
“Basics of Total Quality Management”.

: Total Quality Management

Topic Objective:

At the end of this topic student would be able to:

 Learn about Total Quality Management

 Learn about TQM in Japan

 Learn about origin of the expression Total Quality Management

 Learn about Project Management Fundamentals

Definition/Overview:

Total Quality Management: (TQM) is a management strategy aimed at embedding awareness

of quality in all organizational processes. TQM has been widely used in manufacturing,

education, call centers, government, and service industries, as well as NASA space and science

programs.

TQM is composed of three paradigms:

 Total: Involving the entire organization, supply chain, and/or product life cycle

 Quality: With its usual Definitions, with all its complexities (External Definition)

 Management: The system of managing with steps like Plan, Organize, Control, Lead,

Staff, provisioning and the likes

As defined by the International Organization for Standardization (ISO):

"TQM is a management approach for an organization, centered on quality, based on the

participation of all its members and aiming at long-term success through customer satisfaction,

and benefits to all members of the organization and to society." ISO 8402:1994

One major aim is to reduce variation from every process so that greater consistency of effort is

obtained.
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In Japan, TQM comprises four process steps, namely:

 Kaizen Focuses on "Continuous Process Improvement", to make processes visible,

repeatable and measurable.

 Atarimae Hinshitsu The idea that "things will work as they are supposed to" (for

example, a pen will write).

 Kansei Examining the way the user applies the product leads to improvement in the

product itself.

 Miryokuteki Hinshitsu The idea that "things should have an aesthetic quality" (for

example, a pen will write in a way that is pleasing to the writer).

 TQM requires that the company maintain this quality standard in all aspects of its

business. This requires ensuring that things are done right the first time and that defects and

waste are eliminated from operations.

Key Points:

1. TQM in manufacturing: Quality assurance through statistical methods is a key component in

a manufacturing organization, where TQM generally starts by sampling a random selection of

the product. The sample can then be tested for things that matter most to the end users. The

causes of any failures are isolated, secondary measures of the production process are designed,

and then the causes of the failure are corrected. The statistical distributions of important

measurements are tracked. When parts' measures drift into a defined "error band", the process is

fixed. The error band has usually a tighter distribution than the "failure band", so that the

production process is fixed before failing parts can be produced.

It is important to record not just the measurement ranges, but what failures caused them to be

chosen. In that way, cheaper fixes can be substituted later (say, when the product is redesigned)

with no loss of quality. After TQM has been in use, it's very common for parts to be redesigned

so that critical measurements either cease to exist, or become much wider.
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1.1 The origin of the expression Total Quality Management is unclear.

"Total Quality Control" was the key concept of Armand Feigenbaum's 1951 book,

Quality Control: Principles, Practice, and Administration. In a chapter titled "Total

Quality Control" Feigenbaum grabs on to an idea that sparked many scholars' interest in

the following decades. The expression Total Quality Control existed together with the

Japanese expression "Company Wide Quality Control" (CWQC) and the differences

between the two expressions was unclear. Major influencers for both expressions were

W. Edwards Deming, Joseph Juran, Philip B. Crosby, and Kaoru Ishikawa, known as the

big four.

The expression Total Quality Management started to appear in the 1980s and there are

two theories of its origin:

One theory is that Total Quality Management was created as an misinterpretation from

Japanese to English since no difference exist between the words "control" and

"management" in Japanese. The American Society for Quality says that the term Total

Quality Management was used by the U.S. Naval Air Systems Command in 1984 to

describe its Japanese-style management approach to quality improvement since they did

not like the word control in Total Quality Control. The word management should then

have been suggested by one of the employees, Nancy Warren. This is consistent with the

story that the United States Navy Personnel Research and Development Center began

researching the use of statistical process control (SPC), the work of Juran, Crosby, and

Ishikawa, and the philosophy of W. Edwards Deming to make performance

improvements in 1984. This approach was first tested at the North Island Naval Aviation

Depot.
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: Customer Satisfaction

Topic Objective:

At the end of this topic student would be able to:

 Learn about customer satisfaction

 Learn about measuring customer satisfaction

 Learn about measures of customer satisfaction

 Learn about the University of Michigan's American Customer Satisfaction Index

Definition/Overview:

Customer satisfaction: a business term is a measure of how products and services supplied by a

company meet or surpass customer expectation. It is seen as a key performance indicator within

business and is part of the four perspectives of a Balanced Scorecard. In a competitive

marketplace where businesses compete for customers, customer satisfaction is seen as a key

differentiator and increasingly has become a key element of business strategy.

There is a substantial body of empirical literature that establishes the benefits of customer

satisfaction for firms.

Key Points:

1. Measuring customer satisfaction

Organizations are increasingly interested in retaining existing customers while targeting non-

customers; measuring customer satisfaction provides an indication of how successful the

organization is at providing products and/or services to the marketplace.
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Customer satisfaction is an ambiguous and abstract concept and the actual manifestation of the

state of satisfaction will vary from person to person and product/service to product/service. The

state of satisfaction depends on a number of both psychological and physical variables which

correlate with satisfaction behaviors such as return and recommend rate. The level of satisfaction

can also vary depending on other options the customer may have and other products against

which the customer can compare the organization's products.

Because satisfaction is basically a psychological state, care should be taken in the effort of

quantitative measurement, although a large quantity of research in this area has recently been

developed. Work done by Berry, Brodeur between 1990 and 1998 defined ten 'Quality Values'

which influence satisfaction behavior, further expanded by Berry in 2002 and known as the ten

domains of satisfaction. These ten domains of satisfaction include: Quality, Value, Timeliness,

Efficiency, Ease of Access, Environment, Inter-departmental Teamwork, Front line Service

Behaviors, Commitment to the Customer and Innovation. These factors are emphasized for

continuous improvement and organizational change measurement and are most often utilized to

develop the architecture for satisfaction measurement as an integrated model. Work done by

Parasuraman, Zeithaml and Berry between 1985 and 1988 provides the basis for the

measurement of customer satisfaction with a service by using the gap between the customer's

expectation of performance and their perceived experience of performance. This provides the

measurer with a satisfaction "gap" which is objective and quantitative in nature. Work done by

Cronin and Taylor propose the "confirmation/disconfirmation" theory of combining the "gap"

described by Parasuraman, Zeithaml and Berry as two different measures (perception and

expectation of performance) into a single measurement of performance according to expectation.

According to Garbrand, customer satisfaction equals perception of performance divided by

expectation of performance.

The usual measures of customer satisfaction involve a survey with a set of statements using a

Likert Technique or scale. The customer is asked to evaluate each statement and in term of their

perception and expectation of performance of the organization being measured.
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The University of Michigan's American Customer Satisfaction Index (ACSI) is the scientific

standard of customer satisfaction. Academic research has shown that the national ACSI score is a

strong predictor of Gross Domestic Product (GDP) growth, and an even stronger predictor of

Personal Consumption Expenditure (PCE) growth. On the microeconomic level, research has

shown that ACSI data predicts stock market performance, both for market indices and for

individually traded companies. Increasing ACSI scores has been shown to predict loyalty, word-

of-mouth recommendations, and purchase behavior. The ACSI measures customer satisfaction

annually for more than 200 companies in 43 industries and 10 economic sectors. In addition to

quarterly reports, the ACSI methodology can be applied to private sector companies and

government agencies in order to improve loyalty and purchase intent. Two companies have been

licensed to apply the methodology of the ACSI for both the private and public sector: CFI

Group, Inc.applies the methodology of the ACSI offline, and Foresee Results applies the ACSI

to websites and other online initiatives.

The Net PromoterR score is a management tool that can be used to gauge the loyalty of a firm's

customer relationships. It serves as an alternative to traditional customer satisfaction research.

Companies obtain their Net Promoter Score by asking customers a single question (usually,

"How likely is it that you would recommend us to a friend or colleague?"). Based on their

responses, customers can be categorized into one of three groups: Promoters, Passives, and

Detractors. In the net promoter framework, Promoters are viewed as valuable assets that drive

profitable growth because of their repeat/increased purchases, longevity and referrals, while

Detractors are seen as liabilities that destroy profitable growth because of their complaints,

reduced purchases/defection and negative word-of-mouth. Companies calculate their Net

Promoter Score by subtracting their % Detractors from their % Promoters.

The Kano model is a theory of product development and customer satisfaction developed in the

1980's by Professor Noriaki Kano that classifies customer preferences into five categories:

Attractive, One-Dimensional, Must-Be, Indifferent, Reverse. The Kano model offers some

insight into the product attributes which are perceived to be important to customers. Kano also

produced a methodology for mapping consumer responses to questionnaires onto his model.
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: Employee Involvement

Topic Objective:

At the end of this topic student would be able to:

 Learn about employee involvement

 Learn about emotional attachment

 Learn about Commitment

 Learn about life insurance industry

 Generating engagement

Definition/Overview:

Employee involvement: engagement is a concept that is generally viewed as managing

discretionary effort, that is, when employees have choices, they will act in a way that furthers

their organization's interests. An engaged employee is a person who is fully involved in, and

enthusiastic about, his or her work.

In his book, Getting Engaged: The New Workplace Loyalty, author Tim Rutledge explains that

truly engaged employees are attracted to, and inspired by, their work ("I want to do this"),

committed ("I am dedicated to the success of what I am doing"), and fascinated ("I love what I

am doing").

Key Points:

Engaged employees care about the future of the company and are willing to invest the

discretionary effort. Engaged employees feel a strong emotional bond to the organization that

employs them. (Robinson)
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1. Emotional attachment

Only 29% of employees are actively engaged in their jobs. These employees work with passion

and feel a profound connection to their company. People that are actively engaged help move the

organization forward. 84% of highly engaged employees believe they can positively impact the

quality of their organization's products, compared with only 31% of the disengaged. 72% of

highly engaged employees believe they can positively affect customer service, versus 27% of the

disengaged. 68% of highly engaged employees believe they can positively impact costs in their

job or unit, compared with just 19% of the disengaged. Engaged employees feel a strong

emotional bond to the organization that employs them. This is associated with people

demonstrating willingness to recommend the organization to others and commit time and effort

to help the organization succeed. It suggests that people are motivated by intrinsic factors (e.g.

personal growth, working to a common purpose, being part of a larger process) rather than

simply focusing on extrinsic factors (e.g., pay/reward).

1.1 Commitment

It has been routinely found that employee engagement scores account for as much as half

of the variance in customer satisfaction scores. This translates into millions of dollars for

companies if they can improve their scores. Studies have statistically demonstrated that

engaged employees are more productive, more profitable, more customer-focused, safer,

and less likely to leave their employer.

Employees with the highest level of commitment perform 20% better and are 87% less

likely to leave the organization, which indicates that engagement is linked to

organizational performance. For example, at the beverage company of MolsonCoors, it

was found that engaged employees were five times less likely than non-engaged

employees to have a safety incident and seven times less likely to have a lost-time safety

incident. In fact, the average cost of a safety incident for an engaged employee was $63,

compared with an average of $392 for a non-engaged employee. Consequently, through

strengthening employee engagement, the company saved $1,721,760 in safety costs in

2002. In addition, savings were found in sales performance teams through engagement.
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In 2005, for example, low-engagement teams were seen falling behind engaged teams,

with a difference in performance-related costs of low- versus high-engagement teams

totaling $2,104,823.3

1.2 Life insurance industry

Two studies of employees in the life insurance industry examined the impact of employee

perceptions that they had the power to make decisions, sufficient knowledge and

information to do the job effectively, and rewards for high performance. Both studies

included large samples of employees (3,570 employees in 49 organizations and 4,828

employees in 92 organizations). In both studies, high-involvement management practices

were positively associated with employee morale, employee retention, and firm financial

performance. Watson Wyatt found that high-commitment organizations (one with loyal

and dedicated employees) out-performed those with low commitment by 47% in the 2000

study and by 200% in the 2002 study.

1.3 roductivity

In a study of professional service firms, the Hay Group found that offices with engaged

employees were up to 43% more productive.

The most striking finding is the almost 52% gaps in operating incomes between

companies with highly engaged employees and companies whose employees have low-

engagement scores. High-engagement companies improved 19.2% while low-

engagement companies declined 32.7% in operating income during the study period. For

example, New Century Financial Corporation, a U.S. specialty mortgage banking

company, found that account executives in the wholesale division who were actively

disengaged produced 28% less revenue than their colleagues who were engaged.

Furthermore, those not engaged generated 23% less revenue than their engaged

www.bsscommunitycollege.in   www.bssnewgeneration.in  www.bsslifeskillscollege.in

9
www.onlineeducation.bharatsevaksamaj.net        www.bssskillmission.in

WWW.BSSVE.IN



counterparts. Engaged employees also outperformed the not engaged and actively

disengaged employees in other divisions

1.4 Generating engagement

Recent research has focused on developing a better understanding of how variables such

as quality of work relationships and values of the organization interact and their link to

important work outcomes. 84% of highly engaged employees believe they can positively

impact the quality of their organization's products, compared with only 31 percent of the

disengaged. From the perspective of the employee, "outcomes" range from strong

commitment to the isolation of oneself from the organization. The study done by the

Gallup Management Journal has shown that only 29% of employees are actively engaged

in their jobs. Those "engaged" employees work with passion and feel a strong connection

to their company. About ⅔ of the business units scoring above the median on employee

engagement also scored above the median on performance. Moreover, 54% of employees

are not engaged meaning that they go through each workday putting time but no passion

into their work. Only about ⅓ of companies below the median on employee engagement

scored above the median on performance

Access to a reliable model enables organizations to conduct validation studies to establish

the relationship of employee engagement to productivity/performance and other measures

linked to effectiveness.

It is an important principle of industrial and organizational psychology (i.e. the

application of psychological theories, research methods, and intervention strategies

involving workplace issues) that validation studies should be anchored in reliable scales

(i.e. organized and related groups of items) and not simply focus on individual elements

in isolation. To understand how high levels of employee engagement affect

organizational performance/productivity it is important to have an a priori model that

demonstrates how the scales interact. There is also overlap between this concept and

those relating to well-being at work and the psychological contract.
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As employee productivity is clearly connected with employee engagement, creating an

environment that encourages employee engagement is considered to be essential in the

effective management of human capital.

1.5 Influences

According to a 2006 study by Gerard Seijts and Dan Crim, "...an employees attitude

toward the jobs importance and the company had the greatest impact on loyalty and

customer service then all other employee factors combined."

If expectations are not clear and basic materials and equipment not provided, negative

emotions such as boredom or resentment may result, and the employee may then become

focused on surviving more than thinking about how he can help the organization

succeed."

Plant supervisors and managers indicated that many plant improvements were being

made outside the suggestion system, where employees initiated changes in order to reap

the bonuses generated by the subsequent cost savings."

Feedback is the key to giving employees a sense of where theyre going, but many

organizations are remarkably bad at giving it." 'What I really wanted to hear was 'Thanks.

You did a good job.' But all my boss did was hand me a check.'"

Quality of working relationships with peers, superiors, and subordinates: if employees'

relationship with their managers is fractured, then no amount of perks will persuade the

employees to perform at top levels. Employee engagement is a direct reflection of how

employees feel about their relationship with the boss.

Inspiration and values' is the most important of the six drivers in our Engaged

Performance model. Inspirational leadership is the ultimate perk. In its absence, it is

unlikely to engage employees.

Effective Internal Employee Communications: which convey a clear description of

"what's going on". "'If you accept that employees want to be involved in what they are
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doing then this trend is clear (from small businesses to large global organisations). The

effect of poor internal communications is seen as its most destructive in global

organisations which suffer from employee annexation - where the head office in one

country is buoyant (since they are closest to the action, know what is going on, and are

heavily engaged) but its annexes (who are furthest away from the action and know little

about what is happening) are dis-engaged. In the worst case, employee annexation can be

very destructive when the head office attributes the annex's low engagement to its poor

performance... when its poor performance is really due to its poor communications.

: Continuous Process Improvement

Topic Objective:

At the end of this topic student would be able to:

 Learn about business process improvement

 Learn how business process improvement works

 Learn about BPI: key considerations

 Learn about methodology of BPI

 Learn about implementing BPI

Definition/Overview:

Business Process Improvement (BPI): is a systematic approach to help any organization

optimize its underlying processes to achieve more efficient results.

The organization may be a for-profit business, a non-profit organization, a government agency,

or any other ongoing concern. Most BPI techniques were developed and refined in the

Manufacturing era, though many of the methodologies (like Six Sigma) have been successfully

adapted to work in the predominantly Services-based economy of today. While there are
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differences in the challenges that each type of industry poses, the fact remains that the core

principles of BPI and how they apply to business improvement, remain portable across industries

and functions.

It should be noted that BPI focuses on "doing things right" more than it does on "doing the right

thing". In essence, BPI attempts to reduce variation and/or wastage in processes, so that the

desired outcome can be achieved with better utilisation of resources.

Key Points:

1. Business Process Improvement works by:

 Defining the organization's strategic goals and purposes (Who are we, what do we do,

and why do we do it?)

 Determining the organization's customers (or stakeholders) (Who do we serve?)

 Aligning the business processes to realize the organization's goals (How do we do it

better?)

 The goal of BPI is a radical change in the performance of an organization, rather than a

series of incremental changes (compare TQM). Michael Hammer and James Champy

popularized this radical model in their book Reengineering the Corporation: A Manifesto for

Business Revolution (1993). Hammer and Champy stated that the process was not meant to

impose trivial changes, such as 10 percent improvements or 20 percent cost reductions, but was

meant to be revolutionary.

 Unfortunately, many businesses in the 1990s used the phrase "reengineering" as a

euphemism for layoffs. Other organizations did not make radical changes in their business

processes, did not make significant gains, and wrote the process off as a failure. Yet others have

found that BPI is a valuable tool in a process of gradual change to a business.

www.bsscommunitycollege.in   www.bssnewgeneration.in  www.bsslifeskillscollege.in

13
www.onlineeducation.bharatsevaksamaj.net        www.bssskillmission.in

WWW.BSSVE.IN



1. 1 BPI: Key Considerations

Processes need to align to business goals an organization's strategic goals should provide the

key direction for any Business Process Improvement exercise. This alignment can be brought

about by integrating programs like Balanced Scorecard to the BPI initiative. E.g. when

deploying Six Sigma, identification of projects can be done on the basis of how they fit into

the Balanced Scorecard agenda of the organization.

Customer Focus Fast-changing customer needs underscore the importance of aligning

business processes to achieve higher customer satisfication. It is imperative in any BPI

exercise that the "Voice of Customer" be known, and factored in, when reviewing or

redesigning any process.

Importance of Benchmarks BPI tools place a lot of emphasis on "measurable results".

Accordingly, benchmarks assume an important role in any BPI initiative. Depending on the

lifecycle of the process in question, benchmarks may be internal (within the organization),

external (from other competing / noncompeting organizations) or dictated by the senior

management of the organization as an aspirational target.

Establish Process Owners: For any process to be controllable, it is essential that there be

clarity on who the process owners are, and what constitutes success/failure of the process.

These success/failure levels also help establish "control limits" for the process, and provide a

healthy check on whether or not a process is meeting the desired customer objectives.

1.2 Methodology of BPI

o Carrying out BPI is a project, so all principles of project management apply.

o The first step in BPI is to define the existing structure and process at play (AS-IS).

o Then, the BPI process owners should determine what outcomes would add value to the

organization's objectives and how best to align its processes to achieve those outcomes (TO-BE).

o Once the outcomes are determined, the organization's work force needs to be re-

organized to meet the new objectives, using the variety of tools available within the BPI

methodology.
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1.3 Implementing BPI

Most resistance to BPI comes from within an organization. Managers often do not wish to

change existing structures. The labor force may resist BPI because of fears of layoffs;

however, an organization using BPI on a regular basis, argue many proponents, will already

have the proper work force to meet existing business challenges.

Some organizations have implemented BPI on a smaller scale and reported success, by

doing the following:

o Start with a small process that can be completed in a short time frame.

o Set clear timelines.

o Do not spread resources thinly and focus on the short term payoff.

o Management and primary stakeholders must be involved, or else even a limited

implementation will fail.

In Section 2 of this course you will cover these topics:
Supplier Partnership

Performance Measures

Benchmarking

You may take as much time as you want to complete the topic coverd in section 2.
There is no time limit to finish any Section, However you must finish All Sections before

semester end date.

If you want to continue remaining courses later, you may save the course and leave.
You can continue later as per your convenience and this course will be avalible in your

area to save and continue later.
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: Supplier Partnership

Topic Objective:

At the end of this topic student would be able to:

 Learn about strategic partnership

 Learn about strategic partnerships and other intellectual property ownership

 Learn aboutA supply chain

Definition/Overview:

A strategic partnership: is a formal alliance between two commercial enterprises, usually

formalized by one or more business contracts but falls short of forming a legal partnership or,

agency, or corporate affiliate relationship.

Key Points:

1. Strategic partnership

o Typically two companies form a strategic partnership when each possesses one or

more business assets that will help the other but that it does not wish to develop

internally.

o One common strategic partnership involves one company providing engineering,

manufacturing or product development services, partnering with a smaller,

entrepreneurial firm or inventor to create a specialized new product. Typically, the

larger firm supplies capital, and the necessary product development, marketing,

manufacturing, and distribution capabilities, while the smaller firm supplies

specialized technical or creative expertise.
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o Another common strategic partnership involves a supplier / manufacturer

partnering with a distributor or wholesale consumer. Rather than approach the

transactions between the companies as a simple link in the product or service supply

chain, the two companies form a closer relationship where they mutually participate

in advertising, marketing, branding, product development, and other business

functions. As examples, an automotive manufacturer may form strategic partnerships

with its parts suppliers, or a music distributor with record labels.

o Strategic partnerships raise questions concerning co-inventorship and other

intellectual property ownership, technology transfer, exclusivity, competition, hiring

away of employees, rights to business opportunities created in the course of the

partnership, splitting of profits and expenses, duration and termination of the

relationship, and many other business issues. The relationships are often complex as a

result, and can be subject to extensive negotiation.

o A supply network is a pattern of temporal and spatial processes carried out at

facility nodes and over distribution links, which adds value for customers through the

manufacturing and delivery of products. It comprises the general state of business

affairs in which all kinds of material (work-in-process material as well as finished

products) are transformed and moved between various values-add points to maximize

the value added for customers.

o A supply chain is a special instance of a supply network in which raw materials,

intermediate materials and finished goods are procured exclusively as products

through a chain of processes that supply one another.

o In the semiconductors industry, for example, work-in-process moves from

fabrication to assembly, and then to the test house. The term "supply network" refers

to the high-tech phenomenon of contract manufacturing where the brand owner does

not touch the product. Instead, she coordinates with contract manufacturers and

component suppliers who ship components to the brand owner. This business practice

requires the brand owner to stay in touch with multiple parties or "network" at once.
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: Performance Measures

Topic Objective:

At the end of this topic student would be able to:

 Learn about performance measurement

 Learn about employee Involvement

 Learn about measuring performance

 Learn about challenges in performance measurement

 Learn about intangible and non-financial measurements

 Learn about diversity of organizations and professionals

Definition/Overview:

Performance measurement: is the use of statistical evidence to determine progress toward

specific defined organizational objectives.

There are many types of measurements. In school, exams are graded to establish the academic

abilities; in sports, time is clocked in split seconds to verify the athletic abilities. Similarly in

teams and organizations, there are various tools and measurements to determine how well it

performs. Gamble, Strickland and Thompson (2007) provide a comprehensive method for

measuring performance of organizations. How well each company performs is dependent on the

strategic plan. Some of the measurements include basic financial ratios such as debt-to-equity

ratio and if the levels are an issue with creditworthiness.
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Key Points:

1. Measuring performance

The daunting task of measuring performance for organizations across industries and eras,

declaring the top performers, and finding the common drivers of their success did not occur to

anyone until around 1982; when Tom Peters and Bob Waterman got down to work researching

and writing In Search of Excellence. This publishing sensation challenged industrial managers

actions and attitudes, and inspired researchers and scholars to further pursue the theory of high

performance the holy grail of any competitive business organisation. This task becomes more

complex as corporations diversify into multiple industries. A researcher must take this into

consideration when conducting a comparative analysis of companies.

Several performance measurement systems are in use today, and each has its own group of

supporters.

Although the Balanced Scorecard has become very popular, there is no single version of the

model that has been universally accepted. The diversity and unique requirements of different

enterprises suggest that no one-size-fits-all approach will ever do the job.

here are many types of measurements. In school, exams are graded to establish the academic

abilities; in sports, time is clocked in split seconds to verify the athletic abilities. Similarly in

teams and organizations, there are various tools and measurements to determine how well it

performs. Gamble, Strickland and Thompson provide a comprehensive method for measuring

performance of organizations. How well each company performs is dependent on the strategic

plan. Some of the measurements include basic financial ratios such as debt-to-equity ratio and if

the levels are an issue with creditworthiness.

The daunting task of measuring performance for organizations across industries and eras,

declaring the top performers, and finding the common drivers of their success did not occur to

anyone until around 1982, when Tom Peters and Bob Waterman got down to work researching

and writing In Search of Excellence. This publishing sensation challenged industrial managers

actions and attitudes, and inspired researchers and scholars to further pursue the theory of high

performance the holy grail of any competitive business organisation. This task becomes more
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complex as corporations diversify into multiple industries. A researcher must take this into

consideration when conducting a comparative analysis of companies.

1.1 Challenges in Performance Measurement

The traditional control-oriented performance measurement system in the industrial era is

losing its relevance in todays fast changing environment where organizations are re-

shaped into flat multi-functional hierarchies. Performance measurement will get tougher

with globalization and increasing complexity of organizations business models, teams

roles and responsibilities.

1.2 Diversity of organizations and professionals

A huge variety of organizations exist today. For example, there are government,

education, financial services, manufacturing, retail, non-profit, food and beverage. Then,

there are sub-industries. In financial services, we can break down into the banks,

insurance, exchange and so on. And in each, we can for example break down a bank into

deposit, loan, credit card, investment departments. In deposit department, we have

savings, current and fixed accounts. This break down goes on until we have an individual

that performs a task that is unique. If the bank example has 10,000 staff, are we going to

have 10,000 different performance measurements? It will be a challenge for an

organization to keep track of the huge diversity of skilled professionals and ensure

alignment to its mission and values.

1.3 Intangible and non-financial measurements

Traditionally, accountants play a major role in measuring an organizations success.

Unfortunately, annual reports do not allow managers to monitor the progress to build

capabilities and acquire the intangible assets needed for future growth. Non-financial
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measurements will be required to link a companys long term strategy with its short term

actions.

Unlike financial measurements which are straight-forward and certain, non-financial

measurements will require more judgement and justification. For instance, how would a

private banker translate the banks mission of "To be the preferred bank in Asia" into

actionable and measurable tasks? When two private bankers achieved the same sales

revenue, how will the manager measure who is more motivated, hardworking,

responsible or trustworthy? Furthermore, unlike financial measurements which are

governed by accounting standards and principles, non-financial measures will be more

susceptible to misuse and manipulation. There are no direct answers because not

everything can be measured objectively and there will be a threshold before

measurements become counter-productive.

1.4 Challenges in Performance Measurement

The traditional control-oriented performance measurement system in the industrial era is

losing its relevance in todays fast changing environment where organisations are re-

shaped into flat multi-functional hierarchies. Performance measurement will get tougher

with globalisation and increasing complexity of organisations business models, teams

roles and responsibilities.

1.5 Diversity of organizations and professionals

A huge variety of organisations exist today. For example, there are government,

education, financial services, manufacturing, retail, non-profit, food and beverage. Then,

there are sub-industries. In financial services, we can break down into the banks,

insurance, exchange and so on. And in each, we can for example break down a bank into

deposit, loan, credit card, investment departments. In deposit department, we have

savings, current and fixed accounts. This break down goes on until we have an individual

that performs a task that is unique. If the bank example has 10,000 staff, are we going to
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have 10,000 different performance measurements? It will be a challenge for an

organisation to keep track of the huge diversity of skilled professionals and ensure

alignment to its mission and values.

1.6 Intangible and non-financial measurements

Traditionally, accountants play a major role in measuring an organisations success.

Unfortunately, annual reports do not allow managers to monitor the progress to build

capabilities and acquire the intangible assets needed for future growth. Non-financial

measurements will be required to link a companys long term strategy with its short term

actions.

Unlike financial measurements which are straight-forward and certain, non-financial

measurements will require more judgement and justification. For instance, how would a

private banker translate the banks mission of "To be the preferred bank in Asia" into

actionable and measurable tasks? When two private bankers achieved the same sales

revenue, how will the manager measure who is more motivated, hardworking,

responsible or trustworthy? Furthermore, unlike financial measurements which are

governed by accounting standards and principles, non-financial measures will be more

susceptible to misuse and manipulation. There are no direct answers because not

everything can be measured objectively and there will be a threshold before

measurements become counter-productive.

1.7 Relationship with evaluation

Performance measurement is conceptually related to other evaluation approaches. There

tends to be something of a professional and conceptual divide between performance

managers and evaluators, with evaluators criticizing some performance measurement

approaches as being too simplistic. In particular there is the problem of attribution which

is usually not dealt with well in performance measurement systems. This relates to the

discussion in the previous paragraph on intangible and non-financial measurement. Put in
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its simplest form, the mere measurement of changes in outcomes over a period of time

does not establish attribution. Even if an actor (organization, policy or person) takes

action over the period of time in which measured outcomes improve this, in itself, does

not say anything about whether such measured changes can be attributed to the actions of

the actor rather than to any other factor. Evaluation as a discipline puts a major focus on

attempting to establish attribution by using various experimental and other methods

which make claims about attribution by controlling for other factors. The performance

measurement movement, on the other hand, can challenge evaluators over the fact that

their designs often involve extensive and costly studies which are not feasible in the vast

majority of cases where performance needs to be measured quickly and cheaply for

pragmatic management reasons.

1.8 Change management practices

As with any other organisational change management program, implementing a

performance measurement system will encounter resistance especially in large

bureaucratic organisations. First of all, nobody likes to be measured. Self-serving

managers who are experts in their field may have the freedom to choose and manipulate

measures for their own benefit. Further in large, global organisations, consistency in

implementation across departments may be a problem if communication and coordination

is not executed well. Lastly, inexperienced managers may not know what they want to

find out and collect data and statistics which may not be that useful. This will cause

frustrations and unnecessary effort for staff at the working level to prepare additional data

and reports which adds no value.

1.9 Process Improvement

Throughout the implementation of a Performance Management system, which may span

from months to years, there is a need to constantly focus on the critical goals that can

bring visible progress and enhancement. Otherwise, there is a tendency for busy
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employees to lose sight of the ultimate objective of performance measurement, and treat

its implementation as a mere data collection exercise for management. Teams must create

measures that support their mission, or they will not fully exploit their ability to perform

the process faster and more responsive. In addition, to remain competitive and relevant,

the measures need to be continually reviewed and revised as the environment and

economy changes.

2.0 Employee Involvement

A truly empowered team must play the lead role in designing its own measurement

system as it will know best what sort of measurement it needs to align with the

organisations strategy. This empowerment should not be limited to management level or

the finance department, but be extended to every single individual in the organisation.

Everyone contributes and owns the Performance Measurement system. Everyone plays a

part.

There is no value for measurements that cannot be put into a simple and clear report.

Measurements must focus on most the critical items and not sacrifice quality for quantity.

Too much measurement may mean that teams end up spending too much time collecting

data, monitoring their activities, and not enough time managing the project outcome.

For example when a car is driven in a city, there are big meters on the dashboard that

indicate the speed, amount of fuel, engine temperature and so on. They are sufficient for

one to get from one place to another safely. We do not want the engineers to spend time

designing a dashboard that crowd us with unnecessary technical information such as

atmospheric pressure, air flow speed, engine or exhaust noise level.

A well implemented Performance Measurement system should eventually be a tool that

allows a consistent language to be used within the organisation. It should allow different

individuals to trace their measurements to the management and organisation goals; or

allow different departments to cross-reference their priorities and targets using the same

language.
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Unlike financial measurements that often record past accounting numbers, a good

Performance Measurement system should also capture its relevance to the organisation

vision, validate its strategies and chart new directions. It should not dwell in the past but

focus on measurements that impact future deliverables.

Unfortunately, enduring goals require more effort and many organisations prefer to focus

on initiatives that promise short-term financial results even though other initiatives may

have higher long-term payoffs. A possible reason is the increasing competitiveness and

high staff turnover. This builds a culture of short-term permanent employment, where

employees do not foresee themselves to stay on with any organisation long enough to see

any long-term plans bear fruit.

One possible solution for such long-term goals which cannot be realised for many years

(such as in the case of government initiatives), is to identify meaningful output-oriented

milestones that lead to achieving the long-term outcome.

: Benchmarking

Topic Objective:

At the end of this topic student would be able to:

 Learn about Benchmarking

 Learn about types of Benchmarking

 Learn about advantages of benchmarking

 Learn about collaborative benchmarking
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Definition/Overview:

Benchmarking: (also "best practice bench-marking" or "process benchmarking") is a process

used in management and particularly strategic management, in which organizations evaluate

various aspects of their processes in relation to best practice, usually within their own sector.

This then allows organizations to develop plans on how to adopt such best practice, usually with

the aim of increasing some aspect of performance. Benchmarking may be a one-off event, but is

often treated as a continuous process in which organizations continually seek to challenge their

practices.

Benchmarking in simplistic terms is the process where you compare your process with that of a

better process and try to improve the standard of the process you follow to improve quality of the

system, product, services etc.

A process similar to benchmarking is also used in technical product testing and in land

surveying. See the article benchmark for these applications.

In South Korea, The imitation brand commodity etc. is called "Me Too Commodity ", and there

is an opinion assumed that it is a result of the benchmarking.

Key Points:

1. Advantages of benchmarking

Benchmarking is a powerful management tool because it overcomes "paradigm blindness."

Paradigm Blindness can be summed up as the mode of thinking, "The way we do it is the best

because this is the way we've always done it." Benchmarking opens organizations to new

methods, ideas and tools to improve their effectiveness. It helps crack through resistance to

change by demonstrating other methods of solving problems than the one currently employed,

and demonstrating that they work, because they are being used by others.
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1.1 Collaborative benchmarking

Benchmarking, originally invented as a formal process by Rank Xerox, is usually carried

out by individual companies. Sometimes it may be carried out collaboratively by groups

of companies (eg subsidiaries of a multinational in different countries). One example is

that of the Dutch municipally-owned water supply companies, which have carried out a

voluntary collaborative benchmarking process since 1997 through their industry

association.

1.2 Procedure

There is no single benchmarking process that has been universally adopted. The wide

appeal and acceptance of benchmarking has led to various benchmarking methodologies

emerging. The most prominent methodology is the 12 stage methodology by Robert

Camp

The 12 stage methodology consisted of 1. Select subject ahead 2. Define the process 3.

Identify potential partners 4. Identify data sources 5. Collect data and select partners 6.

Determine the gap 7. Establish process differences 8. Target future performance 9.

Communicate 10. Adjust goal 11. Implement 12. Review/recalibrate.

The following is an example of a typical shorter version of the methodology:

o Identify your problem areas: Because benchmarking can be applied to any business

process or function, a range of research techniques may be required. They include:

informal conversations with customers, employees, or suppliers; exploratory research

techniques such as focus groups; or in-depth marketing research, quantitative

research, surveys, questionnaires, re engineering analysis, process mapping, quality

control variance reports, or financial ratio analysis. Before embarking on comparison

with other organizations it essential that you know your own organization's function,

process; base lining performance provides a point against which improvement effort

can be measured.Identify other industries that have similar processes - For instance if

one were interested in improving hand offs in addiction treatment s/he would try to

identify other fields that also have hand off challenges. These could include air traffic

control, cell phone switching between towers, transfer of patients from surgery to

recovery rooms.
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o Identify organizations that are leaders in these areas - Look for the very best in any

industry and in any country. Consult customers, suppliers, financial analysts, trade

associations, and magazines to determine which companies are worthy of study.

o Survey companies for measures and practices - Companies target specific business

processes using detailed surveys of measures and practices used to identify business

process alternatives and leading companies. Surveys are typically masked to protect

confidential data by neutral associations and consultants.

o Visit the "best practice" companies to identify leading edge practices - Companies

typically agree to mutually exchange information beneficial to all parties in a

benchmarking group and share the results within the group.

o Implement new and improved business practices - Take the leading edge practices

and develop implementation plans which include identification of specific

opportunities, funding the project and selling the ideas to the organization for the

purpose of gaining demonstrated value from the process.

o Benchmarking is a moderately expensive process, but most organizations find that

it more than pays for itself. The three main types of costs are:

o Visit Costs: This includes hotel rooms, travel costs, meals, a token gift, and lost

labor time.

o Time Costs: Members of the benchmarking team will be investing time in

researching problems, finding exceptional companies to study, visits, and

implementation. This will take them away from their regular tasks for part of each

day so additional staff might be required.

o Benchmarking Database Costs: Organizations that institutionalize benchmarking

into their daily procedures find it is useful to create and maintain a database of best

practices and the companies associated with each best practice now.

o The cost of benchmarking can substantially be reduced through utilizing the many

internet resources that have sprung up over the last few years. These aim to capture
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benchmarks and best practices from organizations, business sectors and countries to

make the benchmarking process much quicker and cheaper.

o The technique initially used to compare existing corporate strategies with a view to

achieving the best possible performance in new situations, has recently been extended

to the comparison of technical products. This process is usually referred to as

"Technical Benchmarking" or "Product Benchmarking'. Its use is particularly well

developed within the automotive industry ("Automotive Benchmarking"), where it is

vital to design products that match precise user expectations, at minimum possible

cost, by applying the best technologies available worldwide. Many data are obtained

by fully disassembling existing cars and their systems. Such analyses were initially

carried out in-house by car makers and their suppliers. However, as they are

expensive, they are increasingly outsourced to companies specialized in this area.

Indeed, outsourcing has enabled a drastic decrease in costs for each company (by cost

sharing) and the development of very efficient tools (standards, software).

1.3 Types of Benchmarking

o Process benchmarking: the initiating firm focuses its observation and investigation

of business processes with a goal of identifying and observing the best practices from

one or more benchmark firms. Activity analysis will be required where the objective

is to benchmark cost and efficiency; increasingly applied to back-office processes

where outsourcing may be a consideration.

o Financial benchmarking: performing a financial analysis and comparing the results

in an effort to assess your overall competitiveness.

o Performance benchmarking: allows the initiator firm to assess their competitive

position by comparing products and services with those of target firms.

o Product benchmarking: the process of designing new products or upgrades to

current ones. This process can sometimes involve reverse engineering which is taking

apart competitors products to find strengths and weaknesses.
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o Strategic benchmarking: involves observing how others compete. This type is

usually not industry specific meaning it is best to look at other industries.

o Functional benchmarking: a company will focus its benchmarking on a single

function in order to improve the operation of that particular function. Complex

functions such as Human Resources, Finance and Accounting and Information and

Communication Technology are unlikely to be directly comparable in cost and

efficiency terms and may need to be disaggregated into processes to make valid

comparison.

In Section 3 of this course you will cover these topics:
Quality Management Systems

Environmental Management System

Quality Function Deployment (Qfd)

You may take as much time as you want to complete the topic coverd in section 3.
There is no time limit to finish any Section, However you must finish All Sections before

semester end date.

If you want to continue remaining courses later, you may save the course and leave.
You can continue later as per your convenience and this course will be avalible in your

area to save and continue later.

Topic Objective:

At the end of this topic student would be able to:

 Learn about quality management system

 Learn concept of quality - historical background

 Learn about quality management organizations and awards
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Definition/Overview:

Quality management system: Can be defined as a set of policies, processes and procedures

required for planning and execution (production / development / service) in the core business

area of an organization. QMS integrates the various internal processes within the organization

and intends to provide a process approach for project execution. QMS enables the organizations

to identify measure, control and improve the various core business processes that will ultimately

lead to improved business performance.

Key Points:

1. Concept of quality - historical background

The concept of quality as we think of it now first emerged out of the Industrial Revolution.

Previously goods had been made from start to finish by the same person or team of people, with

handcrafting and tweaking the product to meet 'quality criteria'. Mass production brought huge

teams of people together to work on specific stages of production where one person would not

necessarily complete a product from start to finish. In the late 1800s pioneers such as Frederick

Winslow Taylor and Henry Ford recognized the limitations of the methods being used in mass

production at the time and the subsequent varying quality of output. Taylor established Quality

Departments to oversee the quality of production and rectifying of errors, and Ford emphasized

standardization of design and component standards to ensure a standard product was produced.

Management of quality was the responsibility of the Quality department and was implemented

by Inspection of product output to 'catch' defects.

Application of statistical control came later as a result of World War production methods.

Quality management systems are the outgrowth of work done by W. Edwards Deming, a

statistician, after whom the Deming Prize for quality is named.
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Quality, as a profession and the managerial process associated with the quality function, was

introduced during the second-half of the 20th century, and has evolved since then. Over this

period, few other disciplines have seen as many changes as the quality profession.

The quality profession grew from simple control, to engineering, to systems engineering. Quality

control activities were predominant in the 1940s, 1950s, and 1960s. The 1970s were an era of

quality engineering and the 1990s saw quality systems as an emerging field. Like medicine,

accounting, and engineering, quality has achieved status as a recognized profession.

1.1 Quality system for medical devices

Quality System requirements for medical devices have been internationally recognized as a way

to assure product safety and efficacy and customer satisfaction since at least 1983, and were

instituted as requirements in a final rule published on October 7, 1996. FDA had documented

design defects in medical devices that contributed to recalls from 1983 to 1989 that would have

been prevented if Quality Systems had been in place. The rule is promulgated at 21 CFR 820.

According to current Good Manufacturing Practice (GMP), medical device manufacturers have

the responsibility to should use good judgment when developing their quality system and apply

those sections of the Food and Drug Administration (FDA) Quality System (QS) Regulation that

are applicable to their specific products and operations, in Part 820 of the QS regulation. As with

GMP, operating within this flexibility, it is the responsibility of each manufacturer to establish

requirements for each type or family of devices that will result in devices that are safe and

effective, and to establish methods and procedures to design, produce, and distribute devices that

meet the quality system requirements.

FDA has identified in the QS regulation the essential elements that a quality system shall

embody for design, production and distribution, without prescribing specific ways to establish

these elements. These elements include:
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1.3 Quality System

o personnel training and qualification;

o controlling the product design;

o controlling documentation;

o controlling purchasing;

o product identification and traceability at all stages of production;

o controlling and defining production and process;

o defining and controlling inspection, measuring and test equipment;

o validating processes;

o product acceptance;

o controlling nonconforming product;

o instituting corrective and preventive action when errors occur;

o labeling and packaging controls;

o handling, storage, distribution and installation;

o records;

o servicing;

o statistical techniques;

Because the QS regulation covers a broad spectrum of devices and production processes, it

allows some leeway in the details of quality system elements. It is left to manufacturers to

determine the necessity for, or extent of, some quality elements and to develop and implement

procedures tailored to their particular processes and devices. For example, if it is impossible to

mix up labels at a manufacturer because there is only one label to each product, then there is no
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necessity for the manufacturer to comply with all of the GMP requirements under device

labeling.

Drug manufactures are regulated under a different section of the CFR: 21 CFR 211. However,

FDA has instituted new policies requiring QS for pharmaceuticals.

1.4 Quality management organizations and awards

The International Organization for Standardization's ISO 9000:2000 series describes standards

for a QMS addressing the principles and processes surrounding the design, development and

delivery of a general product or service. Organisations can participate in a continuing

certification process to ISO 9001:2000 in order to demonstrate their compliance with the

standard, which includes a requirement for continual (i.e. planned) improvement of the QMS.

(ISO 9000:2000 provides guidance on Quality principles and on the common language used by

quality professionals. ISO 9004:2000 provides guidance on improvement methods. It can be seen

that neither of these standards can be used for certification purposes as they provide guidance,

not requirements).

The Malcolm Baldrige National Quality Award is a competition to identify and recognize top-

quality U.S. companies. This model addresses a broadly based range of quality criteria, including

commercial success and corporate leadership. Once an organization has won the award it has to

wait several years before being eligible to apply again.

The European Foundation for Quality Management's EFQM Excellence Model supports an

award scheme similar to the Malcolm Baldrige Award for European companies.

In Canada, the National Quality Institute presents the 'Canada Awards for Excellence' on an

annual basis to organisations that have displayed outstanding performance in the areas of Quality

and Workplace Wellness, and have met the Institute's criteria with documented overall

achievements and results.

The Alliance for Performance Excellence is a network of state, local, and international

organizations that use the Malcolm Baldrige National Quality Award criteria and model at the
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grassroots level to improve the performance of local organizations and economies.

NetworkforExcellence.org is the Alliance web site; browsers can find Alliance members in their

state and get the latest news and events from the Baldrige community.

: Environmental Management System

Topic Objective:

At the end of this topic student would be able to:

 Learn about Total Quality Management

 Learn about TQM in japan

 Learn about origin of the expression Total Quality Management

 Learn about Project Management Fundamentals

Definition/Overview:

The Environmental Management System: (EMS) is part of a management system of an

organization (enterprise, authority, etc.), in which specific competencies, behaviours, procedures

and demands for the implementation of an operational environmental policy of the organization

are defined.

Key Points:

1. Legislation and standards

Within the European Union (EU) legislation was introduced to encourage businesses to

voluntarily adopt ISO 14000.
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Regulation (EC) No 761/2001 of the European Parliament and of the Council of 19 March 2001

allowed voluntary participation by organisations in a Community eco-management and audit

scheme Eco-Management and Audit Scheme (EMAS).

The implementation of a robust EMS, which may incorporate ISO 14001, should lead to

improved environmental performance, including better and more consistent legal compliance.

The ISO 14000 standards reflect different aspects of environmental management. The following

list outlines the broad coverage of each:

o Environmental Management Systems:

o 4001, 14002, 14004

o Environmental Auditing:

o 19011

o Environmental Labeling:

o 14020, 14021, 14022, 14023, 14024, 14025

o Life Cycle Assessment:

o 14040, 14041, 14042, 14043

1.1 Benefits

There are a range of benefits associated with operating an effective Environmental

Management Systems (EMS):
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1.2 Financial

o Cost savings through the reduction of waste and more efficient use of natural

resources (electricity, water, gas and fuels.)

o Avoiding fines and penalties from not meeting environmental legislation by

identifying environmental risks and addressing weaknesses.

o Reduction in insurance costs by demonstrating better risk management

1.3 Operational and Internal

o Improved overall performance and efficiency.

o Able to monitor and reflect (audit) your businesss and see which areas need

intervention

1.4 External

o Better public perception of the organization, leading to improved sales

o Reduction of the impact (e.g. noises, smells, dust) of your activities on the local

residents, leading to more community support

: Quality Function Deployment (Qfd)

Topic Objective:

At the end of this topic student would be able to:

 Learn about quality function deployment

 Learn about area of application
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 Learn about techniques and tools based on QFD

 Learn about relationship to other techniques

Definition/Overview:

Quality function deployment: (QFD) was originally developed by Yoji Akao in 1966 when the

author combined his work in quality assurance and quality control points with function

deployment used in Value Engineering. Mr. Akao described QFD as a method to transform user

demands into design quality, to deploy the functions forming quality, and to deploy methods for

achieving the design quality into subsystems and component parts, and ultimately to specific

elements of the manufacturing process.

QFD is designed to help planners focus on characteristics of a new or existing product or service

from the viewpoints of market segments, company, or technology-development needs. The

technique yields graphs and matrices.

QFD has been used by several corporations and organizations.

Key Points:

1. The technique

o Identify customer needs and wants as voice of the customer (VOC)

o Identify the engineering characteristics of products or services that meets VOC

o Setting development targets and test methods for the products or services

o QFD helps transform customer needs (the voice of the customer VOC) into

engineering characteristics (and appropriate test methods) for a product or service,
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prioritizing each product or service characteristic while simultaneously setting

development targets for product or service.

1.1 Areas of application

QFD is applied in a wide variety of services, consumer products, military needs (such as

the F-35 Joint Strike Fighter), and emerging technology products. The technique is also

used to identify and document competitive marketing strategies and tactics . It is also

implicated in the new ISO 9000:2000 standard which focuses on customer satisfaction.

Results of QFD have been applied in Japan and elsewhere into deploying the high-

impact controllable factors in Strategic planning and Strategic management (also known

as Hoshin Kanri, Hoshin Planning,or Policy Deployment).

Acquiring market needs by listening to the Voice of Customer (VOC), sorting the needs,

and numerically prioritizing them (using techniques such as the Analytic Hierarchy

Process) are the early tasks in QFD. Traditionally, going to the Gemba (the "real place"

where value is created for the customer) is where these customer needs are evidenced and

compiled.

While many books and articles on "how to do QFD" are available, there is a relative

paucity of example matrices available. QFD matrices become highly proprietary due to

the high density of product or service information found therein.

Notable U.S. companies using QFD techniques include the U.S. automobile

manufacturers (GM, Ford, Daimler Chrysler) and their suppliers, IBM, Raytheon,General

Electric,Boeing, Lockheed Martin, and many others.
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1.2 Techniques and tools based on QFD

House of Quality appeared in 1972 in the design of an oil tanker by Mitsubishi Heavy

Industries. Akao has reiterated numerous times that a House of Quality is not QFD, it is

just an example of one tool.

A Flash tutorial exists showing the build process of the traditional QFD "House of

Quality" (HOQ). (Although this example may violate QFD principles, the basic sequence

of HOQ building are illustrative.) There are also free QFD templates available that walk

users through the process of creating a House of Quality.

Other tools extend the analysis beyond quality to cost, technology, reliability, function,

parts, technology, manufacturing, and service deployments.

In addition, the same technique can extend the method into the constituent product

subsystems, configuration items, assemblies, and parts. From these detail level

components, fabrication and assembly process QFD charts can be developed to support

statistical process control techniques.

1.3 Pugh concept selection

Pugh Concept Selection can be used in coordination with QFD to select a promising

product or service configuration from among listed alternatives.

1.4 Relationship to other techniques

This technique somewhat resembles Management by objectives (MBO), but adds a

significant element in the goal setting process, called "catchball". Use of these Hoshin

techniques by U.S. companies such as Hewlett Packard have been successful in focusing

and aligning company resources to follow stated strategic goals throughout an

organizational hierarchy. Since the early introduction of QFD, the technique has been
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developed to shorten the time span and reduce the required group efforts (such as Richard

Zultner's Blitz QFD).

In Section 4 of this course you will cover these topics:
Quality By Design

Failure Mode And Effect Analysis (Fmea)

Management Tools

You may take as much time as you want to complete the topic coverd in section 4.
There is no time limit to finish any Section, However you must finish All Sections before

semester end date.

If you want to continue remaining courses later, you may save the course and leave.
You can continue later as per your convenience and this course will be avalible in your

area to save and continue later.

Topic Objective:

At the end of this topic student would be able to:

 Learn about Quality by Design

 Learn about Quality design and CAD

Definition/Overview:

Quality by Design: The evolution in mechanical-design software during the past decade has

permanently changed the manufacturing industry. Three-dimensional computer-aided design,

manufacturing and engineering (CAD/CAM/CAE) software programs are close to fulfilling their

promise to deliver fully integrated design and manufacturing. CAD design software saves time

and money in product development by reducing or eliminating the need for physical mock-ups,
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allowing for early detection of interferences between components and enabling quick design

iterations that result in product optimization.

To further this integration, design engineering is taking new quality assurance lessons from

manufacturing. On factory floors all over the world, attention to quality in product-

manufacturing operations now determines market success. Attention to quality in the operations

used to produce engineering designs--in other words, attention to the data produced by digital

modeling activities--is proving to be equally fruitful. Practitioners of design quality assurance are

reaping great benefits by pushing quality awareness earlier into the engineering process.

Key Points:

Quality design and CAD

CAD is one of the many tools used by engineers and designers and is used in many ways

depending on the profession of the user and the type of software in question. There are several

different types of CAD. Each of these different types of CAD systems require the operator to

think differently about how he or she will use them and he or she must design their virtual

components in a different manner for each.

There are many producers of the lower-end 2D systems, including a number of free and open

source programs. These provide an approach to the drawing process without all the fuss over

scale and placement on the drawing sheet that accompanied hand drafting, since these can be

adjusted as required during the creation of the final draft.

3D wireframe is basically an extension of 2D drafting. Each line has to be manually inserted into

the drawing. The final product has no mass properties associated with it and cannot have features

directly added to it, such as holes. The operator approaches these in a similar fashion to the 2D

systems, although many 3D systems allow using the wireframe model to make the final

engineering drawing views.
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3D "dumb" solids (programs incorporating this technology include AutoCAD and Cadkey 19)

are created in a way analogous to manipulations of real word objects. Basic three-dimensional

geometric forms (prisms, cylinders, spheres, and so on) have solid volumes added or subtracted

from them, as if assembling or cutting real-world objects. Two-dimensional projected views can

easily be generated from the models. Basic 3D solids don't usually include tools to easily allow

motion of components, set limits to their motion, or identify interference between components.

3D parametric solid modeling (programs incorporating this technology include Pro/ENGINEER,

NX, the combination of UniGraphics and IDeas, CATIA V5, Autodesk Inventor, Alibre Design,

TopSolid, T-FLEX CAD, SolidWorks, and Solid Edge) require the operator to use what is

referred to as "design intent". The objects and features created are adjustable. Any future

modifications will be simple, difficult, or nearly impossible, depending on how the original part

was created. One must think of this as being a "perfect world" representation of the component.

If a feature was intended to be located from the center of the part, the operator needs to locate it

from the center of the model, not, perhaps, from a more convenient edge or an arbitrary point, as

he could when using "dumb" solids. Parametric solids require the operator to consider the

consequences of his actions carefully. What may be simplest today could be worst case

tomorrow.

Some software packages provide the ability to edit parametric and non-parametric geometry

without the need to understand or undo the design intent history of the geometry by use of direct

modeling functionality. This ability may also include the additional ability to infer the correct

relationships between selected geometry (e.g., tangency, concentricity) which makes the editing

process less time and labor intensive while still freeing the engineer from the burden of

understanding the models design intent history. These kind of non history based systems are

called Explicit Modellers. The first Explicit Modeling system was introduced to the world at the

end of 80's by Hewlett-Packard under the name SolidDesigner. This CAD solution, which

released many later versions, is now sold by PTC as "CoCreate Modeling"
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Topic Objective:

At the end of this topic student would be able to:

 Learn about failure mode and effects analysis

 Learn basic terms

 Learn about implementation

 Using FMEA when designing

 Learn risk priority numbers

Definition/Overview:

Failure mode and effects analysis: A Failure mode and effects analysis (FMEA) is a procedure

for analysis of potential failure modes within a system for the classification by severity or

determination of the failures' effect upon the system. It is widely used in the manufacturing

industries in various phases of the product life cycle and is now increasingly finding use in the

service industry as well. Failure causes are any errors or defects in process, design, or item

especially ones that affect the customer, and can be potential or actual. Effects analysis refers to

studying the consequences of those failures.

Key Points:

1. Basic terms

o Failure mode: "The manner by which a failure is observed; it generally describes

the way the failure occurs."

o Failure effect: The immediate consequences a failure has on the operation, function

or functionality, or status of some item
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o Indenture levels: An identifier for item complexity. Complexity increases as the

levels get closer to one.

o Local effect: The Failure effect as it applies to the item under analysis.

o Next higher level effect: The Failure effect as it applies at the next higher indenture

level.

o End effect: The failure effect at the highest indenture level or total system.

o Failure cause: Defects in design, process, quality, or part application, which are the

underlying cause of the failure or which initiate a process which leads to failure.

o Severity: "The consequences of a failure mode. Severity considers the worst

potential consequence of a failure, determined by the degree of injury, property

damage, or system damage that could ultimately occur."

1.1 Implementation

In FMEA, Failures are prioritized according to how serious their consequences are, how

frequently they occur and how easily they can be detected. An FMEA also documents

current knowledge and actions about the risks of failures, for use in continuous

improvement. FMEA is used during the design stage with an aim to avoid future failures.

Later it is used for process control, before and during ongoing operation of the process.

Ideally, FMEA begins during the earliest conceptual stages of design and continues

throughout the life of the product or service.

The purpose of the FMEA is to take actions to eliminate or reduce failures, starting with

the highest-priority ones. It may be used to evaluate risk management priorities for

mitigating known threat-vulnerabilities. FMEA helps select remedial actions that reduce

cumulative impacts of life-cycle consequences (risks) from a systems failure (fault).
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1.2 Using FMEA when designing

FMEA can provide an analytical approach, when dealing with potential failure modes

and their associated causes. When considering possible failures in a design like safety,

cost, performance, quality and reliability an engineer can get a lot of information about

how to alter the development/manufacturing process, in order to avoid these failures as

best as possible. FMEA provides an easy tool to determine which risk has the greatest

concern, and therefore an action is needed to prevent a problem before it arises.The

development of these specifications will ensure the product will meet the defined

requirements.

1.3 The pre-work

The process for conducting an FMEA is straightforward. It is developed in 3 main

phases, in which appropriate actions need to be defined. But before starting with an

FMEA, it is important to do some pre-work to make sure the robustness and past history

are included in the analysis.

Therefore a robustness analysis can be obtained from Interface Matrices, Boundary

Diagrams and Parameter Diagrams. A lot of failures are due to noise factors and shared

interfaces with other parts and/or systems, because engineers tend to focus on what they

control directly.

To start it is necessary to describe the system and its function. A good understanding

simplifies the further analysis. This way an engineer can see which uses of the system are

desirable and which are not. It is important to consider both intentional and unintentional

uses! Unintentional uses are a form of hostile environment.

Next a block diagram of the system needs to be created. This diagram gives an overview

of the major components or process steps and how they are related. These are called

logical relations around which the FMEA can be developed. It is useful to create a coding

system to identify the different system elements. The block diagram should always be

included with the FMEA.
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1.4 Step 1: Severity

Determine all failure modes based on the functional requirements and their effects.

Examples of failure modes are: Electrical short-circuiting,corrosion or deformation. It is

important to note that a failure mode in one component can lead to a failure mode in

another component. Therefore each failure mode should be listed in technical terms and

for function. Hereafter the ultimate effect of each failure mode needs to be considered. A

failure effect is defined as the result of a failure mode on the function of the system as

perceived by the user. In this way it is convenient to write these effects down in terms of

what the user might see or experience. Examples of failure effects are: degraded

performance, noise or even injury to a user. Each effect is given a severity number(S)

from 1(no danger) to 10(important). These numbers help an engineer to prioritise. If the

severity of an effect has a number 9 or 10, actions are considered to change the design by

eliminating the failure mode, if possible, or protecting the user from the effect. A severity

rating of 9 or 10 is generally reserved for those effects which would cause injury to a user

or otherwise result in litigation.

1.5 Step 2: Occurrence

In this step it is necessary to look at the cause of a failure and how many times it occurs.

This can be done by looking at similar products or processes and the failures that have

been documented for them. A failure cause is looked upon as a design weakness. All the

potential causes for a failure mode should be identified and documented. Again this

should be in technical terms. Examples of causes are: erroneus algorithms, excessive

voltage or improper operating conditions. A failure mode is given a probability

number(O),again 1-10. Actions need to be determined if the occurrence is high (meaning

>4 for non safety failure modes and >1 when the severity-number from step 1 is 9 or 10).

This step is called the detailed development section of the FMEA process.
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1.6 Step 3: Detection

When appropriate actions are determined, it is necessary to test their efficiency. Also a

design verification is needed.The proper inspection methods need to be chosen. First, an

engineer should look at the current controls of the system, that prevent failure modes

from occurring or which detect the failure before it reaches the customer. Hereafter one

should identify testing, analysis, monitoring and other techniques that can be or have

been used on similar systems to detect failures. From these controls an engineer can learn

how likely it is for a failure to be identified or detected. Each combination from the

previous 2 steps, receives a detection number(D). This number represents the ability of

planned tests and inspections at removing defects or detecting failure modes.

After these 3 basic steps, Risk Priority Numbers (RPN) are calculated.

1.7 Risk Priority Numbers

RPN do not play an important part in the choice of an action against failure modes. They

are more threshold values in the evaluation of these actions.

After ranking the severity, occurrence and detectability the RPN can be easily calculated

by multiplying these 3 numbers: RPN = S x O x D

This has to be done for the entire process and/or design. Once this it is done it is easy to

determine the areas of greatest concern. The failure modes that have the highest RPN

should be given the highest priority for corrective action. This means it is not always the

failure modes with the highest severity numbers that should be treated first. There could

be less severe failures, but which occur more often and are less detectable.

After these values are allocated, recommended actions with targets, responsibility and

dates of implementation are noted. These actions can include specific inspection, testing

or quality procedures, redesign (such as selection of new components), adding more

redundancy and limiting environmental stresses or operating range. Once the actions have

www.bsscommunitycollege.in   www.bssnewgeneration.in  www.bsslifeskillscollege.in

48
www.onlineeducation.bharatsevaksamaj.net        www.bssskillmission.in

WWW.BSSVE.IN



been implemented in the design/process, the new RPN should be checked, to confirm the

improvements. These tests are often put in graphs, for easy visualisation. Whenever a

design or a process changes, an FMEA should be updated.

A few logical but important thoughts come in mind:

o Try to eliminiate the failure mode (some failures are more preventable than others)

o Minimize the severity of the failure

o Reduce the occurrence of the failure mode

o Improve the detection

1.8 Uses of FMEA

o Development of system requirements that minimize the likelihood of failures.

o Development of methods to design and test systems to ensure that the failures have

been eliminated.

o Evaluation of the requirements of the customer to ensure that those do not give rise

to potential failures.

o Identification of certain design characteristics that contribute to failures, and

minimize or eliminate those effects.

o Tracking and managing potential risks in the design. This helps avoid the same

failures in future projects.

o Ensuring that any failure that could occur will not injure the customer or seriously

impact a system.
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1.9 Advantages

o Improve the quality, reliability and safety of a product/process

o Improve company image and competitiviness

o Increase user satisfaction

o Reduce system development timing and cost

o Collect information to reduce future failures, capture engineering knowledge

o Reduce the potential for warranty concerns

o Early identification and eliminitation of potential failure modes

o Emphasis problem prevention

o Minimize late changes and associated cost

o Catalyst for teamwork and idea exchange between functions

2.0 Disadvantages

If used as a top-down tool, FMEA may only identify major failure modes in a system.

Fault tree analysis (FTA) is better suited for "top-down" analysis. When used as a

"bottom-up" tool FMEA can augment or complement FTA and identify many more

causes and failure modes resulting in top-level symptoms. It is not able to discover

complex failure modes involving multiple failures within a subsystem, or to report

expected failure intervals of particular failure modes up to the upper level subsystem or

system.

Additionally, the multiplication of the severity, occurrence and detection rankings may result

in rank reversals, where a less serious failure mode receives a higher RPN than a more

serious failure mode. The reason for this is that the rankings are ordinal scale numbers, and

multiplication is not a valid operation on them. The ordinal rankings only say that one
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ranking is better or worse than another, but not by how much. For instance, a ranking of "2"

may not be twice as bad as a ranking of "1," or an "8" may not be twice as bad as a "4," but

multiplication treats them as though they are. See Level of measurement for further

discussion.

Topic Objective:

At the end of this topic student would be able to:

 Learn about Total Quality Management tools

 Learn about quality control charts

 Learn about Other quality management tools

Definition/Overview:

Management Tools: There's an elusive balance between chasing after each new management

tool or method, and ignoring the fact that we have actually learned some things about

management over the past 100,000 years. The best tools are those which stand the test of time,

and which give you a lot of leverage over common problems.

We describe a variety of the best, most widely used management methods and tools in this

section of the Skymark Resource Web. We hope that the descriptions are helpful, and we

welcome your suggestions for additions and enhancements.
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Key Points:

Quality Control Charts

o Pie charts

o Bar charts

o Run Charts

o Radar Charts

o Scatter Plots

o Histograms

o Pareto Charts

o Normal Test Plots

o Process Capability Calculations

o Control Charts

Other Quality Management Tools

o Relations Diagram

o Pathway

o Affinity Diagrams

o Brainstorms

o Building Consensus

o Cause and Effect Diagrams

o Flowcharts
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o Force Field Diagrams

o Tree Diagrams

A pie chart (or a circle graph) is a circular chart divided into sectors, illustrating relative

magnitudes or frequences or percents. In a pie chart, the arc length of each sector (and

consequently its central angle and area), is proportional to the quantity it represents. Together,

the sectors create a full disk. It is named for its resemblance to a pie which has been sliced.

While the pie chart is perhaps the most ubiquitous statistical chart in the business world and the

mass media, it is rarely used in scientific or technical publications. It is one of the most widely

criticised charts, and many statisticians recommend to avoid its use altogether, pointing out in

particular that it is difficult to compare different sections of a given pie chart, or to compare data

across different pie charts. Pie charts can be an effective way of displaying information in some

cases, in particular if the intent is to compare the size of a slice with the whole pie, rather than

comparing the slices among them. Pie charts work particularly well when the slices represent 25

or 50% of the data, but in general, other plots such as the bar chart or the dot plot, or non-

graphical methods such as tables, may be more adapted for representing information.

Statisticians tend to regard pie charts as a poor method of displaying information. While pie

charts are common in business and journalism, they are uncommon in scientific literature. One

reason for this is that it is more difficult for comparisons to be made between the size of items in

a chart when area is used instead of length. In Stevens' power law, visual area is perceived with a

power of 0.7, compared to a power of 1.0 for length. This suggests that length is a better scale to

use, since perceived differences would be linearly related to actual differences.

In research performed at AT&T Bell Laboratories, it was shown that comparison by angle was

less accurate than comparison by length. This can be illustrated with the diagram to the right,

showing three pie charts, and, below each of them, the corresponding bar chart representing the

same data. Most subjects have difficulty ordering the slices in the pie chart by size; when the bar

chart is used the comparison is much easier. Similarly, comparisons between datasets are easier

using the barchart. However, if the goal is to compare a given category (a slice of the pie) with

the total (the whole pie) in a single chart and the multiple is close to 25% or 50%, then a pie

chart works better than a bar graph.
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In Section 5 of this course you will cover these topics:
Statistical Process Control (Spc).

Experimental Design

Taguchi'S Quality Engineering

You may take as much time as you want to complete the topic coverd in section 5.
There is no time limit to finish any Section, However you must finish All Sections before

semester end date.

If you want to continue remaining courses later, you may save the course and leave.
You can continue later as per your convenience and this course will be avalible in your

area to save and continue later

: Statistical Process Control (Spc).

Topic Objective:

At the end of this topic student would be able to:

 Learn about Statistical process control

 Learn about SPC has a distinct advantage

 Learn about History of SPC

Definition/Overview:

Statistical process control: is an effective method of monitoring a process through the use of

control charts. Control charts enable the use of objective criteria for distinguishing background

variation from events of significance based on statistical techniques. Much of its power lies in

the ability to monitor both process centre and its variation about that centre. By collecting data

from samples at various points within the process, variations in the process that may affect the

quality of the end product or service can be detected and corrected, thus reducing waste and as

well as the likelihood that problems will be passed on to the customer. With its emphasis on
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early detection and prevention of problems, SPC has a distinct advantage over quality methods,

such as inspection, that apply resources to detecting and correcting problems in the end product

or service.

In addition to reducing waste, SPC can lead to a reduction in the time required to produce the

product or service from end to end. This is partially due to a diminished likelihood that the final

product will have to be reworked, but it may also result from using SPC data to identify

bottlenecks, wait times, and other sources of delays within the process. Process cycle time

reductions coupled with improvements in yield have made SPC a valuable tool from both a cost

reduction and a customer satisfaction standpoint.

Key Points:

1. History

Statistical Process Control was pioneered by Walter A. Shewhart in the early 1920s. W. Edwards

Deming later applied SPC methods in the United States during World War II, thereby

successfully improving quality in the manufacture of munitions and other strategically important

products. Deming was also instrumental in introducing SPC methods to Japanese industry after

the war had ended.

Shewhart created the basis for the control chart and the concept of a state of statistical control by

carefully designed experiments. While Dr. Shewhart drew from pure mathematical statistical

theories, he understood that data from physical processes seldom produces a "normal distribution

curve" (a Gaussian distribution, also commonly referred to as a "bell curve"). He discovered that

observed variation in manufacturing data did not always behave the same way as data in nature

(for example, Brownian motion of particles). Dr. Shewhart concluded that while every process

displays variation, some processes display controlled variation that is natural to the process

(common causes of variation), while others display uncontrolled variation that is not present in

the process causal system at all times (special causes of variation).
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1.1 General

The following description relates to manufacturing rather than to the service industry,

although the principles of SPC can be successfully applied to either. For a description and

example of how SPC applies to a service environment, refer to Roberts (2005). SPC has

also been successfully applied to detecting changes in organizational behavior with

Social Network Change Detection introduced by McCulloh (2007).

In mass-manufacturing, the quality of the finished article was traditionally achieved

through post-manufacuting inspection of the product; accepting or rejecting each article

(or samples from a production lot) based on how well it met its design specifications. In

contrast, Statistical Process Control uses statistical tools to observe the performance of

the production process in order to predict significant deviations that may later result in

rejected product.

o Two kinds of variations occur in all manufacturing processes: both these process

variations cause subsequent variations in the final product. The first are known as

natural or common causes of variation and may be variations in temperature,

specifications of raw materials or electrical current etc. These variations are small,

and are generally near to the average value. The pattern of variation will be similar to

those found in nature, and the distribution forms the bell-shaped normal distribution

curve. The second kind is known as special causes, and happens less frequently than

the first.

o For example, a breakfast cereal packaging line may be designed to fill each cereal

box with 500 grams of product, but some boxes will have slightly more than 500

grams, and some will have slightly less, in accordance with a distribution of net

weights. If the production process, its inputs, or its environment changes (for

example, the machines doing the manufacture begin to wear) this distribution can

change. For example, as its cams and pulleys wear out, the cereal filling machine may
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start putting more cereal into each box than specified. If this change is allowed to

continue unchecked, more and more product will be produced that fall outside the

tolerances of the manufacturer or consumer, resulting in waste. While in this case, the

waste is in the form of "free" product for the consumer, typically waste consists of

rework or scrap.

o The following description relates to manufacturing rather than to the service

industry, although the principles of SPC can be successfully applied to either. For a

description and example of how SPC applies to a service environment, refer to

Roberts (2005).[4] SPC has also been successfully applied to detecting changes in

organizational behavior with Social Network Change Detection introduced by

McCulloh (2007).

o In mass-manufacturing, the quality of the finished article was traditionally

achieved through post-manufacturing inspection of the product; accepting or rejecting

each article (or samples from a production lot) based on how well it met its design

specifications. In contrast, Statistical Process Control uses statistical tools to observe

the performance of the production process in order to predict significant deviations

that may later result in rejected product.

o Two kinds of variation occur in all manufacturing processes: both these types of

process variation cause subsequent variation in the final product. The first is known

as natural or common cause variation and may be variation in temperature, properties

of raw materials, strength of an electrical current etc. This variation is small, the

observed values generally being quite close to the average value. The pattern of

variation will be similar to those found in nature, and the distribution forms the bell-

shaped normal distribution curve. The second kind of variation is known as special

cause variation, and happens less frequently than the first.

o For example, a breakfast cereal packaging line may be designed to fill each cereal

box with 500 grams of product, but some boxes will have slightly more than 500

grams, and some will have slightly less, in accordance with a distribution of net

weights. If the production process, its inputs, or its environment changes (for
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example, the machines doing the manufacture begin to wear) this distribution can

change. For example, as its cams and pulleys wear out, the cereal filling machine may

start putting more cereal into each box than specified. If this change is allowed to

continue unchecked, more and more product will be produced that fall outside the

tolerances of the manufacturer or consumer, resulting in waste. While in this case, the

waste is in the form of "free" product for the consumer, typically waste consists of

rework or scrap.

Topic Objective:

At the end of this topic student would be able to:

 Learn about Experimental Design

 Learn about Early example of experimental design

 Learn about formal mathematical theory

 Learn about Randomization

Definition/Overview:

Design of experiments: is the design of all information-gathering exercises where variation is

present, whether under the full control of the experimenter or not. (The latter situation is usually

called an observational study.) Often the experimenter is interested in the effect of some process

or intervention (the 'treatment') on some objects (the 'experimental units'), which may be people.

Design of experiments is thus a discipline that has very broad application across all the natural

and social sciences. It is also called experimental design at a slight risk of ambiguity (it concerns

designing experiments, not experimenting in design).
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Key Points:

1. Early example of experimental design

In 1747, while serving as surgeon on HM Bark Salisbury, James Lind, the ship's surgeon, carried

out a controlled experiment to develop a cure for scurvy.

Lind selected 12 men from the ship, all suffering from scurvy, and divided them into six pairs,

giving each group different additions to their basic diet for a period of two weeks. The treatments

were all remedies that had been proposed at one time or another. They were

o A quart of cider per day

o Twenty five gutts of elixir vitriol three times a day upon an empty stomach,

o Half a pint of seawater every day

o A mixture of garlic, mustard and horseradish, in a lump the size of a nutmeg

o Two spoonfuls of vinegar three times a day

o Two oranges and one lemon every day.

The men who had been given citrus fruits recovered dramatically within a week. One of them

returned to duty after 6 days and the other became nurse to the rest. The others experienced some

improvement, but nothing was comparable to the citrus fruits, which were proved to be

substantially superior to the other treatments.

In this study his subjects' cases "were as similar as I could have them", that is he provided strict

entry requirements to reduce extraneous variation. The men were paired, which provided

replication. From a modern perspective, the main thing that is missing is randomized allocation

of subjects to treatments.
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1. 1 A formal mathematical theory

The first statistician to consider a formal mathematical methodology for the design of

experiments was Sir Ronald A. Fisher. As an example, he described how to test the

hypothesis that a certain lady could distinguish by flavor alone whether the milk or the

tea was first placed in the cup. While this sounds like a frivolous application, it allowed

him to illustrate the most important means of experimental design:

1.2 Comparison

In many fields of study it is hard to reproduce measured results exactly. Comparisons

between treatments are much more reproducible and are usually preferable. Often one

compares against a standard or traditional treatment that acts as baseline.

1.3 Randomization

There is an extensive body of mathematical theory that explores the consequences of

making the allocation of units to treatments by means of some random mechanism such

as tables of random numbers, or the use of randomization devices such as playing cards

or dice. Provided the sample size is adequate, the risks associated with random allocation

(such as failing to obtain a representative sample in a survey, or having a serious

imbalance in a key characteristic between a treatment group and a control group) are

calculable and hence can be managed down to an acceptable level. Random does not

mean haphazard, and great care must be taken that appropriate random methods are used.
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1.4 Replication

Where measurement is made of a phenomenon that is subject to variation it is important

to carry out repeat measurements, so that the variability associated with the phenomenon

can be estimated.

1.5 Blocking

Blocking is the arrangement of experimental units into groups (blocks) that are similar to

one another. Blocking reduces known but irrelevant sources of variation between units

and thus allows greater precision in the estimation of the source of variation under study.

1.6 Orthogonality

Orthogonality concerns the forms of comparison (contrasts) that can be legitimately and

efficiently carried out. Contrasts can be represented by vectors and sets of orthogonal

contrasts are uncorrelated and independently distributed if the data are normal. Because

of this independence, each orthogonal treatment provides different information to the

others. If there are T treatments and T - 1 orthogonal contrasts, all the information that

can be captured from the experiment is obtainable from the set of contrasts.

Use of factorial experiments instead of the one-factor-at-a-time method. These are

efficient at evaluating the effects and possible interactions of several factors (independent

variables).

Analysis of the design of experiments was built on the foundation of the analysis of

variance, a collection of models in which the observed variance is partitioned into

components due to different factors which are estimated and/or tested.
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Some efficient designs for estimating several main effects simultaneously were found by

Raj Chandra Bose and K. Kishen in 1940 at the Indian Statistical Institute, but remained

little known until the Plackett-Burman designs were published in Biometrika in 1946.

In 1950, Gertrude Mary Cox and William Gemmell Cochran published the book

Experimental Designs which became the major reference work on the design of

experiments for statisticians for years afterwards.

Developments of the theory of linear models have encompassed and surpassed the cases

that concerned early writers. Today, the theory rests on advanced topics in abstract

algebra and combinatorics.

Topic Objective:

At the end of this topic student would be able to:

 Learn about Total Quality Management

 Learn about TQM in japan

 Learn about origin of the expression Total Quality Management

 Learn about Project Management Fundamentals

Definition/Overview:

Taguchi methods: are statistical methods developed by Genichi Taguchi to improve the quality

of manufactured goods, and more recently also applied to biotechnology, marketing and

advertising. Taguchi methods are considered controversial among some traditional Western

statisticians, but others accept many of his concepts as being useful additions to the body of

knowledge.

Taguchi's principal contributions to statistics are:
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o Taguchi loss-function;

o The philosophy of off-line quality control; and

o Innovations in the design of experiments.

Key Points:

1. Loss functions

Taguchi's reaction to the classical design of experiments methodology of R. A. Fisher was that it

was perfectly adapted in seeking to improve the mean outcome of a process. As Fisher's work

had been largely motivated by programmes to increase agricultural production, this was hardly

surprising. However, Taguchi realised that in much industrial production, there is a need to

produce an outcome on target, for example, to machine a hole to a specified diameter or to

manufacture a cell to produce a given voltage. He also realised, as had Walter A. Shewhart and

others before him, that excessive variation lay at the root of poor manufactured quality and that

reacting to individual items inside and outside specification was counter-productive.

He therefore argued that quality engineering should start with an understanding of quality costs

in various situations. In much conventional industrial engineering the quality costs are simply

represented by the number of items outside specification multiplied by the cost of rework or

scrap. However, Taguchi insisted that manufacturers broaden their horizons to consider cost to

society. Though the short-term costs may simply be those of non-conformance, any item

manufactured away from nominal would result in some loss to the customer or the wider

community through early wear-out; difficulties in interfacing with other parts, themselves

probably wide of nominal; or the need to build-in safety margins. These losses are externalities

and are usually ignored by manufacturers. In the wider economy the Coase Theorem predicts

that they prevent markets from operating efficiently. Taguchi argued that such losses would

inevitably find their way back to the originating corporation (in an effect similar to the tragedy of
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the commons) and that by working to minimise them, manufacturers would enhance brand

reputation, win markets and generate profits.

Such losses are, of course, very small when an item is near to nominal. Donald J. Wheeler

characterised the region within specification limits as where we deny that losses exist. As we

diverge from nominal, losses grow until the point where losses are too great to deny and the

specification limit is drawn. All these losses are, as W. Edwards Deming would describe them,

unknown and unknowable but Taguchi wanted to find a useful way of representing them within

statistics. Taguchi specified three situations:

o Larger the better (for example, agricultural yield);

o Smaller the better (for example, carbon dioxide emissions); and

o On-target, minimum-variation (for example, a mating part in an assembly).

o It is the first symmetric term in the Taylor series expansion of any reasonable,

real-life loss function, and so is a "first-order" approximation;

o Total loss is measured by the variance. As variance is additive, it is an attractive

model of cost; and

o There was an established body of statistical theory around the use of the least-

squares principle.

o The squared-error loss function had been used by John von Neumann and Oskar

Morgenstern in the 1930s.

Though much of this thinking is endorsed by statisticians and economists in general, Taguchi

extended the argument to insist that industrial experiments seek to maximise an appropriate

signal to noise ratio representing the magnitude of the mean of a process, compared to its

variation. Most statisticians believe Taguchi's signal to noise ratios to be effective over too

narrow a range of applications and they are generally deprecated.
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1.1 Off-line quality control

Taguchi realised that the best opportunity to eliminate variation is during design of a

product and its manufacturing process (Taguchi's rule for manufacturing). Consequently,

he developed a strategy for quality engineering that can be used in both contexts. The

process has three stages:

o System design;

o Parameter design; and

o Tolerance design.

o System design

This is design at the conceptual level involving creativity and innovation.

1.2 Parameter design

Once the concept is established, the nominal values of the various dimensions and design

parameters need to be set, the detail design phase of conventional engineering. Taguchi's

radical insight was that the exact choice of values required is under-specified by the

performance requirements of the system. In many circumstances, this allows the

parameters to be chosen so as to minimise the effects on performance arising from

variation in manufacture, environment and cumulative damage. This is sometimes called

Robustification.

1.3 Tolerance design

With a successfully completed parameter design, and an understanding of the effect that

the various parameters have on performance, resources can be focused on reducing and

controlling variation in the critical few dimensions
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1.4 Design of experiments

Taguchi developed much of his thinking in isolation from the school of R. A. Fisher, only

coming into direct contact in 1954. His framework for design of experiments is

idiosyncratic and often flawed but contains much that is of enormous value. He made a

number of innovations.

1.5 Outer arrays

Unlike the design of experiments work of R. A. Fisher, Taguchi sought to understand the

influence that parameters had on variation, not just on the mean. He contended, as had W.

Edwards Deming in his discussion of analytic studies, that conventional sampling is

inadequate here as there is no way of obtaining a random sample of future conditions. In

R. A. Fisher's work, variation between experimental replications is a nuisance that the

experimenter would like to eliminate whereas, in Taguchi's thinking, it is a central object

of investigation.

Taguchi's innovation was to replicate each experiment by means of an outer array,

possibly an orthogonal array that seeks deliberately to emulate the sources of variation

that a product would encounter in reality. This is an example of judgement sampling.

Though statisticians following in the Shewhart-Deming tradition have embraced outer

arrays, many academics are still skeptical.

Later innovations in outer arrays resulted in 'compounded noise'. This involves

combining a few noise factors to create two levels in the outer array. First, noise factors

that drive output lower and second, noise factors that drive output higher. This still

emulates the extremes of noise variation but with fewer test samples required.
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1.6 Management of interactions

Many of the orthogonal arrays that Taguchi has advocated are saturated, allowing no

scope for estimation of interactions. This is a continuing topic of controversy. However,

this is only true for 'control factors' or factors in the 'inner array'. By combining an inner

array of control factors with an outer array of 'noise factors', Taguchi's approach provides

full information on control-by-noise interactions. His concept is that those are the

interactions of most interest in achieving a design that is robust to noise factor variation.

In this sense, the Taguchi approach provides more complete interaction information than

typical fractional factorial experiments.

o Followers of Taguchi argue that the designs offer rapid results and that interactions

can be eliminated by proper choice of quality characteristic and by transforming the

data. That notwithstanding, a confirmation experiment offers protection against any

residual interactions. If the quality characteristic represents the energy transformation

of the system, then the likelihood of control factor by control factor interactions is

greatly reduced, since energy is additive.

o Western statisticians argue that interactions are part of the real world and that

Taguchi's arrays have complicated alias structures that leave interactions difficult to

disentangle. George Box, and others, have argued that a more effective and efficient

approach is to use sequential assembly.

1.7 Analysis of experiments

Taguchi introduced many methods for analysing experimental results including novel

applications of the analysis of variance and minute analysis. Little of this work has been

validated by Western statisticians.
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1.8 Assessment

Genichi Taguchi has made seminal and valuable methodological innovations in statistics

and engineering, within the Shewhart-Deming tradition. His emphasis on loss to society;

techniques for investigating variation in experiments and his overall strategy of system,

parameter and tolerance design have been massively influential in improving

manufactured quality worldwide. Much of his work was carried out in isolation from the

mainstream of Western statistics and, while this may have facilitated his creativity, much

of the technical detail of Taguchi methods and its benefits to experimentation and

research is only now being studied in the West.
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