technique is not affected by the transformation of Y to 

Dev Mean. We can chart individual values or means and standard deviations, summarized by 

subgroups of our choosing.
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Here are the resulting control charts of means and standard deviations of Dev Mean. The 

standard deviations chart is the same as for Dev Nom, but the means chart is further improved. 

In particular, there are no assignable causes.

When a new part number is introduced, there is no historical average from which to calculate 

Dev Mean. The solution is to plot Dev Nom for the new part number until the average is 

established. This may result in the new part number being an assignable cause, but it should 

simply be noted as such and ignored until the average is established.

The average for a new part number should be based on data from several work orders. There is 

no point in trying to establish averages for one–time or extremely infrequent orders. Dev Nom 

should be plotted in such cases, with the understanding that they may be assignable causes.



197

Control charts can be used for quantitative measurement systems (aka gauges) to monitor 

calibration and precision in real time by measuring a Check Standard. This method can signal 

when unscheduled calibration or gauge troubleshooting is needed, as well as showing when 

unnecessary calibrations and adjustments can be avoided.

The purpose of calibration is to check accuracy of a gauge. In a control chart, accuracy 

(centering) is shown by the plot of the averages. 

Gauge studies look at consistency of the gauge, i.e., precision, as shown by the standard 

deviation chart. If a sample size of one is the only practical option, an Individuals and Moving 

Range chart can be used.

Control limit calculations for measurement system charts have an important difference from 

regular control charts: the average used is the “true value” of the Check Standard and for 

standard deviation, sigma precision (prec ) is used. Sigma precision is the value obtained from a 

gauge study (the combination of repeatability and reproducibility).

Measurement system control charts are most cost effective and useful for gauges whose stability 

can vary and/or where measurements must be very precise.
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p = d/n 

p = fraction defective, d = number of defective units in the sample, n= sample size

In this case, defective means that the whole unit (part, subassembly, component, etc.) is bad — it 

has failed an inspection or test.

The np chart is just a special case of the p chart. An example would be a process where it is 

always possible to pull a sample of 50 parts. This chart shows the actual number of defective 

units in each sample, instead of a fraction or percentage. 

u =  c/n

u = defects per unit, c = total number of defects in sample, n = sample size

In this case, a unit (part, subassembly, component, etc.) can have more than one defect.

Multiple defects can often happen on a complex unit. For a u (and c) chart, the defect types must 

be independent of each other.

The c chart is just a special case of the u chart, when it is always possible to use the same sample 

number. The c chart shows the actual number of defects in each sample, instead of a fraction or 

percentage. 

Attributes control charts are used when variable data is not available for a process or product.

Variables control charts will give more information than attributes but using attributes can be 

helpful when a product is complex and has more than one key characteristic to monitor.
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The average p and u are the estimates of the population parameters.

UCL  =  Upper Control Limit

   CL  =  Center Line 

 LCL  =  Lower Control Limit

The sample size (n) can be an average of the sample sizes used during the baseline monitoring 

period.

For attributes charts a negative value of LCL is meaningless (convention is to use zero instead).

For attributes charts a value of UCL exceeding 1 (or 100%) is meaningless (convention is to use 

1 (or 100%) instead).
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The control limits calculated using these two methods may be very different, hence the comment 

above. What is important to remember is the purpose of the control chart — to establish 

reasonable baseline limits and monitor against those going forward to determine if the process is 

changing. (In other words, pick something that makes sense and stick with it.)

The same caveat given in the module for variables control charts applies regarding the “filtering” 

of assignable causes in baseline data — the assignable cause needs to be eliminated in order to 

use the control limits going forward.
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The question we’re asking with control limits is whether the process is running normally, or 

whether something in the process (the “6 M’s”) has changed.

The question we’re asking with specifications is whether an individual part is in or out of 

conformance, i.e., a pass or fail.

These are two very different questions! Putting specification limits on a control chart is generally 

not a good idea and can lead to incorrect decisions.
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What might be some sources of common cause variation in your process?
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What could cause your process to “spike” out of control?
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When your process is out of control, will that always be a bad thing?

The following pages show some typical non–random patterns seen in control charts.
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What could cause  a “run” of points in your process?

The number of points used may change, e.g., using 8 instead of 9.
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What could cause your process to “trend” upward?

What could cause your process to “trend” downward?
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What could cause a “mixture” in your process?
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What could cause your process to “cycle”?
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What could be happening in your process if points were too close to the control limits?
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“Point outside control limits” is the most widely used operational definition of assignable (aka 

special ) cause.  Other rules can be used to sensitize a control chart to particular types of 

assignable cause.  

The zone system shown above is based on three-sigma limits. Zone C is the region within one 

standard deviation of the mean. Zone B is the region more than one but less than two standard 

deviations from the mean. Zone A is the region more than two but less than three standard 

deviations from the mean. 
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Test #1 and #2 are the most commonly used (and most useful).

These tests are also referred to as the “Western Electric Rules.”



229

Control charts can be used as data analysis tools. As such, they are often used in conjunction with 

process capability analysis. We have more faith in the predictive validity of a process capability 

analysis when the associated control chart shows no evidence of assignable causes.

The most important use of control charts is for process monitoring. Identifying and removing 

assignable causes of variation as they occur is a tried and true method of improving process 

capability over time.

“Point outside control limits” is the most widely used operational definition of assignable cause.  

Other rules can be used to sensitize a control chart to particular types of assignable cause.  They 

are based on the zone system shown above.
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The response plans in this section focus on control charts. Overall, operators will have to pay 

attention to whether the process is in control and whether parts are staying within specifications. 

A Response Plan in flowchart form can be a helpful way to give guidance to operators and could 

include responses for both out of control (OOC) and out of specification (OOS) situations. It is 

important to note that OOC and OOS must be interpreted differently: one is providing a 

statistical signal while the other is simply an inspection.

What would a response plan for your process look like?



231

The success of statistical monitoring depends on having a documented plan for responding to 

OOC signals. The most successful form of documentation for a response plan is a process map 

like the one shown above, accessible and clearly visible to process participants.
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This is a real example (“sanitized” a little) from a high-volume automated assembly process. It 

was developed by a team including operators, technicians, engineers and the manufacturing area 

manager.

Based on experience, they wanted to verify an OOC on the first sample with a second sample 

from the same lot before going into investigation mode. Note the escalation from Operator to 

Technician to Engineer. Note that their decision to pull a second sample was based on experience, 

as this is not something that should be done automatically.

Once investigation mode was entered, production was halted until the “Start new lot” point in the 

response plan was reached. This may seem like harsh discipline, but it worked. Within a few 

months of implementation, previously chronic equipment and process issues were quickly sorted 

out. As a result, unplanned downtime and use of Engineering support plummeted. Manufacturing 

productivity increased dramatically, and engineers were able to spend more of their time on 

development projects. 
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The control plan is a table that summarizes the plan for process control.

When audit is the control method, many of the columns in the table are not relevant. When 

control chart is the control method, all columns are relevant. In particular, we must specify 

control limits. The calculation of control limits depends on the baseline data.
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BUILDING A PARETO CHART

Worksheet

Instructions 1. Collect data by category over a specified time period. 

2. Rank by category, highest to lowest. 

3. Fill in chart title, frequency/cost scale, and category titles. 

4. Draw bars in ranked order. 

5. Determine cumulative percentages. 

6. Add percentages to chart. 

 

Data The following is manufacturing data for internal rejections due to 

part marking. The data represents the cumulative defects for one 

month of production. 

Category One Month Total 

Smudged Ink 5 

Ink Adhesion Failures 80 

Wrong Location 20 

Missing Letter(s) 30 

Incorrect Number(s) 64 

Missing Information 25 

 

 

Frequency or 

Cost

Cumulative 

Percent

Categories
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What would be some useful data to examine with Pareto charts for your process and/or the 

organization? 
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Since Pareto charts are graphed high to low, we need to sort the data in descending order.
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Next, create a Pareto Chart for the Sum of Scrap Cost. What did you find out?
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BUILDING A CAUSE & EFFECT DIAGRAM

Worksheet

Effect

Materials

Machines

Mother Nature

MembersMeasurement

Methods

Instructions Choose an issue or problem symptom from your process 

and build a Cause and Effect diagram. 
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Summary of Modules

Why Use SPC explained the reasons for and benefits of implementing Statistical Process Control. 

It explained how the use of SPC. would further the organization’s mission, and how SPC would be 

integrated with daily work life.

Defining the Process created a model for the process by looking at its inputs, the characteristics of 

the process vs. product, and outputs of the process. It explained how to establish key characteristics 

for process monitoring. Internal and external suppliers and customers were discussed, and flow 

charting methods were utilized to further define the process.

Measuring the Process built on the principles of process definition discussed previously by 

choosing the most appropriate measurement method for the identified key characteristics.

It also discussed the different dimensions of process measurement, why to measure and the types 

of data that get measured. The principles of process measurement were described, including how to 

collect meaningful data, use good measurement methods, sample the process, and plan for data 

collection.

Using Statistics then introduced basic statistical tools used to give data meaning. The module 

discussed frequency distributions and histograms, with an emphasis on the Normal Distribution. 

Calculations for average, range, and standard deviation were explained, and the Normal 

distribution was related to common and assignable cause variation.

Determining Process Capability explained how to compare the natural variation of a process to 

the defined specification limits. Calculations were used to show whether or not the process is 

capable of meeting required tolerances, and if not, to estimate the percent defective output of the 

process.

Control Charts for Variables explained how to create control charts for tracking the variation of 

processes with variable data. Techniques utilized were run charts, control charts for average and 

range (X–bar and R) and average and standard deviation (X–bar and s), and individual data points 

with moving range (IX and MR).

Control Charts for Attributes explained how to create control charts for tracking the variation of 

processes with attribute data. Techniques utilized were control charts for fraction of defective units 

(p, np) and number of defects (u, c).

Identifying Patterns and Trends explained how to use patterns and trends in control charts to 

determine whether a process is in or out of statistical control. Also discussed was when to take 

action on a process, and who is responsible for identifying and correcting out of control situations.

Diagnosing the Process explained how to use the Pareto chart and Cause and Effect diagram to 

diagnose process problems. 
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How much do you now feel you know about Statistical Process Control and why it is used?

Nothing A little A lot
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