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LETTER OF ENDORSEMENT 
Quality of product is of paramount importance to customer satisfaction and market competitiveness.  
Effective Problem Solving directly impacts product quality and company profitability.  

Currently, companies use their respective problem solving processes and methods to comply with 
customer and certification requirements.  Generally, problem solving results address the immediate issue 
and serve to satisfy the customer for the short term.  While some organizations have developed problem 
solving processes that are robust and effective, all companies should pursue the opportunity to evaluate 
their processes and identify opportunities for improvement.   

The Effective Problem Solving Guideline represents a consensus of the problem solving methodology 
and concepts used today by automotive OEMs and the supply chain. This consensus of problem solving 
methodology should improve the consistency of problem solving results in all segments and at all levels 
of the industry. 

Enhancing the fundamental structure of this consolidated problem solving process is the integration of 
cultural behaviors that challenge company management to consider problem solving as a strategic 
planning tool to achieve business success.  

The impact of effective problem solving extends beyond the immediate issue.  Taking the experience and 
lessons from an issue and implementing them throughout an organization for similar products and 
processes will reduce the risk of recurrence and proactively improve first-time quality.   

In addition, eliminating recurrent problems directly impacts profitability by improving cost-of-quality 
measures.  As competitive pressures force efficiency improvements, the effective execution of problem 
solving reduces the waste of repetitive problem solving action. 

Many company problem solving processes have structured methods, nomenclature, and verbiage that 
are unique and institutionalized.  We suggest that the concepts and principles of the Effective Problem 
Solving Guideline be used as a benchmark for comparison to identify opportunities for improvement.   

Through this endorsement, the following OEM and Tier 1 manufacturers expect that suppliers or 
producers of automobile systems, components, or material consider how the intent and principles of the 
Effective Problem Solving Guideline can be applied within their existing problem solving processes.  

  

 
“R. David Nelson“ Peter Rosenfeld Aziz Aghili 

Vice President – Purchasing Executive Vice President – Vice President – Procurement 
Delphi Corporation ArvinMeritor Procurement and Supply 

DaimlerChrysler 
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Vice President, Vice President – Purchasing Senior Vice President – 

Freudenberg-NOK Global Purchasing and supply chain Global Purchasing 
General Partnership Ford General Motors 

 

  

 
  Bryce Currie 

Vice President – Purchasing 
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FOREWORD  
Members of the Automotive Industry Action Group (AIAG) Problem Solving Work Group developed this 
Effective Problem Solving (EPS) Guideline for AIAG member companies and their supplier community to 
use for improving overall customer satisfaction and industry-wide competitiveness by improving quality 
and reducing costs. 

The Work Group members and their sponsoring companies recognized that ineffective problem solving 
contributes to quality issues that impact customer satisfaction.  Further, there’s a compelling need to 
address the large amount of waste, in both financial and human terms, generated in the automotive 
industry due to ineffective problem solving.  The Work Group identified the major contributors to the 
waste to be the following: 

• weak or inconsistent industry- and company-wide problem solving cultures,  

• failure to use an effective problem solving process,  

• ineffective problem solving skills, and  

• variations in industry and company communications and support structures for problem solving.  

What’s EPS going to do for you and your company that so many other books, initiatives, and tools 
haven’t already provided?  Simply put, EPS is about a new way of thinking, acting, and doing with regard 
to getting the most value out of your problem solving process.   

Ask yourself the following questions, and be honest:  

• Does your company promote a culture where problems are viewed as opportunities and 
ALL employees are encouraged to be actively involved in using structured problem 
solving as part of their jobs every day? 

• Is your company doing everything it can to improve quality, reduce cost, and eliminate 
waste through the use of effective problem solving? 

• Is it clear who “owns” problem solving in your company? 

• Are you, as a top leader or manager, personally involved in encouraging and coaching 
your employees to make the problem solving process more effective? 

• Do you know how much money your company is wasting due to poor launches, added 
containment, recurring concerns? 

• Is your problem solving activity more proactive than reactive? 

• Do you regularly review the results of your problem solving activities? 

• Do you have a way to measure the effectiveness of your problem solving process? 

If the answer to any of these questions is NO, then your company would benefit by adopting EPS.  
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So, as a leader, what should you do next?  

Do what you do best:  Lead and reinforce the values that you already know are important to your 
business. When it comes to problem solving, the values include these:  

• protect the customer first,  

• coach your employees to adopt and use effective problem solving as part of their jobs, and  

• value consistent application of the problem solving tools and method.  

Section 2 of this guidebook is dedicated to the topic of problem solving cultural change and desired 
problem solving behaviors and values. These values are both universal, and steadfast.  Establishing these 
values can directly impact the effectiveness of problem solving and the bottom line of your company.   
 
Leading an organization with the right EPS values can ensure the right behaviors by insisting that your 
culture responds to the right measures and metrics of effective problem solving.  The metrics come 
naturally when the language of the organization is modeled around the right behaviors.  The language of 
the organization is developed by its leaders knowing the right questions to ask.  This guidebook will help 
leaders change the culture of their organization by providing a simple set of questions that guide behavior 
change toward Effective Problem Solving. 

When all is said and done, for EPS to be effective in a company, the top leaders and managers at all levels 
must get involved and “lead by example.” This guidebook provides the foundation.  It’s up to you to act. 
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1.0 INTRODUCTION 

1.1 Quick Start Guide 
The following quick start guide will help you use this Effective Problem Solving Guideline.  

 

Figure1. AIAG Effective Problem Solving Quick Start Guide 

  Replaces: N/A  Dated: N/A 
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1.2 Background 
A meeting with Key Supplier Executives in August 2002 was held to determine the opportunity to define 
a common set of information associated with Problem Solving.  It was agreed that this was a worthwhile 
effort, so over the next six months a series of team meetings was held to create the common data 
elements.  The team consisted of OEM and Supplier Problem Solving Experts and Executives.  The 
results of their work were presented to the AIAG Quality Steering Committee in February 2003.   

While the common data elements were agreed upon, it was clear that more than data is needed to solve 
problems.  The team met again in December 2003 and January 2004 to come up with a problem statement 
and to determine if there is an AIAG initiative for problem solving.  The problem statement agreed upon 
was this: 

A large amount of waste is generated in the automotive industry due to ineffective problem solving.        
Contributors to the waste include: 

• Lack of Communications 

• Insufficient Skills 

• Entrenched Culture (industry and company) 

Member companies of the Automotive Industry Action Group (AIAG) recognized a need to improve their 
product quality, reduce costs, and eliminate waste by strengthening their problem solving culture, process, 
skills, and supportive tools.   An AIAG Problem Solving Work Group was formed to develop this 
Effective Problem Solving (EPS) Guideline in order to address this need. 

The primary objectives of this document are to assist AIAG member companies to: 

• Adopt improved industry- and company-wide behavioral changes that promote the use of 
effective problem solving. 

• Provide a recommended Effective Problem Solving (EPS) Process that can be used as a 
model problem solving process for companies that have not yet adopted a process of their 
own.  This process should also be used as a benchmark to compare existing problem 
solving processes and identify current gaps or deficiencies that should be addressed. 

• Provide a recommended competency development template for AIAG member 
companies to use to improve the effectiveness of their employees’ problem solving skills 
and behaviors. 

• Provide reference information on a number of basic problem solving tools. 
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1.3 Applicability 
This EPS guidebook is intended to be used by AIAG Member Companies and their supplier community.  
EPS is applicable across the enterprise within a company, at all levels from the boardroom to the factory 
floor. EPS can be used to solve all types of problems, including those affecting production parts, 
transactional business processes, and the design of new or revised parts and processes.  

  Replaces: N/A  Dated: N/A 
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Figure 2.  EPS for All Types of Problems 

EPS can be applied to all levels of problems in the company, from basic problems to complex problems. 

D
ev

el
op

 P
ro

bl
em

 S
ol

vi
ng

 S
ki

lls

Ap
pl

y 
Le

ss
on

s 
Le

ar
ne

d

EFFECTIVE

PROBLEM

SOLVING

PROCESS In
cr

ea
si

ng
 C

om
pl

ex
ity

 o
f t

he
 P

ro
bl

em

 

Figure 3.  EPS for All Levels of Complexity 
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1.4  IS / IS NOT for Problem Solving 
The following IS / IS NOT model further summarizes the scope and applicability of this EPS guidebook. 

IS
Suggested standard format available

A com mon thread process fo cused with  
reference to tools

A process  that delivers robustness to  
noise factors (i.e., cultures) by way of
best  practices

A guideline 

A Problem  Solving Process Assessment

Generic across multiple types of 
problems

Detailed coverage with case stu dies

Broad audience across the  enterprise

Leadership  

Problem Solvers

Industry

Deliverables  that include a minimu m
set of qu estions for all types of 
problems, with any level of com plexity

A focus on industry standard content to  
achieve robust problem solving 
deliverables 

IS NOT
Mandated, required

Focused on tools

A com pilation of w hat  the industry
does today

Mandated by AIAG

Detailed specific  process(s) to  use for 
customer- / company-specific i ssues

Design- or Process-specific  problem s

High-level co verage

Specific  to  engineers

Reduction of content, reco gnizing
that som e problems do not need to  
meet  all requirem ents (specific 
company-critical co ntent will not be 
reduced)

Effective Problem Solving
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1.5 How This Guideline Is Organized 
The Effective Problem Solving Guideline is organized into three main areas: 

1. Desired Behaviors 

• The cultural behaviors and values needed for an organization to effectively solve problems – 
for leaders, problem owners, and problem solvers. 

2. Problem Solving Process 

• The recommended process steps for effective problem solving. 

• The recommended questions that should asked and answered during each phase of problem 
solving. 

3. Skills and Tools 

• The recommended tools to assist the organization in each step of EPS. 

• The recommended aspects of an organization’s training and competency process. 
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Analysis

Choose &
Implement
Corrective

Actions

Control Standardize

Failure Mode Analysis

Problem Solving Process
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Figure 4.  Foundational Problem Solving Behaviors & Values 
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2.0 LEADING PROBLEM SOLVING FOR CULTURAL 
CHANGE  

2.1 Introduction 
This section discusses the role of executive leadership in defining and nurturing a problem solving culture 
within the company.   Culture can be defined as the customary beliefs, social beliefs, and material traits 
of a social group (Webster’s Dictionary and Thesaurus. Geddes & Grosset. 2002). More specifically, 
culture is the result of behavioral change over time.  Executive leadership plays a pivotal role in defining 
a company’s culture.  This culture helps to determine how successful the problem solving process is 
within the company.   

Leading organizational transformation and culture change for problem solving requires that executive 
leaders in the company establish, communicate, and reinforce a set of desired problem solving behaviors, 
then recognize and reward their employees for aspiring to achieve them.  These behaviors can be grouped 
into the following five categories: 

1. Foundational problem solving behaviors and values 

2. Desired problem solving behaviors for executive leaders 

3. Desired problem solving behaviors for problem owners 

4. Desired problem solving behaviors for problem solvers 

5. Desired problem solving behaviors for customers and suppliers 

These behaviors, which are further defined in this section, help to establish a future state vision for a 
company’s problem solving culture.   
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2.2 Foundational Problem Solving Behaviors & Values 
A company’s problem solving culture should be rooted in a set of foundational problem solving behaviors 
and values.  While these behaviors and values may differ somewhat from company to company, there is a 
set that should be common for all AIAG member companies and their supplier communities. These 
behaviors and values are practiced in companies where their cultures are built on trust, mutual respect, 
and rewards for proactive behavior shown by employees and leaders.  These foundational behaviors and 
values are described below. 

1. Treat all employees with trust and mutual respect.  The company that achieves 
problem solving success is one that recognizes the value and contribution of its human 
resources. When employees work in a culture that encourages and supports people to 
improve themselves, the employees will often improve their surroundings automatically. 

Employees who work in cultures that demonstrate respect for the human 
infrastructure: 

a. Eagerly identify their mistakes without fear of reprisal. 

b. Are supported to achieve pride in their work. 

c. Constantly improve their surroundings without being told to do so. 

d. Are rewarded for their problem solving efforts. 

2.  View problems as opportunities.   

A company culture that views problems as opportunities for continuous improvement will 
address problems and not hide them.  Having problems to work on will be considered a 
good thing. 

Organizations that have not embraced a proactive and respectful culture will drive a 
culture wherein people hide problems and mistakes.  These organizations will find 
themselves spending valuable time and resources uncovering and removing the root 
cause.  This type of problem solving is negatively oriented, working to eliminate the 
source of the dissatisfaction, vs. positively oriented, attaining the source of satisfaction. 
(The Art of Problem Solving. Russell L. Ackoff.)  

Employees will work just as hard to cover up their mistakes when there is fear of losing 
their job or encountering personal embarrassment.  Not only is this cover-up costly, it 
consumes valuable time trying to determine the real problem and uncover important clues 
to the root cause.  Many times problem solving teams are formed and execute a 
disciplined methodology, spending weeks or perhaps months identifying a solution.  
Compare this to the alternative methodology in an environment where employees 
constantly identify their mistakes and corrective action is taken before significant waste is 
accumulated.  
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3.  Expose problems early and resolve them using effective problem solving.  

Being able to recognize a problem early and solve it before it becomes a bigger problem 
is a foundational problem solving behavior and value.  Exposing problems early is not 
always a natural gift and requires training and constant practice.  

It is often said and believed that the most important step to effective problem solving is 
the proper statement that describes the real problem.  Many problems arise from mistakes, 
errors, and non-conformance.  A culture that is proactive and encourages employees to 
identify mistakes, errors, and nonconformance when they occur can often eliminate a 
situation before it becomes a problem. 

4. Use problem solving in all functions and at all levels.  

Core to any successful company’s problem solving culture is that it is adopted and 
practiced company wide.  No one within an organization should be excluded since all 
employees encounter and need to solve problems as part of their jobs every day.  A 
company’s decision-    making and all related actions should revolve around planning and 
problem solving. 

5. Value the use of effective problem solving.   

A company needs to adopt and set expectations for its employees to use of an effective 
problem solving process that is disciplined and comprehensive, where steps are not 
skipped and problems are solved so they don’t reoccur.  See section 4.0 of this 
document.   

6. Provide necessary support for use of effective problem solving.  

For effective problem solving to be used within a company, it’s important to provide the 
proper support infrastructure (training, coaching, systems, resources, and time).  Failure 
to do so will send a signal to employees that it’s business as usual. 

7. Recognize and reward employees for problem solving.  

Behavioral change for exposing problems early, taking ownership for problems, and 
using structured problem solving should be reinforced through the appropriate and timely 
use of recognition and reward.   
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2.3 Desired Problem Solving Behaviors for Executive Leadership  
(Reference ISO/TS16949:2002, Sec. 5.5.1.1, 5.6.2.2, 8.5.1) 

Executive leadership plays a key role in institutionalizing the use of effective problem solving within the 
company.  Key behaviors include the following: 

a. Define, communicate, and regularly reinforce a set of desired foundational problem 
solving behaviors and values. Executive leadership must make it absolutely clear to the 
organization that they want the company to aspire to the foundational problem solving 
behaviors and values defined in section 2.2.  This message must be unwavering. 

b. Ensure responsibility for Quality. Executive leadership should ensure that there are 
appropriate responsibilities designated and delegated that will result in prompt reaction to 
nonconformance.  This responsibility extends to all shifts and staff responsible for production 
or the system.   

c. Practice behaviors that promote a positive problem solving culture. This includes 
supporting employees’ pride in their work, strongly supporting employees’ self-improvement, 
rewarding employees who identify mistakes and problems, and proactively encouraging 
employees to identify potential problems early so that they can be corrected. 

d. Set expectations for the use of effective problem solving. Executive leadership must set the 
expectation for all employees, at all levels, to use effective problem solving as part of their 
jobs.   

e. Establish and maintain the necessary infrastructure. Executive leadership is responsible 
for making sure that the necessary resources are available to support employees in their 
problem solving activities.  This includes adequate training and technical coaching as 
problems increase in complexity. 

f. Establish the necessary measurement and feedback systems. Progress toward the desired 
corporate culture must be measured and tracked to identify gaps and to provide feedback to 
the organization.  Executive leadership is responsible for making sure that the correct metrics 
are being measured and tracked by the organization. 

g. Implement Human Resource (HR) policies that recognize and reward employees who 
demonstrate the correct behaviors. A company’s culture cannot be changed by edict.  
Rather, it evolves slowly over time by the decisions made by individuals within the 
organization.  Executive Leadership must be responsible for ensuring that HR policies 
promote the desired behaviors that move the organization toward a culture that effectively 
solves problems. 

h. Review and Continuously Improve. Executive leadership should periodically review the 
effectiveness of the company’s problem solving system and ensure that this review is 
translated into actions that support continuous improvement of their problem solving process. 
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2.4 Desired Problem Solving Behaviors for Problem Owners 
For the purpose of this document, problem owners are defined as those supervisors, managers, and 
executive leaders who own problems in their areas of responsibility. Problem owners play a significant 
role in reinforcing cultural change that has been defined by executive leadership.   

Desired problem solving behaviors for problem owners include the following: 

a. Set expectations for their employees, at a local level, to use effective problem solving as 
part of their jobs.  For this to happen, the problem owner must ensure that all employees are 
aware of and understand the desired foundational problem solving behaviors (see section 2.0), 
have been trained in effective problem solving, and have the necessary problem solving 
support infrastructure in place. Problem owners must encourage their employees to use 
effective problem solving and should use measurement and feedback systems to monitor its 
use and effectiveness. 

b. Know how to expose and clearly define problems.   Problem owners are responsible for 
identifying and prioritizing problems for their employees.  They must understand how to 
recognize problem opportunities and define them clearly so that their employees will be able 
to solve them effectively. 

c. Actively coach their employees in effective problem solving.  This serves to accomplish 
the following important elements of the cultural transformation: 

1. Helps both the problem owner and problem solver to learn and practice the effective 
problem solving process. 

2. Helps get the problem solver to THINK more deeply about the problem, knowing 
that the problem owner is going to review the results. 

3. Engages the problem owner to provide necessary support for the problem solver. 

4. Engages the problem owner to ask the right questions when coaching the problem 
solver. 

d. Take responsibility to standardize the process once a problem has been solved.  Problem 
owners must own the process being fixed.  They must make sure that both the problem and 
systemic causes of the problem are addressed and that necessary changes are put in place so 
the problem doesn’t recur.   

e. Understand and use effective problem solving as part of the job.  The problem owner 
must also understand and use effective problem solving as part of the job.   This has two key 
benefits.  First, it reinforces the importance of effective problem solving to the employees.  
Second, it demonstrates that all employees, at one point or another as part of their jobs, are 
problem solvers and accountable to a higher-level problem owner.  

f. Recognize and reward employees for successfully solving problems.  The problem owner 
should recognize and reward employees for successfully solving problems.  This will 
reinforce the desired behavior to use effective problem solving as part of the job. 



 
Effective Problem Solving 

 

CQI-10 26 Issue: 1.0  Dated: 4/5/2006 
  Replaces: N/A  Dated: N/A 

2.5 Desired Problem Solving Behaviors for Problem Solvers 
For the purpose of this document, the problem solver is defined as the employee or team that is directly 
involved in solving the specific problem in question.  All employees within a company, at one time or 
another, no matter what their level, find themselves in the role of problem solver. 

The problem solver must demonstrate a set of desired behaviors for problem solving to be effective within 
the company.  These behaviors include the following: 

a. See problems. Problem solvers must have the skills necessary to recognize that a current 
situation may be a problem and to define the problem clearly in measurable terms.   

b. Own problems. Problem solvers must be willing and able to accept ownership for problems 
in their area of responsibility, to communicate the existence of a problem to leadership if it’s 
too large for the problem solver to solve, and to point out problems to others if they are 
outside the problem solver’s area of responsibility.  Problem solvers must be willing and able 
to take immediate actions to contain and solve problems in their area of responsibility. 

c. Solve problems. Problem solvers must use a structured, data-driven problem solving process 
when solving problems. 

d. Act as change agent. Problem solvers can also be a power force as change agents in the 
workplace by both adopting and promoting new behaviors to others across and up the 
organizational structure.  
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2.6 Desired Problem Solving Behaviors for Customers & Suppliers 
The problem solving process more often than not involves the supplier - customer relationship.  Problems 
that surface between the customer and supplier challenge the process.  The customer is in a powerful 
position to influence the problem solving process, both in ways that can help and ways that can harm the 
chances for the best outcome.  Suppliers must execute their problem solving process in a way that meets 
their customer’s needs but yet does not compromise the true resolution of the problem. 

Desired behaviors for customers of the problem solving process include these: 

a. Look internally first.  Customers should make it a practice to investigate whether a problem was 
caused internally before taking the issue to their supplier.  A fast way to accomplish this is to ask 
three simple questions: 1) Are we using the correct process? 2) Are we using the correct tool? and 
3) Are we using the correct part?  Section 4.1.5 of this guideline provides more focused items for 
each of these three questions. 

b. Be reasonable in your time requirements.  Too often customers demand too much, too soon in 
the problem solving process.  A thorough root cause analysis cannot be completed for most 
problems in 24 hours.  Indeed, many root cause identification tools require various methods to 
test whether the true cause(s) has been found.  In most cases, this cannot be done quickly.  
Customers should demand rapid containment of the problem, then allow the supplier to formulate 
its own problem-resolution plan. 

c. Support the problem solving process with as much detail as possible.  Provide the supplier 
with data and evidence of the problem.  Be sure to provide as much detail as possible on the 
condition of the products, where they are, and how they affect your process/product.  Ensure that 
samples of suspect or nonconforming product are saved for the supplier’s review. 

d. Demand a thorough analysis of the problem.  Customers should ensure that their supplier’s 
problem solving results address three main points: 1) Why was the nonconforming product  
made? 2) Why was the nonconforming product shipped?, and 3) What system issues contributed 
to the cause of the problem?  Problem solving efforts that do not investigate these three type  of 
root cause may miss a key factor in preventing the problem from occurring again in the future. 

e. Demand that the supplier institutionalize the problem solving results.  Customers should 
demand that suppliers take the results of their problem solving efforts to the rest of the supplier’s 
organization for implementation, where applicable.  The supplier should be a learning 
organization, using all problems as opportunities to improve the entire company.  Problem 
solving results should be applied across all other similar products and processes.  The mentality 
should be that, once a problem is encountered and solved, the causes of the problem should not 
occur again on any other similar products or processes. 
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Desired behaviors for suppliers of the problem solving process include these: 

a. Know the details of how your product works in the customer’s process and product.  Know 
how the failure modes of your product affect the customer.  For a given thing that goes wrong 
with your process or product, what is the exact effect on the customer? 

b. React quickly to a customer notification.  Suppliers should take a customer notification of a 
problem as an alarm for their organization.  Containment should be a priority, with all 
investigation to be started afterward. 

c. Be sure to obtain as much detail from the customer as possible.  Make sure you listen to your 
customer for the details of what is occurring.  Make requests for data, samples, etc. 

d. Develop a plan for the problem solving efforts and stick to it.  Be realistic with your customer 
on the timeframe that is needed for a thorough investigation and resolution of the problem.  Once 
a plan is developed and agreed to, the timing must be considered sacred. 

e. Communicate with your customer regularly on the status of the problem solving efforts.  
Make sure your customer knows exactly where you are in the problem solving process.  Ensure 
that your customer understands all that is being done, including the verification of containment 
measures as the process proceeds. 
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3.0 PROBLEM SOLVING PROCESS SURVEY   
 (Reference ISO/TS16949:2002, Sec. 5.6.2, 5.6.2.1, 8.2.3, 8.4.1, 8.5.1) 

To assist executive leaders in identifying and making improvements in their problem solving process and 
culture, the AIAG Problem Solving Work Group has created a Problem Solving Process Survey.  This 
survey should be used as a tool to understand the current state and status of the problem solving system or 
methodology and to identify continuous improvement plans.  Use of the survey results should be tracked 
continuously to demonstrate the effectiveness and general status of the company’s Problem Solving 
Process.   

The survey is organized into four major categories: 

1. Problem Solving Culture: Determine the extent to which the company has addressed and 
integrated problem solving into the company culture. 

2. Problem Solving Process: Determines the extent to which the Problem Solving Process is 
integrated into the company’s core business processes and is used by top management as an input 
for long-term business planning and decisions. 

3. Problem Solving Process Implementation: Identifies how well the Problem Solving Process is 
implemented, understood, and used throughout all areas and functions of the company. 

4. Problem Solving Process Effectiveness: Evaluates how well the company’s Problem Solving 
Process meets customer and industry expectations and serves as a tool for continuous 
improvement of the system. 

Appendix A contains the Survey questions and instructions for conducting a Survey. 
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3.1 Next Steps to Address Gaps from the Problem Solving Survey   
 (Reference ISO/TS16949:2002, Sec.8.2.3, 8.4.1, 8.5.1) 

Once the Problem Solving Process Survey has been completed, in the spirit of continuous improvement 
the company is now ready to address the gaps identified in the survey.  Since the survey contains 
questions on culture, process, implementation, and effectiveness, deficiencies in all of these areas may 
need to be addressed to ensure lasting change.  While improvements can and should begin in all areas 
identified as gaps, it is important that the continuous improvement initiative be managed holistically and 
that special focus and attention be placed on the behavioral change aspects of the problem solving cultural 
transformation.   

Successful change in an organization is more of an art than a science.  There are, however, some good 
reference materials available that can guide a company in its organizational transformation to create 
cultural change.   

John P. Kotter, in Leading Change, provides an eight-step process for creating major change.  Here are 
the eight steps: 

1. Establish a sense of urgency. 

2. Create a guiding coalition. 
3. Develop a vision and strategy. 
4. Communicate the change vision. 
5. Empower for broad-based action. 
6. Generate short-term wins. 
7. Consolidate gains and produce more change. 
8. Anchor new approaches in the culture. 

Another model that has been successfully used is the General Electric Change Acceleration Process 
(CAP).  CAP defines five steps to transform an organization from the current state to the future state and 
uses a workshop process to accomplish this change.  These are the five steps: 

1. Create a shared need. 

2. Shape a vision. 
3. Mobilize commitment. 
4. Make lasting change. 
5. Monitor progress and institutionalize changes in systems and structures. 

It’s interesting to note that both of these models include the need for creating a shared need, the 
importance of defining the vision, and the need to mobilize commitment as common fundamental steps to 
achieve lasting change.  

An Action Plan or improvement initiative should be developed based on the results of the study. 

Survey information and data should be maintained and periodically reviewed by management to identify 
trends and meet established performance targets.  Using the Problem Solving Process Survey will achieve 
continuous improvement of the company’s problem solving process. 
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4.0 EFFECTIVE PROBLEM SOLVING PROCESS   
 (Reference ISO/TS16949:2002, Sec. 8.5.2, 8.5.2.1) 

4.1 Recommended Problem Solving Process 
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Figure 5.  Effective Problem Solving Process 

This recommended problem solving process is a consensus of the persons and companies involved in the 
development of this book.  The participants are listed in the Acknowledgements section. 

The recommended process is designed to assist you in clearly defining the problem, determining the 
actual root cause(s) of the problem, developing corrective action(s) to address all root causes, and  
institutionalizing these actions within an organization. 

This section will detail the process flow within each of the overall steps represented in Figure 5 above.  
Each process flow will be accompanied by key questions that should be asked and answered as part of 
completing that step in the recommended problem solving process.  The questions are provided to guide 
problem solvers and leaders through each step to achieve the best outcome. 
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4.1.1      Problem Notification 
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Figure 6.  Problem Notification 

Inputs: Voice of the customer, voice of the process. 

Purposes:  

1. To determine the initial assessment of the problem. 

2. To determine whether the problem is accepted to proceed through the process. 

3.   To form the problem solving team. 

4.   To determine the impacts to the organization. 

Outputs: Initiation of problem solving action. 
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Key Questions - Problem Notification 

Receipt of Problem Notification 

1. Do we have the basic information? 

• Customer name, location, and contacts 

• Supplier name, location, and contacts 

2. Do we have the initial assessment? 

• What is the problem as communicated by the customer? 

• What is the effect of the problem on the customer? 

Is the Problem Accepted? 

1. Do we know enough to own the problem investigation? 

2. Is this a “Just Do It” issue?  Are the problem and needed action obvious and can be done quickly? 

3. Will creating a formal problem solving team and process for this issue overburden the people 
involved? 

4. What is the justification for acceptance of the problem? 

• Safety 
• Quality 
• Delivery 
• Cost 
• Morale 

5. What impacts have been defined?  To the customer?  To the organization?  Current and future 
impacts? 

6. What is the cost of the problem to the organization? 

Create the Problem Solving Team 

1. Has a team been formed?  Who are the members? 

2. Who is the team leader? 

3. Who is the problem-solving champion? 

4. What leadership support does the team have? 

5. What needed resources have been identified? 
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4.1.2 Problem Identification 
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Figure 7.  Problem Identification 

Inputs: Initiation of problem solving actions. 

Purposes: 

1. To clearly define the requirement. 

2. To clearly define and quantify the problem by relating it to the requirement. 

3. To define the problem specifics: frequency, magnitude, risk. 

4. To determine a capable measurement method for the problem.  

Outputs: A detailed definition and quantification of the effect of the problem. 
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Key Questions - Problem Identification 

Information Gathering 

1. What is the concern? 

2. What is the requirement that is not being met? 

3. What is the effect of not meeting the requirement? 

4. To what extent is the requirement not being met?  What is the gap? 

5. Where is the problem occurring? 

6. When was the problem first observed? 

7. When is the problem occurring?  What is the frequency? 

8. What is the scope of the problem?  What is the exposure?  (Current product, previously made 
product, etc.) 

9. What are the risks of not meeting the requirement? 

10. What is the measurement method used to measure the extent of the problem? 

11. Has the measurement method been verified as capable?  How? 

12. What is the goal statement? 

13.  Is the goal statement consistent with the problem description? 

14.  What is the timing for the problem solving actions? 

Search Lessons Learned 

1. Have you referenced your company’s Lessons Learned database for a past similar issue or 
concern? 

2. Has this issue been encountered in the past?  Have the conditions you have discovered thus far 
been encountered before? 

3. What problems have been encountered in the past with this product that could help you define 
this problem? 

4. What problems have been encountered in the past with similar products that could help you 
define this problem? 
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4.1.3      Containment 

Containment
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Figure 8.  Containment 

Inputs: Initiation of problem solving actions. 

Purposes: 
1. To prevent nonconformances from entering the process or system. 

2. To protect the customer from product that does not comply with the requirement. 

3. To identify all possible locations of the concern. 

4. To notify the customer, when appropriate. 

Outputs:  

• Containment of the symptom or concern (the “Y”).   

• Determination of the nonconformance rate.   

• Protection of the customer. 
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Key Questions - Containment 

Search Lessons Learned 

1. Have you referenced your company’s Lessons Learned database for a past similar issue or 
concern? 

2. Is there a similar issue in the past that used a capable, proven containment method? 

3. Are there past issues where incapable containment methods were used and should be avoided 
with this problem? 

Is Containment Required? 

1. Is containment of the non-conforming product required? 

2. If not, what is the justification and documentation for not requiring containment?  

3. Who is the champion for leading the containment actions? 

Identification of Concern Locations 

1. What are all of the possible locations for nonconforming product? 

• At the customer 
• In-transit 
• Outside processors 
• All warehousing locations 
• Shipping areas 
• Receiving areas 
• Scrap containers 
• Work-in-process 
• Laboratory areas 

2. What is the potential quantity of nonconforming product? 

3. Have we found the amount at all locations that we estimated as our potential quantity? 

4. Are there other products, processes, suppliers, customers, etc. that could be affected? 
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Key Questions – Containment (continued) 

Notify the Customer 

1. Has the customer been notified?  If not, what is the justification for no notification? 

2. How was the customer notified? 

3. What individual was notified? 

4. When was the customer notified? 

 

Protect the Customer 

1. Is there an immediate action or interim fix that can address the direct concern? 

2. Is sorting and quarantine of nonconforming product the method of containment needed? 

3. Was the method of containment verified to be effective?  How? 

4. How is contained product going to be identified? 

5. Does the containment activity gather data? 

6. How are containment results reviewed?  By whom? 

7. What is the nonconformance rate based on containment data? 

8. Does the nonconformance rate align with the determination in the Problem Identification phase? 

9. Are there plans to continue containment until permanent corrective actions are implemented and 
verified? 
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4.1.4      Failure Mode Analysis   
 (Reference ISO/TS16949:2002, Sec. 8.5.2.4) 
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Figure 9.  Failure Mode Analysis 

Inputs: Detailed definition and quantification of the effect of the problem. 

Purpose: 

1. To define the defect/nonconformance that resulted in the concern (the “Y” or customer effect). 

2. To identify and verify the failure mode(s) that caused the nonconformance. 

3. To verify containment actions based upon defined failure mode. 

Outputs: Detailed definition and quantification of the problem including the specific failure mode for 
the product nonconformance. 

 

  Replaces: N/A  Dated: N/A 



 
Effective Problem Solving 

 

CQI-10 40 Issue: 1.0  Dated: 4/5/2006 
  Replaces: N/A  Dated: N/A 

Key Questions – Failure Mode Analysis 

Lessons Learned 

1. Have you referenced your company’s Lessons Learned database for a past similar issue or 
concern? 

2. Has the same or a similar nonconformance been encountered in the past with this product that 
could assist in the failure mode analysis for this issue? 

3. Has the same or a similar nonconformance been encountered in the past with a similar product 
that could assist in the failure mode analysis for this issue? 

Define the Defect / Nonconformance 

1. Is the nonconformance or defect defined? 

2. Was this the nonconformance that resulted in the concern or customer effect? 

Identify Potential Failure Modes and Analyze 

1. What are the possible failure modes that could result in the defined nonconformance? 

2. What could go wrong that could result in the nonconformance? 

3. What are the process and materials factors or variables affecting the product?  How do these 
relate to the requirement? 

4. What are the interactions of factors or variables affecting the product?  How do these relate to the 
requirement? 

Identify and Verify Failure Mode(s) 

1. What went wrong that resulted in the nonconformance? 

2. What was the process failure mode? 

3. Was the defined failure mode verified?  How? 
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4.1.5      Root Cause Analysis  
 (Reference ISO/TS16949:2002, Sec. 8.5.2.4) 
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Figure 10.  Root Cause Analysis 

Inputs: Specific failure mode for the product nonconformance. 

Purposes: 

1. To identify potentials, analyze, and determine the root cause of why the nonconformance was 
made. 

2. To identify potentials, analyze, and determine the root cause of why the nonconformance was 
shipped to the customer. 

3. To identify potentials, analyze, and determine system root causes relating to the planning process, 
production process, and quality process.   

Outputs: The process root causes (prevention failure), the control system root cause(s) (detection 
failure), and the system root causes (planning failure). 

  Replaces: N/A  Dated: N/A 
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Key Questions – Root Cause Analysis 

Why Made? (Occurrence) – Identify Potential Root Causes 

1. Was it the correct process? 

• Is standardized work being followed? 

• Are required documents posted? 

• Is the regular operator conducting the work? 

• Is training correct? Up to date? 

• Are quality requirements known? 

2. Was it the correct tool? 

• Are the correct tools or fixtures being used? 

• Are tool calibrations and settings up to date and correct? 

• Are the tools worn? 

• Has the tooling been bypassed? 

• Are tools, including error-proofing/error-detection devices, functioning correctly? 

3. Was it the correct part? 

• Has there been a product change? 

• Are parts stored in the correct location? 

• Is part routing current? 

4. What has changed in the process or product? 

5. Is the process in control? 

6. What are the current methods used to prevent the occurrence of this failure mode? 

7. Are there any other potential causes of the failure mode that are not addressed by prevention 
actions? 

8. What is the process capability? 

9. What are sources of variation in the process? 
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Key Questions – Root Cause Analysis (continued) 

Why Made? (Occurrence) – Identify Potential Root Causes 

10.  Has the failure mode occurred due to special or common causes? 

11.  Are there system interactions that must be considered? 

12.  What are the vital few potential root causes of why the nonconformance was made? 

Why Made? (Occurrence) - Analyze 

1. How will the potential root causes be evaluated?  Measured? 

2. How do you know that your measurement system is capable? 

3. What tests were performed to screen through possible root causes? 

4. What tests were performed to study interactions between variables and the result on the product? 

Why Made? (Occurrence) – Identify and Verify Root Cause(s) 

1. What is the root cause(s) of why the failure mode occurred? 

2. How was this conclusion determined? 

3. Based on your conclusion, are you able to turn the failure mode on and off at will? 

4. Are all potential causes for this failure mode now addressed by prevention methods? 

Why Shipped? (Detection) – Identify Potential Root Causes 

These questions relate to the processes and tools used for detecting nonconformance 

1. Was it the correct process? 

• Is standardized work being followed? 

• Are required documents posted? 

• Is the regular operator conducting the work? 

• Is training correct? Up to date? 

• Are quality requirements known? 
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Key Questions – Root Cause Analysis (continued) 

2. Was it the correct tool? 

• Are the correct tools or fixtures being used? 

• Are tool calibrations and settings up to date and correct? 

• Are the tools worn? 

• Has the tooling been bypassed? 

• Are tools, including error-proofing/error-detection devices, functioning correctly? 

3. Was it the correct part? 

• Has there been a product change? 

• Are parts stored in the correct location? 

• Is part routing current? 

4. What has changed in the process or product? 

5. Is the process in control?  

6. What are the current methods used to detect this failure mode? 

7. Are there any other potential causes of the failure mode that are not addressed by detection 
actions? 

8. What is the capability of the detection process?  What is the gage R&R? 

9. Is the detection process placed at the correct location in the process?  

10. Are detection actions timed correctly in the process? 

11. What are the vital few root causes of why the nonconformance was shipped? 

Why Shipped? (Detection) – Analyze 

1. How will the potential root causes be evaluated?  Measured? 

2. How do you know that your measurement system is capable? 

3. What tests were performed to screen through possible root causes? 

4. What tests were performed to study interactions between variables and the result on the product? 
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Key Questions – Root Cause Analysis (continued) 

Why Shipped (Detection) – Identify and Verify Root Cause(s) 

1. What is the root cause(s) of why the failure mode was not detected? 

2. How was this conclusion determined? 

3. Based on your conclusion, are you able to turn the failure mode on and off at will? 

4. Are all potential failure modes for this process now addressed by detection methods? 

System (Planning) – Identify Potential Root Causes 

1. Was the proper planning process used for the affected product? 

2. Were the proper planning tools used for the affected product? 

3. Was the determined failure mode identified in the PFMEA?  Was it predicted in any other form of 
documentation or planning activity? 

4. If the failure mode was predicted as possible, was the risk of the failure mode occurring predicted 
properly? 

5. If the failure mode was predicted as possible, was the risk of not detecting the failure mode 
predicted properly? 

6. Was the severity of the failure mode and effect assessed properly? 

7. Did the planning process fail to result in adequate process controls being implemented to prevent 
and/or detect the failure mode? 

8. Were error-proofing or error-detection devices considered for this failure mode during the 
planning process? 

9. What is the level of skill and training within the organization regarding the planning process and 
associated planning tools (PFMEA, internal procedures, etc.)? 

10.  Is the design of the product not robust as it relates to the failure mode(s) or root cause(s)? 
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Key Questions – Root Cause Analysis (continued) 

System (Planning) – Analyze 

1. How will the potential root causes be evaluated?  Measured? 

2. What organization procedures have been evaluated in analyzing the potential root causes? 

3. Have other similar cases and products been investigated to discover whether the potential system 
root causes exist elsewhere within the organization? 

System (Planning) – Identify and Verify Root Cause(s) 

1. What is the system root cause(s) of why the planning process failed to predict the failure mode or 
failed to adequately account for the failure mode? 

2. How was this conclusion determined? 

3. Have other similar cases and products been investigated to discover whether this root cause(s) 
exists elsewhere in the organization? 
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4.1.6      Choose & Implement Corrective Actions 
 (Reference ISO/TS16949:2002, Sec. 8.5.2.2, 8.5.2.3) 
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Figure 11.  Choose & Implement Corrective Actions 

Inputs: The process root causes (prevention failure), the control system root cause(s) (detection failure), 
and the system root causes (planning failure). 

Purposes: 

1. To choose and implement a process (prevention) corrective action. 

2. To choose and implement a control system (detection) corrective action. 

3. To choose and implement a system (planning) corrective action. 

4. To verify the effectiveness of implemented corrective actions. 

Outputs: An implemented process (prevention) corrective action, an implemented control system 
(detection) corrective action, and a system (planning) corrective action. 

  Replaces: N/A  Dated: N/A 
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Key Questions – Choose and Implement Corrective Actions 

* These key questions apply to all three process streams: Why Made?, Why Shipped?, 
and System?. 

Select Corrective Action(s) 

1. What are the potential corrective actions to address the process (prevention) root cause?  The 
control system (detection) root cause?  The system (planning) root cause? 

2. Have corrective actions been developed in the past for an issue similar to this one?  Have you 
referenced your company’s Lessons Learned database? 

3. How will these potential corrective actions be evaluated? 

• Cost 

• Timing 

• Process or product impact 

• Customer approval required 

• Effectiveness 

• Level of skill or training for process/product stakeholders 

4. Have error-proofing or error-detection devices been considered? 

5. What is the plan to verify that the selected corrective action(s) is effective? 

6. Have all stakeholders in the process agreed to the verification plan? 

7. What is the expected outcome of the corrective action(s)? 

8. Have potential side effects of the corrective action been considered? 

Verify Effectiveness of Corrective Action(s) 

1. How is the effectiveness of the corrective action being evaluated? 

2. Is the measurement method capable and reliable? 

3. Did the results of the verification match your expected results?  If not, how did they differ? 

4. Were there any unexpected results? 
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Key Questions – Choose and Implement Corrective Actions (continued) 

Verify Effectiveness of Corrective Action(s) 

5. Were there any side effects as a result of the corrective action?  If so, which ones? 

6. If the corrective action cannot be verified, to which stage of the problem solving process will you 
return?  Why? 

7. Does true verification of the effectiveness of the corrective action(s) require an extended time 
period? 

Implement Corrective Action(s) 

1. What is the plan for implementing the corrective action(s) in the production environment? 

2. Have all the affected stakeholders approved the plan? 

3. Have the results in the production environment matched the results observed in the verification 
phase? 

4. Has the problem solving goal been achieved? 

5. Were other key findings discovered during this process that could drive improvement in higher-
level processes, procedures, or systems? 
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4.1.7      Control & Standardize      
 (Referrence ISO/TS16949:2002, Sec. 8.5.2.3) 
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Figure 12.  Control & Standardize 

Inputs: An implemented process (prevention) corrective action, an implemented control system 
(detection) corrective action, and a system (planning) corrective action. 

Purposes: 

1. To monitor and ensure ongoing performance of implemented corrective actions. 

2. To remove containment actions. 

3. To replicate and institutionalize corrective actions across the organization. 

4. To close the issue and congratulate the problem solving team. 

Outputs: Initial corrective actions, replicated corrective actions, institutionalized corrective actions, and 
a closed issue. 
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Key Questions – Control and Standardize 

* All three types of root cause and corrective actions flow into this process. 

Monitor Ongoing Performance of Corrective Actions 

1. Has the effectiveness of the implemented corrective actions been maintained?  If not, how has it 
changed? 

2. How has ongoing performance been measured? 

3. What is the new process capability? 

4. Are there any follow-up issues that need to be addressed? 

5. What controls have been implemented to maintain the corrective actions and their effectiveness? 

6. Have process and product documentation (e.g., PFMEA, Control Plan, Work Instructions) been 
updated to reflect the corrective actions? 

Remove Containment Actions 

1. Are there any non-conformances that have not been addressed that still require containment 
action? 

2. If not, has containment been removed?  When? 

3. How will the breakpoint of permanently corrected material be communicated?  How identified? 

Develop Lessons Learned and Replication Plan 

1. Are there similar products and/or processes in the organization that could benefit from the results 
of this problem solving process? 

2. Who is the champion for the Lessons Learned and Replication Plan?  Is it a different person for 
each aspect of the results (occurrence, detection, system)? 

3. What will be done to share the results and knowledge of this process with the rest of the 
organization?  

4. How will the results of this problem solving process become a part of the organization’s Lessons 
Learned database? 

5. What will be done to evaluate and implement the corrective actions across the organization? 

6. What other key findings were discovered during this process that could drive improvement in 
higher-level processes, procedures, or systems? 
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Key Questions – Control and Standardize (continued) 

Replicate Solutions on Other Products/Processes 

1. What was done to share the results of this process with the rest of the organization? 

2. What was done to implement the corrective actions across the rest of the organization? 

3. Were all types of root cause and corrective actions addressed in the Replication Plan? 

4. Who was the champion for replication of the results? 

5. Will this information be readily available for the organization to use in the future? 

6. Is there a plan to address any key findings discovered during this process that could drive 
improvement in higher-level processes, procedures, or systems?  

Lessons Learned 

1. Have the results of this process been added to the organization’s Lessons Learned database?   

2. Will this information be readily available for the organization to use in the future? 

Close Issue 

1. Has the champion signed off on the results and approved closure? 

2. Have the product/process stakeholders approved closure? 

Congratulate and Recognize the Team 

1. Have the problem solving team members been recognized for their work?  How? 
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5.0 PROBLEM SOLVING TOOLS 

    Table 1.  Matrix of Problem Solving Tools 

 Problem Identification Containment Failure Mode and Root 
Cause Analysis 

Choose & Implement 
Corrective Actions Control & Standardize

Pareto Analysis Containment Process 5-Why Analysis Decision Matrix Control Charts

Capability (Quality) Index Descriptive Statistics Cause & Effect Diagram Gantt Chart Process Control Plan

Check Sheet Run Chart/Trend Chart Cause & Effect Matrix Trend Chart Error-Proofing

Is / Is not (Stratification 
Analysis ) Brainstorming Capability (Quality) 

Index
Read Across Table / 
Replicate

Measurement System 
Analysis Histogram Lessons Learned 

Database

- Gauge R&R Flowcharting

Work Flow Analysis

Benchmarking / Best 
Practices

Fault Tree Analysis

Scatter Diagram

Supplier Input Process 
Output Customer

Failure Mode & Effects 
Analysis (FMEA) Run Chart/Trend Chart Statistical Process 

Control (SPC)

(SIPOC) Concentration Diagram Pre-Control

Design of Experiment

Linear Regression 
Analysis

Hypothesis Testing 

Paynter Chart

Capability (Quality) Index

Multi-vari

Process Flow Map

 P-Diagram / Parameter 
Design

Quality Function 
Deployment Design of Experiment Test to Failure

   - Voice of the Customer   - Full Factorial Monte Carlo Simulation

   - Voice of the Process   - Fractional Factorial Taguchi - Robust Design

Statistical Tolerancing
Tools listed in the "primary" cell.  Many tools can be used in other areas.
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NOTE:  

• This list is not meant to be an endorsement of any specific methodology. 

• This is not a comprehensive list.   

• Selected tools will be used based on the problem. 

  Replaces: N/A  Dated: N/A 
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6.0 PROBLEM SOLVING TRAINING AND COMPETENCIES 

(Reference ISO/TS16949:2002, Sec. 6.2.1, 6.2.2, 6.2.2.2, 6.2.2.3) 

6.1 Training for Competency Skills 
Successful deployment and integration of problem solving methodology depends on how the organization 
handles the training needs and competency in the required set of problem solving tools.  It is up to each 
organization to assess the needs of its problem solvers and develop its own plan of handling competency 
assessment and training, which can be done internally or externally with the help of a training 
organization.  

Training 

Training is a key enabler for improving technical competency within the company's problem solving 
community.  It focuses on both problem solving skills and applications of these skills to actual problem 
solving case studies or projects.   

Competency Skills 

The problem solving methodology identifies a problem solving toolset that all problem solvers must be 
proficient in and that addresses the problem solving needs.  Problem solving skills range from the basic 
level to the advanced level. 

 

6.2 Competency Development Model 

6.2.1 Competency Development 
Problem solving competencies represent the skills, experience, knowledge, education, and behaviors that 
are needed by the problem solver in order to deliver the results and benefits of problem solving and 
problem prevention in the organization. 
 
The role of competency development is to support the organization and the problem solvers in: 
 

• Creating a shared vision and an understanding of what is needed from problem solvers to support 
the organization’s problem solving efforts. 

• Identifying clear direction for problem solving performance and development efforts.  
 
In order to successfully deploy problem solving methodology, the company must develop specific 
competencies that problem solvers must possess to ensure the successful delivery of the organization's 
business objectives.  
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6.2.2 Competency Development Model 

The competency development process is made up of the following: 
 

Self-Assessment.  As the first step, self-assessment is performed by the individual or by the individual 
with the help of the supervisor.  The problem solver assesses him / herself against competencies that have 
been developed for the problem solving methodology.  

Self-assessment can be performed by using a competency skills matrix or checklist.   (See Table 2 below 
for an example of a competency skills matrix or checklist.)  The checklist contains tools or courses 
grouped under the different EPS phases.  The self-assessment matrix links the problem solver technical 
skills and knowledge to competency disciplines or groups.   

Competency assessment should focus not only on purely technical skills but also on teamwork and project 
management skills.  These include capabilities involving interactions with other people, managing one’s 
own and others’ activities, and adopting a systematic approach to problem solving. 

Using the Competency Skills Matrix as a checklist with its three levels of problem solving tools (basic, 
intermediate, and advanced), self-assessment is used to identify the following: 

 

1. What the problem solver knows at each level and for each tool 

a. N: Novice (beginner) 

b.  U: User (uses and applies knowledge on the job) 

c.  E: Expert or Specialist (can teach it) 

2. When the problem solver acquired this knowledge.   

3. Gaps in problem solver knowledge or application of skills to solve real world problems. 
 

At the end of self-assessment, the matrix or checklist will show the different ratings for the tools 
(N, U, or E) and the training date for each tool learned or applied on the job. 
 
After the self-assessment is completed, it is up to the problem solving training committee or 
office to review the different ratings in the checklist, identify gaps in problem solving skills, and 
then determine the level of training needed, appropriate courses or tools, and timing required to 
complete the training. 
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Table 2: Self Assessment Matrix for Problem-Solving Competency Skills 
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6.3 Training Delivery 
 
Required skills are delivered through training.  The organization must develop its own training material or 
purchase training material that will be delivered by either internal or external instructors in a classroom 
(Instructor-Led Training) or through a different medium such as Web based training (WBT).  
  
It is up to each organization to grant certification or qualification that indicates successful completion of 
the training program for both learning and applying required material. 
It is very important to remember that training is composed of two parts:  

a.  In-class training: The problem solver learns the required tool(s). 

b.  Application:  The problem solver learns how to apply the different learned tools to an actual 
real-world problem.  

6.4 Training Support and Resources 
For deploying and integrating EPS methodology successfully, training support for the problem solver 
should not stop after the certificate or qualification is granted.  The problem solver needs the safety net of 
a support organization that is made up of problem solving experts, specialists, or Master Black Belts when 
the need arises.  Here are examples of problem solvers’ needs: 

a. Need for help on a certain tool that has not been used for a while. 

b. Need for help using or applying a specific tool that is not easy to figure out. 

c. Need concurrence from the instructor or expert to close a problem or a project.  This means 
concurrence on proper tool(s) selection and application. 

Audits must be conducted to validate the integrity of the process and tools being used. 

For organizations that want to adopt and deploy EPS but do not have their own internal training support, 
there are external training resources such as these: 

a. Quality and Process Improvement organizations: ASQ (American Society of Quality), AIAG 
(Automotive Industry Action Group), etc. 

b. Universities:  Many universities offer training courses in process improvement, quality, Six 
Sigma, Shainin, etc. 

c. Training Institutes at OEMs such as Ford, General Motors, DaimlerChrysler, etc. 
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7.0 LESSONS LEARNED – A SUMMARY OF EPS    
 (ISO/TS16949:2002, Sec. 8.4.1, 8.5.1, 8.5.3) 

At the core of effective problem solving is the value of lessons learned.  Indeed, you have seen in this 
document that the last steps of the EPS process are to replicate and institutionalize the findings and 
actions that resulted from problem solving.  If the results of EPS are spread throughout an organization, 
the total number of problems encountered by OEMs and other levels of the industry will decline over 
time.  For example, if a problem solving effort finds that error-proofing verification would have prevented 
an issue from occurring, then an organization should take this finding to all other applicable processes and 
make the same corrective action that was implemented for the initial issue. 

An effective lessons learned process includes the following: 

• Containment actions for issues are carried to all applicable products/processes, including product 
that is still in development. 

• Corrective actions to address prevention, detection, and planning failures are carried to all 
applicable products/processes, including product that is still in development. 

• Key findings from higher-level processes or procedures are reviewed with the entire 
organization. 

• Leadership-level personnel within the organization are tasked to champion the replication and 
institutionalization of EPS findings and actions. 

• The review of lessons learned and the results of problem solving efforts are made standard for all 
disciplines when developing new processes or products. 

• Results of lessons learned efforts are documented for the entire organization’s review. 

As a result of an effective lessons learned approach, an organization can change its culture, practices, and 
execution with regard to problem solving.  The number of total problems will decrease and the metrics 
tied to quality performance will improve. 
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APPENDIX A. PROBLEM SOLVING PROCESS SURVEY 
Purpose 

This survey should be used by management as a tool to understand the status and state of their problem 
solving system or methodology.  Continuous use of the survey results should be a metric that is tracked to 
demonstrate the effectiveness and general status of the company’s Problem Solving Process. 

This survey is not all-inclusive and should be considered as a baseline for evaluating the problem solving 
process. 

Scope  

Problem solving should typically include all functional areas or departments of a company.  All levels of 
personnel and management should be considered participants in the survey process. 

Responsibility 

Top management should use the results of the survey to initiate actions that will support continuous 
improvement of their company’s Problem Solving Process.  Top management should also consider the 
results of this survey during management review of the quality system and as input into the business 
planning process. 

Problem solving users should use the results of this survey to identify opportunities for improvement in 
areas of the Problem Solving Process that are less than robust and might allow a recurrence of 
nonconformance issues. 

Organization  

The survey is organized into four major categories: 

1. Problem Solving Culture: Determines the extent to which the company has addressed and 
integrated problem solving into its company culture. 

2. Problem Solving Process: Determines the extent to which the Problem Solving Process is 
integrated into the company’s core business processes and is used by top management as an 
input for long-term business planning and decisions. 

3. Problem Solving Process Implementation: Identifies how well the Problem Solving Process 
is implemented, understood, and used throughout all areas and functions of the company. 

4. Problem Solving Process Effectiveness: Evaluates how well the company’s Problem 
Solving Process meets customer and industry expectations as well as serves as a tool for 
continuous improvement of the system. 
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Scoring Methodology and Definitions 

The scoring method will be 1 – 5 and defined as follows: 

1 No compliance observed, no support of the requirement or system.  No formal plan in place.  
Desirable problem solving behaviors not observed.  Process audit results identify major and 
fundamental system or process deficiencies.   

2 Minimal compliance or support.  Basic problem solving process is in place with limited 
evidence of use or implementation.  Chronic recurrence of the same/similar problems.  High 
level of customer dissatisfaction with product quality or issue response.  Audit results identify 
numerous minor opportunities for improvement and some major process deficiencies. 

3 Moderate compliance or average level of support.  Evidence of implementation and general 
use of the system.  Desirable behaviors observed.  Process audit results identify minor 
opportunities for improvements. 

4 High level of compliance observed, enthusiastic support of the process evident.  Meets all 
industry requirements and expectations.  Results support minimal recurrence of an issue.   
Good level of customer satisfaction with problem countermeasures and response.  Good team 
structure and process execution.  Process audit results identify few minor opportunities for 
improvement.  

5 Excellence achieved.  No recurrence of the issue or root cause within the past 12 months or 
more.  Similar processes, products, or systems effectively included as part of 
countermeasures.  High level of customer satisfaction, receipt of customer awards or 
recognitions for defect-free product or systems.  Process audit results exceptional, minimal 
opportunities for improvement. 

Performance of the Survey 

The survey should be performed by two or more individuals independently in order to capture and 
quantify an objective result that represents the actual status and health of a company’s Problem Solving 
Process. 

The Layered Process Audit approach is suggested, using various levels of plant personnel, supervision, 
and management to perform the survey.   

The company’s top management and staff should review the results of the survey.  Summarizing and 
analyzing the results will identify areas of the company’s Problem Solving System that require 
improvement actions. 

Implementation and status of the improvement actions should be monitored and reported periodically to 
top management.   

Top management should include results of the Problem Solving Survey and respective improvement 
actions in management reviews of the quality system.  These data should be considered key input 
information for long-term quality system improvement planning. 
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Survey Results and Improvement Actions 

When Scores of 1 or 2 are identified within a category, top management should consider the following 
actions: 

 Table 3.  Problem Solving Survey Categories and Improvement Actions 

Category Action Description 

Section 1:  Problem Solving Culture Top management and staff analyze why the deficiency is 
present.  Actions implemented should support fundamental 
cultural and philosophical improvements that support 
responsibility for problem solving at all levels within the 
organization.   

A problem solving champion should be designated to 
facilitate and lead the cultural change.  The champion 
should be provided the authority to implement fundamental 
system changes that will facilitate development of the 
system, its implementation, and knowledge of its 
effectiveness. 

Section 2: Problem Solving Process Top management and staff should review the causes for 
poor definition and integration of problem solving into the 
company’s systems.  Corrective actions should include: 

o Development of a fully defined system, with a 
comprehensive and logical flow, including specific 
results required for each step of the process, and  

o Periodic management review of the process. 

Section 3: Problem Solving Process 
Implementation 

Poor scores on Implementation indicate a lack of formal or 
structured training and use.  Top management and staff 
should ensure that the resources are available for training.  
Hardware and software are considered key resources that 
affect good implementation.   

Implementation can be measured through actual use of the 
system on issues.  Corrective actions should include a 
periodic review of how many issues actually use the 
problem solving system and the problem solving tools. 

Section 4: Problem Solving Process 
Effectiveness 

Top management and staff should ensure that improvement 
actions review the reasons for repetitive defects or why 
customers rejected corrective actions.  Also include actions 
that enhance use of the problem solving tools and methods 
to verify that the actions are permanent and long term. 
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PROBLEM SOLVING SURVEY 

 Table 4.  Problem Solving Survey – Section I: CULTURE 

Section I:  CULTURE 

QUESTION FINDING/OBSERVATION SCORE 
1 - 5 

1 Has your company defined a set of desired 
problem solving behaviors that it expects all 
employees to aspire to and have these 
behaviors been communicated widely 
across your company? 

    

2 Has your company established expectations 
for all employees, at all levels, to use 
structured problem solving as part of their 
jobs? 

    

3 Do leaders and managers provide a 
supportive environment (resources, material, 
funding, time, etc.) for employees to use 
structured problem solving in your 
company? 

  

4 Does your company have formal human 
resource (HR) policies that specifically 
encourage, support, and reward employees 
for developing competency in and use of 
problem solving as part of their jobs? 

  

5 Are employees in your company empowered 
to recognize and accept ownership for 
problem solving, including the initiation of 
problem solving actions? 

  

6 Is structured problem solving used in all 
functions of your company and all across the 
enterprise- on a regular basis?   

  

7 Does the company’s problem solving culture 
include recognition of the employee and 
team for participation and successful 
improvement of customer satisfaction? 

  

8 Do leaders conduct regularly scheduled 
reviews and surveys to assess the progress 
being made to embed a problem solving 
culture into your company? 
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QUESTION FINDING/OBSERVATION SCORE 
1 - 5 

9 Is your company’s problem solving activity 
primarily focused on proactive problem 
solving vs. fire fighting? 

  

10 Are leaders and problem owners directly 
involved in the selection of significant 
problems to be worked on within the 
company? 

  

Section Total   

Comments: 
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 Table 5.  Problem Solving Survey – Section II: PROCESS 

Section II:  PROCESS 

QUESTION FINDING/OBSERVATION SCORE 
1 - 5 

11 Does your company have a common, 
structured, scientific problem solving 
process that is required to be used across 
the enterprise? 

    

12 Is your company’s Problem Solving Process 
structured, scientific, and comprehensive? 
(i.e., Does it contain the core elements of 
the Problem Solving Process as defined in 
section 4.0 of this document?) 

    

13 Is the Problem Solving Process 
documented, controlled, and integrated in 
the company’s quality management system? 

    

14 Does the company’s Problem Solving 
Process include defined responsibility for: 

a. Corporate management and 
leadership? 

b. Local site management? 

c. Problem owners? 

    

15 Is there a structured training program and 
plan for your Problem Solving Process for: 

a. All company employees (salaried 
and hourly)? 

b. All management? 
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QUESTION FINDING/OBSERVATION SCORE 
1 - 5 

16 Is your Problem Solving Process (steps, 
deliverables, and timing) mapped to: 

a. Customer expectations? 

b. Industry standards? 

  

17 Does the structure of your Problem Solving 
Process include root cause analysis and 
corrective actions for: 

a. Product/Process nonconformance? 

b. Quality system detection failure?  

c. Systemic or systems failure? 

  

18 Does the Problem Solving Process have an 
effective method to communicate 
nonconformance issues and problem 
solving results to all levels and areas of the 
company? (Lessons Learned) 

  

19 Does the structure of the Problem Solving 
Process ensure that nonconformance issues 
and solutions identified in one part of the 
company are reviewed and implemented in 
other, similar areas, processes, or products 
throughout the company? (Read Across) 

  

20 Does the company’s Problem Solving 
Process include requirements for cross- 
functional team support of all steps of the 
Problem Solving Process? 

  

21 Does the company’s Problem Solving 
Process include customer feedback or 
approval of the countermeasure or solution 
included as part of the closure criteria of the 
problem or issue? 

  

22 Does the company’s quality management 
system include a structured method of 
auditing the Problem Solving Process for 
effectiveness and quantifying the results? 
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QUESTION FINDING/OBSERVATION SCORE 
1 - 5 

23 Does the Problem Solving Process have a 
method to track and quantify the recurrence 
of nonconformance issues, root causes, and 
corrective actions? 

  

24 Does the company have a formal process in 
place to audit and continue to develop the 
effectiveness of their employees in the use 
of the Problem Solving Process? 

  

25 Does the quality management system 
require top management to use information 
and data from the results of problem solving 
and problem solving system audits as inputs 
for management review of the quality 
system and the business planning process? 

  

26 Does the company’s quality management 
system require all suppliers of production 
material to use a structured, comprehensive 
problem solving system (as defined in 
section 4.0)? 

  

Section Total   

Comments: 

 

 

 

 

 

 

 

 

 

 



Effective Problem Solving  
 

 

CQI-10 69 Issue: 1.0  Dated: 4/5/2006 
  Replaces: N/A  Dated: N/A 

 Table 6.  Problem Solving Survey – Section III: IMPLEMENTATION 

Section III:  IMPLEMENTATION 

QUESTION FINDING/OBSERVATION SCORE 
1 - 5 

27 Is there an overall Problem Solving Process 
Champion for the company? 

  

28 Is there a Problem Solving Process Leader 
or Facilitator in each area or function of the 
company?   

  

29 Have all appropriate users of the Problem 
Solving Process received training?  

  

30 Are new employees trained in the Problem 
Solving Process method as part of their 
initial orientation? 

  

31 Do leaders and problem owners in your 
company, at all levels, know the right 
probing questions to ask when reviewing 
problem solving projects with their 
employees to drive desired cultural change? 

  

32 Do problem owners act as “coaches” to 
assist their employees and coworkers in 
problem solving? 

  

33 Are employees recognized and rewarded for 
exposing, owning, and solving problems? 

  

34 Do all areas or functions within the site have 
access to the Problem Solving Process 
(forms, supportive computer systems, 
coaching support, etc.)? 

  

35 Can all areas or functions within the 
company demonstrate effective use of the 
Problem Solving Process? 

  

36 Do the Problem Solving Teams include 
cross-functional representatives from all 
appropriate areas required to support the 
successful resolution of the issue? 

  

37 Do the Problem Solving Teams practice and 
exercise a disciplined and consistent 
behavior in their use of problem solving 
tools? 
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QUESTION FINDING/OBSERVATION SCORE 
1 - 5 

38 Do leaders and problem owners 
demonstrate the discipline to allow the 
employees time necessary to follow a 
structured Problem Solving Process and not 
skip steps? 

  

39 Does the Problem Solving Team effectively 
use the appropriate analytical tools such as 
DOE, statistical studies, fishbone diagrams, 
etc… as part of the Problem Solving 
Process? 

  

40 Are results of problem solving exercises 
communicated to all areas of the company? 

  

41 Do company leaders and problem owners 
ensure that the Problem Solving Process 
requires that the specific problem is solved 
AND  addresses the root causes of the 

a. Production process failure?  

b. Quality system detection failure?  

c. Systemic causes of the problem? 

  

42 Do the company’s suppliers demonstrate 
effective use of a structured, comprehensive 
problem solving process to address 
nonconformance issues? 

  

43 Do the company’s suppliers demonstrate the 
necessary core knowledge, training, and 
skill for the effective use of problem solving 
tools? 

  

Section Total   

Comments: 
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Table 7.  Problem Solving Survey – Section IV: EFFECTIVENESS 

Section IV:  EFFECTIVENESS 

QUESTION FINDING/OBSERVATION SCORE 
1 - 5 

44 Does problem solving evidence demonstrate 
compliance to the Problem Solving Process 
(steps, deliverables, and timing)? 

  

45 Does the company’s Problem Solving 
Process measure the repeat occurrence of 
the same or similar root causes to same or 
similar products/processes? 

  

46 Do countermeasures or solutions include 
error-proofing that either prevents the 
nonconformance entirely or considers all 
product nonconforming until proven 
acceptable? 

  

47 Are the countermeasures or solutions based 
on facts, objective evidence, and data 
gained from statistical analysis, 
experiments, and trial run results? 

  

48 Are solutions or countermeasures audited or 
verified after a period of time to ensure that 
the corrective actions are still in place and 
effective? 

  

49 Does the company measure how long it 
takes to complete a corrective action or 
countermeasure for an issue?  If so, what is 
the average time and does it indicate an 
improvement trend? 

  

50 Is there evidence that customer complaints 
or issues are resolved within the customer’s 
specified time limits? 

  

51 Does the company’s internal measurements 
for scrap or nonconforming issue 
occurrence (first time quality, customer 
disruptions, customer complaints, warranty, 
etc.) demonstrate improvement trends? 

  

52 Are problem solvers and problem solving 
teams recognized for effective resolution of 
an issue? 
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QUESTION FINDING/OBSERVATION SCORE 
1 - 5 

53 Is there evidence of problem solving results 
being used as part of management review of 
the quality system and the business 
planning process? 

  

54 Do customer feedback or scorecard results 
support continuous improvement and 
permanent resolution of nonconformance 
issues? 

  

55 Is there evidence of continual improvement 
plans for the Problem Solving Process, their 
timely completion, and continued 
effectiveness? 

  

56 Does long-term review of Problem Solving 
Process Audits or Survey results indicate 
improvement trends? 

  

57 Does the company measure and have a 
continuous improvement initiative in place to 
reduce variation in the use and effectiveness 
of problem solving across the company (by 
operating unit, by business unit, by function, 
by plant, by region, etc.)? 

  

58 Do supplier corrective actions forms and 
responses represent or contain the 
necessary steps required for 
comprehensive, structured problem solving? 

  

59 Did the company receive repetitive 
nonconformance issues from the same 
supplier, thus indicating a lack of effective 
problem solving or the inadequate use of 
problem solving tools? 

  

Section Total   

Comments: 
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Table 8.  Improvement Plan 

IMPROVEMENT PLAN 

 Observation Action 
Responsible 

& Target 
Date 

Status 

1 

 

    

2 

 

    

3 

 

    

4 

 

    

5 

 

    

6  

 

   

7 

 

    

9 

 

    

10 

 

    

Comments: 
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APPENDIX B: EFFECTIVE PROBLEM SOLVING REPORTING FORMAT 
(PAGE1) 

DATE INITIATED : CONCERN / ISSUE #:
Supplier Company Information
Company Name:
Company Identifier (DUNS):
Company Location:
Lead Contact Name:
Lead Contact Title:
Lead Contact Phone:
Lead Contact Email:

Containment Who Potential Qty. Actual Qty.
List all possible locations & quantities of product. Containment Breakpoint Date:
1
2 Containment Method:
3
4
5
6 Projected/Actual Nonconformance Rate:

TOTALS: 0 0

Ask these questions first: YES NO What are the potential root causes for the problem?
Was it the correct process?

Was it the correct tool/fixture?
Was it the correct part?

Has something changed in the process?
Has something changed in the product design?

Is the process in control?
Do all product components meet quality requirements?

Customer Company Information

Product specification:

EFFECTIVE PROBLEM SOLVING
Summary Worksheet

Product feature(s) not in compliance:
Failuire Mode Analysis

Problem Identification

Problem Solving Team (Names & Roles)

Failure mode resulting in product nonconformance:

Sketch or photo:

Containment verified?
Root Cause Analysis

Deviation from specification:

Failure Mode:Cause:

Use the answers of these questions to direct your root cause investigation.

3X5 WHY ANALYSIS

Occurrence Root Cause - Why was the nonconforming product made?

Detection Root Cause - Why was the nonconforming product shipped to the customer?

Planning Root Cause - What in the planning process failed to predict this failure mode and problem?

Key Findings - Other findings discovered that could drive improvement in higher-level processes?

** Must list Problem Owner

Where/When is the problem occurring?

Customer Effect/Customer Complaint:

Customer Requirement:
 

Frequency:

Describe the measurement method to evaluate problem (include capability):

Company Name:
Company Identifier (DUNS):
Company Location(s):
Lead Contact Name:
Lead Contact Title:
Lead Contact Phone:
Lead Contact Email:

Problem Solving Goal Statement & Target Timing:

Product Information
Part Number:

Part Description:

Program Name:

Deviation from Customer Requirement:

Material

MachineMan

Method

PROBLEM

YES NO

Environment

Measurement

 
Figure 13.  Effective Problem Solving Reporting Format 

  Replaces: N/A  Dated: N/A 
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EFFECTIVE PROBLEM SOLVING REPORTING FORMAT   
(PAGE 2) 

Occurrence Corrective Actions WHO DATE STATUS

Detection Corrective Actions

Planning Corrective Actions

Key Findings Actions

Corrective Actions Ongoing Performance
Occurrence : Verification:  Measurements over past ____________ days have shown problem to be:Resolved or Not Resolved.
Detection : Verification:  Measurements over past ____________ days have shown problem to be:Resolved or Not Resolved.
Planning : Verification:  Measurements over past ____________ days have shown problem to be Resolved or Not Resolved.

Resolved Not   Resolved
Replicate ALL actions for similar Further EPS Activity required:
products & processes. Date: Unsuccessful CA

Complete for each corrective action

Containment Removed?
Date:

Replicate Corrective Actions DATE

EFFECTIVE PROBLEM SOLVING
Summary Worksheet

EPS Re-Start Phase

1

2

3

1

2

3

1

2

3

1

2

3

WHO

** LESSONS LEARNED CAPTURED

NAME COMPANY ROLE APPROVE CLOSURE (Y or N)? DATE

Choose & Implement Corrective Actions

Control & Standardize

Close Issue

1- Identified 2- Effectiveness Verified

4- Closed 3- Implemented

YES NO

 

 Figure 13.  Effective Problem Solving Reporting Format pg. 2(continued) 

  Replaces: N/A  Dated: N/A 
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 EFFECTIVE PROBLEM SOLVING REPORTING FORMAT   

(EXAMPLE - PAGE 1) 

DATE INITIATED :  7/1/05 CONCERN/ISSUE #:  XYZ001
Supplier Company Information
Company Name:   ABC, Inc.
Company Identifier (DUNS):  999999999
Company Location:  Detroit, MI
Lead Contact Name:  John Doe
Lead Contact Title:  Quality Manager
Lead Contact Phone:  313-555-1111
Lead Contact Email:  john.doe@abc.com

Containment Who Potential Qty. Actual Qty.
List all possible locations & quantities of product. Containment Breakpoint Date:
1  At Customer K. Lang 1000 1000 Monday, 7/4/05
2  In transit K. Lang 1000 1000 Containment Method:
3  Warehouse J. Doe 500 500 Visual inspection
4  WIP J. Doe 0 0
5  Service Parts J. Doe 0 0
6 Projected/Actual Nonconformance Rate:

TOTALS: 2500 2500 100%/100%

Ask these questions first: YES NO What are the potential root causes for the problem?
Was it the correct process? X

Was it the correct tool / fixture? X
Was it the correct part? X

Has something changed in the process? X
Has something changed in the product design? X

Is the process in control? X
Do all product components meet quality requirements? X

Seat Belt
Program Name:

New 2006 Vehicle

Product Information
Part Number:

12345678
Part Description:

Lead Contact Title:  SQE
Lead Contact Phone:  313-999-0000
Lead Contact Email:  jane.doe@xyz.com

Problem Solving Goal Statement & Target Timing:

Company Name:  XYZ, Inc.
Company Identifier (DUNS):
Company Location(s):  Detroit, MI
Lead Contact Name:  Jane Doe

Frequency:
Initial frequency appears to be entire lot dated 6/19/05.
Describe the measurement method to evaluate problem (include capability):

Problem discovered at customer's assembly plant.  Issue notified on Friday, 6/28/05.

Customer Effect/Customer Complaint:
Seat belt tongue backwards on belt webbing.  Cannot buckle without twisting webbing.
Customer Requirement:
Seat belt tongue assembled in the correct orientation.
Deviation from Customer Requirement:
Orientation 180 degrees from correct.
Where/When is the problem occurring?

** Must list Problem Owner
John Doe  -  Quality Manager, Problem Owner
Jeff Smith  -  Mfg. Engineer
Kate Lang  -  Materials

Visual

No error proofing or detection for incorrect fixture use..

An orientation fixture for another product was used for the assembly of the identified nonconforming seat belts.

Occurrence Root Cause - Why was the nonconforming product made?

Failure Mode:Cause:

Use the answers of these questions to direct your
root cause investigation.

3X5 WHY ANALYSIS

Containment verified?
Root Cause Analysis

Deviation from specification:
Tongue latch plate resting on the oppositie side of the webbing compared to the caution label.

EFFECTIVE PROBLEM SOLVING
Summary Worksheet  -  EXAMPLE

Product feature(s) not in compliance:
Failuire Mode Analysis

Problem Identification

Problem Solving Team (Names & Roles)

Failure mode resulting in product nonconformance:

Discover root cause of mis-assembled seat belt tongue and implement

Sketch or photo:

Customer Company Information

Orientation of seat belt tongue.
Product specification:
Seat belt tongue latch plate must rest on the same side of the webbing as the caution label.

Seat belt tongue assembled backwards on the seat belt webbing.

corrective action(s) to address permanently.

YES NO

Material

MachineMan

Method

PROBLEM

Environment

Measurement

 
Figure 14.  Effective Problem Solving Reporting Format - Example 

  Replaces: N/A  Dated: N/A 
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EFFECTIVE PROBLEM SOLVING REPORTING FORMAT 

 (EXAMPLE - page 2) 

Occurrence Corrective Actions WHO DATE STATUS

J. Smith 7/15/2005

J. Smith 7/15/2005

Detection Corrective Actions

J. Doe 7/15/2005

J. Doe 7/15/2005

Planning Corrective Actions

J. Doe 7/15/2005

Key Findings Actions

Corrective Actions Ongoing Performance
Occurrence : Verification:  Measurements over past _____7_______ days have shown problem to be:Resolved or Not Resolved.
Detection : Verification:  Measurements over past ______7______ days have shown problem to be:Resolved or Not Resolved.
Planning : Verification:  Measurements over past ______7_____ days have shown problem to be Resolved or Not Resolved.

Resolved Not   Resolved
Replicate ALL actions for similar Further EPS Activity required:
products & processes Date: Unsuccessful CA

Complete for each corrective action

Containment Removed?
Date:  7/22/05

Replicate Corrective Actions DATE

9/1/2005
9/1/2005
9/1/2005

EFFECTIVE PROBLEM SOLVING
Summary Worksheet  -  EXAMPLE

EPS Re-Start Phase

1  All assembly orientation fixtures for affected products must have unique features and identifiers.

2  PLC added to assembly lines to detect correct fixtures based on production run information.

3

1  Implement layered process audits for compliance to first-piece inspection procedures.

2  Implement final inspection sampling for customer-critical features at end-of-line.

3

1  Review all product PFMEAs for incorrect fixture as a potential cause of orientation failure modes.

2

3

1

2

3

WHO

VP of Mfg.
VP of Quality
VP of Quality

1.  All Occurrence corrective actions for all seat belts corporate-wide.
2.  All Detection corrective actions for all seat belts corporate-wide.
3.  All Planning corrective actions for all seat belts corporate-wide.

** LESSONS LEARNED CAPTURED

NAME COMPANY ROLE APPROVE CLOSURE (Y or N)? DATE
7/22/2005
7/22/2005

Y
Y

Owner
Mfg. EngineerABC, Inc.

ABC, Inc.John Doe
Jeff Smith
Jane Doe XYZ, Inc. SQE Y 7/23/2005

Choose & Implement Corrective Actions

Control & Standardize

Close Issue

1- Identified 2- Effectiveness Verified

4- Closed 3- Implemented

NOYES

 

Figure 14.  Effective Problem Solving Reporting Format pg 2(continued) 

  Replaces: N/A  Dated: N/A 
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APPENDIX C: PROBLEM SOLVING TOOL DESCRIPTIONS 
5 WHY ANALYSIS(*) ...............................................................................................................................................79 
BENCHMARKING / BEST PRACTICES(**)...........................................................................................................80 
BRAINSTORMING(*) ...............................................................................................................................................84 
CAPABILITY (QUALITY) INDEX(*)......................................................................................................................86 
CAUSE-AND-EFFECT DIAGRAM(*)......................................................................................................................90 
CAUSE-AND-EFFECT MATRIX(*).........................................................................................................................90 
CHECKSHEET(*) ......................................................................................................................................................94 
CONCENTRATION DIAGRAM(*) ..........................................................................................................................95 
CONTAINMENT PROCESS(*).................................................................................................................................96 
CONTROL CHART(*) .............................................................................................................................................102 
DECISION MATRIX(*) ...........................................................................................................................................106 
DESCRIPTIVE STATISTICS(*)..............................................................................................................................106 
DESIGN OF EXPERIMENTS (DOE)(*) .................................................................................................................108 
DESIGN OF EXPERIMENTS (FULL FACTORIAL / FRACTIONAL FACTORIAL)(**)...................................109 
DESIGN ERROR-PROOFING / PROCESS MISTAKE-PROOFING(*)................................................................116 
ERROR-PROOFING(**)..........................................................................................................................................117 
FAILURE MODE AND EFFECTS ANALYSIS(*).................................................................................................120 
FAULT TREE ANALYSIS(**)................................................................................................................................122 
FLOWCHARTING(*) ..............................................................................................................................................126 
GANTT CHART(*) ..................................................................................................................................................129 
HISTOGRAM(*).......................................................................................................................................................131 
HYPOTHESIS TESTING(*) ....................................................................................................................................133 
IS / IS NOT (STRATIFICATION ANALYSIS).......................................................................................................134 
LESSONS LEARNED DATABASE........................................................................................................................137 
LINEAR REGRESSION ANALYSIS(*) .................................................................................................................138 
MEASUREMENT SYSTEM ANALYSIS(**).........................................................................................................141 
MULTI-VARI ANALYSIS(**)................................................................................................................................147 
PARETO ANALYSIS(*) ..........................................................................................................................................150 
PAYNTER CHART(*) .............................................................................................................................................152 
P-DIAGRAM / PARAMETER DESIGN(**) ...........................................................................................................154 
PRE-CONTROL CHART .........................................................................................................................................158 
PROCESS CONTROL PLAN & PROCESS CONTROL PLAN (INTERIM) IN CORRECTIVE ACTIONS(*)...161 
PROCESS FLOW CHART / MAP(**).....................................................................................................................162 
QUALITY FUNCTION DEPLOYMENT (QFD)(**)..............................................................................................162 
READ ACROSS / REPLICATE PROCESS.............................................................................................................172 
RUN CHART / TREND CHART(*).........................................................................................................................174 
SCATTER DIAGRAM .............................................................................................................................................176 
STATISTICAL PROCESS CONTROL (SPC) .........................................................................................................177 
STATISTICAL TOLERANCING(**)......................................................................................................................181 
SUPPLIER INPUT PROCESS OUTPUT CUSTOMER (SIPOC) ...........................................................................185 
TAGUCHI - ROBUST DESIGN(**)........................................................................................................................187 
WORK FLOW ANALYSIS(*) .................................................................................................................................192 
NOTE: 

(*)  Tool description taken from THE-4 - Seven-Step Problem-Solving Process for Truck and Heavy 
Equipment Supplier 
AIAG – Issue 1, July 2000 

 (**)   Tool description taken from THE-7 - Reliability Methods Guideline 
AIAG – Issue 1, December 2004 
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5 WHY ANALYSIS 
The "5 Why" Analysis is a simple yet powerful problem–solving tool that helps determine the root cause 
of a problem.  Many times we tend to stop looking after finding only the immediate cause of a problem 
and do not continue to work to find the underlying root cause. 

Instructions 
Review the problem statement and keep asking questions to get to the lowest level of problem definition. 

Example 
The following simple example will illustrate how easy it is to miss the cause of a problem and show how 
it will recur if the root cause is not eliminated: 

The problem was that you arrived late for work this morning. 

1.  Why were you late for work this morning? 

Answer: My car would not start. 

2.  Why wouldn't your car start? 

Answer: The starter wouldn’t turn the engine over. 

 3.  Why wouldn't the starter turn over the engine? 

Answer: The battery was too weak to engage the starter.  I had to get my friend to jump 
it with another car battery. 

4.  Why was the battery power low? 

 Answer:  The alternator was not producing enough electrical energy to keep it charged. 

5.  Why was the alternator output low? 

 Answer:  The alternator drive belt was slipping, which was corrected by tightening the  
belt. 

In this example, if root cause analysis had stopped at step 3 after the car was running and the person had 
driven to work, the same problem would have occurred the next morning. 
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BENCHMARKING / BEST PRACTICES 

Description  
Benchmarking is the process of improving product and process performance by continuously identifying, 
understanding, and adapting outstanding practices, processes, features, and performance levels of world-
class products and processes. The benchmarking procedure compares products, processes, or services and 
can be internal or external. 

Purpose   
Benchmarking, properly used, can bring under-performing key processes to world-class effectiveness 
levels.  It can also be used to drive product performance to levels far beyond customer expectations. 

Benefits  
Many organizations benefit from process benchmarking because it does the following: 

1. Prevents reinventing the wheel.  (Why invest the time and costs when someone else may have 
done it already, and often better, cheaper, and faster?).  

2. Accelerates change and restructuring.  

a. Uses tested and proven practices. 

b. Convinces skeptics who can see that it works.  

c. Overcomes inertia and complacency and creates a sense of urgency when gaps are 
revealed.  

3. Leads to "outside the box" ideas by looking for ways to improve outside of the immediate 
industry.  

4. Forces organizations to examine present processes, which often leads to improvement. 

5. Makes implementation more likely because of the involvement of process owners.  

6. Identifies who is “Best In Class” in the industry. 

Product benchmarking provides product performance goals for product development in areas that 
customers have identified to be most important to their satisfaction.  Benchmarking can provide a baseline 
performance level, which can be exceeded to provide high levels of customer satisfaction and resulting 
product success. 

Efforts to exceed benchmark product performance levels can drive innovative design thinking that can 
lead to breakthrough solutions. 
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Implementation 
The most effective process benchmarking is done when an organization has identified, defined, and 
evaluated its key business and support processes.  When this is done, benchmarking efforts can be 
prioritized for maximum benefit to business effectiveness. 

Some of the most effective benchmarking is done outside of the industry in which an organization is 
engaged. Be prepared to share your best practices with the organization being benchmarked. 

Product benchmarking is done in similar fashion.  First, the key product performance factors that are to be 
benchmarked are linked with the most important customer wants and needs.  Quality Function 
Deployment (QFD) may be used to relate key design features with those key performance factors.  Once 
the key factors are identified, competitive products are measured for these attributes.  These 
measurements provide a set of performance goals and objectives for product development. 

Instructions 

Benchmarking a Process   

1. Select a process to benchmark. Benchmarking is not simply an unstructured wander around an 
organization in the hope of spotting a breakthrough activity that you can copy. You must 
understand what it is you want to improve and then identify an organization that is known to 
excel in that field. This and step 2 may be done concurrently. Recognize that there may be legal 
or confidentiality issues, and written agreements may be required if you want to benchmark 
outside your organization.  

2. Determine the project scope. The scope should include where you are today and where you 
want to be in the future. This should cover the following objectives: scope, how you will 
approach the project, people skills required, timeline and budget, etc. 

3. Choose relevant measurements. To improve a process, there must be appropriate measures for 
today’s performance so that you can understand if any changes made through benchmarking 
actually do improve the process. 

4. Study the identified best practice(s). This should be a structured activity, with a defined plan of 
attack. This could include library research, pre-prepared questionnaires, guided tour – walk the 
process, interviewing operators, recording observations, taking measurements, etc. 

5. Judge appropriateness and adapt practices. In many instances, the benchmarked activity will 
not be a direct copy into your organization and will require some adjustment and modification for 
your unique situation. This is likely to apply more when benchmarking outside of your industry 
or culture. It is important to factor in these elements, for ignoring cultural practices can bring a 
project to a halt. 

6. Plan and implement changes. As with any new activity, the implementation should be planned, 
including defining responsibilities, ensuring appropriate communication and involvement, 
applying resources, etc. 

7. Measure results. Do payback analysis: It is important to know what were the successes (or 
failures). This activity is directly related to step 3; agreed-on measures and measurement methods 
should be used to understand the success of the project. 
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Benchmarking a Product 

1. Determine the most important performance factors to benchmark.  Your market analysis 
should tell you what your customers consider most important about your product.  A prioritized 
list of customer wants and needs should drive your selection process.  Specific design features 
can also be useful to benchmark if they can be directly related to customer satisfaction through 
QFD. 

2. Select the product to benchmark.  This should be a straightforward analysis of product market 
success.  Confirmation of the reasons that the target product is successful would strengthen the 
process and verify the performance factors chosen to benchmark. 

3. Conduct the benchmarking in an environment representative of its use.  If a component has 
its performance degrade under heat, conduct the benchmark testing under heated conditions 
similar to its worst-case operating environment. 

4. Use the benchmark information to set target product development goals. 

Examples 
By observing production methods in a Chicago slaughterhouse, Henry Ford got the inspiration for 
assembly line manufacturing (1). Telecommunications giant GTE discovered how to improve its field 
service by studying that of an elevator company. The Ritz-Carlton hotel chain revamped its housekeeping 
process after benchmarking innovative best practices at a competitor’s hotel (2). 

Japanese automotive manufacturers used product benchmarking very effectively in the 1970s to make 
serious inroads into the U.S. automotive markets. 

Below is an example of generic product benchmarking output. 

Table 9.  Example of Generic Product Benchmarking Output 

Key Performance 
Characteristic 

Benchmark Present Product 
Performance 

Performance Goal 

Weight 100 Kg 120 Kg 100 Kg 

Noise 75 dBA 80 dBA 72 dBA 

Reliability 1000 PPM 2000 PPM 800 PPM 

General Comments  
Senior managers at Xerox, Digital Equipment Corporation, Motorola, GTE, AT&T, Chrysler, Texas 
Instruments, and many other Fortune 500 organizations strongly support benchmarking and vigorously 
work to ingrain its underlying ethic into their corporate culture (3). 



Effective Problem Solving  
 

 

CQI-10 83 Issue: 1.0  Dated: 4/5/2006 
  Replaces: N/A  Dated: N/A 

A key issue with benchmarking is ”who or what to benchmark.” Should the organization look only within 
its own industry or broaden its search possibilities? 

Organizations must realize that there are many benefits from benchmarking, but they must commit the 
proper time, resources, and financial support for it to be a value-added process. Many benchmarking 
exercises fail because the organization doesn’t prepare for the exercise, often believing it is an ad-hoc 
process that needs little or no structure. This is a serious misconception.  

References 
(1) Bogan, C.E. and English, M.J. Benchmarking for Best Practices.  New York: McGraw Hill, Inc., 
1995, p. 2. 

(2) Camp, R.C. Business Process Benchmarking.  Milwaukee, WI: ASQC Quality Press, 1995, p. 273. 

(3)  Bogan, op. cit., p. 30. 
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BRAINSTORMING 
Brainstorming is an effective tool to use when the root cause(s) of a problem is not clearly known.  This 
tool uses the power of a cross-functional group of people familiar with the entire product and process to 
determine what could be the cause(s) of the problem. 

Instructions 
The general process for conducting a brainstorming session is summarized below: 

Before the brainstorming session, the following actions should occur to ensure that all potential causes are 
identified: 

1. CLEARLY identify the problem. 

2. Select a leader for the brainstorming session. 

3. Select a cross-functional group representing all functional disciplines to ensure that all areas are 
represented. 

4. Schedule the proper amount of time to discuss the issues thoroughly. 

5. Prepare a room that is comfortable and out of the way to minimize distractions. 

6. Prepare a clean surface on an easel or white board to start. 

When the team is assembled and ready to begin the brainstorming session, use the following process: 

1. Restate the problem for the team. 

2. Give each person a chance to suggest a possible root cause to the problem, and either that person 
or a designated scribe writes the idea on a Post-it note and places it on the board. 

3. Start the session at one end of the room and work around -- everyone gets a chance to contribute. 

4. Censorship is not allowed.  Every idea, no matter how bizarre, is written down.  A bizarre 
response may lead to an idea that is viable or plausible. 

5. Continue to go around the room.  If a person does not have any more ideas, he or she may pass.  
Continue until all team members run out of ideas. 

6. The brainstorming session ends when the team runs out of ideas. 

7. The team discusses the brainstormed list of ideas and selects the ideas that the team feels are the 
most likely contributors to the problem.  Those selected ideas are then the candidates for further 
investigation. 
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Example 
Figure 15 below shows the results of a team brainstorming session concerning potential causes for an 
undersize diameter on a shaft.  The numbers 1, 2, and 3 in the boxes show the top three prioritized by the 
group. 

Worn
Tool

Maintenance

Wrong
Tool
Used (2)

Wrong Tool
For Process

Wrong
Feed/Speed

Coolant
Low

Wrong
Setup (3)

Wrong
Gage Used

Gage out of
Calibration (1)

 

Figure 15. Possible Causes 
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CAPABILITY (QUALITY) INDEX 
The capability index (Cpk) is used to define the ability of a process to meet specifications in terms of a 
numerical value.  This value is dimensionless.  It has no unit of measure associated with it; therefore, it 
can be used to measure any process and to compare one process to another.  This is especially helpful 
when trying to compare an existing process with a “new and improved” process.  Perhaps the most 
important use of the capability index is to determine whether a product or process will meet a given 
capability requirement at product launch.  It is a requirement of APQP and PPAP (reference AIAG 
publications Advanced Product Quality Planning and Control Plan, and Production Part Approval 
Process). 

Instructions 
In general, the capability index compares the width of the process distribution to the width of the 
specification limits while taking the centering of the process into account. 

Examples 
A capability index of 1.00 would indicate that one of the control limits (or calculated process limits) is 
exactly equal to one of the specification limits.   
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Figure 16a. Capability Index of 1.00 

 

 

 

 

In this case, the lower control limit and the lower specification 
limit are the same.  If you compare the distance from the 
process average to the nearest specification limit (in this case 
the lower specification limit, LSL) with the distance from the 
process average to the lower control limit (LCL), you see that 
both distances are 3 standard deviations, so C

LCL 
3σ 

UC
pk = 3σ/ 3σ = 1.00.  

There is no “cushion” between the control limits and the 
specification limits, meaning that the process is more vulnerable 
to producing parts out of specification.  A situation like this 
generally warrants 100-percent inspection until the process can 
be improved.  In attempting to improve this process, the first 
step should be adjusting the process average to nominal, if 
possible. +5 +6

  σ σ
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A capability index of 1.33 would indicate that there is a “cushion” or “buffer zone” between the control 
limits and the specification limits.  This buffer zone would be equal to a distance of one standard 
deviation. 
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In this case, the process distribution is closer to the upper 
specification limit, so that is the side that must be used to 
evaluate the process capability.  The distance from the process 
average to the nearest specification limit (upper) is 4σ.  The 
distance from the process average to the corresponding control 
limit is 3σ, so Cpk = 4σ/ 3σ = 1.33.  This process is unlikely to 
produce out of specification parts.  

4σ
 

LCL UCL
 3σ

 

 

Figure 16b. Capability Index of 1.33 

 

A capability index less than 1.00 would indicate that one of the control limits lies beyond one of the 
specification limits. 

 

 USL LSL 
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Figure 16c. Capability Index of <1.00 

In this example, the process distribution is closer to the upper 
specification limit.  Looking at that side, the distance from the 
process average to the nearest specification limit (USL) is 2σ.  
The distance from the process average to the corresponding 
control limit (UCL) is 3σ, so Cpk = 2σ/ 3σ = 0.67.  If this 
process could be adjusted to center, it would have a Cpk value of 
1.33.  Meanwhile, 100 percent inspection is necessary to ensure 
that the product meets specifications. 
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Below is another example of a capability index less than 1.00.  The previous example showed a process 
with a Cpk less than 1.00, but that process could be made capable to a 1.33 Cpk by centering the process on 
nominal.  This example shows a process that is already centered but is still not capable.  The overall 
variation is too wide to meet the specification limits.  

 

  Replaces: N/A  Dated: N/A 
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The process is centered, so either side of the distribution could 
be used for the capability calculations.  The result would be the 
same.  The distance from the process average to either 
specification limit is 2σ.  The distance from the process average 
to either control limit is 3σ, so Cpk = 2σ/ 3σ = 0.67. 

This process will require process improvements, which will 
reduce the overall variation since the process average is already 
set on nominal.

Figure 16d. Capability Index of <1.00 

 

A capability index of 0.00 indicates that the process average is exactly equal to one of the specification 
limits. 
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 In this example, the process average exactly equals the lower 

specification limit, so the distance between the process average 
and the LSL is 0 σ.  The distance between the process average 
and the corresponding control limit is 3σ , so C

 
pk = 

0σ/ 3σ = 0.00.  In this case, adjusting the process average to 
nominal would improve the capability, but further reductions in 
variation would be required to bring the process up to a 
minimum 1.33 C

 

 pk. 

 

 Figure 16e. Capability Index of 0.00 



Effective Problem Solving  
 

 

CQI-10 89 Issue: 1.0  Dated: 4/5/2006 

A capability index less than 0.00 indicates that the process average falls outside one of the specification 
limits          

 
USL
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Figure 16f. Capability Index of <0.00 

 

For further information, see the AIAG publication Statistical Process Control (SPC). 
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In this case, the process average has fallen below the lower 
specification limit.  The distance from the process average to 
the LSL = -1σ.   When the process average falls between the 
spec. limits, the calculations will yield a positive number.  
When the process average falls outside the spec. limits, the 
result will be a negative number.  The distance from the 
process average to the corresponding control limit, LCL, is 
3σ, so Cpk = -1σ/ 3σ = −0.33.  Visually, it can be seen that 
this process would not be capable even if centered. 
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CAUSE-AND-EFFECT DIAGRAM 

The Cause-and-Effect Diagram (also referred to as a Fishbone or Ishikawa diagram) is used to review all 
aspects of the possible causes of a particular effect (or problem).  It should be used by a team of people to 
identify, explore, and graphically display, in detail, all the possible causes related to a problem or 
condition to discover its root cause(s).  It helps to lead a team past the symptoms to the root cause.   

Instructions 
1. Generate the causes needed to build a Cause-and-Effect Diagram by using brainstorming or check 

sheets based on data collected by the team before the meeting. 

2. Construct the Cause-and-Effect Diagram by accurately defining the problem (agreement among 
the team members is necessary here) in a statement in a box on the right-hand side of the diagram.  
Allow yourself plenty of space to record causes.  Use a writing surface large enough to record all 
the various potential causes (flip chart or large whiteboard).  Draw boxes around major cause 
categories (usually Methods, Machinery, Materials, and Manpower or People) or steps in the 
production or service process.  Connect them to the backbone of the fishbone chart.  Record the 
causes derived from the brainstorming process and connect them as a fishbone in the proper 
category.  Prompt additional ideas by asking what in the major category could be causing the 
stated effect.  Use the 5 Whys technique to extend the initially identified causes into sub-causes.  
The sub-cause fishbone is connected to the fishbone of its parent cause.  

3. Interpret or test for root cause(s) by one or both of the following:  

a. Look for causes that appear repeatedly within or across major cause categories.  

b. Use a consensus-determining technique (i.e., voting) to select the most likely potential 
root causes. 

4. Gather data to determine the relative frequency of occurrence of the various selected potential 
causes. 
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Example 
This example was extracted from The Memory Jogger Plus+, First Edition, by Michael Brassard and 
published by GOAL/QPC, copyright 1989. 
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Figure 17. Cause-and-Effect Diagram 
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CAUSE-AND-EFFECT MATRIX 

Introduction 
The Cause-and-Effect Matrix is used to rank the importance of the key process outputs (customer 
requirements) and further understand them as they relate to the process inputs.  This tool is used in 
conjunction with the process flowchart and acts as a simple QFD (Quality Function Deployment) matrix to 
emphasize the importance of understanding the customer requirements.   

Instructions 
1. Identify and list the key customer requirements (outputs from the process flowchart). 

2. Rank the order and assign a priority factor to each output (i.e., on a scale of 1 to 10).  Use input from 
marketing, product development, manufacturing, customer service, or the customer.  

3. Identify and list all process steps and materials (inputs) from the process flowchart. 

4. Evaluate the correlation of each input to each output and complete the chart matrix.  For example, 
using a scale of:  

 0 = no correlation 

 1 = only remote correlation between the process input and process output 

 3 = moderate correlation between input and output 

 9 = strong correlation between input and output 

so that if the correlation factor is low, a large change in the input will have only a small effect on the 
output. 

5. Cross-multiply the correlation factors with the priority factors and sum them for each input. For 
example, Surface Contamination total = Paint Thickness (1) times rank of importance (7) + Surface 
Contamination (3) times Paint Hardness rank (9) ….+ Surface Contamination (0) times Color 
Scheme (10) = 208. 

6. Select the top input variables to start the FMEA process.  Determine how each selected input variable 
can "go wrong" and place that in the Failure Mode column of the FMEA. 
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Example   

Table 10. Cause-and-Effect Matrix 

  Rating of Importance 
Outputs to Customer 

7 9 4 10 8 10 Totals 
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Process Step Process Inputs       

Prime Paint Surface Contamination 1 3 3 9 9 0 208 

Prime Paint Surface Roughness 0 1 3 3 9 0 123 

Prime Paint Air Pressure 9 1 9 9 9 0 270 

Prime Paint Lot Number 1 3 0 3 1 3 102 

Prime Paint Nozzle Type 9 0 3 9 9 0 237 

Prime Paint Primer Age 9 9 9 3 9 0 282 

Prime Paint Ambient Temperature 1 3 9 0 3 0 94 

Prime Paint Relative Humidity 1 9 9 1 9 0 206 

Finish Paint  Surface Contamination 1 9 3 9 9 1 272 

 Total 224 342 192 460 536 40  

 Lower Spec      

 Target      

 Upper Spec      
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CHECKSHEET 

Introduction 
A Checksheet is a document used for recording data. 

Instructions 
1. Decide what data need to be recorded. 

2. Decide when that data will be recorded. 

3. Design and label the form to use. 

4. Each time an observation is made, record the event.  

Example 
Sample Checksheet 

Table 11. Checksheet for the Condition of a Defective Product  

Date Part 
Number 

Defect Description Number of 
Defects 

Repairs Required 
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CONCENTRATION DIAGRAM 

Introduction 
The Concentration Diagram is used as a tool to review the physical location of defects (non-
conformances) on a particular part over time to determine if there are any patterns.  The presence of a 
pattern may lead to possible causes.  

Instructions 
1. Draw a sketch of the component. 

2. On the sketch, record the location and type of all defects for a period of time.  The period of time 
may be by shift, by week, by month, etc., depending on the nature of the process. 

3. Review the sketch for a pattern of defects for information leading to the root cause of the defects.  

Example 
Here is a sketch of a vehicle door where the paint inspector recorded the location of a number of pinholes 
(denoted with letter “P”), blisters (denoted with letter “B”), and non-coverage (denoted with letter “C”) 
over a one-month time period. 

 

Figure 18. Concentration Diagram of a Vehicle Door 

 

  Replaces: N/A  Dated: N/A 
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CONTAINMENT PROCESS 

Introduction 
Containment is initiated at any time by anyone who discovers or identifies a nonconformance that will 
result in customer or consumer dissatisfaction.  The formal Containment Process serves several purposes: 

• Protects the customer from nonconformance 
• Identifies the concern at all possible locations. 
• As a standardized method, ensures that protective actions are adequate for the problem. 
• Ensures that personnel responsible for the containment are qualified. 
• Establishes and maintains communications with the customer. 
• Maintains records.  Ensure that management reviews the data for improvement. 
• Reduces the risk of other, third-party containment actions imposed by the customer due to poor 

containment practice. 

Instructions 
The primary purpose of Containment is to prevent a nonconformance from entering the value stream or 
production process.  
 
1.  Develop an understanding about the severity and scope of the problem through the initial data 
gathering process upon notification of the concern. 
 
2.  Based on the severity of the concern, determine who the team members should be to assist and be 
responsible for the success of the containment action.  The team members should have management 
authority to take the actions necessary required for effective containment. 
 
3.  Clearly define the action to be taken and develop specific instructions for the concern to allow 
implementation of standard work.  Although containment is typically a short-term exercise, standardized 
instructions are vitally important.  Standardization of the containment process reduces the risk that 
variation in the containment method will occur, and this will reduce the risk that the customer will 
experience another nonconformance while the corrective action is in process. 
 
4.  Verify the competency of the personnel responsible for the containment action.  This is critical.  
Testing of the containment method and those responsible for its execution will ensure that the customer is 
protected and the personnel are qualified.  Customer approval of the containment method will give the 
customer confidence that containment is being deployed effectively.   
 
5.  Keep the containment in place until the corrective action has been implemented and verified as 
effective.  Exit from the containment should be coordinated with the customer.   
 
6.  Consolidate the data and include that data in the corrective action.   
 
7.  Add the data to the company’s continuous improvement and management review process. 
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Example     

 

Figure 19.  Containment Process 

  Replaces: N/A  Dated: N/A 
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Figure 19.  Containment Process ( continued) 
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  Table 12.  Example: Worksheet to Capture Containment Data 

DEPARTMENT CONTAINMENT WORKSHEET GQP-004b
REV: 3/13/01

DEPARTMENT: DEPARTMENT CONTAINMENT OWNER: DATE:

PRODUCT NAME / NUMBER:
PRODUCT NONCONFORMANCE:

PRODUCT CONTAINMENT SCOPE
IDENTIFY ALL AREAS WHERE SUSPECT PRODUCT COULD BE LOCATED.

POTENTIAL AREA N/C PRODUCT VERIFICATION
LOCATION QTY. VERIFIED ? FOUND? QTY? RESPONSIBILITY

SEGREGATE SUSPECT PRODUCT TO (location, as feasible):

SORT METHOD (e.g., visual, gage, mating part):

SORT CRITERIA (clear pass / fail standards):

I.D. METHOD CONFORMING (e.g., mark, tag, sign):

I.D. METHOD NONCONFORMING (e.g., mark, tag, sign):

  Replaces: N/A  Dated: N/A 
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CONTROL CHART 

Introduction 
A Control Chart is a graphic representation of a characteristic of a process showing plotted values of some 
statistic gathered from that characteristic, a central line, and one or two control limits.  It has two basic 
uses: as a judgment to determine if a process has been operating in statistical control, and to aid in 
maintaining statistical control.  It also minimizes the net economic loss from Type I and Type II errors.     
A Type I error is rejecting an assumption that is true; for example, taking appropriate action for a special 
cause when the process has not changed.  Type II errors are defined as failing to reject an assumption that 
is false; for example, not taking appropriate action when, in fact, the process is affected by special causes. 

There are numerous types of control charts, the most commonly used being the X bar and R chart that is 
illustrated below in Figure 20. 

Instructions 
___
XTo construct an X bar ( ) and R chart using sub-groups of 5 parts, do the following steps: 

1. Measure a characteristic produced by a process on 5 consecutive parts and record the results. 

1X ); record this value. 2. Add the 5 measurements and divide by 5 to get the first value (

3. Among the 5 measurements, subtract the lowest number from the highest to get the Range for that 
sub-group; record this value (R ). 1

___
XX  value by adding all the4. After recording the results of 100 sub-groups, calculate the values 

and divide by 100. 

5. On graph paper, develop a scale for the vertical axis that consists of about 30% more range than 

the highest and lowest value. Draw a horizontal line across the graph for the 
___

X X  value. Label 
the horizontal axis for the appropriate time or observations.  

6. Plot all the X bar values in the order in which they were measured. 

7. Calculate the mean Range by adding all the range values and divide by the number of sub-groups 
(100 in this example).  Record the R bar ( R ) value. 

X R

  Replaces: N/A  Dated: N/A 

8. Calculate the X-bar upper control limit (UCL) where UCL =  +  (2A ) where A2 = 0.577 for 
a sub-group size of 5. 

X R – A ( ). 9. Calculate the X-bar lower control limit (LCL) where LCL = 2

10. Draw horizontal lines on the graph where the values of the UCL and LCL are represented. 
___

X
11. On graph paper, develop a scale for the vertical axis that consists of about 30% more range than 

the highest and lowest range value. Draw a horizontal line across the graph for the R  value. 
Label the horizontal axis for the appropriate time or observations.  
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12. Plot all the range (R) values in the order in which they were measured on the Range graph. 

R ) where D

  Replaces: N/A  Dated: N/A 

13. Calculate the Range upper control limit (UCLR) for the range where UCLR = D (4 4 = 
2.114 for a sub-group size of 5.  

R ) where D14. Calculate the Range lower control limit (LCLR) for the range where LCL = D (3 3 = 0 
for a sub-group size of 5. 

15. Draw horizontal lines on the Range graph where the values of the Range UCL and LCL are 
represented. 

16. Review the and R charts to determine if the process is “in statistical control” by applying the 
“tests” for values outside the control limits, runs, and stratification.  See the AIAG Statistical 
Process Control publication for a full explanation. 

___

X

Example 
In the following example the manufacturer is polishing a hydraulic cylinder and maintaining an X Bar and 
R control chart.  The process is in statistical control.   
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Figure 20. X Bar/R Chart for Diameter 
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There were 36 total readings of the diameter (Dia.)by the operator.  Using subgroup sizes of 3, there were 
12 plotted points during this period.  Table 5 below shows how the various aspects of this control chart 
were calculated: 

 

Table 13. Control Chart for Diameter 

 

  Replaces: N/A  Dated: N/A 

Dia. (x) R1 = = = = R R RDia. (x) Dia. (x) Dia. (x) 2 3 4

29.5927 4.1939 27.7288 2.0794 31.1539 11.4171 35.5807 6.7763 
32.7094  29.6114  27.8592  32.3565  
28.5155 29.8082 19.7368 28.8044 

1X 2X 3X 4X= = = = 
90.8176 87.1484 96.7416 30.2725 29.0495 26.2500 32.2472 78.7499 
        

= = = = R R R RDia. (x) Dia. (x) Dia. (x) Dia. (x) 5 6 7 8

24.3647 7.3493 30.7317 5.6909 41.1746 9.7559 29.5492 1.9996 
29.4558  25.0408  31.4187  27.8518  
31.7140 30.4596 37.4716 27.5496 

7X5X 6X 8X= = = = 
28.3169 28.5115 28.7440 36.6883 85.5345 86.2321 110.0649 84.9506 

        
= = = = R R R RDia. (x) Dia. (x) Dia. (x) Dia. (x) 9 10 11 12

27.5051 11.5862 26.7737 7.6072 20.1874 12.7373 28.2563 4.4522 
25.6675  30.7338  32.9247  25.9843  
37.2537 34.3809 31.2696 30.4365 

9X 10X 11X 12X= = = = 
30.1421 30.6295 28.1272 28.2257 90.4263 91.8884 84.3817 84.6771 

        

X = sum of all the = 357.20437 divided by 12 = 29.767031 
___

X

R  (Average Range) = sum of the range values (85.6453) divided by 12 = 7.1371083 

A2 = 1.023 for sub groups of 3 

 +  ( (X XR R )=29.767-1.023(7.1371)=22.47 2A ) = 29.767+1.023(7.1371) = 37.07; LCLx = UCLx =  – A2

R R)= 2.574(7.1371)= 18.37;  LCL )= 0(7.1371) = 0 UCLR= D (4 R = D (3
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DECISION MATRIX 

Introduction 
The Decision Matrix is a tool used to help assess the criteria and risks associated with selecting the best 
corrective action when several alternatives are available.  The three processes associated with selecting 
the best alternative are the following: 

1. Identify criteria for GIVENs and WANTs - Applying quantification to experience to select 
corrective action. 

2. Generate alternatives - Applying breakthrough thinking to select corrective actions.  Use 
mistake-proofing techniques to generate simple but effective error-proofing devices. 

3. Risk Analysis - Assessing negative impact of selected alternatives and verifying the choice. 

Decision-making efforts should be documented in the Decision Matrix to compare corrective action 
options.  The Decision Matrix is used most often at the Prevent Recurrence step but can be used any time 
the appropriate information is available.   As an added measure of confidence, the primary decision 
chosen should be verified before implementation by making the failure disappear and reappear by 
“turning off and on” the root cause. 

Instructions 

Using the questions below and the Decision Matrix form, the following information should be gathered 
and entered into the appropriate cell in the table. 

Questions to ask to make a good decision: 

1.  Describe the end result. 

a. What is the real decision you are making? 

b. Look for decisions already made. 

c. Use action words like choose, buy, or select. 

2.  List the criteria. 

a. Use fresh thinking. 

b. GIVENs must be measurable, realistic, and mandatory. 

c. Make sure that you cover all the bases and that your WANTs represent all areas (time, 
money, legalities, people, location). 

3.  Decide relative importance.   

a. Assign numbers (from 1 to 10) of your WANTs to rate their relative importance. 

b. Review the relative importance for balance. 

 

4.  List the choices. 
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a. Look for new and different available alternatives / ways. 

b. Identify all choices that may work. 

5.  Compare your choices against the GIVENs and WANTs. 

a. Make certain each choice satisfies your GIVENs. 

b. Evaluate the choices against each WANT individually. 

c. The best choice gets the highest score using the numbers 1 to 10. 

d. Multiply "how good" a choice is times how important a WANT is.  Add the scores to  
determine which choice has the most merit. 

6.  Analyze the risk. 

a. Look at your best alternative to identify any risks. 

b. Assess the probability of the risk occurring and the seriousness to your decision if it did 
occur. 

c. If your top choice has a lot of risk, look at your next highest choices to identify risks. 

7.  Make the balanced choice. 

a. Select the alternative that provides the results you want and has acceptable risk.   
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Example 
The following is an example of a completed Decision Matrix for the purchase of a house. 

Table 14. Decision Matrix for the Purchase of a House 

Decision to be Made:  Buying a House 
CRITERIA Choices Available 

  A.  Chanticleer Circle   B.  Thomas Drive   C.  Bentley Blvd.   

GIVENS:  INFO  Y/N INFO  Y/N INFO  Y/N 

* At least four 
bedrooms 

 4  Y 4  Y 3  N 

* At least two 
bathrooms 

 2 1/2  Y 2  Y 3  Y 

* Within 25 minutes 
from work 

 16 - 22 Min.  Y 15 - 20 Min.  Y 20 - 25 Min.  Y 

* Under $ 140K  $134,900.00  Y $127,950.00  Y $149,500.00  N 

           
WANTS: How 

Important 
(0-10) 

INFO How 
Good 
(0 to 
10) 

SCORE INFO How 
Good 
(0 to 
10) 

SCORE INFO How 
Good 
(0 to 
10) 

SCORE 

* Family Room 
(Large) 

9 18x22, attractive brick 
fireplace, shelving both 
sides, 396 sq. ft. 

8 72 12x14, small brick 
fireplace, a bit drab, 168 
sq. ft. 

3 27 20x25, Plenty of 
shelving, Huge marble 
fireplace,  500 sq. ft. 

10 90 

* Kitchen (counter 
space & Storage) 

10 Eat-in nook w/bay 
window.  Stove in 
island, nice cabinets. 
Average pantry. 

10 100 Eat-in space. Wood 
grain cabinets. Small 
pantry. Lazy susan 
under counter. 

4 40 Large ceramic tile 
counters.  Separate 
breakfast room. Pantry 
in basement. 

8 80 

* Garage Features 7 2 1/2 car, raised level 
for workbench, 
automatic door opener. 

10 70 2 car, automatic door 
opener, Little room for 
workbench or storage 

6 42 3 car, separate swing-
out doors, support posts 
between car stalls. 

8 56 

* Minimum 
Maintenance 

6 Rough-sawn cedar, 
brick and aluminum, 
driveway black-topped. 

8 48 Brick and aluminum, 
driveway black-topped, 
almost maintenance 
free. 

10 60 Great landscaping, rare 
shrubs.  Frame house, 
painted last year. 

4 24 

* Energy Efficient 
Utilities 

6 Energy-efficient 
furnace, water heater, 
and air conditioner.  
Humidifier. 

10 60 Energy-efficient 
furnace, and water 
heater. 

10 60 Two furnaces, two 
water heaters, 10 years 
old, regular 
maintenance. 

5 30 

* Storage Space 
(bikes, mowers, 
etc.) 

4 Finished shower over 
garage.  Pull-down 
stairs.  Storage 
available. 

8 32 Unfinished space over 
garage. No Pull-down 
stairs.  Storage 
available. 

5 20 Storage in garage.  
Separate shed behind 
garage 15x20.  

10 40 

* School System 7 Good - Public and 
Private.  Small classes 
(21).  No funding 
problems. 

10 70 Good - Public and 
Private.  Had levy 
turned down first try, 
passed on second. 

7 49 Good - Public. Private 
schools weaker. Highly 
paid teachers, high levy 
mils. 

9 63 

* Basement 5 Full basement, 
unfinished, workbench 
installed. 

7 35 Half basement, 
unfinished, shelving  
installed. 

2 10 Full basement, knotty 
pine, ugly carpet, plenty 
of storage. 

10 50 

* Minimum Cost 2 $134,900.00 9 18 $127,950.00 10 20 $145,500.00 8 16 

              
Relative MERIT  

(Total Score) 
    

505 
    

328 
    

449 

Relative THREAT (from Risk 
Analysis if used) 
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DESCRIPTIVE STATISTICS 

Introduction 
Descriptive statistics are used to infer the characteristics of a data population based on a discrete sample.  
Populations can then be compared to understand similarities and differences.   Typical examples of 
descriptive statistics are the computed values of the Measures of Location (Central Tendency) and Measures 
of Variation (Spread or Dispersion) that describe a given data set. 

Instructions 
The measures of location (measures of central tendency) are the following: 
Mean: The mean is the arithmetic average where the sum of all measurements is divided by the total 
number of measurement in the data.  The formula is shown below.  

         

Median: The median is the middle value of an ordered data set. To locate or calculate the median: 

1. Arrange the data set in increasing or decreasing order. 
2. Identify the middle data point. 

Mode: The mode is the value within a data set that occurs most frequently 
With a Normal distribution, the mean, median, and mode are the same value. The symbol x-bar denotes 
the mean of a data set. 
 
The measures of variation are the following: 
Variance:  Variance is a measurement of a data set's deviation about its mean and is used to find the 
standard deviation.  The formulae are shown below. 

 

Figure 21.  Variance Formulas 
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Standard Deviation: A sample standard deviation, s, is a measure of variation about the mean and is 
equal to the square root of the variance.  The formulae are shown below. 

 

Figure 22.  Standard Deviation Formulas 

Range: Range is represented by R in the formula as shown below. 

R = maximum value - minimum value 

In the Normal distribution, the standard deviation is the distance from the mean to the point where the 
slope of the curve changes direction. The symbol s denotes the standard deviation of a data set. 

 

. 
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DESIGN OF EXPERIMENTS (DOE) 

Introduction 
Designed Experimentation can be defined as a method of efficiently and economically deriving the re-
quired information from a product or process with the least possible expenditures of resources.  This is 
accomplished through defining the desired product characteristics, understanding the impact of the 
process parameters, and running tests to study the effects of the process parameters (and their interactions) 
on the product. 

Due to the extensive content of this topic, only general terms and definitions will be discussed.  It is 
recommended that personnel desiring to use this tool be properly trained in the definitions, concepts, and 
applications of Designed Experimentation.   

Instructions 
The typical designed experiment will follow these general steps: 

1.  Clearly define the problem to be solved. 

2.  Collect and analyze all relevant background information. 

3.  Design the experiment (factors, levels, treatments, interactions, etc). 

4.  Plan and execute the experimental plan. 

5.  Analyze the data. 

6.  Interpret the results. 

7.  Prepare the report. 

8.  Implement improvement actions based on the results of the experiment. 
 

The most important step in conducting the designed experiment is the planning phase.  In this phase it is 
imperative to clearly define the problem or situation being studied, the possible factors, and the desired 
responses to the factors.  The solution must be quantified in specific terms.  It is also here that all 
available background information be gathered.  From this, the remainder of the experiment can be 
planned, including defining the factors and their levels, response functions, possible interactions, blocking 
methods, randomization techniques, and data analysis methods. 

Example 
No example is included here due to the complexity and length.  It is necessary that personnel using this 
tool be properly trained in the definitions, concepts, and applications of Designed Experimentation.   

*Reference:  Juran’s Quality Control Handbook, Fourth Edition, Copyright 1988. 
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DESIGN OF EXPERIMENTS 
(FULL FACTORIAL / FRACTIONAL FACTORIAL) 

Description   
Design of Experiments (DOE) is used to provide a structured, statistical approach to test planning and 
execution.  The technique uses a systematic variation of parameters to determine the effect of those 
parameters on the result.  

Purpose 
The purpose of DOE is to study the effect of process and design variables on the performance and 
reliability of products.  

By means of a comparative analysis, we attempt to determine the effects of single / multiple parametric 
variations on the output, which is linked to product performance or reliability 
. 

• Characterization determines the effect of a range of parameters on the output. 

• Modeling uses functions of the input variables to predict output behavior. 

• Optimizing determines the levels of control parameters to generate the best output. 

DOE can be used to explore, confirm, or optimize relationships between influential variables and product 
performance and reliability. 

Benefits  
DOE is generally used to enhance the robustness of product performance and reliability by understanding 
and controlling the variables that most influence those two features.  In some cases, products can be made 
insensitive to uncontrolled variables. 

In many cases there are interactions between variables that influence product performance and reliability.  
DOE is used to understand that interaction. 

DOE is used to simultaneously study the effect of influencing parameters. This is a very efficient manner 
of testing. 

Implementation  
DOE is most effectively used by trained and knowledgeable personnel when cause and effect 
relationships are to be determined.  Rigorous attention to proper selection of design to be used and of 
input variables and their level settings is critical to the success of the technique.  Knowledgeable objective 
setting, i.e., selecting the information on the variable relationships to be defined and their interaction, is 
critical to the success of a DOE exercise.  DOE generally is an efficient approach to testing, but an 
ineffective selection of variables, factor levels, and design can nullify the benefits.   
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For large-scale “screening of input variables,” Neural Network Analysis should be consulted. The benefit 
here is the ability to gather data without impacting manufacturing process throughput. 

There are many DOE types available, each with its particular situational use. Existing types are the 
following: 

• 2**(K-p) standard designs (Box, Hunter & Hunter) 
• 2-level screening designs (Plackett-Burman) 
• 2**(K-p) maximum unconfounded or minimum aberration designs 
• 3**(K-p) and Box-Behnken designs 
• Mixed 2- and 3-level designs 
• Central composite, non-factorial surface designs 
• Latin squares, Greco-Latin squares 
• Taguchi robust design experiments (orthogonal arrays) 
• Mixture designs and triangular surface designs 
• Designs for constrained surfaces and mixtures   
• D- and A-(T-) optimal algorithmic designs. 

Instructions 
1. Define the experimental goal. 

2. Determine the output variable to be measured. 

3. Determine the input variables to be controlled and their level settings. 

4. Determine the uncontrolled variables that may influence the output variable (to be measured). 

5. Determine the input variables that will be held constant. 

6. Select the test approach that will be used. 

7. Determine and justify the resources. 

8. Design the test.  

9. Conduct the test. 

10. Analyze the results. 

11. Confirm the results. 

12.  Formulate the resulting conclusions and implement the appropriate actions. 

Example   
A DOE was conducted on synchronizer material wear for heavy transmissions. 

1.  This DOE was designed to determine what effects lot number, oil type, and oil level might have 
on the axial wear of synchronizer friction material. 

2.  The output variable to be measured is axial wear of the friction material. 
3.  The controlled input variables are lot number (26 & 27), oil type (Supplier 1 and 2), and oil level 

(+15% & -15%). 
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4.  The uncontrolled variable that can influence the outcome of the test is the production process of 
the friction material. 

5.  The constant input variables are sump temperature, pressure, actuation time, and differential 
speed across the synchronizer. 

6.  The test approach used was a three-factor, two-level, full factorial DOE (Table 15a). 
7.  Eight samples per lot are available and entail replications. Replications are used in an attempt to 

reduce the amount of “pure error” (or Total SS residual error) potential in the results of a 
designed experiment analysis of variance (ANOVA).  

8.  When setting up your DOE matrix, be sure to randomize the testing / run order.  Randomization is 
the best way to reduce biased results.   

9.  The test was performed and the axial wear was measured. 
 

Table 15a.  DOE Test Design 
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Table 15b.  Assessment of Experimental Design Suitability: “The Alias Matrix” 

 

 

All one- and two-way interactions are potentially “free and clear.” This means we can assess the effects 
free of confounding. The experimental design is deemed suitable. NOTE: This may not be true if 1) three-
way interactions impede the results or 2) the effect of setting the factor levels (so that the differences in a 
particular factor level are small) impede the analysis discrimination. 

  Table 15c.  Results of the Assessment 
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A graphical means of viewing the results uses the Pareto chart of Effects. All factors and interactions are 
deemed significant (highlighted) at the alpha = .05 level. 

2**(3-0) design; MS Residual=.0000002
DV: Results

2.921985

-4.79647

6.229892

-8.10437

10.08912

13.39702

-16.374

p=.05
Standardized Effect Estimate (Absolute Value)

1by3

(1)Oil Level

1*2*3

1by2

2by3

(2)OilType

(3)Lot#

 

Figure 23.  Pareto Chart of Standardized Effects; Variable: Results 

We now look to optimize and find the values of those critical settings that will do what is desired.  Ford 
example: If the goal is to reduce the axial wear (the smaller, the better), then the following is noted (see 
Figure 24): 

  Replaces: N/A  Dated: N/A 
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  Figure 24.  Parametric Sensitivity 

Interpretation  
Oil level should be set at +15%. 
Oil type should be supplier 1. 
Whatever was distinguishing about lot 27 should be standardized. 

Recommendation 

Set the factors at the derived optimum levels and run a confirmation experiment. 

  Replaces: N/A  Dated: N/A 
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General Comments  
This process is integral to the Phases 2 and 3 Product and Process Design and Development activities.  Its 
success is tightly linked to using the QFD, Product Performance Specification, and FMEAs to drive the 
selection of important variables. 

Process Capability Analysis can benefit from this technique.  This tool can also help determine the causes 
of variation in Phase 5. 

References 
Box, G., Hunter, W., and Hunter, J. Statistics for Experimenters: An Introduction to Design, 
Data Analysis and Model Building. John Wiley & Sons, 1978. 

Montgomery, D. Design and Analysis of Experiments, Third edition. John Wiley & Sons, 1991. 

Roy, R. A Primer on the Taguchi Method. Van Nostrand Reinhold, 1990. 
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DESIGN ERROR-PROOFING / PROCESS MISTAKE-PROOFING 

Introduction 
Error-Proofing and Mistake-Proofing are methods of preventing errors or mistakes from occurring during 
design, manufacturing, and/or assembly. 

Description 
Error-Proofing is a method of designing potential failure modes out of a design so that they cannot occur.  

Mistake-Proofing is a method of developing or modifying a process in order to reduce or eliminate 
operator mistakes and to provide feedback for immediate corrective action. The purpose of Mistake-
Proofing is to prevent mistakes from continuing in the process or from reaching the customer. 

Example 
Error-Proofing:  Design a symmetrical gear so that it may be press fit to a shaft without regard to 
orientation. 

Mistake-Proofing:  Use a mechanical device to prevent a defect coming into an operation (such as a 
profile gate) or by preventing a defect produced at an operation from proceeding to the next station (such 
as a position / orientation sensor).   
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ERROR-PROOFING  

Description  
Error-Proofing, also called Mistake-Proofing or Poka-Yoke, is the practice of designing products or 
processes in a manner that prevents or minimizes the probability of human or mechanical error. It 
prevents defects by detecting and correcting the errors that cause them before they occur. There is 
variable design intervention from passive (checklist) to more robust (keyway).   

The process can be applied under various circumstances:     

 • Design products that cannot be manufactured or assembled incorrectly.  

 • Design the manufacturing process to prevent misassembled parts.  

 • Design software that does not allow entry in incorrect fields.  

Purpose  
During the product and process design and development, attention is given to possible human or 
mechanical error. Designing out these possible errors prevents future defects.   

Benefits   
1.  Reduces mistakes during production and service.   

2.  Improves product reliability and safety.  

Implementation   
When potential sources of nonconforming products are identified, use FMEA, capability studies, and 
service reports to identify opportunities for action. Also, Kaizan and employee empowerment teams can 
be good sources to help identify mistake-proofing opportunities. Technical expertise in the area is needed 
to identify potential errors.  

Instructions   
A hierarchy of approaches can be followed depending on the criticality of the situation:  

 1. Organize the workplace by sorting, straightening, scrubbing, and shining.  

 2. Establish standard procedures.  

 3. Share standards with everyone involved. 

 4. Build standards into the workplace.  
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 5. Warn about possible abnormalities.  

 6. Prevent defects  

 7. Error-proof.  

Examples   
The inertia brake in Figure 25 was designed to be assembled only one way into the Power Take-Off port 
on a heavy duty transmission because its direction of rotation is critical.  It has a cast tang on one of its 
corners that can fit on the adapter plate only one way.  In like manner, the adapter plate has a tang that can 
fit on the transmission only one way.  

 

Figure 25.  Inertia Brake Poka-Yoke 
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Figure 26. Error-Proofing 

General Comments   
Match the design effort to the level of concern for the possible defect. Product safety issues may 
necessitate a complete redesign of the component, while less critical defects (increased nonconforming 
material, for example) may require only careful process control.    

  

References  
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Shingo, Shigeo.  Zero Quality Control: Source Inspection and the Poka-yoke System. Productivity Press, 
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FAILURE MODE AND EFFECTS ANALYSIS 

Introduction 
Failure Mode and Effects Analysis (FMEA) is a disciplined, analytical technique that assesses the 
probability of failure as well as the effect of such failure. The three major types of FMEAs are described 
below: 

1.  Design Failure Mode and Effects Analysis (DFMEA) is a technique used by a design-responsible 
engineer/team that analyzes a product prior to release to production and focuses on potential failure 
modes due to design deficiencies or errors. 

2.  Process Failure Mode and Effects Analysis (PFMEA) is a technique used by a manufacturing-
responsible engineer/team that analyzes a new/revised process and focuses on potential failure modes 
of the output caused by process deficiencies. 

3.  System Failure Mode and Effects Analysis (SFMEA) analyzes systems and subsystems in the early 
concept and design stages and aids in the selection of the optimum system design alternative.   

All types of FMEAs are living documents that need to be reviewed and updated as new failure modes are 
discovered.  

Instructions 
These instructions are for a PFMEA because it is the most common type of FMEA developed.  PFMEAs 
are typically developed with a cross-functional group familiar with the process and the product. 

For each step of the process flow, determine and document the following: 

1.  The description of that step of the process. 

2.  All potential modes (or types) of failure. 

3.  The effects that each of the potential failure modes may have. 

4.  The severity of each of the effects (ranked from 1 to 10 with 10 being the most severe). 

5.  All potential causes for the failure modes. 

6.  The likelihood that each cause may occur (ranked from 1 to 10 with 10 being the most likely). 

7.  The current process controls for each of the potential causes. 

8.  The likelihood that the current process controls will detect the causes (ranked from 1 to 10 with 10   
being the least likely). 

9.  The Risk Priority Number (RPN), which is calculated by multiplying the severity ranking by the 
occurrence ranking by the detection ranking. 

10.  Recommended actions to reduce RPN rankings (the higher the RPN, the greater the risk is for 
producing product that is unacceptable to your customer). 

11.  Responsibilities and completion dates for the recommended actions to be taken. 
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12.  The actual actions taken versus the recommended actions. 

13.  Re-ranking of severity, occurrence, and detection based on the actions taken. 

14.  Re-computing the Risk Priority Number. 

The example below will clarify these instructions. 

Example 
The example covers only one step of a process and only one potential failure mode for that process step.  
It illustrates that there may be numerous potential causes and recommended actions for each potential 
failure.  Likewise, there may be numerous potential failure modes for each process step.  This example 
has been extracted from the DaimlerChrysler, Ford Motor Company, and General Motors Corporation 
publication Potential Failure Mode and Effects Analysis – FMEA.  

Table 16. Process Failure Mode and Effects Analysis 

Item: Front Door L.H./H8HX-000-A Process Responsibility: Body Engr/Assembly Ops FMEA Number: 1450 
Model Year(s)/Vehicle(s): 1999/Lion 4dr/Wagon Key Date: 01 Mar 99  Page 1 of 1 
Core Team: A.Tate-Body Engr, J. Smith-OC, R. James-Production, J.Jones-Maintenance          Prepared by: J. Ford – X6521 – Assy Ops 

      FMEA Date (Orig.) 17 May 99 (Rev.) 06 Nov 99 
   

Action Results Process 
Function 
Requirements  

Potential 
Failure 
Mode 

Potential 
Effect(s) / of 

Failure 

S 
e 
v 

C 
l 
a 
s 
s 

Potential 
Cause(s) / 

Mechanism(s
) 

of Failure 

O
c 
c 
u 
r 

Current 
Process  
Controls 

D 
e 
t 
e 
c 

R. 
P. 
N. 

Recommended 
Action(s) 

Resp. & Target 
Completion 

Date 
Actions 
Taken 

S 
e 
v 

O
c 
c 

D
e 
t 

R. 
P. 
N. 

Add positive 
depth stop to 
sprayer 

Mfg Engr 
15 Oct 99 

Stop added, 
sprayer 
checked on 
line 

7 2 5 70 7  Manually 
inserted spray 
head not 
inserted far 
enough 

8 Visual 
check 
each hour 
to film 
thickness 
(depth 
meter) and 
coverage 

5 28
0 

Automate 
spraying 

Mfg Engr 
15 Dec 99 

Rejected 
due to 
complexity 
of different 
doors on 
same line 

    

7  Spray heads 
clogged: 1) 
Viscosity too 
high   2) 
Temperature 
too low; 3) 
Pressure too 
low 

5 Test spray 
pattern at 
start-up 
and after 
idle 
periods, 
and PM 
program 
to clean 
heads  

3 10
5 

Use Design 
of 
Experiments 
on viscosity 
vs. 
temperature 
vs. pressure 

Mfg Engr 
01 Oct 99 

Temp and 
pressure 
limits were 
determined 
and limit 
controls 
have been 
installed-
control 
charts show 
processes in 
control 
Cpk=1.85 

7 1 3 21 

Manual 
application of 
wax inside 
door 

Insufficient 
wax 
coverage 
over 
specified 
surface 

Deteriorated life 
of door leading 
to: 1) 
Unsatisfactory 
appearance due 
to rust through 
paint over time; 
2) impaired 
function of 
interior door 
handle. 

7  Spray head 
deformed due 
to impact 

2 PM 
program 
to 
maintain 
head 

2 28 None       

For further information on the creation and maintenance of FMEAs, refer to the publication Potential 
Failure Mode and Effects Analysis – FMEA.  
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FAULT TREE ANALYSIS  

Description  
Fault Tree Analysis (FTA) is a logical, structured process of analyzing potential causes of system failures 
[hazards], not identifying hazards.  FTA starts with a significant event (at the top), identifies associated 
intermediate causes (middle), and finally shows the root causes (at the bottom).  Probabilities can be 
associated with each underlying event in the tree structure and combined probabilistically to provide a 
way to calculate the probability of the top event occurring. 

Purpose  
FTA is used during Reliability and Safety assessments to graphically represent the logical interaction and 
probabilities of occurrence of component failures and other system events on the top-level event under 
study. 

Benefits   
1. Identifies potential system reliability, safety, and service diagnostic issues during the engineering 

development through post-launch phases, leading to preventive solutions. 

2. Improves understanding of the system and identifies components that may need more rigorous 
testing or quality assurance procedures applied to them. 

Implementation 
If the investigator has not used this tool before in conjunction with some practical experience, he/she will 
need some training and experience in order to use this technique properly. Knowledge of Boolean algebra 
and/or logic gates will be helpful.  Also needed is the ability to facilitate technical experts of the systems 
and components being studied. 

Instructions 
The techniques used are applicable to all kinds of systems. The following are ground rules used in fault 
tree analysis: 

1. The undesirable events (failures) that are to be analyzed or mitigated and their causes must be 
foreseen. 

2. Each of these undesirable system events must be analyzed individually. 
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Examples 
Consider the compressed air system shown in Figure 27.  In this system, the compressor runs as long as 
the relay providing power to the motor is closed.  The controller opens the relay when it receives a signal 
from the pressure transducer indicating that a preset pressure has been reached.  The relief valve is a 
safety device and opens if a maximum safe pressure is exceeded. 

Control
Unit

Power
Supply

Compressor

Tank

Transducer

Relay

Relief Valve

Control
Unit

Power
Supply

Compressor

Tank

Transducer

Relay

Relief Valve

 

Figure 27.  Simple Compressed Air System 

 

One of the key concerns with this system is the risk of catastrophic failure of the pressure tank.  
Therefore, a fault tree was constructed of this system, using tank rupture as the “top event” or beginning 
of the tree.  The completed tree is shown in Figure 28, next. 
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Figure 28.  Fault Tree for a Compressed Air System 

General Comments  
The FTA has many strengths, the first and foremost being that the procedures are well defined and focus 
on failures.  The top-down approach requires analysis to be complete at each level before proceeding to 
the next level.  FTA cannot guarantee that all failure modes will be identified, but because of its 
systematic approach, the likelihood of a more complete understanding of the failure modes is increased. 

The FTA can handle complex systems by providing a graphical representation of the problem. This 
representation helps to identify and understand the inter-relationships between the sub-systems and 
component. Many standardized computer analytical packages exist to make the process much faster and 
easier.  Additionally, FTA provides both qualitative and quantitative (probabilistic) information.  As 
mentioned above, probabilities may be assigned to each sub-event and calculated to determine the overall 
probability for the top event. 
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The use of probabilities to define the numerical probability of an event occurring has one major 
limitation: “tweaking the numbers” to produce a precise numerical statement of probability of occurrence, 
especially if the probabilities of an event are poorly known or to which broad confidence limits have been 
assigned. This approach can be time consuming and expensive. 

FTA’s greatest advantage is that the method identifies minimum sets of contributing factors, which, as 
they occur, will lead to the undesirable event under study.  Common causes and human factors can also be 
discovered by this method.  

References 
Briscoe, G.J. Risk Management Guide. EG&G, Inc., SSDC. June 1977. 

Bullock, M.G. Change Control and Analysis. EG&G Idaho, Inc. SSDC-21. March 1981. 

Department of Defense, Military Standard 882C. “System Safety Program Requirements.” January 1993. 

Hammer, W. Handbook of System and Product Safety.  Englewood Cliffs, NJ:  Prentice Hall, 1972. 

Hammer, Willie. Occupational Safety Management and Engineering. Englewood Cliffs, NJ: Prentice-
Hall, 1981. 

Stephans, Richard A. et al. System Safety Analysis Handbook. First Edition.  [City? Publisher? Year?] 

Vesely, W.E., et al. Fault Tree Handbook: NUREG-0492. U.S. Government Printing Office, January 
1981. 
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FLOWCHARTING 

Introduction 
When most people think of Flowcharting, they imagine a computer programmer drawing a flowchart of 
the logic path through an algorithm.  In essence, this is where the concept of flowcharting originated. A 
flowchart is a clear graphic representation of a process and / or related activities from beginning to end.  It 
allows identification of the actual flow or sequence of events in a process that any product or service 
follows.  Because flowcharts use standard symbols, they communicate a clear understanding of a process. 

Instructions 
1. Decide what level of detail the flowchart is to represent.  This will depend on the purpose for 

constructing the flowchart. On a higher-level flowchart, several tasks that make up an activity will be 
shown as one activity.  On a lower-level flowchart, each task will be shown separately.  

2. List the activities in the process. 

3. Draw the flowchart using basic, standard symbols.  Standard symbols include these: 
 

A circle with either a letter or a number identifies a break in the flowchart and is continued elsewhere on 
the same page or another page. 
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1 

Rectangles are activity symbols and contain a brief description of the activity. 

 

 

 

 

Diamonds show a decision point in the process. The path taken depends on the answer to the question that 
appears within the diamond.  Each path is labeled to correspond to an answer to the question.  
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Arrows illustrate the direction or flow from one activity to the next. The flow lines represent a process 
path that connects process elements such as activities, decisions, etc. The arrowhead on a flow line 
indicates the direction of process flow. 

 

 

The document symbol represents a document pertinent to the process. 

 

 

 

 

The oval symbol identifies the beginning or end of the process according to the word within the oval.  
“Start: or “Begin” is often used to designate the starting point of the process flow. “Stop” or “End” is used 
to designate the end of the process flow. 
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Example 

Figure 29 below is a simplistic flowchart for a receiving inspection process. 

Begin

End

Conduct receiving inspection per 
documented procedures

Is material acceptable?

Complete 
nonconformance 

report

 Receive material at 
dock

Deliver material to 
inventory

Deliver material to 
reject hold area

Deliver material to 
inventory

  Is receiving inspection 
needed?

No

Yes

No

Yes

Figure 29.  Flowchart for a Receiving Inspection Process 
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GANTT CHART  

Introduction 
The Gantt Chart is a tool used for controlling the timetable for the completion of a task.  It is a graphic 
representation of the planned start and completion times/dates for individual segments of the task that, 
when all are completed, accomplish the main task. 

Instructions 
 

1. Break the task to be accomplished into smaller, individual steps.  These steps may represent 
portions of the task that will be completed by different individuals/groups if this is a team effort. 

 
2. Define the steps and the responsible party for each step.   

 
3. List them down the vertical column on the left side. 

 
4. Start the horizontal with the initial start date and end it with the planned completion date for the 

project.  Divide it into increments that are logical for the length of time covered (days, weeks, 
months, etc.). 

 
5. Place a bar beside each step that covers the time from the start to the end of that step. 

 
6. If there are checkpoints (review meetings, etc.) in the process, list them as steps.   

 
 

Example 
At company XYZ a new procedure needs to be developed, approved, and distributed to the corporation 
worldwide.  Bill Jones and John Smith have been assigned this project and have broken it into the 
following steps: (1) John will hold meetings with all the user groups to obtain the information needed to 
write the procedure; (2) Bill will take this information and write a draft; (3) John will take the draft back 
to the user groups for critique; (4) Bill will make revisions and then (5) obtain approvals of the 
appropriate managers, and (6) together they will distribute the new procedure throughout the corporation.  
A Gantt chart of this process could look like the one in Figure 30 below. 
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Meet with user grps for 
input.   John Smith

Write 1st draft of 
procedure. Bill Jones

Draft out for review by 
users.   John Smith

Revise per user groups.  
Bill Jones

Obtain Manager's 
approval.  Bill Jones

Jan 99  Feb  Mar   Apr  May  Jun   Jul  Aug  Sep  Oct  Nov  Dec 

Distribute world wide.  
Bill Jones/ John Smith

 

Figure 30. Gantt Chart for Developing a New Process 

Commercial software packages are available for developing Gantt charts.  
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HISTOGRAM 

Introduction 
A Histogram is a graphical representation of the frequency display of data points in the form of a bar 
chart.  The frequency of occurrence of individual data values is shown by the height of the bars.  
Histograms are a simple way to visualize a data set’s variation, central values, and distributional shape for 
large sets of data.  However, a single histogram will not allow the analysis of the process for time-to-time 
consistency.  

Instructions 
1. Set up the histogram with the ‘Y’ axis as the frequency of occurrence and the ‘X’ axis as data 

cells.  This simplifies the presentation and study of the distribution for large amounts of data. 
 

2. Determine the number of cells to use that adequately represents the data distribution. 
 

3. Determine the size of the cells by subtracting the smallest observation from the largest and 
dividing by the number of cells.  You may need to adjust the number of cells, depending on the 
appearance of the histogram. 

 
4. List the cell boundaries on the ‘X’ axis.  The boundaries should be one more decimal place than 

the data and they should end in a 5. 
 

5. Tally each observation into the appropriate cell. 
 

6. List the total frequency for each cell. 

Example 
Suppose your company makes a shaft, and measurements of the outside diameter for 50 shafts have been 
recorded.  The following data would become a histogram as shown below in Table 17. 
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Table 17.  Histogram of Shaft Measurements 

1.) 0.632 10.) 0.632 19.) 0.635 28.) 0.632 37.) 0.635 46.) 0.635   

2.) 0.634 11.) 0.634 20.) 0.631 29.) 0.633 38.) 0.637 47.) 0.637  

3.) 0.631 12.) 0.635 21.) 0.636 30.) 0.634 39.) 0.635 48.) 0.635  

4.) 0.635 13.) 0.638 22.) 0.635 31.) 0.636 40.) 0.633 49.) 0.633  

5.) 0.633 14.) 0.636 23.) 0.634 32.) 0.637 41.) 0.632 50.) 0.636  

6.) 0.633 15.) 0.637 24.) 0.635 33.) 0.635 42.) 0.633  

7.) 0.634 16.) 0.634 25.) 0.635 34.) 0.633 43.) 0.634  

8.) 0.631 17.) 0.638 26.) 0.636 35.) 0.634 44.) 0.634  

9.) 0.634 18.) 0.636 27.) 0.634 36.) 0.635 45.) 0.633 

 

 

 SHAFT O. D. - P/N 12345 

0.6315 0.6325 0.6335 0.6345 0.6355 0.6365 0.6375 0.6385
0
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D iam eter (Inches)

Frequency

 

Figure 31.  Bar Chart Resultng from a Histogram 

More information on histograms can be found in Juran’s Quality Handbook, Fifth Edition. 
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HYPOTHESIS TESTING 

Introduction 
Hypothesis testing is a statistical tool that can be used to plan and analyze comparative experiments that 
are frequently performed in industry to evaluate product or process improvements.  Depending on the 
situation, tests of hypotheses can identify significant improvements in variability or the mean of a process.  
One-sample tests compare the process mean or the process variability to a goal or a standard value while 
two-sample tests might compare an existing process to a new or a proposed process.  (The test is used to 
compare means while the Chi-squared and the F tests are used to evaluate variability improvements.)  
Evaluating data by gut feel can be misleading and may result in decision-making errors. 

The purpose of statistical hypothesis testing is to provide a tool that can be used not only in the planning 
of an experiment but also in establishing guidelines for the data analysis and decision-making prior to the 
experiment.  Statistical hypothesis testing is a discipline that ensures the objective analysis and evaluation 
of experimental data.  Since the decision is based on a sample of data taken from a population, errors can 
occur in the evaluation of the data.   One objective of hypothesis testing is to reduce decision-making 
errors to whatever level the experimenter feels is appropriate. 

This tool is very technical in nature and users should have an adequate knowledge of statistics. 

Instructions 
Steps for setting up a test of an hypothesis: 

1. State two alternative decisions/hypotheses: Ho (Null Hypothesis: what is thought to be true) 
 Ha (Alternative Hypothesis) 

2. Define the acceptable risk (probability) for selecting the wrong alternative: 
    Alpha - Probability of rejecting Ho, when Ha is true. 

3. Determine the sample size based on the cost/availability of resources. 

4. Calculate the test statistic and make a decision (reject either Ho or Ha). 
    Note: For a conclusive decision, Ho must be rejected. 

Example 
To view examples of hypothesis tests, refer to a statistical handbook (e.g., Juran’s Quality Handbook, 
Fifth Edition, or Statistics for Experimenters by G. Box, W.G. Hunter, and J.S. Hunter). 

For further information see Practical Experiment Designs for Engineers and Scientists by William J. 
Diamond.  John Wiley & Sons Inc. 1989.  
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IS / IS NOT (STRATIFICATION ANALYSIS) 

Introduction   
Is / Is Not, or Stratification Analysis, is a process that distinguishes those aspects associated with a 
problem from those that might be, but are not.   Is /Is Not provides these benefits: 
 

 Standardization – Everyone reaches a common understanding of the problem.  

 Communication – Accommodates diversity among team members.  

 Action Plan – Getting information becomes action plan activities. 

Instructions 
1. Begin with the problem statement. 
 
2. Direct Is/Is Not questions to  

a. What? 
b. Where? 
c. When? 
d. How big? 
 

3. Focus on FACTs, not Opinions. 

 

Table 18.  Questions to Ask for IS / IS NOT Comparisons 

Questions to Ask for Is/Is Not Comparisons (What) 

IS IS NOT 

What is the object you are having a problem with? What object could be having the problem, but is 
not? 

What is the problem concern? What could be the problem concern, but is not? 
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Questions to Ask for Is/Is Not Comparisons (Where) 

IS IS NOT 

Where is

  Replaces: N/A  Dated: N/A 

 the concern on the object?  Be specific in 
terms of inside to outside, side to side, end to end, 
one object to another, front to back (concentration 
diagram). 

Where is the problem not seen? Does the problem 
cover the entire object? 

Where is the first observation (geographically 
and/or in the process)?   

Where else (geographically and/or in the process) 
is the observation not seen? 

Questions to Ask for Is/Is Not Comparisons (When) 

IS IS NOT 

When is

 

Questions to Ask for Is/Is Not Comparisons (How Big) 

IS IS NOT 

What is the trend? Has it leveled off? Has it gone 
away? Or is it getting worse? 

What other trends could have been observed, but 
were not? 

How many objects have the defect? How many objects could have had the defect, but 
do not have it? 

How many defects do you see in terms of dollars, 
people, time, or other resources? 

How many defects per objects could there be, but 
are not? 

What percent is the defect in relation to the total? How big could the defect be, but is not? 

 

 the initial problem being reported (time)? 
Be as specific as you can about the day, shift, and 
time. 

When in time could it have been first observed, 
but was not? 

From problem onset, is the condition recurring? 
Be specific about minutes, hours, days, weeks. 
Can you identify and plot any trends or patterns? 

What other times could you have observed the 
defect, but did not? 
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Example  

Table 19.  IS / IS NOT Analysis 

Last Updated:

Is Is Not Get Information
WHAT

What Object?

What Deviation?

WHERE
Where Seen on Object?

Where Seen Geographically?

WHEN
First Seen?

When Else Seen?

When in Process (Life Cycle)?

HOW BIG
# Objects Affected

# of Problems

Size of Problem

Problem Statement:

Problem Description
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LESSONS LEARNED DATABASE 

Description   
Lessons Learned may be identified by anyone.  Most activities within an organization result in preventing 
future problems or improving performance.  These activities provide Lessons Learned.     A Lessons 
Learned Database establishes a process for capturing information that will support continuous 
improvement to all operations/processes. 

Purpose 
All documentation that will support continuous improvement should be entered into a Lessons Learned 
Database.  This provides the framework of a disciplined approach to problem prevention using Lessons 
Learned. 
 
Lessons Learned should be documented. Documentation may include: 

• Lessons Learned form 
• APQP checklist  
• PFMEA   
• Computer form or Web site, etc. 

 
Lessons Learned must be communicated and kept available to all current and potential users. 
Communication can be accomplished by the following means: 

• posting the Lessons Learned form  
• including the information on a Lessons Learned Web site  
• using a company newspaper or closed circuit TV 
• distributing pocket cards, etc. 
 

Leaders should review the Lessons Learned process to ensure that it is implemented. 

Benefits 
 
1. Prevents repetitive mistakes and reduces waste of resources. 

2. Transfers knowledge to all stakeholders in an organization. 

3. Provides a history of activities. 
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LINEAR REGRESSION ANALYSIS 

Introduction 
In diagnostic work, the search for cause leads to determining the direct relationship between the suspected 
causes and the effect.  Linear regression is a correlation measure of the strength of the relationship or 
association between two variables.  This means that some result varies with, and because of, the variation 
in some independent variable.  If the independent variable is changed deliberately, then the result will be 
caused to change.  (The result is called the dependent variable.)  

Here are examples of relationships: 

 Surface finish and abrasive particle size 

 Tool life and cutting speed 

 Tensile strength and material hardness 

 Casting porosity and melt temperature 

 Weight of pieces in a container and the number of pieces (weigh counting) 

 Absenteeism and overtime hours 

Description Data for such relationships are in pairs of numbers: a value for the independent variable “X”, 
and a corresponding value for the dependent variable “Y”.  On a graph, a single point can represent each 
pair of numbers.  

Perfect Relationship: If variable Y always changes in the same proportion to changes in variable X, a 
perfect or linear relationship exists.  If a series of points for this relationship was plotted for a range of 
very minute changes in X, the points would be so close together as to form a solid line.  This is shown on 
graph (A) in Figure 32.  In such a relationship, it is possible to predict with absolute certainty what Y will 
be when X is fixed at any level.  When X is increased, Y always increases.  When X decreases, so  does 
Y.  

Imperfect Relationship: If variable Y tends to change in relation to variable X but is affected by other 
operating variables as well, an imprecise relationship exists.  The points would not fall along a line but 
would be scattered as shown on graph (B).    In such relationships it is possible to estimate what Y will be 
when X is fixed at any level but not possible to predict it exactly.  Sometimes relationships work in 
opposite directions.  Instead of Y increasing with X, it decreases as X increases. Graph (C) illustrates this.  
When the influence of X upon Y is quite small or nonexistent, then obviously there is no relationship.  
Graphically the points would be scattered in a circular pattern as shown on graph (D). 
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Examples 

 

Figure 32.  Relationship Between X and Y 
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Regression Line: As shown in Figure 33, a centralized line is drawn through the points so that both its 
location and its slope show the effect of X upon Y.  The line thus fitted has a name: it is called the 
regression line, or line of best fit.  In approximating the relationship between X and Y, often the 
regression line can be hand drawn through the points “by eye” so that approximately one-half of the 
points are on each side of the line.  For the exact method of computing the regression line, use the formula 
illustrated in most statistical textbooks. 
 

 

 

 

 

 

 

 

 

 

 

 

Figure 33.  Regression Line and Residual Variation 

 

The examples above were extracted from “Statistical Applications – Diagnostic Tools, Unit 8,” 
Caterpillar Training Institute. 
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MEASUREMENT SYSTEM ANALYSIS  

Description  
A Measurement System Analysis (MSA) determines the variation of the measurement system in 
proportion to the variation of the process and/or the allowable tolerance.  It is the process by which a 
measurement system is analyzed to assess whether the quality of that system is fit for use.  

Purpose 
A Measurement System Analysis is done to indicate whether the measurement system is capable of 
measuring changes and improvements in process variation and/or whether it is suitable to determine 
process capability with respect to the tolerance band. It can be used to detect what may be causing 
measurement variation. Sources of variation may be people, parts, or the measurement system itself. 

Benefits 
1. A successful MSA promotes confidence in the measurement system and equipment being used. 
2. A well-done MSA readily highlights deficiencies and areas causing deficiencies, which can be 

resolved to improve the measurement system. 
3. Systems introducing an unacceptable amount of variation can be identified, improved, or replaced, 

thus improving the quality of the data. Higher quality data provide a truer picture and, ultimately, a 
better understanding of the process. 

Implementation  
The DaimlerChrysler, Ford Motor Company, and General Motors Corporation’s Measurement System 
Analysis Reference Manual should be consulted before starting an MSA.  The Manual has valuable 
information on the technical approach and terminology associated with the MSA. 

Selecting the proper Repeatability and Reproducibility (R&R) experimental design is crucial to a 
successful MSA. R&R is an important component of an MSA.  It involves using different operators and 
different samples.  It measures ratio of the variation of the measurement system to the variation in the 
process.  An R&R value less than 10 percent is considered to be an acceptable measurement system. 
Values between 10 percent and 30 percent may be acceptable based on the importance of the application, 
cost of the measurement device, cost of repair, etc. A value greater than 30 percent indicates an 
unacceptable measurement system. Every effort should be made to improve the measurement system for 
this case since the goal in all cases is to accurately measure changes in process variation. 

Precision to Tolerance Ratio is another valuable output of an MSA.  It measures the ratio of the variation 
of the measurement system to the allowable tolerance.  The ranges of acceptance and rejection are the 
same as defined above. The goal is to measure process capability. 
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Properties required in all measurement systems: 

1. The process or system being measured must be in statistical control. Otherwise, the concept of 
measurement system analysis is meaningless. Variation in the measurement system must be due to 
common causes only and not due to special causes. 

2. The variability of the measurement system must be small compared with the manufacturing process 
variability if the intention is to accurately measure process variability. 

3. The variability of the measurement system must be small compared with the specification limits if the 
intention is to measure process capability. 

4. The increments of measure must be small relative to the smaller of either the process variability or the 
specification limits, depending on what the intention is. 

5. The common rule of thumb is for the increments of measure to be no greater than 1/10th of the 
smaller of either the process variability or the specification limits, depending on whether the process 
variability or capability is being measured, respectively. 

6. The statistical properties of the measurement system may change as the items being measured vary. If 
so, then the largest variation of the measurement system must be small relative to the smaller of the 
process variation or the specification limits, depending on the intention. 

• Analysis Types 

 Continuous 

 Range Method 

 Variance Estimate 

 Percent Tolerance 

 Average and Range Method 

 Analysis of Variance (ANOVA) 

 Analysis of Variance (ANOVA) Percent Tolerance 

• Attribute 

 Crosstab Method 

 Signal Detection Approach  
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 Instructions 

1. Define the process to be measured. 

2. Develop the Cause-and-Effect Matrix. 

3. Define the measurement. 

4. Define the measurement system. 

5. Choose the specific parts. 

6. Select the appraisers. 

7. Determine the test matrix. 

8. Collect data according to the test matrix. 

9. Perform statistical analysis of the data, determining repeatability and reproducibility and 
precision-to-tolerance ratio. 

10. Take corrective action as required. 

Example  
A certain piece of equipment in an engineering lab was studied to assess fitness for use. The tolerance on 
the feature that is to be measured is 0.00 to .900. A Six Sigma level is to be used to assess gage capability 
as a percent of total tolerance or precision to tolerance ratio. The analysis included three operators, three 
parts, and two trials. Measurements were taken and the following was observed using the ANOVA 
method, percent tolerance. 
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The measurement matrix and measurements taken are shown below: 

Table 20a.  Test Design and Results 

 

 

The results are these: 

Table 20b.  Measurement System Analysis 

 

Combined precision to tolerance was measured to be 8.64 percent of the tolerance band. (Less than 10 
percent implies that the measurement system is good.)  Part variation accounts for 7.07 percent of part 
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tolerance. Equipment variation accounts for 6.85 percent of part tolerance, and operator-part interaction 
accounts for 5.27 percent of part tolerance.  

While the measurement system can determine part acceptability to the tolerance, it cannot be used to 
assess improvements in the process itself because measurement variation is a significant portion of the 
part variation. 

The Box Plot and Operator-by-Part plots are shown below. They are just some of the plots that can be 
used to graphically assess sources of variation. 

Conclusion: Based on the results of this MSA, the equipment and operators are deemed more than capable 
of measuring the required part feature. Therefore, we have a satisfactory measurement system. 
 

 
 

Figure 34.  Box Plot 
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Figure 35.  Operator Response Plots 

General Comments 
A good MSA is absolutely necessary to Phase 4 and 5 activities as the product and process are developed 
and produced.  The quality of the evaluation and improvement process is defined by the quality of the 
measuring equipment. For confirming the integrity of product features measured as part of a control plan 
requirement or by management directive, the MSA is crucial for validating the measurement system used.  
All product development and processing measurement equipment must have a well-documented MSA 
performed. 

References 

DaimlerChrysler, Ford Motor Company, General Motors Corporation.  Measurement Systems Analysis 
(MSA) Reference Manual, Third Edition, Second Printing. May 2003. 
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MULTI-VARI ANALYSIS 

Description  
Multi-Vari Analysis is a graphical tool used in problem solving to identify sources of variance. 

Purpose 
Multi-Vari is used to identify the largest sources of measurement variation.  It is a particularly useful 
diagnostic technique when you are trying to understand the major cause of manufacturing variation. 

Benefits 
Multi-Vari displays patterns of change in measurement.  It helps focus problem-solving efforts on items 
with the most significant effect by highlighting groups of measurements with the widest measurement 
variation. 

Implementation  
To gain maximum benefit from Multi-Vari, you must first understand the possible causes of variation.      
A carefully planned strategy of grouping sets of measurements is the first step.  Start with the smallest 
possible family and work to the largest. 

For example, families for measuring variation in diameter on a valve shaft might be these: 

1. Measurement to measurement same diameter – Is the measurement system itself bad? 

2. Diameter to diameter same end – Is the part oval? 

3. End to end same valve – Does the part have taper? 

4. Valve to valve same time – Are there parallel paths, material or station variance, etc.? 

5. Time to time – Are there tool wear or machine setup differences? 

The samples measured should be taken in order of production and not randomly.  Typically, samples 
within a family are taken consecutively.  At least three samples per family and three families should be 
measured, and measurement results should encompass at least 80 percent of the full range of variance 
experienced.  The family with the largest range of variance contains the suspected root cause. 
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Instructions 
1.  While you are selecting parts, take notes and make observations of the process. 

2.  Because Multi-Vari is a clue-generating tool, only record elements of the process; do not change them.   

An understanding of process elements that correlate to the Multi-Vari results will be valuable later in 
confirming the root cause through designed experiments where process elements can be systematically 
changed.   

Example  
The chart in Figure 36 below illustrates Multi-Vari for a valve diameter problem. 

The chart shows measurement values for three valve samples (#1, #2, #3) that were taken from production 
at five times during the day (7:00am, 9:00am, 11:00am, 11:30am, and 1:30pm).  Measurements of the 
maximum [1] and minimum [2] diameter were recorded for both ends of the valve (C= cut end, F=Free 
end).  

In this example, the largest family of variance is clearly time-to-time.  Measurements trend from 7:00am 
through 11:00am and then shift at 11:30am.  Notes taken during the study showed that suspects are a 
temperature increase during operation and a refill of the coolant reservoir at 7:00am start-up and again 
after break at 11:30. 

 

 

 

 

 

 

 

 

 

 

 

Figure 36.  Multi-Vari Plot for a Valve Diameter Problem 
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General Comments 
The Multi-Vari practitioners must ensure that they are using an effective measurement system previously 
verified by an Isoplot® or Gage R&R. 

References 
De Mast, Jeroen; Roes, Kit C.B.; and Does, Ronald J.M.M.   The Multi-Vari Chart: A Systematic 
Approach.  

Perez-Wilson, Mario.   Multi-Vari Chart & Analysis: A Pre-experimentation Technique.  
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PARETO ANALYSIS 

Introduction 
Pareto Analysis shows the frequency of occurrence of items and arranges them from the most frequent to 
the least frequent.  It can be used to: 

1. Prioritize problem-solving efforts and focus resources where they are most needed. 

2. Separate the most frequently occurring causes of a problem (the ‘vital few’) from the less 
frequently occurring ones (‘trivial many’). 

3. Measure the impact of an improvement by comparing before and after results. 

When giving presentations, Pareto charts are a visually effective means of displaying the relative 
importance of causes, problems, or other conditions. 

Instructions    

Assemble the data to be analyzed.  It is sometimes helpful to design a checksheet to collect and organize 
the information. 

1. Add up the total number of occurrences in each data category. 

2. List the data categories in order of frequency of occurrence, starting with the most frequent. 

3. Calculate the total number of all occurrences and the percentage that each data category represents of 
that total.  Beside each data category, calculate and record the cumulative total and cumulative 
percentage. 

4. Draw a bar chart: 

 Use the y-axis (vertical) to show the frequency of occurrence. 

 Arrange the data categories from left to right on the x-axis (horizontal) with the most 
frequent occurrence on the left and descending frequencies as you proceed to the right. 

 If there are many data categories, group those containing the least number of occurrences 
into an “Other” or “Miscellaneous” category placed on the far right. 

 Above each data category draw a bar to a height that matches its frequency on the y-axis.  
The bars should all be the same width and should not have gaps between them. 

 Label each of the bars with its data category below the horizontal axis. 

 Draw a right vertical scale labeled with percentages from zero to 100.  

 Place a dot above the second bar indicating the cumulative percentage for the first and 
second bars. 

 Place a dot above the third bar indicating the cumulative percentage for the first, second, 
and third bars.  

 Continue the process for all the bars. 
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 Connect the dots starting at the top of the first bar.  The last dot should reach 100% on the 
right vertical scale.  

 Label the chart with a title and any other necessary information (the date it was drawn, 
the source of the data, etc.).  

5. Analyze the chart against its intended purpose. 

 Notes:    

 When comparing before and after Pareto charts, if the improvements made are effective, 
either the order of the bars will change and/or the “curve” will be much flatter. 

 Sometimes it is helpful to do more than one Pareto analysis.   For example, the type of 
error occurring most frequently may have the least impact on cost.  In this case it would 
be appropriate to do a second Pareto analysis based on cost impact of the various types of 
errors. 

Example 
In Figure 37 is an example of the number of defects found in various operations of a process: 

 

 

Figure 37.  Pareto Chart 

  Replaces: N/A  Dated: N/A 
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PAYNTER CHART 

Introduction 
The Paynter Chart is a long-term validation tool that displays the history of a problem.  It is used to 
monitor and track multiple problems and occurrences of failure and validate the impact of containment 
and corrective actions over an extended period of time. 

The information on the Paynter chart is obtained most often from Pareto analysis and has the following 
functions: 

1. Shows emerging and declining problems. 

2. Shows the visual timeframe of containment and corrective actions. 

3. Relates actions taken to occurrence of nonconformances or unacceptable results. 

4. Validates corrective actions over time. 

Instructions 
Creating a Paynter chart and monitoring corrective actions is a four-step process.  To describe these steps, 
the household expense example below will be the reference. 

1. List the problem factors along the left vertical axis.  These factors usually match those listed on 
the Pareto.  Five household expense factors are listed on the example below. 

2. Make at least twelve columns for months (or any unit of time) along the top row.  Ideally, to get a 
complete look at the history of a problem, the chart should show at least six months past and four 
months into the future.  "Totals" listed for rows and columns make the chart easier to use. 

3. Record the data.  Enter the information available, or when it becomes available, in the appropriate 
rows/columns.  In the example, the amount spent is placed in the appropriate month column. 

4. The most important step is to document each action taken on the chart.  It is impossible to 
monitor the effect of a corrective action if the action taken is not designated when implemented. 
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Example 
Table 21 below records household expenses from month to month to validate whether a budget action 
worked the way it was intended. 

Table 21. Paynter Chart Showing Household Expenses 

 Housing Expenses 
(Problem Factors) 

Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec Total

  ^ *            
1 Gas (Utility) 125 100 65 30 20 15 15 15 35 45 55 75 595 
               

2 Electricity 20 20 20 20 25 30 50 55 35 20 20 25 340 
       ^        
3 Telephone 25 25 25 25 30 100 30 30 25 25 25 30 395 
               

4 Water 20 15 20 20 25 30 30 30 20 15 20 20 265 
      *         

5 Yard Maintenance ~ ~ ~ 100 100 75 ~ ~ ~ ~ ~ ~ 275 

 Total 190 160 130 195 200 250 125 130 115 105 120 150 1870

 Legend             

 
~ = No activity    ^ = Containment Action    * = Permanent Action 

      

              

 ^ , Gas (Utility) - Jan., Turn down Thermostat      

 * , Gas (Utility) - Feb., Automatic dial-down control installed    

 * , Yard Maintenance - May, Lawn Service cancelled and lawn mower repair completed at home. 

 ^ , Telephone - June,  Restrict daytime and long distance phone calls.  
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P-DIAGRAM / PARAMETER DESIGN 

Description   
P-Diagrams are a means of reducing complex systems to understandable elements in order to capture 
potential internal and external influences on system, subsystem, assembly, or component functionality.   

Parameter Design is a technique based on Design of Experiment that provides a low-cost way of 
achieving product robustness (i.e., making the product insensitive to the effect of noise). 

Purpose  
Parameter diagrams are used to diagnose issues where functionality is degraded or not acceptable.  Output 
prompts efforts to improve robustness. 

Benefits   
1. Assists in developing a logical approach to reliability analysis. 

2. Defines the scope of the analysis to be performed. 

3. Defines ownership of system elements, interfaces, and control factors. 

4. Enhances understanding of complex systems and the functional interfaces. 

5. In conjunction with Functional Block Diagrams, prompts a more thorough analysis to be 
conducted in FMEA. 

6. Highlights key issues requiring testing in an effort to verify the potential likelihood of 
malfunction. 

7. Highlights interfaces and functional interdependencies where further definition and analysis may 
be required. 

Implementation  
This tool is complementary to the FMEA and Functional Block Diagrams. Where Functional Blocks 
convey graphically the interdependency of element interfaces, Parameter Diagrams force exploration to a 
more detailed level, e.g., looking at variation of the parametric interfaces of the elements.   It focuses on 
those noises and control factors that have potential negative impact on the input and output to the system 
element as well as the error states (failure modes) caused by them. This stimulates thinking about what the 
designer can do to react in optimization efforts for system robustness and provides a more detailed 
direction for the FMEA process, hence test plan (an output of the FMEA process). 
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Instructions  
1. Define the component to be analyzed. Determine boundaries and level of complexity for the 

component.  

2. Define the inputs and anticipated functional relationships for the outputs required. 

3. Define the physical control factors of the item or component.  What component design parameters 
does the designer control?  What things can he/she change? 

4. Define the “noise factors” that may influence the item or component functionality. 

5. Determine the potential effect on the item or component functionality in terms of potential “error 
states.” 
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Example 
The following example focuses on an automotive brake system. The item under study is the friction 
material to be used for the caliper or drum brake application. 

The questions we are attempting to answer here are What can be controlled (Control Factors)?  What 
external influences (Noise Factors) degrade the output? How is degradation manifested to the customer / 
end user (Error States)? Careful scrutiny of the influences would lead to further analysis and optimization 
efforts (DOE, etc.). 

 

  Replaces: N/A  Dated: N/A 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 38.  P-Diagram of an Automotive Brake System   



Effective Problem Solving  
 

 

CQI-10 157 Issue: 1.0  Dated: 4/5/2006 
  Replaces: N/A  Dated: N/A 

 

General Comments  
This process can be used effectively in Phases 1 through 3.  The tool is used in conjunction with 
Functional Block Diagrams and FMEAs to generate effective test plans. 

References 
Ford Motor Company.  FAO Reliability Guide (PD Useful Life Reliability Commitment, Fourth Edition. 
Ford Automotive Operations – Quality, 1998. 
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PRE-CONTROL CHART 

Description   
A Pre-Control Chart is a simple, quick, and easy-to-use technique that ensures adequate CONTROL of 
the root cause identified. 

The Pre-Control Chart can be used to determine whether a process has changed and if corrective action is 
required.  It does so by sampling two units of process output against color-coded Zones based on the  
process’ Tolerance.    

Pre-Control can be used for one- or two-sided processes 

The use of Pre-Control will ensure that the process Mean is centered on target. 
 

Pre-Control Considerations 
A Pre-Control Chart 

• Is not useful for identifying assignable causes of variation.  

• Ensures that the process is continually centered within the tolerance zone. 

• Reduces the number of samples collected and the mathematical calculations required compared to 
SPC. 

• Provides a quick and effective tool to control the process. 
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Example   

Pre-Control Chart for a Two-Sided Process 

 

High 
Tolerance 

Limit  

 

Bilateral Tolerance

Full Tolerance

1/21/4 1/4

Low 
Tolerance 

Limit 

P-C 
Line  

P-C 
Line 

Figure 39a.  Pre-Control Chart for a Two-Sided Process 

• Green Zone for a Two-Sided Process 

 The center 50 percent of the Tolerance is approximately a three-sigma-wide band, centered 
on the process Mean and extending 1.5 sigma above and below. Process output in the Green 
Zone is considered acceptable and the process may continue to run. 

• Yellow Zone for a Two-Sided Process 

 A pair of bands, extending from m+1.5s to m+3.0s and m-1.5s to m-3.0s. Process output in 
the Yellow Zone may permit the process to continue or may require process adjustment or 
stoppage. 

• Red Zone for a Two-Sided Process  

 A pair of open-ended bands extending beyond the process Tolerance approximately at the 
m+3.0s point and below the m-3.0s point. Process output in the Red Zone is cause for 
immediate process stoppage and investigation. 

  Replaces: N/A  Dated: N/A 
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Pre-Control Chart for a One-Sided Process 

 

 0  1/2 0 1/2 
Full Tolerance 

1/2 1/2 
Full Tolerance 

Figure 39b.  Pre-Control for a One-Sided Process 

• Green Zone for a One-Sided Process  

 A band extending from the first 50 percent of the Tolerance. 

• Yellow Zone for a One-Sided Process 

 A band extending over the second 50 percent of the Tolerance. 

• Red Zone for a One-Sided Process  

 An open-ended band extending beyond the Tolerance Limit. 

 

 

  Replaces: N/A  Dated: N/A 
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PROCESS CONTROL PLAN AND PROCESS CONTROL PLAN 
(INTERIM) IN CORRECTIVE ACTIONS 

Introduction  
A Process Control Plan is the medium through which quality requirements are communicated to the 
people responsible for doing the work.  The process control plan should be fully developed at the time of 
product launch and should reflect the process in its normal state.  A process control plan (interim) is a 
modified process control plan used when short-term containment is required in problem solving efforts.  
Generally, this involves increasing the inspection frequency when a characteristic has already been 
identified as a control item.  When a characteristic has not already been identified as a control item, it is 
added to the interim control plan as an additional check.   

The interim control plan remains in effect until all corrective actions have been implemented and proven 
to be effective.  At that time, the original process control plan is revised to reflect any permanent changes.     

Instructions 
For each step in the process flow, document the following items: 

1. Process Operation Name 

2. Machine/Die Information 

3. Product/Process Characteristics 

4. Special Characteristic Identifier 

5. Specification/Tolerance 

6. Evaluation/Measurement Technique 

7. Inspection Sample Size/Frequency* 

8. Control Method 

9. Reaction Plan 

*When determining the inspection sample size/frequencies, consider special characteristics, risk 
priority numbers (RPN) from PFMEAs, historical quality data, and items identified in short-term 
containment plans. 

 Example 
Due to space constraints and insufficient readability, a sample Control Plan is not included.  For more 
information on and specific examples of control plan development, see the DaimlerChrysler, Ford Motor 
Company and General Motors Corp. publication Advanced Product Quality Planning and Control Plan. 
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PROCESS FLOW CHART / MAP 

Description  
A Process Flow Chart / Map is a graphical means to reduce complex processes into bite-sized and 
understandable elements to perform analysis (PFMEA (Process Failure Modes & Effects Analysis), 
Simulation, and Continuous Improvement).      

Purpose 
A process flow chart provides an overall map of the activities to be accomplished and their interfacial 
dependencies (internal / external) for a given product that is or will be produced in a manufacturing 
process. 

Benefits 
1. Assists in developing a logical approach to analysis. 

2. Defines the scope of analysis to be performed. 

3. Defines ownership (functional responsibility) of process elements and interfaces. 

4. Enhances understanding of complex processes and the functional interfaces, station to station. 

5. Highlights interfaces / functional interdependencies (station to station) where further definition / 
analysis may be required (i.e., bottleneck reduction, error / mistake-proofing). For the example 
provided below (linear system flow), a great deal of effort must be put into the system design to 
reduce bottlenecks AND to error-proof / mistake-proof. 

Implementation  
Most effective process flowcharting is done when experts on the process being mapped are teamed 
with those experienced in flowcharting.  Those involved deeply in the process being mapped may 
take for granted the input, output, and interface details that the mapping expert will require. 

Instructions 
1. Embed environmental and regulatory requirements. 
2. Identify team developers / external ownership of elements. 
3. Determine boundaries and level of complexity for the process to be analyzed. 
4. Partition / allocate the stations / steps into logical substations / assemblies / process steps. 
5. Display physical steps, relationships of the various elements of the process, ownership, and type of 

interfaces relating to them. 
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Example 1: Lab Test Request Process Map 
 

Situation:   
1. Define the existing Lab Test Request process flow.  
2. Define the potential errors that can be introduced at each step.  
3. Prioritize issues.  
4. Over time, work to resolve potential deficiencies by means of Error-Proofing/Mistake-Proofing or 

Procedural implementation within the context of the Continuous Improvement Process. 
 
 

START
Customer Needs

defined

Sales Project
requirements

defined

Product
Engineering
Department

Project Engineer
-Write the Lab
Test Request
-Order Parts

Schedule DV/PV
plan for testing

Assigned to
Technician for Pre-

functional work
completion

Supervisor
reviewCustomer

review &
acceptance

Tag and
store
parts

Test Engineering
Department

Lab Test
Request issued

-Assigned to Functional /
Durability Test Department

AND / OR
-Assigned to Materials /

Metrology Lab

Work Completed

Lab post
function work :

Teardown
inspection

Review results
with :

-Lab supervisor
-Test

Engineering
department

-Project
engineer

Results
acceptable?

YES

Lab Test
Request
Accepted

and closed

 Perform
Root Cause

Analysis
NO

Process / Product
Related?

PRODUCT RELATED

Correct
Process

deficiency
PROCESS RELATED

Retest
Product

Lab Functional
Test Department

 

Figure 40.  Lab Test Request Map 

  Replaces: N/A  Dated: N/A 
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Example 2: Receiving Inspection Process Flow  
 
Situation:  
The following example is self-explanatory.  
 
1. Using the Material Routing specification sheet, develop the process flow for the following process up 

to the first internal machining station (S101).  
2.  Reference the Legend of the process flow and the description of the Materials Routing for description 

of the activities undertaken.  Note that both the routing and the process flow will be used as inputs for 
developing a Process FMEA. 

   

Table 22.  Materials Routing and Operation Description 

 
 

 

 

 

  Replaces: N/A  Dated: N/A 
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PROCESS FLOW THROUGH S101 (Station 1 Operation 1). 

 
Figure 41. Process Flow through S101 (Station 1, Operation 1) 

General Comments 
This tool is most applicable starting in Phase 3 Process Design & Development and in all later phases. 
Attention is needed once the manufacturing process is validated and matures since we must ensure that 
the process does not degrade the inherent reliability of the product design. From a process standpoint, we 
must ensure yield levels, scrap reduction efforts, and maintaining the integrity of critical features. 
Understanding and improving the process design can significantly enhance product reliability. 

References 
APQP Manual, Third Edition. 
FMEA Manual , Third Edition. 
PPAP Manual, Third Edition.  
SAE J1739 (Rev JUN2000).  Potential Failure Mode and Effects Analysis in Design, Manufacturing, 
Assembly and Machinery. 
VDA. Manual 4.0.  System FMEA.

  Replaces: N/A  Dated: N/A 
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QUALITY FUNCTION DEPLOYMENT (QFD) 

Description  
Qualify Function Deployment (QFD) is a systematic tool for translating customer requirements into 
appropriate company requirements at each phase from concept to engineering development to 
manufacturing to sales and distribution.   

Purpose  
The purpose of a QFD is to drive the voice of the customer throughout a company (from concept to 
disposal) using a series of four phases. The QFD tool should be used in the Concept phase of process 
development and then carried into Design, Manufacturing, and Production.  See Figure 42 below:  

 

Figure 42.  Quality Function Deployment 

  Replaces: N/A  Dated: N/A 
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Benefits  
1. Promotes fewer and earlier design changes. 

2. Reduces cycle time in product development. 

3. Reduces the number of downstream problems. 

4. Reduces production start-up costs and warranty costs. 

5. Increases customer satisfaction. 

Implementation  
• Requires months of effort (Time). 

• End results difficult to measure until the product reaches the customer. 

• Could be difficult to collect the true voice of the customer. 

• Important to set priorities and keep the QFD process to a minimum number of projects. 

• The value of the QFD output is only as good as the effort put into the process. 

• Facilitation skills are required on the team. 
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Example 

Process Flow  

 

Figure 43.  Process Flow 

  Replaces: N/A  Dated: N/A 
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House of Quality 
Each of the Phases mentioned above will have a “House of Quality.”   Figure 44a below shows an 
overview of the elements in the “House of Quality.” 

 

Figure 44a. House of Quality 

  Replaces: N/A  Dated: N/A 
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Example 
 Shown below is an example of a QFD for a cooling system. 
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Weight

F Strong Symbol 9

G Weak Symbol 1

H Medium Symbol 3

I Higher The Better 0

J Lower The Better 0

K nominal best 0

R Strong Negative -1

S Negative Symbol -3

V Strong Symbol 9

W Positive Symbol 3

X Erase Symbol 0

 

Figure 44b. House of Quality for a Cooling System 
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General Comments 
The QFD process can also include the following elements: 

• Focus Groups 

• Critical Parameter Management 

• Idea-Portfolio Management 

References 
American Supplier Institute Workshop.  Quality Function Deployment for Product.   
http://www.amsup.com/qfd/2.htm

Cohen, Lou. “Quality Function Deployment: How to Make QFD Work for You.” American Supplier 
Institute, July 1995. 
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READ ACROSS / REPLICATE PROCESS 

Introduction 
Reading Across, or Replicating, the results of a problem solving effort is the last, but very important, step 
in the EPS process.  Replication simply means that all the results of a problem solving effort are 
replicated to benefit other products and parts of the organization.  In this way, everyone can benefit from 
the efforts of one problem solving team.  Effective replication accelerates an organization’s ability to 
reduce the total number of problems in the future. 

Replication of the results of problem solving should be executed in five basic areas: 

1. Containment 
2. Occurrence 
3. Detection 
4. Planning 
5. Key Findings 

Replication can also be made as broad as the organization desires.  Levels of replication include, but are 
not limited to, the following: 

• Same product line, different versions 
• Different products with similar failure mode possibilities 
• Different products with the same processes 
• Products that are in development 
• Other areas of a given facility 
• Other facilities 

Instructions 
The primary purpose of Reading Across/Replication is to drive the lessons learned and actions of one 
problem solving effort across to all other products and areas of an organization where applicable. 

The first step is developing an understanding of where and how the problem that has been worked could 
occur somewhere else in the organization.  Other products, processes, and facilities should be considered.  
This consideration should not be limited to products and processes that are the same.  Rather, 
consideration should be expanded to include products and processes that have similar features, failure 
modes, etc. 

As the levels of replication are identified, follow these steps: 

1. Containment: Implement containment on the other applicable products and processes for the 
problem originally experienced.  This step is very important as it can prevent the issue (or one very 
similar) from reaching your customers again before it can be addressed by replicating the corrective 
actions. 

2.  Occurrence Corrective Action(s): Based on the occurrence root cause findings and the action taken 
for the original problem, implement similar actions on all applicable products and processes.  Make 
sure that the other products and processes will not cause the problem again. 
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3.  Detection Corrective Action(s): Based on the detection root cause findings and the action taken for 
the original problem, implement similar actions on all applicable product and processes.  Make sure 
that your quality system will not allow the problem to escape to your customer again. 

4.  Planning Corrective Action(s): Based on the planning root cause findings and the action taken for 
the original problem, implement similar actions on all applicable product and processes.  Make sure 
that your organization does not fail to account for this problem on both products that are in 
production and products that are under development. 

5.  Key Findings: Make sure that any other higher-level process discoveries made during the original 
problem solving effort are evaluated when applied to similar products and processes.  If the original 
effort identified the overall APQP process as a weakness for their facility, is it also an issue for the 
other facilities belonging to the company?  

It is very important that each level for replication must be assigned to a corporate-level person who will 
be responsible for completing the replication.  Members of the original problem solving team may not 
have the authority needed to carry out the replications to all needed levels. 

Example 
Read Across or Replication is best implemented and tracked when all applicable opportunities for 
replication are documented.  Figure 45 below is an example of how this step in the EPS process can be 
captured on one page. 
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Figure 45.  Read Across / Replication Worksheet 
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RUN CHART / TREND CHART 

Introduction 
A Run Chart is a simple graphic representation of a characteristic of a process.  It shows plotted values of 
data gathered from the process and a central line.  A run is defined as a consecutive number of points 
consistently increasing or decreasing above or below the central line.  A Run Chart can determine if 
process improvement or deterioration is occurring and also may indicate randomness of the data.  

A Trend Chart combines the information on a Run Chart with a calculated "best fit" line (sometimes 
called a trend line) to track the magnitude of change in a characteristic (whether it is improving, 
remaining stable, or deteriorating over time).  The term "trend," therefore, indicates directional change.  
Trend Charts may be used to track ongoing performance and are especially useful in indicating whether or 
not problem-solving efforts are effective.  

Instructions (Run Chart)  
2. Create a Run Chart by plotting observations on the vertical axis versus time on the horizontal axis.  

The observations may be in subgroups of one or more and, if more than one, the subgroup median or 
mean may be plotted.   

2.   Plot the central line on the vertical axis by calculating: 

• the mean of all observations, or 

• the average of the subgroup means, or 

• the average of the subgroup medians, depending on the subgroup plotting method selected. 

Example  

The number of deliveries per month, quarterly sales, inventory turns per year, and plant rejections (ppm) 
per month are all examples of where this tool may be used.  In Table 23 below, monthly sales volume in 
dollars is plotted for a two-year period.  

Table 23. Data Table for a Run Chart or Trend Chart 
MONTH 1996 SALES 1997 SALES 

Jan $94 $117 
Feb $99 $115 
Mar $98 $118 
Apr $92 $120 
May $106 $118 
Jun $116 $124 
Jul $113 $123 

Aug $108 $122 
Sep $109 $120 
Oct $112 $120 
Nov $111 $124 
Dec $115 $130 
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Figure 46. Run Chart 
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Figure 47. Trend Chart 

Instructions (Trend Chart) 
Figure 47 is an example of a typical Trend Chart.  The function of this chart is to monitor sales volume on 
a monthly basis.  Areas of interest to note on this chart may be the spikes in April and June of 1996. 

Trend Line 
The calculated "best fit" or trend line is used to analyze problems of prediction.  Such analysis is also 
called regression analysis.  By using regression analysis, a trend line can be extended in both directions 
beyond the actual data to show a trend.  

Threshold Line 
The same chart can include a "threshold line" to indicate a level determined as a benchmark or as an upper 
or lower limit not to be exceeded. 
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SCATTER DIAGRAM 

Description   
The Scatter Diagram (also called the Scatter Plot) provides a picture of the relationship between two 
variables in a process. The shape of the plot gives the clue as to what, if any, relationship exists. The 
more regular the distribution of points (e.g., clustered along a straight line or curve rather than randomly 
scattered), the more likely it is that a relationship exists between the factors. However, a scatter plot 
alone does not prove that a relationship exists, and this should be borne in mind to prevent jumping to 
premature and invalid conclusions. If a scatter plot seems to indicate that a relationship exists, further 
analysis should be done to confirm that a relationship really does exist.  

Benefits 
A ‘Y’ variable, for example, may be found only by using an expensive (or destructive) test, but finding the 
‘X’ variable requires only a simple (or nondestructive) test. If they are correlated, the ‘X’ variable could be 
measured instead.    

Instructions 
1.  Collect a large number of paired sample data that you assume to be related. 

2.  Plot the data with the dependent variable on the y-axis and the independent variable along the x-axis. 

3.  Interpret the data for possible correlation. This tool looks for relationships, not cause and effect. 

 

 Figure 48.  Scatter Plot 

  Replaces: N/A  Dated: N/A 
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STATISTICAL PROCESS CONTROL (SPC) 

Description  
Statistical Process Control (SPC) is the application of statistical methods to the measurement and analysis 
of variation in any process.  A process is a set of interrelated resources and activities that transform inputs 
into outputs.  Usually SPC is graphically represented by a control chart. 

Purpose             
The purpose of Statistical Process Control (SPC) is to use statistical techniques to control and monitor 
processes.  The goals are:  

• To achieve a state of statistical control in which the variations among the observed sampling 
results can be attributed to a system of chance (common) causes that does not appear to change 
with time. 

• To detect special (assignable) causes of variation in a process. 

Benefits  
1.  Reduces process variation. 

2.  Produces a process in statistical control that : 

• operates with less variability than a process with special causes. 

• provides direction for continuous improvement.  

• makes it possible to predict the behavior of the process.  

3.  Identifies special causes so that they can be investigated. 

4.  Achieves improvement in quality.5.  Achieves improvement in business measurements. 

Implementation 
The statistical control chart is a graphic comparison of process performance data to computed “statistical 
control limits,“ drawn as limit lines on the chart.  The prime objective of a control chart is detecting 
special (assignable) causes of variation in a process. 

The control chart was developed by Dr. Walter A. Shewhart of Bell Laboratories in 1924. 

A process that is operating without special causes of variation is said to be “in a state of statistical 
control.“  
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Types of control charts: 

• Variable 

 (X-bar and R) 

 Individual (moving range) 

• Attribute (number of nonconforming) 

• Cumulative Sum (CUSUM) 

• Short Run  

Instructions 
Creating a Control Chart: 

1. Choose the quality characteristic to be charted. 

2. Choose the type of control chart. 

3. Choose the centerline of the chart and the basis for calculating the control limits.  

• The limits are usually +/- 3 standard deviations. 

4. Choose the rational subgroup or sample. 

5. Provide a system for collecting the data.  

6. Calculate the control limits. 

Interpreting a Control Chart: 

Data from a controlled process should have the following characteristics when plotted on a 
control chart: 

1. Most of the plotted points occur near the centerline. 

2. A few of the points occur near the control limits. 

3. Only an occasional rare point occurs beyond the limits. 

4. The plotted points occur in a random manner with no clustering, trending, or other 
departure from a random distribution. 
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Examples 

Table 24.  X – R Control Chart Data Sheet 

  Replaces: N/A  Dated: N/A 
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Figure 49.  X – R Control Chart 
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STATISTICAL TOLERANCING 

Description  
Statistical Tolerancing uses probability and statistics in the design and specification of tolerances to 
analyze components and assemblies and optimize manufacturing cost and functionality.  Statistical 
Tolerancing (also know as: Tolerance Analysis, Dimensional Variation Analysis, Variation Simulation, 
Limit Stack Analysis, or Statistical Stack-up) is a core aspect of Design Engineering.  It is used for 
products that are manufactured using controlled processes (i.e., Statistical Process Control; SPC) where 
the total tolerance is actually less than the sum of the individual tolerances due to compound statistical 
probability. Statistical Tolerancing allows Design Engineers to enlarge print tolerances in many cases 
(reducing manufacturing costs) and to identify only the critical tolerances that require tighter control. 

Purpose  
The purpose of Statistical Tolerancing is to achieve robust design while also arriving at a “thoughtful 
allocation of economic tolerances.”  The process is best used early in the Design/Development process 
when it is still possible to change nominal geometry and therefore de-sensitize the design to tolerance 
variations.  The Statistical Tolerancing methods are revisited in final preparations for production release 
and also used for making later product changes for cost improvements or correcting reliability issues.    

Benefits  
1. Achieves robust design with managed low risk of failure and resulting low warranty cost. 

2. Achieves thoughtful allocation of economic tolerances for reduced manufacturing cost. 

3. Allows the design engineer greater flexibility in achieving design targets. 

4. Focuses Quality efforts on only the necessary, critical tolerances. 

5. Enables improved, data-based concurrent engineering and communication among Design, 
Development, Manufacturing, Purchasing, Suppliers, and Quality. 

Implementation  
Statistical Tolerancing methods require dedicated processes, tools, training, and infrastructure in order to 
be successfully implemented and sustained.  Many companies have discovered that purchasing 
specialized software tools and training alone does not always result in successful implementation.  
Internal processes must be institutionalized within the company to encourage and enforce Statistical 
Tolerancing as a core design engineering tool set.         
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Instructions  
1. Define the dimensional objective or critical functional relationship to analyze. 

2. Identify all components affecting the desired functional relationship.  

3. Create a sketch of objective and relevant components in a dimensional loop.  

4. Identify relevant dimensions, tolerances, and datums in the dimensional loop. 

5. Calculate the nominal output and statistical variation using statistical methods. 

6. Verify methods, assumptions, and results for validity and accuracy.  

Note:  The details in step 5 are beyond the scope of this document.  See references below and review 
industry software offerings for tools that best match your company’s technical needs and business 
processes.   

Example  
The illustration below (Figure 50) is an example wherein the critical functional relationship being 
analyzed is the gap “G” and the components being optimized using the Statistical Tolerancing process are 
items A through F.  The statistical analysis and tolerancing process relates the inputs (tolerances) to the 
output (gap) and presents the predicted statistical distribution for the gap.  An additional output is the 
tolerance sensitivity or percent contribution each tolerance has on the total variation, which is used to 
achieve the most thoughtful and economic allocation of tolerances within the design. 

 

Figure 50.  Tolerances Affecting Gap (G) 

  Replaces: N/A  Dated: N/A 
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Figure 51.  Predicted Gap Distribution 

General Comments 
Statistical Tolerancing should be used in Phases 2 through 4 of the Product and Process Development 
Process.  The practice of Statistical Tolerancing ensures that the capabilities of the manufacturing 
processes that control product reliability are well understood and are properly influencing the design 
decisions that will affect product success.   It is critical that statistical tolerancing be applied to features 
that are significant characteristics. 
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SUPPLIER INPUT PROCESS OUTPUT CUSTOMER (SIPOC) 

Introduction 
The SIPOC is a simple high-level overview of the process boundaries, customers, suppliers, and 
requirements that surround the problem being solved.  If used early in the problem solving effort, it helps to: 

• Clearly identify the process boundaries of the issue under study and resolve team conflicts. 
• Ensure that the champion has span of control over the entire process. 
• Ensure that the scope captures the issue. 
• Identify key team members as the customers and suppliers are identified. 
• Identify requirements and where to gather them. 
• Identify requirements that are not measurable or are not being currently measured. 

Instructions 
1. Identify the process and its boundaries.  

2. Identify the outputs. 

3. Identify the customers for each output. 

4. List the requirements for each output. 

5. Identify the inputs 

6. Identify the supplier of each input. 

7. List the requirements for each input. 

     Table 25a.  SIPOC Overview 
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Example   

Table 25b.  Example:  SIPOC Overview: Making Coffee 

Process Name: Making Coffee
Process Owner: Your Team Leader

Suppliers Inputs Outputs
(Providers of the 
required resources)

(Resources required 
by the process)

(Deliverables from the 
process)

Requirements Requirements

Good quality coffee Strength: Dark Coffee Drinker

Temp: Hot

Coffee Service 
Provider

Coffee

Water

Coffee Maker

Filter

Operational
readiness < 10 min

Operational
readiness < 5 min

Type: Columbian

Temp: Cold from tap

Standard coffee 
maker
Standard filters

Quantity: 12 oz

Process Customers
(Top level description of the activity) (Stakeholders who place the requirements on 

the outputs)

All 
Material 
available

Brew the coffee

Pour into 
cup and 

drink 

Process Name: Making Coffee
Process Owner: Your Team Leader

Suppliers Inputs Outputs
(Providers of the 
required resources)

(Resources required 
by the process)

(Deliverables from the 
process)

Requirements Requirements

Good quality coffee Strength: Dark Coffee Drinker

Temp: Hot

Coffee Service 
Provider

Coffee

Water

Coffee Maker

Filter

Operational
readiness < 10 min
Operational
readiness < 10 min

Operational
readiness < 5 min

Type: Columbian

Temp: Cold from tap

Standard coffee 
maker
Standard filters

Quantity: 12 oz

Process Customers
(Top level description of the activity) (Stakeholders who place the requirements on 

the outputs)

All 
Material 
available

Brew the coffee

Pour into 
cup and 

drink 
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TAGUCHI - ROBUST DESIGN   

Description  
Robust Design is the process of making a product or process insensitive to the effects of variability 
without actually removing the sources of variability. The design is capable of meeting the critical 
functional responses even in the presence of sources of variation (noises). This is achieved by finding an 
optimum collection of parameter set points that minimize response to the various noises and then shifting 
the mean response onto the target expected by the customer. Robust design applies to system, subsystem, 
and component design levels.   

Purpose   
The robust design process is conducted during product design through product and process validation.       
It improves reliability of the product by making the final design more tolerant to variation in actual use 
conditions, unit-to-unit variations, and deterioration. Optimal tolerances are achieved, which reduces 
overall product cost.    

Benefits   
1. Consistent approach to reduce product variation to noise factors.  

2. Reduced variation in the desired product functionality (consistent output). 

3. Improved product reliability and cost.  

Implementation   
The robust design process is extremely detail oriented and requires many of the statistical tools given in 
this document.   

Instructions   
1. Identify the ideal function.  

2. Identify the key noise factors.  

3. Specify the key functional responses.  

4. Select the control factors and levels.  

5. Select the orthogonal array (DOE).  
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 6. Conduct experiments and collect data.  

 7. Analyze the data.  Calculate S/N (signal to noise) ratio for each run and select optimum design.    

 8. Conduct the verification experiment (optimum vs. initial).    

9. Adjust mean to target.  

10. Implement changes.     

Example   
 1. Identify the ideal function.  It should be in the form of energy function in order to use dynamic 

function for best results         

       

Figure 52.  Ideal Function vs. Reality 

  

 2. Identify the key noise factors.  These are items that cannot be controlled, i.e.,environmental 
conditions or items that are too expensive to control, such as the purity level of a component.  We 
can then decide whether to use a compounded noise for the outer array.  In many cases we can 
compound factors and use best/worst levels of noise.    

 3. Specify the key functional responses.  What are desired measurable outputs?  Undesired 
outputs should also be documented as these may also be important.    

 4. Select the control factors.  What settings or materials can be changed?  

 5. Generate the P Diagram to show the interactions.    

  Replaces: N/A  Dated: N/A 
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Figure 53.  P Diagram  

 

6. Select the orthogonal array (DOE).  In this case we chose a L18 as the best fit for the number of 
factors.  We also chose a two-level noise array to reduce variation across best vs. worst noise 
levels. 

Table 26.  Orthogonal Array with Outside Noise Array  

 

7. Conduct experiments.  

8. Analyze the data.  

   

  Replaces: N/A  Dated: N/A 
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Figure 54.  Signal to Noise (S/N) Ratio 

9. It is obvious that A2, B3, C2, D1, E1, F2, and G3 result in the best reduction in variation.  In our 
trial we decided to use all except D and E at the optimal conditions.  We chose to use D1 and E1 
at near-optimal conditions as lower cost alternatives.    

10. Conduct the verification experiment.  

   

Figure 55.  Function after S/N Reduction vs. Function after Mean Adjustment 

The new settings resulted in a function with significantly reduced variation.  It was then an easy 
matter to move the mean back to the original target without sacrificing any of the variation 
reductions.  We also found that some of the controls that had previously been considered critical 
and tightly controlled could now be loosened up for more cost savings.    

  Replaces: N/A  Dated: N/A 
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General Comments  
Insights   

 1. Design of experiments expertise is needed to select the optimum test array.  

 2. This process is not useful in all designs. Clear functional responses must be measurable.  

 3. Factors can be identified as critical and less critical allowing the tolerance ranges to be controlled 
where needed and opened up where applicable.    

References   
Creveling, C. M., Tolerance Design: A Handbook for Developing Optimal Specifications.  Reading, 
Massachusetts, Corporate & Professional Publishing Group, 1996.  

Fowlkes, William and Creveling, Clyde, Engineering Methods for Robust Product Design.  Addison-
Wesley, 1995. 
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WORK FLOW ANALYSIS 

Introduction 
There are many forms of Work Flow Analysis available to the practitioner.  Work flow analysis can be 
used to define an existing process or planned process.  It is not restricted to manufacturing but can also be 
used for service, support, management processes, etc. Besides definition, work flow analysis is used to 
improve the process through the identification and potential elimination of bottlenecks, excess handling, 
storage, and other forms of waste.  Detailed work flow analysis will not be discussed here since there are 
many excellent texts available on the subject.   

Instructions 
In general, there are five steps to work flow analysis:  

1. Define the tasks. 

2. Arrange the tasks in sequence. 

3. Assign standard work flow symbols to each task (see symbols below).  

4. Analyze/evaluate the flow.  

5. Document opportunities for improvement; identify and record on the sheet for further follow-
up. 

Make sure the persons responsible for doing the work are involved in this activity to ensure that 
everything is documented exactly as it is actually performed. 

Table 27a. Standard Work Flow Symbols 

 Operation  

  Replaces: N/A  Dated: N/A 

Main tasks in process 
Change in form, fit, or function 

 Transportation 
Something is transported or moved (materials, equipment, information), except when such movements are part of 
an operation. 

 Inspection 
Something is evaluated or verified for quality or quantity. 

 Delay Or Temporary Storage 
Something or someone waits or is temporarily stored, i.e., waiting for a computer to process and respond to a 
command. 

 Storage 
Generally, areas for storing equipment and materials that are not needed for immediate use, i.e., receiving, finished 
goods, tooling, records, supplies, etc. 

 Decision 
Any decision that must be made in the process, i.e., pass/fail, colors match?, requisition  approved?, etc. 
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Example [below] 

Table 27b. Work Flow Description Worksheet 

Work Flow Description Worksheet 
Leader S. Leader Work Flow Ring Assembly Date 6/10/98 
Participants Page of K. Participant G. Participant E. Participant 1 1 
 

  Replaces: N/A  Dated: N/A 

Step Activity Type Time Bottleneck  
or Waste 

Step Description Description of Opportunity 
for Improvement 

1   
15 min. B Receive Material 

2  
5 min.  Move to Receiving Inspection 

 

3  
10 min. W Move to Inspection Bench 

 

4  
3 min.  Inspect Material 

 

5  
2 min. W Move to Receiving Inspection 

Area 

 

6  3 min.  Move to Stores  

7  8 min. W Store Material  

8  11 min.  Move to Assembly  

9  2 min.  Store on Line  

10  3 min.  Move to Assembly Bin  

11  5 min.  Assembler Visibly Checks Part  

12  6 min. B Assembles Part on Engine  

         

 Operation            Transportation            Inspection        Delay          Storage            Decision 

Each transport is potentially a wasted motion and should be evaluated as to whether or not there is some 
way to eliminate or combine moves.  Each bottleneck should be evaluated to determine whether that step 
can be broken down into smaller steps to provide a more even flow through the process.   
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APPENDIX D: TRAINING RESOURCES AND LINKS 

Automotive Industry Action Group – AIAG 

AIAG offers training in many areas of interest pursued by AIAG member committees, including  live 
classes and videotapes. AIAG delivers training in support of the quality initiatives of the Supplier Quality 
Requirements Task Force (SQRTF), the International Automotive Task Force (IATF), and ISO. 

http://www.aiag.org    Select “Training.”  

American Society for Quality – ASQ 

The American Society for Quality (ASQ) is the world's leading authority on quality. With more than 
100,000 individual and organizational members, this professional association advances learning, quality 
improvement, and knowledge exchange to improve business results and to create better workplaces and 
communities worldwide. 

http://www.asq.org     Select “Training & Certification.” 

DaimlerChrysler Quality Institute – DCQI 

DCQI provides training on Quality & Reliability Tools (FMEA, GD&T, DVP&R, Minitab, DOE, Design 
For Repair Efficiency), Quality Systems (ISO, Process Signoff, PAP4CDS), Quality Facilitation Skills 
(Team Facilitation, Creating Creativity), Multimedia Training (FMEA, Control Plan, SPC, Process 
Capability Analysis, Error/Mistake Proofing), and Warranty Reduction Program. 

http://dcqi.extra.daimlerchrysler.com  

Ford Supplier Learning Institute – FSLI 

The Ford Supplier Learning Institute was founded in 1999 to provide our global partners with 
opportunities to improve their ability to apply the tools, processes, and methodologies specific to doing 
business with Ford Motor Company. The learning portal provides Supplier Partners with "one stop" to 
locate training and development opportunities, presenting solutions in a regional context. 

https://web.fsli.ford.com/

GM University- GMU 

General Motors University (GMU) has established a learning organization and culture for its employees 
across the entire enterprise. It has been designed to help GM's executive, management, technical and 
professional employees continuously improve their competitive performance.   NOTE:  You must be a 
GM employee or registered supplier of General Motors to register for courses at GMU.  For more 
information see the site below. 

http://www.gm.com/company/careers/life/lif_gmu.html
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APPENDIX E: DEFINITIONS AND ACRONYMS  

Containment refers to all actions taken to protect the customer from the effect(s) of the problem.  These 
actions include sorting for the effect and short-term actions to fix the effect. 

Control Plan is the documentation of all process controls to prevent or detect process failure modes and 
effects. 

Corrective Action is any action taken by an organization that is designed to permanently prevent the 
occurrence of the failure mode, detect when the failure mode or effect occurs, and to plan for the failure 
mode and its risks. 

Culture refers to norms of behavior and shared values among a group of people. Culture is behavioral 
change over time. 

Detection refers to activities and controls in place to detect when a failure mode in the process and effect 
on the product has occurred. 

Error Detection refers to any devices and practices that prevent a failure mode from being passed along 
in the process once it has occurred. 

Error Proofing refers to any devices and practices that prevent a failure mode from occurring. 

Executive Leaders are the top-level executives within a company. 

Exposure (also Scope) is a quantification of the amount of product affected by the problem. 

Frequency (also Non-conformance Rate) is the rate at which a problem is occurring or is being 
experienced by the customer. 

Failure Mode is the aspect of the process that went wrong, causing the problem and the effect on the 
customer of the product.  Failure modes have root causes that must be addressed by various activities – 
prevention, detection, and planning. 

Gage Repeatability & Reproducibility (or R&R) is a method to analyze the capability of a method 
to measure a product characteristic.  The method is concerned with how repeatable measurements are with 
one person, and how reproducible measurements are with multiple persons using the same method. 

Institutionalize is to make some action or results effective across an entire organization.  The 
organization should be able to readily benefit from and access the results of the actions taken. 

Lessons Learned is the collection of knowledge for an organization based on past successes, failures, 
and experiences.  The form of this knowledge can take many forms: databases, paper records, suggestion 
programs, etc. 

Magnitude is the level impact of the problem.  For example, does the problem result in an effect that 
cannot be noticed or does the problem require that all shipment of product be halted. 



 
Effective Problem Solving 

 

CQI-10 196 Issue: 1.0  Dated: 4/5/2006 
  Replaces: N/A  Dated: N/A 

Monte Carlo Simulation is an analytical method used to mimic or emulate a real-life system.  Monte 
Carlo simulation is a decision-making tool that uses inputs, with any type of probability distribution, to 
develop a distribution for the outcome using a model or transfer function.   It repeatedly generates values 
for uncertain variables or inputs over and over to simulate the model or transfer function. 

Norms of Behavior are common pervasive ways of acting that are found in a group and that persist 
because group members tend to behave in ways that teach these practices to new members, rewarding 
those who fit in and sanctioning those who do not. 

PFMEA (or Process Failure Mode Effects Analysis) is a tool for the identification and analysis of 
process failure modes, failure mode effects, severity of the effects, the occurrence of failure modes, and 
the ability to detect failure modes and/or effects. 

Planning (for the purposes of the EPS Process) refers to all activities involved in assessing the potential 
process failure modes and the risks associated with those failure modes – severity on the customer of the 
product, the frequency of occurrence, and ability to detect. 

Problem refers to the specific issue that is causing the effect on the product and/or customer.  Water 
leaking from a pipe is not the problem, it is a symptom or effect.  The issue causing the leak is the 
problem. 

Problem Owners are those supervisors, managers, and executive leaders who own problems in their 
areas of responsibility. 

Problem Solvers (or Problem Solving Team) are those employees or teams that are directly 
involved in solving the specific problem in question.  

Problem Symptom (also Effect) is the resulting condition stemming from the problem. 

Process is whatever the organization does to produce its product.  It can refer to a process by an 
individual, a process by a department of persons, a mechanical process, etc. 

Process Capability is the statistical measure of the ability of a process to produce product that meets 
requirements. 

Product refers to physical objects or services produced by the process. 

Occurrence (also Prevention) refers to the activities and controls in place to prevent a failure mode 
from happening. 

Replicate means reproducing the improvement in other areas of the company and updating the corporate 
knowledge base.  Although the Replicate phase may take less time to complete than the other problem-
solving phases, it is a very important phase.  

 

The knowledge gained from a project impacts existing policies, methods, and specifications. All 
individuals and/or organizations responsible for the management of the systems, policies, methods, 
specifications, and/or procedures that relate to the findings of a specific project should be notified so that 
all relevant documents are updated. 
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Existing company processes that are the same as, or similar to, the one improved project must be 
reviewed in light of the knowledge gained from the project. This is best achieved by communicating the 
project findings throughout the company so that others can benefit from the knowledge gained. 

Requirement refers to the specific requirement of the customer receiving the product.  This requirement 
many be anything from a functional characteristic (e.g., spins freely) to a specific, quantified 
characteristic (e.g., diameter must measure 10-15 mm). 

Root Cause(s) is/are the underlying cause(s) of the problem.  Root cause is what is happening that 
results in the failure mode and effect on the product. 

Severity refers to the degree of which the customer of the product is impacted by the failure mode and 
effect.  Severity is usually defined in terms of what the customer must do when the problem is discovered 
and the ultimate effect(s) of the problem on the end user of the product. 

Shared Values are the important concerns and goals shared by most of the people in a group that tend to 
shape group behavior and that often persist over time even when group membership changes. 

Systemic refers to any condition that exists in many places throughout an organization. 

Test to Failure is a test in which the system being assessed is subjected to sufficient stress for a long 
enough time or large enough number of cycles to cause it to fail. 

Test to Failure data will: 

• Show when a component or system can no longer perform at a specified level. 

• Help predict a component or system lifetime (in time to failure, cycles to failure, miles to failure, 
etc.). 

• Allow examination of hardware to understand failure modes. 

Summarizing Test to Failure data: 

• A histogram can be used to summarize Test to Failure data.  The resulting histogram will show a 
Failure Time Distribution. 

• A Weibull plot can be used to represent a probability plot of failures versus lifetime (in time to 
failure, cycles to failure, miles to failure, etc.). 
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APPENDIX F: ISO 9001:2000 AND ISO/TS16949:2002 
PROBLEM SOLVING COMPLIANCE REQUIREMENTS AND 
REFERENCES 
 

ISO 9001:2000 and ISO/TS 16949:2002 contain several direct and indirect clauses in which the 
problem solving process and compliance are referenced.  The following are direct requirements 
for problem solving: 

8.5.2 Corrective Action 

The organization shall take action to eliminate the cause of nonconformities in order to 
prevent recurrence.   

Corrective actions shall be appropriate to the effects of the nonconformities encountered.  

A documented procedure shall be established to define requirements for 

a) reviewing nonconformities (including customer complaints), 

b) determining the causes of nonconformities, 

c) evaluating the need for action to ensure that nonconformities do not recur, 

d) determining and implementing the action needed, 

e) recording the results of actions taken (see 4.4.2) and 

f) reviewing corrective action. 

8.5.2.1 Problem Solving 

The organization shall have a defined process for problem solving leading to root cause 
identification and elimination.   

If a customer-prescribed format exists, the organization shall use the prescribed format. 

8.5.2.2 Error-Proofing 

The organization shall use error-proofing methods in their corrective action process. 

8.5.2.3 Corrective Action Impact 

The organization shall apply to similar processes and products the corrective action and 
controls implemented to eliminate the cause of the nonconformity. 
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8.5.2.4 Rejected Product Test Analysis 

The organization shall analyze parts rejected by the customer’s manufacturing plants, 
engineering facilities, and dealerships.  The organization shall minimize the cycle time of 
this process.  Records of these analyses shall be kept and made available upon request.  
The organization shall perform analysis and initiate corrective action to prevent 
recurrence. 

8.5.3 Preventive Action 

The organization shall determine action to eliminate the causes of potential 
nonconformities in order to prevent the occurrence.  Preventive actions shall be 
appropriate to the effects of the potential problems. 

A documented procedure shall be established to define requirements for 

a) determining potential nonconformities and their causes, 

b) evaluating the need for action to prevent occurrence and nonconformities, 

c) determining and implementing action needed, 

d) recording results of action taken (see 4.2.4), 

e) reviewing preventive action. 
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In addition, other sections of ISO 9001:2000 and ISO/TS16949:2002 indirectly apply to the 
problem solving process: 

5.5.1.1 Responsibility for Quality 

Managers with responsibility and authority for corrective action shall be promptly 
informed of products or processes that do not conform to requirements. 

Personnel responsible for product quality shall have the authority to stop production to 
correct quality problems. 

Production operations across all shifts shall be staffed with personnel in charge of, or 
delegated responsibility for, ensuring product quality. 

5.6.2 Review Input 

Input to management review shall include information on 

a) results of audits, 

b) customer feedback, 

c) process performance and product conformity, 

d) status of preventive and corrective actions, 

e) follow-up actions from previous management reviews, 

f) changes that could affect the quality management system, 

g) recommendations for improvement. 

5.6.2.1 Management Review – Supplemental 

Input to management review shall include an analysis of actual and potential field-
failures and their impact on quality, safety, or the environment. 

5.6.2.2 Review Output 

The output from the management review shall include any decisions and actions related 
to  

a) improvement of the effectiveness of the quality management system and its processes,  

b) improvement of the product related to customer requirements and 

c) resource needs. 
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6.2.1 General 

Personnel performing work affecting product quality shall be competent on the basis of 
appropriate education, training, skills, and experience. 

6.2.2 Competence, Awareness, and Training 

The organization shall 

a) determine the necessary competence for personnel performing work affecting product 
quality, 

b) provide training or take other actions to satisfy these needs, 

c) evaluate the effectiveness of the actions taken, 

d) ensure that its personnel are aware of the relevance and importance of their activities 
and how they contribute to the achievement of the quality objectives and 

e) maintain appropriate records of education, training, and skills experience (see 4.2.4). 

6.2.2.2 Training  

The organization shall establish and maintain documented procedures for identifying 
training needs and achieving competence of all personnel performing activities affecting 
product quality.  Personnel performing specific assigned tasks shall be qualified, as 
required, with particular attention to the satisfaction of customer requirements. 

Note 1  This applies to all employees having an effect on quality at all levels of the 
organization.   

Note 2 An example of the customer-specific requirements is the application of 
digitized mathematically based data. 

6.2.2.3 Training on the Job 

The organization shall provide on-the-job training for personnel in any new or modified 
job affecting product quality, including contract or agency personnel.  Personnel whose 
work affects quality shall be informed about the consequences of customer nonconformity 
to quality requirements. 

8.2.3 Monitoring and Measurement of Processes 

The organization shall apply suitable methods for monitoring and, where applicable, 
measuring the quality management system processes.  These methods shall demonstrate 
the ability of the processes to achieve planned results.  When planned results are not 
achieved, correction and corrective action shall be taken, as appropriate, to ensure 
conformity of the product. 
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8.4.1 Analysis and Use of Data 

Trends in quality and operational performance shall be compared with progress toward 
objectives and lead to action to support the following: 

- development of priorities for prompt solutions to customer-related problems, 
- determination of key customer-related trends and correlation for status review, 

decision-making and longer term planning, 
- an information system for the timely reporting of product information arising from 

usage. 

Note: Data should be compared with those of competitors and/or appropriate 
benchmarks. 

8.5.1 Continual Improvement 

The organization shall continually improve the effectiveness of the quality management 
system through the use of the quality policy, quality objectives, audit results, analysis of 
data, corrective and preventive actions, and management review. 

The implementation and effective execution of the concepts and steps contained within the EPS 
Guideline will establish the systems, data, and management review required of a company to 
meet the requirements of ISO 9001:2000 or ISO/TS 16949:2002. 
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ABOUT AIAG 

Purpose Statement 
To provide an open forum where members cooperate in developing and promoting solutions that enhance 
the prosperity of the automotive industry.  Our focus is to continuously improve business processes and 
practices involving trading partners throughout the supply chain. 

Core Values 
People – Our strength comes from passionate and personally committed volunteers and staff. We provide 
an environment of integrity, trust, teamwork, and mutual respect to foster open, frank communication as 
we achieve consensus on industry needs and solutions. 

Innovation – With a sense of urgency, we drive and support the development and implementation of 
common, leading-edge solutions that provide value to the automotive industry and its customers. 

Excellence – We provide quality and excellence in all we do and how we do it. 

We do what’s right for the industry! 

AIAG Organization 
AIAG is made up of a board of directors, an executive director, and executives on loan from member 
companies, associate directors, a full-time staff, and volunteers serving on project teams. Directors, 
department managers and program managers plan, direct and coordinate the association’s activities under 
the direction of the executive director. 

AIAG Projects 
Volunteer committees focus on business processes or supporting technologies and methodologies. They 
conduct research and develop, publish, and provide training on standards, conventions, standard business 
practices, white papers, and guidelines in the areas of automatic identification, CAD/CAM, 
EDI/electronic commerce, continuous quality improvement, materials and project management, returnable 
containers and packaging systems, and transportation/customs. 

AIAG - An Association Fostering Total Supply Chain Partnering 

Automotive Industry Action Group 
26200 Lahser Road, Suite 200 

Southfield, MI 48034 
Phone:  (248) 358-3570  •  Orders:  (248) 358-3003  •  Fax:  (248) 358-3253 
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