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•This is a traditional definition

•Quality of design

•Quality of conformance
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This is a modern definition of quality
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• The transmission example illustrates the utility of this definition

• An equivalent definition is that quality improvement is the 

elimination of waste. This is useful in service or transactional 

businesses.
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1.2. History of Quality Improvement



6



7



8



9

Walter A. Shewart (1891-1967)

• Trained in engineering and physics

• Long career at Bell Labs

• Developed the first control chart 

about 1924
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W. Edwards Deming

• Taught engineering, physics in the 
1920s, finished PhD in 1928

• Met Walter Shewhart at Western 
Electric

• Long career in government 
statistics, USDA, Bureau of the 
Census

• During WWII, he worked with 
US defense contractors, deploying 
statistical methods

• Sent to Japan after WWII to work 
on the census

1.4.1 Quality Philosophy and Management Strategy
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Deming

• Deming was asked by JUSE to lecture on 
statistical quality control to management

• Japanese adopted many aspects of Deming’s 
management philosophy

• Deming stressed “continual never-ending 
improvement”

• Deming lectured widely in North America 
during the 1980s; he died 24 December 1993
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Deming’s 14 Points

1. Create constancy of purpose toward improvement 

2. Adopt a new philosophy, recognize that we are in a time of 
change, a new economic age

3. Cease reliance on mass inspection to improve quality

4. End the practice of awarding business on the basis of price 
alone

5. Improve constantly and forever the system of production and 
service

6. Institute training

7. Improve leadership, recognize that the aim of supervision is 
help people and equipment to do a better job

8. Drive out fear

9. Break down barriers between departments
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14 Points cont’d

10. Eliminate slogans and targets for the workforce such as zero 
defects

11. Eliminate work standards

12. Remove barriers that rob workers of the right to pride in the 
quality of their work

13. Institute a vigorous program of education and self-
improvement

14. Put everyone to work to accomplish the transformation
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Joseph M. Juran

• Born in Romania (1904-
2008), immigrated to the US

• Worked at Western Electric, 
influenced by Walter 
Shewhart

• Emphasizes a more strategic 
and planning oriented 
approach to quality than 
does Deming

• Juran Institute is still an 
active organization 
promoting the Juran 
philosophy and quality 
improvement practices
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Total Quality Management (TQM)

• Started in the early 1980s, Deming/Juran 
philosophy as the focal point

• Emphasis on widespread training, quality 
awareness

• Training often turned over to HR function

• Not enough emphasis on quality control and 
improvement tools, poor follow-through, no 
project-by-project implementation strategy

• TQM was largely unsuccessful
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Quality Systems and Standards
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Statistical Methods

• Statistical process control (SPC)

– Control charts, plus other problem-solving tools

– Useful in monitoring processes, reducing variability 
through elimination of assignable causes

– On-line technique

• Designed experiments (DOX)

– Discovering the key factors that influence process 
performance

– Process optimization

– Off-line technique

• Acceptance Sampling
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Guidelines for Designing an Experiment
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15.1 The Acceptance Sampling Problem

Typical application of acceptance sampling is for lot disposition, 

sometimes referred to as lot sentencing, for receiving inspection activities

Accepted lots are put into production

Rejected lots may be returned to supplier or subjected to other lot-

disposition action

Sampling methods may also be used during various stages of production
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Situations where acceptance sampling is likely to be useful:
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Six Sigma

• Use of statistics & other analytical tools has grown 

steadily for over 80 years 

– Statistical quality control (origins in 1920, explosive 

growth during WW II, 1950s)

– Operations research (1940s)

– FDA, EPA in the 1970’s

– TQM (Total Quality Management) movement in the 1980’s

– Reengineering of business processes (late 1980’s)

– Six-Sigma (origins at Motorola in 1987, expanded impact 

during 1990s to present)
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Focus of Six Sigma is on Process Improvement 

with an Emphasis on Achieving Significant 

Business Impact

• A process is an organized sequence of activities that 

produces an output that adds value to the organization

• All work is performed in (interconnected) processes

– Easy to see in some situations (manufacturing)

– Harder in others

• Any process can be improved

• An organized approach to improvement is necessary

• The process focus is essential to Six Sigma
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Six Sigma Focus

• Initially in manufacturing 

• Commercial applications
– Banking

– Finance

– Public sector 

– Services

• DFSS – Design for Six Sigma
– Only so much improvement can be wrung out of an 

existing system

– New process design

– New product design (engineering)
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Six Sigma

• A disciplined and analytical approach to process and product 
improvement

• Specialized roles for people; Champions, Master Black belts, 
Black Belts, Green Belts

• Top-down driven (Champions from each business)

• BBs and MBBs have responsibility (project definition, 
leadership, training/mentoring, team facilitation)

• Involves a five-step process (DMAIC) : 
– Define 

– Measure

– Analyze

– Improve

– Control



28



29

DMAIC Solves Problems by Using

Six Sigma Tools 

• DMAIC is a problem solving methodology

• Closely related to the Shewhart Cycle

• Use this method to solve problems:

– Define problems in processes

– Measure performance

– Analyze causes of problems

– Improve processes − remove variations and non-
value-added activities

– Control processes so problems do not recur
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2.2 The Define Step



2.3 The Measure Step

• Purpose is to evaluate and determine the present 
process state

• Identify key process input variables (KPIV) and key 
process output variables (KPOV)

• Data – from historical records, from sampling, from 
observational studies

• Histograms, box plots, Pareto charts, scatter 
diagrams, stem-and-leaf diagrams may all be useful

• In some businesses, the measurement system must be 
developed

• Measurement systems capability may be important



2.4 The Analyze Step

• Determine cause-and-effect relationships

• Sources of variability – common cause versus 

assignable cause

• Tools – control charts, hypothesis testing, 

confidence intervals, regression models, failure 

modes and effects analysis

• Discrete event simulation



2.5 The Improve Step

• Process redesign to reduce bottlenecks

• Mistake-proofing 

• Statistical tools – particularly designed 

experiments

• DOX can be applied to either the physical 

process or a computer model of the process

• Pilot test the solution to confirm that it will 

solve the problem



2.6 The Control Step

• Complete all remaining work on project

• Provide the process owner with a process 

control plan

• Training documents (if appropriate) should be 

provided

• Methods and metrics for future audits

• Transition plan to the new process might 

include a validation step



36

Design for Six Sigma (DFSS)

Taking variability reduction upstream from manufacturing (or 

operational six sigma) into product design and development

Every design decision is a business decision



37

Lean Systems

• Focuses on elimination of waste

– Long cycle times

– Long queues – in-process inventory

– Inadequate throughput

– Rework

– Non-value-added work activities

• Makes use of many of the tools of operations 

research and industrial engineering
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