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What is Quality?
Today, quality is a central concern of those who operate factory or organizational processes.  More and more managers view quality, not as a cost of doing business, but rather as a driver of profits.  Business Week,
 in a special January, 1992 issue titled "The Quality Imperative," noted that, "Quality, in short, may be the biggest competitive issue of the late 20th and early 21st centuries."  Yet, despite its importance, the concept of "quality" lacks a single, precise, recognized definition.  Author Robert Pirsig states that "even though quality cannot be defined, you know what quality is."
  David Garvin
 of Harvard Business School
 states that quality has eight dimensions:  performance, features, reliability, conformance, durability, serviceability, aesthetics, and perceived quality.  

Product quality usually refers to one or more of the following three major attributes:

Satisfying
A quality product satisfies the customer.  Alternate expressions include "fitness for use," "making exactly what the customer wants and needs," "quality defined by customer preference," "user-based quality," and "customer-driven quality."

Error-free
A quality product is made perfectly and exactly as is it supposed to be made.  Alternate expressions include "conformance to specifications," "zero defects," "free of deficiencies," "certainty of output," "measurement-based quality," "attribute quality," and "manufacturing‑based quality."

Valuable
A quality product is sold at a fair price, as compared to what it is worth.  Alternate expressions include "price-performance quality," and "value-based quality."

In reality, all three of these attributes are customer driven:  Customers determine how satisfied they are and how valuable a product is to them, specifications are merely an attempt to describe how a product should be made in order to satisfy customers, and it is customers who prefer (and set tolerances for) error-free products.  It is clear that quality is defined in terms of the customer, but how so?

SYMBOL 183 \f "Symbol" \s 10 \h
Children don't "want" to be punished, but a parent would say they "need" it.  Likewise, children often "want" things they don't "need."  If customers determine quality, what will they determine when they receive a product that meets their "need," but they don't know they "need" it and, in fact, "want" something else?  Is a product of quality if it meets a customer's "wants" and not his "needs?"

SYMBOL 183 \f "Symbol" \s 10 \h
A customer says he "needs" to buy a Porsche; perhaps he does truly "need" it for professional (or psychological) reasons ... or perhaps he really just "wants" it.  Customers often don't even know what they need, or they end up believing that what they want is what they need.  How well equipped, then, are they to evaluate quality?

SYMBOL 183 \f "Symbol" \s 10 \h
Many people "want and need" "satisfying" illicit drugs, but it could hardly be said the product is providing the customer with "quality of life."  It appears that there must be more to the meaning of quality than meeting "wants and needs."

Deming recognizes all three attributes of a quality product, as well as the difficulty inherent in defining customer requirement; consider his statement within Out of the Crisis
 (p. 169).  "The difficulty in defining quality is to translate future needs of the user into measurable characteristics, so that a product can be designed and turned out to give satisfaction at a price that the user will pay."  It seems (for now, at least) the more that quality is defined in terms of satisfying customers, the less it can be defined in terms of measuring for error.  So how can both be included in a single unifying definition?  This translation dilemma suggests that any enduring definition of quality will likely include the identification, alignment, translation and satisfaction of customer expectations.

Quality Pioneers/Leaders

A number of leaders of quality emerged during the last half of the 20th century.  They, and some of their major contributions, are listed below.  (Please note that there is some disparity in the literature as to "who is credited with what," however the information presented here is not especially variant.)

W. Edwards Deming 
 
W. Edwards Deming is the individual most influential in the rise of quality as a operations technique and a management philosophy during the 20th century.  He earned a Ph.D. in mathematical physics in 1928 from Yale University, and in the 1930's worked for and mentored under Dr. Walter A. Shewhart at the Hawthorne Works Western Electric plant in Chicago, better known for the "light-manipulating" experiments and Elton Mayo research conducted there.  Shewhart and Deming advocated a rigorous, statistical quality approach to management, who, not surprisingly, took little interest.  Essentially, Western Electric had been mass producing large quantities of their singular telephone product -- like Ford's Model T, offered only in black -- and so most quality problems had been long resolved.  [ Western Electric management once considered ways to get people to replace the old cliché "like two peas in a pod," with "as alike as two Bell telephones." ]  In fact, during this time, their approach found little support from American management in general.  Deming was among the American operations experts that tutored Japanese managers during its reconstruction after World War II, managers who appreciated and implemented his operational and managerial perspective.  In 1951, Japan named its national quality award 'The Deming Prize.'  From the 1950's through the 1990's, Deming consulted with a ever-growing, worldwide practice, with manufacturing companies, hospitals, government agencies -- and even the telephone company that had once shunned his approach -- as clients.  Only after a 1980 NBC broadcast that highlighted his teachings, was Deming's advice was avidly sought in America.  More than once, when Deming was asked by executive clients to identify their company's main problem, he promptly sent a formal letter, identifying them as the problem.  This was because Deming claims that no less than 85% of all quality problems are caused, not by labor, but by the system that management requires labor to work within.  This perspective makes everyone, especially top mangement, responsible for quality, as only top management can 'change the system;' Deming says that "management cannot delegate its responsiblity for quality."  Deming's consultations at Ford during this period laid the foundation for their "Quality is Job 1" mission.  He authored two major books that presented his teachings and philosophy to American management: Out of the Crisis (1986), and The New Economics for Industry, Government, Education (1991).  Deming also held a faculty position at NYU's Stern School of Business at New York University
 for 46 years, and traveled heavily giving his popular four-day presentation that advocated his principles in a "common-sense" style.  Deming continued to travel to present -- accompanied by his doctors as his health failed -- until he passed away in December, 1993 at the age of 93.  A few of Deming's major contributions include:

14 Points for Management 
 

While Deming's teachings were broad, several are especially noted.  In Chapter 2 of his 1986 book, Out of the Crisis,
 Deming relates the 14 Points for Management that formed the basis for his lessons for Japanese executives to help them increase quality and productivity (as paraphrased below):

SYMBOL 183 \f "Symbol" \s 5 \h
Create constancy of purpose.  Ensure that the organization never wavers from the mission of continual improvement for competitive advantage.

SYMBOL 183 \f "Symbol" \s 5 \h
Adopt the new philosophy.  American managers must recognize that their century-old methods are failing and accept their responsibility as leaders for effective change.

SYMBOL 183 \f "Symbol" \s 5 \h
Cease dependence on final inspection to achieve quality.  Prevent the waste of lost money, materials, labor, and opportunity by doing it right the first time.

SYMBOL 183 \f "Symbol" \s 5 \h
Stop low-bid buying and partner with a single supplier.  Let loyalty and trust minimize your total costs in the long run.

SYMBOL 183 \f "Symbol" \s 5 \h
Improve constantly and forever every process, and so constantly lower costs.

SYMBOL 183 \f "Symbol" \s 5 \h
Institute training on the job.

SYMBOL 183 \f "Symbol" \s 5 \h
Managers should adopt and institute leadership.  Evaluating numerical measures is not managing.  MBO is not managing.  Managers should lead the change that creates a culture and a reward system that helps people do a better job.

SYMBOL 183 \f "Symbol" \s 5 \h
Drive out fear.  Workers that fearful of retribution or job loss cannot do anywhere near their best.

SYMBOL 183 \f "Symbol" \s 5 \h
Break down departmental barriers.  Production, marketing, engineering, research, etc. must work together -- not be measured and rewarded separately within 'functional silos' -- for the company to succeed.

SYMBOL 183 \f "Symbol" \s 5 \h
Eliminate signage, slogans and target numbers.  Since, workers do not have the authority or ability to change the underlying system that causes most problems, these will just further frustrate and alienate them.  Instead of managing by targets and numbers, manage by leading workers to constantly improve.

SYMBOL 183 \f "Symbol" \s 5 \h
Remove barriers to worker quality.  Supervisors should be evaluated on quality, not quantity.

SYMBOL 183 \f "Symbol" \s 5 \h
Remove barriers to management quality.  Management should be evaluated on quality and leadership, not given merit raises based on MBO.

SYMBOL 183 \f "Symbol" \s 5 \h
Institute education and self-improvement for everyone.

SYMBOL 183 \f "Symbol" \s 5 \h
Expect the entire organization to accomplish this transformation.

The Red Bead Experiment
Deming used a simple and persuasive experiment in his seminar to demonstrate how management efforts can be misdirected by evaluating employees on quantity output.  Several thousand beads are placed in a open tray; 20% red, the rest white.  An "employee" is given the job of selecting white beads from the tray.  Red beads are unacceptable to the customer.  The beads are thoroughly mixed while the employee is blindfolded.  The employee selects 50 beads, and the number of red and white beads selected is recorded along side the employee's name.  The beads are then returned to the tray, and the process is repeated for a number of employees. 

Here, the system, not the employees, is at fault.  Employees cannot avoid red beads; the system includes a rule that the beads be selected while blindfolded.  Since the selection of red beads is random, in the long run, employees will select 20% red beads.  Common (or statistical) variation within the selecting process, however, will cause differences from one employee to the next.  Almost every employee's red bead count will fall within a range that is calculated beforehand using basic statistics.  The production performance of every employee, therefore, is actually controlled by the system within which they work.  It would be a waste of management effort to focus on production standards and variances (to find out why Sandy "produced" only five red beads while Sunny "produced" ten red beads) to improve performance.  The selecting system ensures (without error) predictable red bead output, despite the efforts of any individual.  Better that management examine the system to determine how it can be changed so that all employees can select fewer red beads.  [ In the movie Trading Places, Eddie Murphy easily replaces Dan Akroyd as a Wall Street executive.  Here, it is the system that creates the successful executive, not the individual within it.]  Based on the red bead experient, should managers or academics really be surprised that Japanese modern operational methods significantly improve production with either Japanese or American workers?

Quality Control at the Process
Inspected-in quality has high costs.  A single quality problem causes more problems, and becomes embedded in the product, as it moves down the line.  By the time a problem is discovered, it may have reoccurred many times, and, since workers are not directly responsible for the quality of their own work and are rewarded instead on quantity, there are far more problems to discover.  Deming stresses prevention over detection of quality problems; "build in high quality, not inspect out poor quality."  He states that quality control is best controlled at the process and that quality is best improved by studying and changing production processes.  Deming advocates a systematic approach termed statistical process control that employs Control Charts, one of The Seven Tools of Quality.

The Deming Cycle 

On page 88 of his 1986 book, Out of the Crisis
 and on page 131 of his final book, The New Economics for Industry, Government, Education,
 Deming describes a simple four-step process for continuous improvement of quality that he learned from Shewhart.  Deming refers to it as the Shewhart Cycle, the Japanese call it the Deming Cycle, others call it the PDSA Cycle, PDCA Cycle or the Deming Wheel.
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SYMBOL 183 \f "Symbol" \s 5 \h
Plan  --  Develop a plan for improving quality at a process

SYMBOL 183 \f "Symbol" \s 5 \h
Do  --  Execute the plan, first on a small scale.

SYMBOL 183 \f "Symbol" \s 5 \h
Study  --  Evaluate feedback to confirm or to adjust the plan.

SYMBOL 183 \f "Symbol" \s 5 \h
Act  --  Make the plan permanent or study the adjustments.

After all "action" is completed, this continuous cycle continues with another "plan."

Deming System of Profound Knowledge 

In Chapter 4 of his final book, The New Economics for Industry, Government, Education,
 Deming developed a comprehensive theory for management, providing the rationale by which every aspect of life may be improved, called the Deming System of Profound Knowledge.  Deming believes this improvement can be found through better understanding and use of the four areas of profound knowledge:

SYMBOL 183 \f "Symbol" \s 5 \h
Systems  --  Management must know how to predict and control the behavior of systems.  They must view organizations and processes as the systems that they are, and that they are usually are the true source of undesirable output.  Since, systems can not understand themselves, management must develop an "outsider's" perspective of their systems.  In the book, Deming provides numerous examples of systems that ensure incorrect output:

SYMBOL 183 \f "Symbol" \s 5 \h
Accounting-based measures of performance drive employees to achieve targets of sales, revenue, and costs, by manipulation of processes, and by flattery or delusive promises to cajole a customer into purchase of what he does not need.

SYMBOL 183 \f "Symbol" \s 5 \h
Research indicates that the number of defective items that an inspector finds depends on the size of the work load presented to him.

SYMBOL 183 \f "Symbol" \s 5 \h
Organizational fear invites wrong figures. Bearers of bad news fare badly. To keep his job, anyone may present to his boss only good news.  A committee appointed by the President of a company will report what the President wishes to hear; would they dare report otherwise?

SYMBOL 183 \f "Symbol" \s 5 \h
Variation  --  Management should know and use the statistical theory regarding variance that explains and predicts much systematic behavior; eg, the red bead experiment and statistical process control.

SYMBOL 183 \f "Symbol" \s 5 \h
Knowledge  --  Management should seek new knowledge regarding their systems within the framework of the scientific method - the formulation of hypotheses, the design and conduction of experiments, and the analysis and interpretation of the resulting data.  

SYMBOL 183 \f "Symbol" \s 5 \h
Psychology  --  Management must know human psychology, eg, how people work as teams, how they are motivated, how they learn and transfer learning, and how their cultures, norms and taboos are formed.

J. M. Juran 

Joe Juran was born in Romania, raised in Minnesota, earned a BS in electrical engineering at the University of Minnesota in 1924, and worked at the Hawthorne plant alongside Shewhart and Deming.  Juran says that his proficiency in chess, developed while at Minnesota, gave him the critical analytical skills for resolving quality problems. During World War II, Juran vastly improved performance within the United States Lend-Lease Department; he considers it one of his greatest achievements.  Though Deming and Juran went their separate philosophical ways in pursuit of quality after Hawthorne; both were among those who lectured in post-war Japan.  After World War II, Juran began freelance consulting and published Juran's Quality Control Handbook firmly establishing his reputation.  In 1964, Juran authored Managerial Breakthrough, in which he advocates not only control but improvement to assure quality.    In his 1986 book, The Quality Trilogy, Juran adds planning as a third facet to achieving quality.  In 1979, Juran founded the Juran Institute
 to research and consult in quality improvement.  Later, he founded its associated Juran Foundation to explore the "impact of quality on society."
  (In 1997, The Foundation  became the Juran Center for Leadership in Quality at The University of Minnesota's Carlson School of Management.)  In 1992, Juran received the National Medal of Technology from President George Bush.  Juran's contributions to quality include:

SYMBOL 183 \f "Symbol" \s 5 \h
The "80:20" rule  --  Nineteenth-century Italian economist Vilfredo Pareto observed that twenty percent of the Italian people owned eighty percent of their country's wealth.
  In 1954, Juran adapted the concept to quality improvement, stating that 80% of quality losses are effected by 20% of all root causes.  He called that 20% the 'vital few,' and the rest the 'trivial many (or useful many).'
 The concept suggests that management resources are best allocated towards modification of the 'vital few.'
  The concept, also often called the Pareto Principle, is the logical basis for the Pareto Chart, one of The Seven Tools of Quality. 

SYMBOL 183 \f "Symbol" \s 5 \h
Quality dikes  --  Juran believes that when quality is continually sought, rewarded and assured, it indirectly prevents major disasters (eg, Three Mile Island).

SYMBOL 183 \f "Symbol" \s 5 \h
Next and final customers  --  To Juran, the output of any process is a product, and the consumer of that product is the customer, whether that customer is the final consumer or merely the next process in the "customer chain."  Someone who purchases a dining room table from a furniture retailer is an external customer of the furniture company; the worker who varnishes sanded table tops is one of its internal customers, that is, a customer of the sanding workstation.  A process should ensure quality for its customer; the perspective promotes quality control at the process and customer-driven quality.

SYMBOL 183 \f "Symbol" \s 5 \h
Monitoring of supplier quality  --  Juran advocates supplier quality assurance through a number of activities including customer-supplier partnerships for quality planning and support, supplier certification for quality, requiring supplier documentation of quality efforts and results, and constant evaluation of alternative suppliers.

Philip Crosby  

Crosby practiced quality as he worked his way through the ranks in industry, starting as a technician in a quality department.  In the 1960's, while at Martin Marietta, Crosby coined the phrase "zero defects."  Crosby spent 14 years at ITT Corporation, where the position of Vice President of Quality -- the first such position among the Fortune 500 -- was created for him.  In 1979, he authored the best-selling book Quality is Free, and simultaneously founded the Philip Crosby Associates consulting firm and its Crosby Quality College.  In 1984, he authored another bestseller, Quality Without Tears.  Philip Crosby Associates went public in 1985.  In 1989, he authored a third best-selling quality book, Let's Talk Quality and merged Philip Crosby Associates into the Alexander Proudfoot Consulting firm.
  Crosby retired from quality consulting in 1991.   In 1997, he purchased back the assets of Phillip Crosby Associates and started Philip Crosby Associates II, Inc.  Crosby's contributions to quality include:

SYMBOL 183 \f "Symbol" \s 5 \h
Executive Commitment to Quality  --  Crosby believes that executive commitment to long-term quality initiatives is critical to success.  His books, seminars and perspectives were primarily intended to persuade top management of the advantages of quality management philosophy.  The most significant influence of Crosby was the credibility of his executive experience that served as a catalyst for executive action towards quality within many organizations.

SYMBOL 183 \f "Symbol" \s 5 \h
Zero Defects  --  In theory, a quality product is one that is made exactly to specifications; the product is not acceptable unless so.  Every individual and process in the organization should be committed to the ideal goal of production to all specifications first time, every time.  The perspective emphasizes prevention of error versus detection of error.

SYMBOL 183 \f "Symbol" \s 5 \h
Quality is Free  --  The costs associated with increasing quality will be more than compensated by the  decrease in costs due to a lack of quality.  Since those cost reductions must be "earned" through increased quality, Crosby states that "quality is free, but it is not a gift."

SYMBOL 183 \f "Symbol" \s 5 \h
Costs of Quality  --  Crosby restates the "quality is free" premise more precisely with his formula, Cost of Quality (COQ) = Price of Conformance (POC) + Price of Nonconformance (PONC).  Crosby suggests that managers track the Price of Nonconformance (eg, rework and scrap) to measure organizational improvement.
  

Genichi Taguchi 

Taguchi is a Japanese engineer who developed his quality techniques, known as Taguchi methods, when involved in the reconstruction of the Japanese telephone system.  Taguchi has been awarded three Deming prizes and heads the American Supplier Institute.  Taguchi's major contributions are:
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SYMBOL 183 \f "Symbol" \s 5 \h
Societal Quality Loss Function  --  Taguchi states that the societal cost of deviating from the target specification increases parabolically
 with the increase in the deviation -- in either direction.  Consider a company that advertises and supposedly produces 4 ounce hamburgers.  If the company really produces 5 ounce hamburgers by mistake, then the producer loses the extra materials and resources.  If the company really produces 3 ounce hamburgers by mistake, perhaps the company saves on materials, but 'society' loses, ie, the consumer loses the amount paid for the last ounce of hamburger.  Taguchi believes that ultimately, society will "punish" companies according to their societal losses; the company will lose customers or lose money making uneconomic hamburgers.  The concept is similar to the economically efficient market price under supply and demand.  The parabolic nature of the function simply means that as the deviation increases, the societal costs grow at an increasing rate; eg, if the company sells 1 ounce hamburgers by mistake, they will lose many, many more customers than if they sell 3 ounce hamburgers by mistake -- far more than the threefold increase in error.

SYMBOL 183 \f "Symbol" \s 5 \h
Designs of Experiments for Quality  -  experimental methods that are heuristic (less than theoretically perfect yet yield excellent results) in nature, and so provide quicker solutions.

SYMBOL 183 \f "Symbol" \s 5 \h
Robust Design  --  Taguchi advocates product specifications well beyond the expected customer requirement to ensure customer satisfaction.  The concept is seen in television advertisements that promote car batteries that still work in Antarctica and automobile parts fitted accurately enough to track a ball bearing.  

Kaoru Ishikawa 

Ishikawa is best known for his key role in the growth of the use of quality (control) circles, worker teams that continually identify and solve quality problems.  Ishikawa believed that quality circles work because they appeal to the democratic nature of humankind.  Ishikawa also developed the Ishikawa diagram, a root cause analysis technique used by teams to find the real cause of a problem instead of just fixing its effects.  Teams draw branches backwards, starting with the observed problem, asking "why" to create the next branch; the process bears strong resemblance to the truism that "one must ask "five whys" in order to find a problem."  Alternate terms are Fishbone Diagram (because the complete diagram somewhat resembles a fish skeleton) and Cause-and-Effect Diagram.  The Ishikawa Diagram is one of the Seven Tools of Quality.  He also advocates Company-Wide Quality Control (CWQC) or Total Quality Control (TQC).  It is the "T" that differentiates TQC from other quality concepts; TQC expects long-term top management commitment to a quality philosophy, not just in manufacturing, but in all areas of their organization; eg, measuring the number of correctly processed insurance claim forms or customer complaints successfully resolved.
  The general concept of TQC was advocated in America by Armand V. Feigenbaum in his 1961 book as well.  The American Society for Quality (ASQ)
 established the Ishikawa Medal in 1993 to recognize outstanding leadership in improving the human aspects of quality.  Ishikawa served on JUSE (The Japanese Union of Scientists and Engineers)
 and the faculty of the University of Tokyo.

Taiichi Ohno


Taiichi Ohno contributed to quality through his development of the lean production system at Toyota Motor.  Lean production is based on the elimination of all muda (waste).  Here, waste means both inefficient manufacturing processes as well as the production of any unsold product.  Lean production delivers quality by:

SYMBOL 183 \f "Symbol" \s 5 \h
Making products more valuable because of reducing manufacturing costs.

SYMBOL 183 \f "Symbol" \s 5 \h
Making products more satisfying since its production is driven by true demand.

SYMBOL 183 \f "Symbol" \s 5 \h
Making products more satisfying and valuable as they are delivered quicker under more efficient, 'streamlined'  processes.

The two basic elements of lean production are:

SYMBOL 183 \f "Symbol" \s 5 \h
Kanban, "pull" and "just-in-time" methods, where manufacturing processes "upstream" are triggered/driven by consumption, that reduce inventory and respond more directly to customer demand.

SYMBOL 183 \f "Symbol" \s 5 \h
Reduced setup times that allow for smaller lot sizes, which in turn, reduce inventory and reduce throughput times.

Ohno was inspired to rethink the mass production system when visiting an American supermarket, where customers pull from the shelves only what is needed when it is needed.  Lean production has also been addressed as the Toyota production system, kanban system, and just-in-time (JIT) system.  Ohno joined Toyoda Spinning and Weaving in 1932, transferred to Toyota Motor in 1943, rose to a directorship in 1954, and retired from a Toyota executive vice-presidency in 1978.

The Future of Quality

Today, quality management is viewed as much more than a managerial issue.  Even in this short reading, you can see experts concur there is concrete connectivity between the practice of quality and our societal outcomes (eg, the aim of Deming's Profound Knowledge, Juran's quality dikes and institutional mission, Taguchi's loss function).  It complements the systematic perspective; all systems generate outputs that merely form the inputs for the nexus of systems that comprise all of society.
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� 	Deming disagreed with this opnion.  He states that the real world is filled with loss functions of many different shapes.  For example, a man who arrives a few minutes early to board an airplane has lost little but a a man who arrives a few minutes late has lost much more!  See The New Economics for Industry, Government, Education, W. Edwards Deming, 1991, pages 217�224 for a detailed discussion.





� 	� HYPERLINK http://www.asqc.org/about/history/ishikawa.html ��http://www.asqc.org/about/history/ishikawa.html�





� 	Tom Peters once observed a chef in a kitchen at Motorola practicing TQC, counting out chocolate chips to ensure that each cookie contained the correct amount!





� 	� HYPERLINK http://www.asqc.org ��http://www.asqc.org�





� 	� HYPERLINK http://www.i-juse.co.jp/index.html ��http://www.i-juse.co.jp/index.html�





�	How does reducing setup times allow for smaller lot sizes?  The longer the setup time, the more time 'wasted' changing from "reds" to blues."  By making it quicker to change from "reds" to blues," the manufacturer can change more often without "wasting" time.  The reverse is not true:  if you simply reduce the number of "reds" you produce at a time, without reducing the setup time, the total time "wasted by setups will only increase!
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