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A QC Circle is a small group of frontline employees who meet regularly to try to improve
the quality of their work. QC Circle activities are at the core of TQM. They can play a major
role in creating a dynamic atmosphere in the workplace.

Please note that some of the texts in this unit will only become useful when you have actually
set up QC circles in your company. Note also that several of the charts referred to contain a
level of detail that you may feel is not relevant to your company.

10.1 QC Circle activities

QC Circles normally take a problem-based approach to improving the quality of their work.
They identify problems in their workplace, usually related to product quality and referred to
as “themes”, and together they set about finding a solution. They use quality control
concepts and techniques, and try to be creative in seeking solutions.

10.2 The human dimension to QC Circles

We all have an innate desire for personal growth. In the right conditions we get a lot of
satisfaction from improving our skills, and from using our new skills together with our co-
workers to achieve meaningful targets. QC Circles provide the right conditions.

10.3 Introducing QC Circle activities in your company

Be both sensitive and creative in introducing QC Circles in your company, especially since
their aims are to encourage the development of employees. Make sure that you take an
approach that suits the working environment, and the character and climate of your
company.

10.4 How many employees in the company should take part in
QC Circles?

Although all employees should take part in QC Circle activities, as these are a component of
TQM, some companies allow departments and sections to opt out. A key decision you have
to take is the scale of participation within your company.

10.5 Select QC Circle leaders; roles of leaders and members

The QC Circle leaders will be the driving force behind the activities. Select people who can
show leadership, who can get members to cooperate in meetings, can gather ideas, and
can create an atmosphere where everyone will feel free to express their opinion.

10.6 The QC Story

QC Circles use a 7-step procedure to solve problems related to the five priorities of
QCDSM: quality (Q), costs (C), deadlines and productivity (D), safety (S), and morale (M).
This procedure uses methods based on facts and data, and aims to prevent the recurrence
of problems by identifying the causes and implementing recurrence prevention measures.
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10.7 QC Circle meetings

QC Circle meetings help members to work together towards the same goals. Members
exchange ideas and information, get to know each other, and develop a spirit of
cooperation and a sense of solidarity. But if the meetings are poorly managed, the activities
will stagnate and members will become de-motivated.

10.8 QC Circle assemblies

After a QC Circle has completed a theme, it holds a meeting, referred to as a QC Circle
assembly or a QC Circle conference, to re-appraise the methods that have been used, and
to confirm the circle’s sense of achievement. Members give presentations of key points from
their problem resolution activities and achievements: their methods, their difficulties, and
their creative ideas. A very effective way of doing this is the QC Story (See also Unit 9).

10.9 Evaluation of QC Circle activities

Regular and appropriate evaluation of QC Circle activities will help to motivate members
and to revitalize activities. It will identify where improvement is needed, and indicate the
corrections that should be made. There are two forms of evaluation: self-evaluation by
members, and evaluation by managers.

10.10 The basic procedures for QC Circle activities
Once QC Circles have been set up, there are a wide range of procedures to follow.

10.11 QC Circle training

QC Circle training is aimed at achieving a workplace full of employees who are motivated,
creative, and good at solving problems. Training focuses on the value of QC Circle activities,
on raising quality consciousness, and on using QC methods.

10.12 Planning future QC Circle activities

Facilitators should prepare plans for desirable QC Circle activities for the future, and
promote these as a component of TQM. These plans should prescribe the level of QC Circle
activities, their targets, and concrete measures for achieving the targets. In doing so, they
should look carefully at the present state of QC Circles and should respect the intentions of
work superiors. Such plans are important in energising and consolidating QC Circle
activities.

10.13 Create the right environment for QC Circle activities: the
role of the CEO

QC Circles can only flourish in the right environment. CEOs, middle managers, promotional
staff members, and personnel managers must gain a good understanding of QC Circle
activities and create such an environment. The CEO has a key role to play.

10.14 The role of middle management

Middle managers should help establish a working environment in which QC Circle members
are allowed to take on a management role in their own work and make improvements on
their own initiative, in which their willingness to contribute is respected, and in which they
can use their abilities to the full.
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10.15 Set up a company-wide organisation to promote QC Circle
activities

Set up a company-wide organization to promote and facilitate QC Circle activities. This
should include a promotional committee and a promotional secretariat.

10.16 Hold QC Circle exchanges with other companies

When QC Circles always remain within their own work places, members’ perspectives may
become limited, and their ideas lose freshness. Organize meetings periodically with other
circles both within the company and outside. Members of different circles can visit each
other, have discussions, and study QC Circle management together, and thereby stimulate

each other to further development.

A Roadmap to Quality 5 Unit 10 - QC Circles



The RADAR questions

As you read each text you will discuss how it could be applied in your company. The RADAR
questions will help you to focus this discussion:

R - Are these ideas relevant to my company?

A - How would | apply each of them in my company?

D - What difficulties might | meet and how would | overcome them?

A - Are there any additional actions that | might take that are not mentioned in the text?
R - What resources would be needed, what would these cost, and how could they be
acquired?

There will of course be some discussion points where not all of these questions will be
applicable.

The 6-Point Structure

After you have discussed the ideas in the text, you write an action plan in which you present
practical proposals for implementing the conclusions you have reached in your discussion.
The 6-Point Structure will help you to write your action plan:

1. Problems: Problems you have in your company in the area you have just discussed.
2. Proposals: Your proposals for improvement.
a. Be specific and concrete.
b. Include an implementation plan, with a time schedule and minimum and
optimal implementation targets.
c. Refer to any forms, charts, tables etc. that you would use, and include samples
in an appendix.
3. Obstacles: Obstacles to implementation in employee attitudes, company organization
and culture etc., and how these could be overcome.
4. Resources:
a. The resources required: funds, equipment, materials, man-hours, expertise etc.
b. The resources available within the company.
c. Any resources that would have to be found outside the company.
d. Alternatives that could be used to cover any shortfall in resources.
5. Assessment: Ways of assessing the results of implementing these proposals.
6. Benefits: The benefits your proposals would bring.
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A QC Circle is a small group of frontline employees who meet regularly to try to
improve the quality of their work. In general their approach is problem-based. They
identify problems in the workplace, usually related to product quality and referred to as
“themes”, and together they set about finding a solution. They use quality control
concepts and techniques, and try to be creative in seeking solutions. Broadly, their
agenda is to continually improve and maintain the quality of products, and to constantly
strive towards self-development and group development. Through the QC activities, they
develop quality consciousness, problem consciousness, a willingness to make
improvements, and a sense of quality management. Ultimately their activities will lead to
increased customer satisfaction.

The quality of any product or service is determined by the front-line employees. In the
manufacturing industry this will be the employees who prepare blueprints, procure
materials, manufacture parts and products, and sell these to the customer. In the service
industry, quality depends on those who provide the services, and those who sell the
services to customers. In the indirect departments (departments that provide services to
other departments and to the company as a whole), quality is determined by those who
provide services to other employees. The criteria against which such improvements can
be measured are the standards which have been established to meet customer
requirements.

The QC Circle problem-solving approach seeks to find and remove the root cause of
problems through the four stages of the PDCA Cycle — draft plans (plan), implement the
plans (do), confirm the results of the implementation (check), and carry out any
necessary follow-up action (action) — Plan, Do, Check and Act: the PDCA cycle. (For
more details on the PDCA cycle see Unit 3.10.3)

Figure 1.5a PDCA Cycle

4.

The QC Circle approach, and quality management in general, is based solidly on facts.
This means first of all getting the facts, and then, wherever possible, converting those
facts into numerical values. When they are in numerical form it is easier to analyze them
objectively and accurately, and to reach a sound judgement. This data-processing
procedure is:
a. Convert facts into numerical values, as far as possible.
b. Distinguish causes from results.
c. Analyze results in a stratified manner (where data is divided according to its sources,
e.g. stratified by employees, by machines etc.).
Prioritize items for consideration.
e. Pay attention to dispersion (How the different items of data are scattered in relation to how they
are supposed to be, i.e. in relation to the standard or target values. See Text 9.7.)
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5. The methods that QC Circles use include:
a. Procedures for problem resolution.
b. The QC Seven Tools.
c. The New QC Seven Tools.
d. Other statistical methods as well as IE (industrial engineering) and VA (value
engineering).
When employees start using these methods they will find it easy to understand this
approach to improvement. (See Unit 11 and Text 16.6 for descriptions of the QC tools.)

6. QC Circles are also about the quality of our working life. We all have a natural desire to
develop our latent abilities and display them to good effect. QC Circle activities give
employees the opportunity to fulfil this desire by gaining knowledge, solving problems,
and achieving goals. Discussions at QC Circles also help us understand our co-workers
better, to develop good relationships, and, in all, to make our work place more
pleasant, more cheerful and more dynamic.

Figure 10.1a Mechanism of QC Circles
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Discussion

The following questions ask you to think about how the ideas in the text could be applied in
your company. Some of these ideas may not be relevant to you. Concentrate on those that
are relevant. Keep notes of your conclusions — you will need them to prepare your action
plan afterwards. Where appropriate ask yourself the RADAR questions.

Note: Always include in your discussion any figures referred to in the text, if you feel these

are relevant to your company.

a.

Parag. 1: To what extent would you say that employees in your company have a
sense of quality consciousness, problem consciousness, are willing to make
improvements, and have a sense of quality management. What benefits can these
qualities in employees bring?

Parag. 2: Who are the frontline employees in your company? In what ways is the
quality of your products or services determined by the front-line employees? Give
one or two examples.

Parags. 3, 4 and 5: These paragraphs give a preliminary outline of what QC Circles
involve. Some of the terminology will not be familiar to you yet, and more detail will
follow in later texts. For the moment consider in general terms how feasible and how
useful these ideas would be for your company. How systematic is the approach to
problem solving in your company?

Parag. 6: Do you agree with this perception of human nature which underlies the
QC Circle approach? Give reasons for your opinion.

Action plan

When you have discussed several texts, take the ideas you have found useful in them, and in
your discussion, and present them in a well-structured action plan for your company. You
might like to follow the 6-Point Structure.
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1. We all have an innate desire for personal growth. In the right conditions we get a lot of
satisfaction from studying, from improving our skills, and from using our new skills with
our co-workers to achieve meaningful targets. QC Circles provide the right conditions.

2. The aims of QC Circle activities are to:

a.

Fully bring out our latent capabilities. Everyone has considerable ability. As long as
we continue to learn, this ability will continue to develop. QC Circle activities provide
a framework for learning and developing together with our fellow workers.

Create a happy workplace. Members of QC Circles respect each other, and allow
each to display their abilities. When we learn to see things from other people’s
viewpoint, our relationships with them improve, and the work environment becomes
a pleasant place where everyone has a sense of purpose.

Contribute to the improvement and development of the enterprise. QC Circles have
become part of the corporate front line. Many companies have entrusted them with
the task of determining the quality level of the products and services they provide to
customers. They know that if employees find their jobs worthwhile, find their work
environment pleasant, and can exercise their abilities to the fullest, then the
companies they work for can only improve and grow.

3. To make the most of the opportunities that QC Circle activities provide, we should

resolve to:

a. Bring out our potential abilities through self-development.

b. Act with good will, and transform ourselves into capable workers.

c. Seek opportunities to further our development as a group, and to broaden our
outlook.

d. Work together: make sure information is shared with everyone, and leave to the side
any personal biases we may have.

e. Encourage everyone to participate in the group, and show what a force it can be.

f. Do our best to create a dynamic work environment.

g. Come up with creative ideas to bring improvements to our work - achieve a work
environment that is continually moving forward.

h. Cultivate quality consciousness, problem consciousness, and a willingness to make
improvements.

i. Make effective use of QC methods to resolve problems, to prevent problems
recurring, and to prevent potential problems emerging.

i.  Work towards the goals of TQM.

Discussion

The following questions ask you to think about how the ideas in the text could be applied in
your company. Some of these ideas may not be relevant to you. Concentrate on those that

are relevant. Keep notes of your conclusions — you will need them to prepare your action

plan afterwards. Where appropriate ask yourself the RADAR questions.
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Note: Always include in your discussion any figures referred to in the text, if you feel these
are relevant to your company.

a. Parag. 1: What do you think of this perspective on people, especially in the work
context?

b. Parag. 2: Discuss these aims of QC Circles activities. If QC Circles can achieve what
is described here how useful would they be in your company?

c. Parag. 3: Would it be realistic to expect the employees in your company to make
such resolutions? How valuable would it be they did, and acted on them? Look at
each recommended resolution in turn.

Action plan

When you have discussed several texts, take the ideas you have found useful in them, and in
your discussion, and present them in a well-structured action plan for your company. You
might like to use the 6-Point Structure.

A Roadmap to Quality 17  Unit 10 - QC Circles



1. Be both sensitive and creative in intfroducing QC Circles in your company, in particular
since their aims are to encourage the development of employees. Make sure that you
take an approach that suits the working environment, and the character and climate of
your company.

2. Those who are promoting QC Circles should find out how employees feel about the
circles before they introduce them. If any are opposed, they should listen carefully to
their reasons and take time to get their consent. Management should not force QC
Circles onto employees, but should rather encourage their spontaneous formation.

3. There are three principal ways to intfroduce QC Circles:

a. Introduce them simultaneously in all the work places: offices, manufacturing plants,
and departments. This method prompts a sense of togetherness within the
organization and encourages QC Circles to work hard in friendly rivalry. Some
companies hold a ceremony on the inauguration day and invite the president, plant
director, or department manager to announce their introduction.

b. Form pilot circles: supervisors who have been designated to become leaders form
pilot QC Circles. The pilot circles follow the typical procedures: they examine
common problems at work and use QC methods to resolve them; they compile their
experiences into a QC Story, and after two or three meetings, present their story at a
conference. Through these pilot circles the supervisors will gain the leadership
confidence to form other QC Circles, to promote their activities and to provide
guidance. These pilot circles should be maintained for three to six months.

c. Inauguration of circles by volunteers (model circles): willing volunteers form QC
Circles, and from these, QC Circles gradually spread to other workplaces. These
pioneering circles are called model circles because they serve as models for others.
After spending three to six months on problem resolution, the model circles hold a
meeting and present their achievements to a large number of people. This method
encourages others to believe that they too may be able to achieve the same results.
This is a process of popularizing QC activities.

All three ways of introducing QC Circles require supervisors and promoters to constantly

monitor circle activities and to provide assistance whenever it is needed.

Figure 10.3a Procedure for introducing QC Circle activities and the roles of those involved.
Discussion
The following questions ask you to reflect on the ideas in the text and consider how you

could apply them to bring improvements in your company. Where appropriate ask yourself
the RADAR questions.
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Note: Always include in your discussion any tables or charts referred to in the text, if you
feel these are relevant to your company.

a. Parag. 2: How do you think the employees in your company would feel about QC
Circle activities? Would those assigned to promote QC Circles be wiling to taking
this sensitive approach? How could they be encouraged to do so?

b. Parag. 3: Examine these three different ways of introducing QC Circles, and discuss
which approach would be most suitable for your company. You may find it useful to
apply the RADAR questions to each approach.

Action plan

Take the ideas you have found useful in the text, and in your discussion, and present them in
a well-structured action plan for introducing improvements in your company. You might like
to follow the 6-Point Structure. Alternatively you may choose to prepare one action plan
when you have discussed further texts.
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1. Although all employees should take part in QC Circle activities, as these are a
component of TQM, some companies allow departments and sections to opt out. A key
decision you have to take is the scale of participation within your company.

2. There are three modes of participation in QC Circle activities:

a. Participation by all the departments and sections: manufacturing, quality
management and inspection, facility and maintenance, general affairs and
accounting, procurement and materials, sales and services, design and testing,
computer, marketing, research and development, technical services etc.

b. Participation by everyone in the same workplace: ordinary employees (including
long-term and short-term employees and part-timers, and those hired by partner
companies), supervisors, subsection and section chiefs and department managers,
all take part in the activities.

c. Participation only by those sections that actually form QC Circles: members attend
meetings, expresses their opinions, and performs their assigned roles.

3. Participation by all employees will make them feel good, and give them a sense of
confidence and unity. It will allow those in the same work place to display their solidarity
and their combined range of abilities. Companies that exempt certain departments, (e.g.
the research and development department), should aim to eventually involve all the
front-line employees in every department and section.

Figure 10.4a Written report of QC Circle activities

Discussion

The following questions ask you to think about how the ideas in the text could be applied in
your company. Some of these ideas may not be relevant to you. Concentrate on those that
are relevant. Keep notes of your conclusions — you will need them to prepare your action
plan afterwards. Where appropriate ask yourself the RADAR questions.

Note: Always include in your discussion any figures referred to in the text, if you feel these
are relevant to your company.

a. Parags. 2 and 3: Apply the RADAR questions to these modes of participation in QC
Circle activities, and try to decide what form of participation would be most suitable
for your company.

Action plan

Take the ideas you have found useful in the text, and in your discussion, and present them in
a well-structured action plan for intfroducing improvements in your company.
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Introduction

1.

The QC Circle leaders will be the driving force behind the QC activities. Select people
who can show leadership, who can get members to cooperate in meetings, can gather
ideas, and can create an atmosphere where everyone will feel free to express their
opinion.

Selecting leaders

2.

3.

Different ways of selecting leaders will be appropriate at different stages of introducing

and establishing QC Circles:

a. During the inauguration phase foremen in the workplace are the most suitable
leaders. Unless workplace leaders are at the forefront of this process, quality
management will not reach the rank-and-file employees and will not become
established in the work places.

b. Once QC Circle members become used to the activities, they should select as team
leader a person with leadership abilities rather than simply accept someone
appointed by their superiors.

c. When activities are well advanced, large QC Circles should divide themselves into
sub-groups to tackle separate themes. These sub groups can hold QC Circle
meetings on their own or jointly with other sub-groups, and select their own leaders.

Points to consider when selecting leaders:

a. Some QC Circles select leaders on a rotation basis. However this could mean
that a member with no leadership abilities becomes leader. Such a leader could
really slow down the progress of activities.

b. QC Circle members who have participated for two or three years, and have gained
a sound understanding of the activities and methods, should be made theme-specific
leaders. They will be known as theme leaders. They can thus develop leadership
skills and lead circles in the future.

The role of leaders

4.

The primary role of QC Circle leaders is to keep up the dynamic of the circles, to
encourage members to use their abilities to the full, and to support them in doing so.
They should:

a. Find out what improvements their members would like to see in the working environment,
identify specific problems, decide how to approach them, and select targets.

b. Get a good idea of the qualities and skills of the circle members, assign them roles
that will allow them to put these to good use, and create an atmosphere that will
motivate them to do so.

c. Introduce ways that members can acquire the knowledge and skills needed to carry
out the activities, including giving training themselves.
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d. Train successors: demonstrate how leaders should act, and train members to take
over from them.

e. Find out what superiors expect from the circles, and then discuss with members how
to incorporate these expectations into the activities.

Support from members
5. QC Circle members should support the leaders by carrying out their assigned roles
diligently and by acquiring the skills and experience that will enable them to improve the
quality of their work and of the work environment. They should:
a. Give active assistance to the leaders and participate in teamwork.
b. Attend meetings and speak forthrightly from their own experience.
c. Carry out the roles assigned to them within the given time frame, including the roles
of secretary or of presenter at meetings.
d. Study engineering technology and quality control and broaden the range of roles
they can perform.

Discussion

The following questions ask you to think about how the ideas in the text could be applied in
your company. Some of these ideas may not be relevant to you. Concentrate on those that
are relevant. Keep notes of your conclusions — you will need them to prepare your action
plan afterwards. Where appropriate ask yourself the RADAR questions.

Note: Always include in your discussion any figures referred to in the text, if you feel these
are relevant to your company.

a. Parag. 1: How difficult do you think it might be to identify such leaders in your
company?

b. Parags. 2 and 3: How feasible do you think these ways of selecting a leader would
be in your company?

c. Parag. 4: How challenging do you think it will be for QC Circle leaders in your company
to carry out these actions? How do you think they should go about doing so?

d. Parag. 5: How willing do you think employees in your company would be to carry
out these functions. How much encouragement and support would they need to do
so? How could this be provided?

Action plan

Take the ideas you have found useful in the text, and in your discussion, and present them in
a well-structured action plan for introducing improvements in your company. You might like
to follow the 6-Point Structure. Alternatively you may choose to prepare one action plan
when you have discussed several texts.
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QC Circles use the QC Story to solve problems related to the five priorities of QCDSM:
quality (Q), costs (C), deadlines and productivity (D), safety (S), and morale (M). This
procedure uses methods based on facts and data, and aims to prevent the recurrence of
problems by identifying the causes and implementing recurrence prevention measures.

A QC Story consists of the following eight steps:

Select a theme to work on.

Clarify the problem and set targets.

Get a clear understanding of the effects that the problem has caused.
Investigate the causes: analysis.

Devise and implement recurrence prevention measures.

Confirm the effects of these measures.

Standardize the new methods.

@ -0 o0 oo

Reflect on the problems left unsolved and consider future recurrence prevention
measures.
You will find detailed guidelines on using the QC Story in Texts 9.9, 9.10 and 9.11.
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1. QC Circle meetings help members to work together towards the same goals. Members
exchange ideas and information, get to know each other, and develop a spirit of
cooperation and a sense of solidarity. But if the meetings are poorly managed, the
activities will stagnate and members will become demotivated.

2. If meetings are to be effective:
a. They should be well planned.
All members should attend.
Roles should be distributed: moderator, secretary, presenter and others.
The purpose of the meeting should be agreed.
Brainstorming sessions should be held to generate new ideas.
All members should give their opinions.

@ >0 000

Minutes should always be taken.

3. To plan meetings, you need to decide on their duration, frequency, timing and place:

a. Duration: The length of meetings will vary according to such factors as work place
conditions, the agenda, and their frequency. However the average meeting will last
for 30 to 60 minutes.

b. Frequency: The number of meetings per month will vary according to their average
duration. However, they should take place at least twice a month. It is best to set a
target number of meetings to be held in the next one-month period and try to keep
to this target.

c. Timing: The times when meetings are held will vary according to work requirements
and the other demands on QC Circle members’ time. When they meet during
regular working hours, they must obtain the approval of a manager in advance. It is
advisable to:

i. Include QC Circle meetings in the monthly operational schedule.
ii. Set up specific dates for meetings.
iii. Use a message board to determine when all members can meet.
d. Place: Meetings should be held in one of the following places:
i. The work place.
ii. Conference rooms near the work place.
iii. Dining rooms or rest areas.
iv. Outdoor locations within the factory grounds.
v. Locations away from work, such as recreational areas, coffee shops, and
educational facilities.

Figure 10.7a Form for minutes of QC Circle meetings
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Discussion

The following questions ask you to think about how the ideas in the text could be applied in
your company. Some of these ideas may not be relevant to you. Concentrate on those that
are relevant. Keep notes of your conclusions — you will need them to prepare your action
plan afterwards. Where appropriate ask yourself the RADAR questions.

Note: Always include in your discussion any figures referred to in the text, if you feel these
are relevant to your company.

a. Parag. 1: Describe briefly the worst meeting you have ever participated in, and the
best. What made them so bad and so good?

b. Parag. 2: What obstacles could be met in trying to conduct meetings in this way and
how could they be overcome?

c. Parag. 3: Apply the RADAR questions to these guidelines for arranging QC Circle
meetings.

Action plan

Take the ideas you have found useful in the text, and in your discussion, and present them in
a well-structured action plan for introducing improvements in your company. You might like
to follow the 6-Point Structure. Alternatively you may choose to prepare one action plan
when you have discussed several texts.
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1. After a QC Circle has completed a theme, it holds a meeting, referred to as a QC
Circle assembly or a QC Circle conference, to re-appraise the methods that have been
used, and to confirm the circle’s sense of achievement. Members give presentations of
key points from their problem resolution activities and achievements: their methods, their
difficulties, and their creative ideas. An effective way of doing this is the QC Story, which
is described in detail in Unit 9.

2. When a QC Story is being presented the following should be included:

a. Introduction — introduce your company, your work place, and your QC Circle.

b. Outline — give a brief outline of the tasks you carried out, and their relationship to
preceding and subsequent tasks.

c. Reasons for selecting a theme - give the reasons for selecting a particular problem,
and the circumstances surrounding it, etc.

d. The situation — describe the state of the problem at the time using data.

e. The targets — describe the targets selected and the basis for selecting them.

f.  Action plan — present the action plan including the assignment of roles.

9. Analysis of key factors — present your hypothesis on the key factors, your data-based
analysis, and your verification of the hypothesis.

h. Present the recurrence prevention measures that were taken and how they were
implemented.

i. The effectiveness of the recurrence prevention measures — compare the situation
before and after the recurrence prevention measures, the level of target
achievement, and also the intangible and secondary effects.

i. Standardization — the items and methods that were standardized.

k. Reviews and future plans — summarize the points that needed effort, the points that
were raised in reflection, the lessons that were learned, your circle’s aspirations and
its future plans.

3. Presenters must:
a. Rehearse their presentations so that they will be able to give them confidently.
b. Use pauses in their speech to highlight the objectives and the development of the
QC Story.
c. Speak clearly and avoid ambiguous expressions.
d. Allow the audience time to take in any charts and tables that they present.
e. Keep their listeners engaged.

4. Advisors must keep their comments after the presentation brief, usually about two
minutes. The question and answer session should also be about two minutes. They
should touch briefly on the good points and on the points that could be improved, point
out to the audience the lessons to be learned, and show their appreciation of the
presenters and give them encouragement. It is important that they clearly indicate the
points that need to be corrected.
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5. QC Circle assemblies are an occasion for mutual development. They offer lessons both
to the QC Circles that make presentations, and to those who listen to them.
a. Presenters and the QC Circles they represent:
i. Learn to express their ideas clearly, improve their communication skills, and gain
confidence in giving presentations.
ii. Become skilled at organising ideas and information so that people can easily
understand what is being presented.
iii. Experience the sense of satisfaction that comes from public acknowledgment.
b. Listeners:
i. Learn about dynamic activities in other work places and expand their own
horizons.
ii. Learn the practical applications of QC methods, creative thinking, and ways of
organising information and ideas.
iii. Learn that creative ideas that emerge in QC Circles can be applied again in the
future.

6. After the presentations, managers and facilitators* (in the case of in-house conferences),
and advisors and members of the screening committee (in the case of external
conferences) review the presentations. They should pay attention to the following:

a. Disregard monetary achievements, and stress achievements that improved work
processes.
b. Consider whether achievements are based on the principle of quality first as a
component of TQM.

Consider willing participation as the most important point for evaluation.

Consider whether all the circle members participated with a sense of awareness.

Examine how presentations related to the higher policies of the company.

Appraise QC Circles according to their degree of growth.

~ 0o a0

Figure 10.8a Detailed check sheet for QC Circle conference experiences

* The term “facilitator” is used with a broad meaning. It may be in anyone in the
company who is helping to organise QC circle activities.

Discussion

The following questions ask you to think about how the ideas in the text could be applied in
your company. Some of these ideas may not be relevant to you. Concentrate on those that
are relevant. Keep notes of your conclusions — you will need them to prepare your action
plan afterwards. Where appropriate ask yourself the RADAR questions.

Note: Always include in your discussion any figures referred to in the text, if you feel these
are relevant to your company.

a. Parag. 2: If you have already examined the QC Story in Unit 9, take the theme you
chose there and decide how you would present it.

b. Parag. 3: How important do you think each of these guidelines are for giving a
presentation? Are there any others that you would add to the list?
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c. Parag. 4: Why do you think these particular points are emphasised? Are there any
other points that you would add?

d. Parag. 5: Look at each of these lessons to be learned from QC Circle assembly
presentations. How valuable do you think each lesson is to the presenters and
listeners, and to the company? Can you think of any other lessons that may be
learned?

e. Parag. 6: Do you agree that each of these points is important? Why?2

Action plan

Take the ideas you have found useful in the text, and in your discussion, and present them in
a well-structured action plan for introducing improvements in your company. You might like
to follow the 6-Point Structure. Alternatively you may choose to prepare one action plan
when you have discussed several texts.
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Regular and appropriate evaluation of QC Circle activities will help to motivate

members and to revitalize activities. It will identify where improvement is needed, and

indicate the corrections that should be made. Evaluation should address the following

questions:

a.

o a0 o

Are QC Circle activities in line with the action plans and targets?

How are the activities being conducted?

What abilities are employees developing?

Are the activities achieving satisfactory results?

How do the activities of this circle compare with those of other QC Circles?

There are two forms of evaluation:

a.

b.

Self-evaluation by the members themselves.
Evaluation by managers.

Self-evaluation by QC Circle members:

a.

Self-evaluation after a problem has been resolved: QC Circle members reflect on all
the steps they have taken to resolve the problem, evaluate them, recognise any
unsatisfactory points, and try to identify and correct the causes.

Self-evaluation of all QC Circle activities at the end of the term and the year: QC
Circles are ongoing — when they have solved one problem, they start planning to
solve a new one. At the end of the term and the year, the members should review
and evaluate all their activities.

Limits of self-evaluation: QC Circle leaders and members can be expected to
evaluate their activities willingly. However, self-evaluations tend to produce liberal
ratings. To establish a greater sense of objectivity, QC Circles should also be
evaluated by managers and facilitators. These evaluations will give members a better
understanding of their problems and the direction they should take.

Evaluation by managers and facilitators:

a.

Evaluate activities: immediate superiors at work must receive written or oral reports
on QC Circle activities, evaluate these reports, and give the circles appropriate
instructions and advice as each step of the problem resolution procedure is
completed. Their instructions should be appropriate to the level of the circles, and
should be encouraging. The purpose is to help members to appreciate the things
they are doing well, and improve those that could be better.

Evaluate presentations at QC Circle presentation days and conferences: these are
key events to promote QC Circle activities.

Evaluate all QC Circle activities for the term and the year: managers evaluate all QC
Circle activities over the past year or for a fixed period and give recognition to the
circle’s accomplishments. This is the most important type of evaluation because of
the emphasis on continuity in QC Circle activities.
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4. While they are giving instructions on the development of QC Circle activities, CEOs,
managers, and facilitators should not forget to show appreciation of the hard work that
the members put in, and to praise their achievements:

a. After they have given evaluations, they should reflect on the instruction methods they
have been using, and make improvements to these.

b. They should recognise that evaluations and public acknowledgments give QC Circle
members a sense of achievement and satisfaction, making them more highly
motivated and more competitive in relation to other circles.

c. They should reflect on the problems addressed by QC Circles and re-evaluate their
own day-to-day management procedures.

d. They should try to take a broad view of the problems that QC Circles are tackling
and the improvements they are introducing.

Figure 10.9a Check list for evaluation of QC Circle activities (for themes)

Figure 10.9b Check list for evaluation of QC Circle activities (year round)

Figure 10.9c QC Circle activity evaluation table (for management organization)

Figure 10.9d Table of QC Circle activity scores

(Please note that all of these tables are very detailed. You may prefer to examine them when
you have completed all the texts in this unit.)

Discussion

The following questions ask you to think about how the ideas in the text could be applied in
your company. Some of these ideas may not be relevant to you. Concentrate on those that
are relevant. Keep notes of your conclusions — you will need them to prepare your action
plan afterwards. Where appropriate ask yourself the RADAR questions.

Note: Always include in your discussion any figures referred to in the text, if you feel these
are relevant to your company.

a. Parag. 1: Are there any other questions that you feel evaluation should address?

b. Parag. 2: How willing would your employees be to carry out such self-evaluation?
How competent would they be to do so? Apply the RADAR questions to introducing
these guidelines for self-evaluation by members.

c. Parag. 3: Apply the RADAR questions to these guidelines for evaluation by managers.

d. Parag. 4: How willing and able would your CEOs and managers be to follow these
guidelines? How could they be encouraged to do so?

Action plan

Take the ideas you have found useful in the text, and in your discussion, and present them in
a well-structured action plan for introducing improvements in your company. You might like
to follow the 6-Point Structure. Alternatively you may choose to prepare one action plan
when you have discussed several texts
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1. Once QC Circles have been set up, there are a wide range of procedures to follow.
These are presented in Figure 10.10a. These procedures involve quite a commitment by
the company and by the QC Circle leaders and members. To maintain a good level of
motivation and keep QC Circles going, the basic requirements are that:

a.

b.

C.

Leaders understand the basics of QC Circle activities.

Leaders actively exercise the function of leadership.

Members are guided to an awareness of the need for QC activities and are willing to
participate.

d. An environment is created that encourages the willing participation of employees.

Leaders and members keep the objectives of activities in mind as they carry them

e.
out.
f.  Members study QC methods.
g. The leader finds a good point at which to bring a meeting to a close.
h. Members carry out a self-evaluation of their activities.
Discussion

The following questions ask you to think about how the ideas in the text could be applied in
your company. Some of these ideas may not be relevant to you. Concentrate on those that
are relevant. Keep notes of your conclusions — you will need them to prepare your action
plan afterwards. Where appropriate ask yourself the RADAR questions.

Note: Always include in your discussion any figures referred to in the text, if you feel these
are relevant to your company.

a.

b.

Parag. 1: How important do you think each of these guidelines would be for keeping
QC Circles going in your company? Are there any others you would add?

Figure 10.10a: This list of procedures for QC Circle activities is very comprehensive.
Read through it and tick any points that could be difficult to implement in your
company. Discuss how these difficulties could be overcome. Then apply the RADAR
questions to how you would use this list in your company.

When you have read and discussed all the texts in this unit, come back to the list in
Figure 10.10a, read through it again and decide how much of it to incorporate in
your final action plan for introducing QC Circles in your company. (See the action
plan after Text 10.16.)
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Figure 10.10a Basic procedure for QC Circle activities

No. Procedure ltems for Checking
1 Formation of O As arule, people sharing a job assignment at the same work place form
Groups groups.
O Depending on the problems, people belonging to different sections form
cross-sectional groups.
O Select group leaders.
O Workers are allowed to divide a group into sub-groups and to select
different themes for them.
2 Registration of O Groups should be registered with the in-house secretariat.
Groups
3 Discovery of O Select themes that improve job performance, by making jobs easier or
Themes quicker to perform.
O Hold discussions with superiors at work to make sure that the themes
correspond with their policies and targets.
2 Authorization O Obtain authorization from superiors at work and register themes and targets
€ and Registration with the secretariat.
s
a of Themes and
Targets
Preparation of O Clarify the roles of each member.
Plans O Prepare such plans that enable the PDCA (plan-do-check-action) cycle to be
completed in four to six months.
4 Group Meetings| O In principle, groups should meet af least twice a month.
O Limit each meeting to one hour when possible. Make effective use of
meetings at work places.
5 Morning and O  Primarily designed for reports on the progress of group activities,
B Evening explanations, and the enhancement of group consciousness.
® Meetings O Limit the duration to five to ten minutes. Use five-minute meetings in the
E, morning and other available occasions.
%
E Activities Make concrete management and improvement activities connected with
Other than daily work.
Meetings O Compile data using breaks during working hours.
O Plan and execute events and study sessions aimed at boosting harmony
among members and stepping up teamwork.
5 Intermediate O Superiors at work check on the progress of group activities between
Checks processes and propose better methods to members.
O Leaders examinant activities for themselves.
Confirmation O Confirm the achievement and effectiveness of each and every
o of Achievement countermeasure.
= O Compile both tangible and intangible effects. Tangible effects refer to
= achievements that can be translated into numerical figures, intangible
b effects refer to accomplishments that cannot.
O Carry out standardization, make achievements known to everyone, and
prepare a check sheet as a preventative countermeasure.
O Attempt horizontal penetration of each countermeasure to similar product
items and similar operations.
Action O Review activities and incorporate them into the next action plan.
O Compile activities, achievements, and points for improvement in the form
of written reports, and submit the reports to the secretariat via superiors at work.
O Make reports at in-house conferences and offer reference data to other circles.
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1. QC Circle training is aimed at achieving a workplace full of employees who are
motivated, creative, and good at solving problems. Training focuses on the value of QC
Circle activities, on raising quality consciousness, and on using QC methods.

2. Members and leaders should be trained in:
a. An understanding of the basic ideas behind QC Circle training:
i. The objectives and value of company wide efforts to promote QC Circle activities.
ii. QC perspectives and ways of thinking.
b. Management methods for QC Circle activities:
i. Procedures for advancing QC Circle activities.
i. The roles of QC Circle leaders and members.
iii. How to run effective meetings.
c. Methods for improving problem resolution:
i. The steps involved in problem resolution, the methods used at each step, and
how to apply them to actual problem resolution in the work place.
ii. The Seven QC Tools: Pareto Diagram, Cause and Effect Diagram, Check Sheet,
Histogram, Control Chart, Scatter Diagram, Stratification. (See Unit 11, Statistics)
iii. The VE method (value engineering), IE method (industrial engineering), and
others.

3. Methods of study:
a. For participating in QC Circle activities:

i. Read books and learn from them: textbooks on QC Circle activities, magazines,
and other publications.

ii. Listen to others and learn from them at QC Circle conferences, lectures,
seminars, and other occasions.

iii. Learn from discussions at meetings held at the work place, study sessions, and
other places.

b. For advancing and managing QC Circle activities:

i. Read books and learn from them: textbooks describing how to run meetings, and
to select and present themes, and magazines and other publications.

ii. Learn from past activities, including QC Circle conferences, presentations,
documented cases, meetings to exchange experiences and ideas, and other
concrete examples.

iii. Learn from practice: experience is often the best teacher for QC Circles. Circles
should develop ingenuity in making improvements.

Figure 10.11a Training plans
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Discussion

The following questions ask you to think about how the ideas in the text could be applied in
your company. Some of these ideas may not be relevant to you. Concentrate on those that
are relevant. Keep notes of your conclusions — you will need them to prepare your action
plan afterwards. Where appropriate ask yourself the RADAR questions.

Note: Always include in your discussion any figures referred to in the text, if you feel these
are relevant to your company.

a. Parag. 1: How does your workplace at present compare with this rather ideal
description? How challenging do you think it will be for QC Circle training to
achieve these objectives in your workplace?

b. Parag. 2: Apply the RADAR questions to these guidelines for QC Circle training.

c. Parag. 3: Apply the RADAR questions to these guidelines for study related to QC
Circle activities.

Action plan

Take the ideas you have found useful in the text, and in your discussion, and present them in
a well-structured action plan for introducing improvements in your company. You might like
to follow the 6-Point Structure. Alternatively you may choose to prepare one action plan
when you have discussed several texts.
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1. Facilitators should prepare plans for desirable QC Circle activities for the future, and
promote these as a component of TQM. These plans should prescribe the level of QC

Circle activities, their targets, and concrete measures for achieving the targets. In doing

so, they should look carefully at the present state of QC Circles and should respect the

intentions of work superiors. Such plans are important in energising and consolidating
QC Circle activities.

2. To draft the plans:

a.

Clearly define the type of QC Circle to be developed, based on the fundamental
principles of the company, department or section.

Consider problems that currently exist within the company, department or section.
Decide the target level of QC Circle activities over a given period (short-term, mid-
term or long-term), as well as target figures, and the concrete steps to be taken.
Prepare plans based on these concrete factors.

3. Points fo pay attention to:

a.

s Q@

Get a good understanding of the present situation, and make sure that the plans can
be implemented and inspected.

Make sure that the plans cover all the QC Circle activities including management,
studies, and the resolution of problems in work places.

Make sure that the plans correspond with the characteristics of the company,
department or section. Sample characteristics include operating on a shift basis,
automated work places, and having employees with different educational
backgrounds working together.

Make sure that the plans correspond to management plans: show how they relate to
corporate, departmental or sectional policies.

Clarify the relationship between the plans and TQM promotion plans in the
company.

Establish targets on a solid foundation. For example, prior to introducing activities,
planners should study past activity records, training courses, conferences, exchange-
meetings, and reference materials, and especially the situation in other companies.
Identify concrete ways of achieving the target figures.

Fix management inspection items that can be checked to see if the target has been
achieved, and the methods for inspecting these.

Figure 10.12a Procedure for QC Circle activity promotion plans, and examination and
confirmation items

Discussion
The following questions ask you to think about how the ideas in the text could be applied in

your company. Some of these ideas may not be relevant to you. Concentrate on those that

are relevant. Keep notes of your conclusions — you will need them to prepare your action

plan afterwards. Where appropriate ask yourself the RADAR questions.
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Note: Always include in your discussion any figures referred to in the text, if you feel these
are relevant to your company.

a. Parag. 1: Why are these plans important in energising and consolidating QC Circle
activities?

b. Parags 2 and 3: Apply the RADAR questions to these guidelines for drafting
promotion plans for QC Circle activities.

Action plan

Take the ideas you have found useful in the text, and in your discussion, and present them in
a well-structured action plan for introducing improvements in your company. You might like
to follow the 6-Point Structure. Alternatively you may choose to prepare one action plan
when you have discussed several texts.
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1. QC Circles can only flourish in the right environment. CEOs, middle managers,
promotional staff members, and personnel managers, must gain a good understanding

of QC Circle activities, and of their own roles in supporting them. The CEO has a key
role to play.

2. CEOs must clearly indicate what they expect of QC Circles, and their position within the

company. They should:

a.

b.

Indicate their policies on TQM and implement these policies.

See the value of introducing the activities in realising corporate principles,
implementing long-term management plans and furthering company-wide quality
management (TQM).

Clarify the company’s policy for intfroducing QC Circles and announce it to all the
employees.

Position QC Circle activities clearly within the company.

Take an interest in the introduction of QC Circle activities and get a good
understanding of what they are doing.

Establish an organization to promote QC Circle activities, and indicate the direction
that this promotion could take. (See Text 10.15.)

Ensure that regulations are drawn up for QC Circle activities, for evaluation and
merit acknowledgment, for QC Circle conferences, and for inter-company QC Circle
meetings to exchange experiences and ideas.

Ensure that company-wide training is provided in QC Circle activities for CEOs,
managers, and circle leaders and members.

Ensure that an education budget is established and meeting facilities are provided.
Ensure that a system is set up to evaluate and present awards for QC Circle
activities.

Ensure that employees who are willing to do so are encouraged to take part in
external activities (conventions outside their companies, exchange-meetings with
circles from other companies and seminars).

Be pro-active in providing instruction and assistance to QC Circles.

Figure 10.13a Roles of QC Circle members and management personnel. (This table gives a

detailed summary of the roles of all those involved. You may prefer to examine it later when

you have completed all the texts of this unit.)

Discussion

The following questions ask you to think about how the ideas in the text could be applied in
your company. Some of these ideas may not be relevant to you. Concentrate on those that
are relevant. Keep notes of your conclusions — you will need them to prepare your action
plan afterwards. Where appropriate ask yourself the RADAR questions.
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Note: Always include in your discussion any figures referred to in the text, if you feel these
are relevant to your company.

a. Parag. 1: How feasible do you think it will be to get all these people in your
company to take an interest in QC Circle activities? How would you go about
gaining their interest?

b. Parag. 2: Apply the RADAR questions to these actions to be taken or initiated by the
CEO.

Action plan

Take the ideas you have found useful in the text, and in your discussion, and present them in
a well-structured action plan for introducing improvements in your company. You might like
to follow the 6-Point Structure. Alternatively you may choose to prepare one action plan
when you have discussed further texts.
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1. Middle managers should help establish a working environment in which QC Circle
members are allowed to take on a management role in their own work and to make
improvements on their own initiative, an environment in which their willingness to
contribute is respected, and in which they can use their abilities to the full.

2. Middle managers should:
a. Practise management control activities for TQM.
b. Respect QC Circle activities where members are willing to contribute, and create a
supportive atmosphere.
c. Keep up to date with the status of QC Circles, and provide instructions and advice as
the activities progress.
d. Get a good understanding of the company’s policy on introducing the circles, and
communicate it accurately to their subordinates.
Get a good understanding of QC Circle activities.
Support the promotional organization.
Implement the promotional plans through team efforts.
Try to grasp and resolve the problems presented by the introduction of QC Circles.
Inform CEOs of the status of QC Circle activities and help them to appreciate the
value of the activities.

TaQ ™o

i Inform their subordinates of introduction courses that CEOs have decided on, and of
the related policies that their department will adopt.
k. Set up educational programmes to provide members with the knowledge and skills
they need to conduct QC Circle activities.
l.  Allow as much time as is needed for giving instruction and assistance:
i. Actively provide advice and instruction on QC Circle formation, management,
themes, and action plans.
ii. Take an interest in the progress of circle activities, especially when there is
stagnation or delay, and take whatever action is necessary.
iii. Exercise ingenuity and consideration in finding time for meetings, and take part
in meetings whenever necessary.
m. Generate opportunities for members to work together to achieve development.
n. Evaluate QC Circle activities.
o. Practise quality management activities themselves.

3. The involvement of middle managers changes as QC Circles develop. Figure 10.14a
shows how (page 35).

Figure 10.14b Assistance from middle managers and facilitators provided at each step (This

is a very detailed list of the functions of middle managers and facilitators in assisting QC
Circles.)

A Roadmap to Quality 33  Unit 10 - QC Circles



Figure 10.14a The involvement of middle managers in QC Circles

resolve problems.

in work places. Problems
related to original tasks
in work places.

Period Introductory Development period: Stabilization period:
period: newly QC Circles undergoing fully developed QC
inaugurated QC development; a certain Circles, a full sense of
Circles; middle degree of initiative is group initiative is
managers take developed. established.
the initiative.

Leaders Responsible Responsible individuals Leaders could change
individuals in in work places or their on a rotation basis.
work places. deputies.

Themes Familiar easy-to- Familiar problems Most problems are

linked with original

tasks in work places.
Few familiar problems in
work places.

Methods for
problem
resolution

Primarily
discussions (study
and application
of elementary

QC methods).

Elementary QC methods
(Pareto diagram, cause
and effect diagram and
others).

Seven QC tools, IE
(industrial engineering),
VE (value engineering),
new QC seven tools.

Attitude taken
by middle
managers

Middle managers
take the initiative
and provide
instructions and
assistance to

Middle managers direct
QC Circle members to
themes that correspond
to the capacity of

their circle and help them

Middle managers
distance themselves
from QC Circles and
provide advice only
when a problem arises.

QC Circles. to develop spontaneity.
Independence of Weak. Grows stronger. Fully established.
QC Circles
Discussion

The following questions ask you to think about how the ideas in the text could be applied in
your company. Some of these ideas may not be relevant to you. Concentrate on those that
are relevant. Keep notes of your conclusions — you will need them to prepare your action
plan afterwards. Where appropriate ask yourself the RADAR questions.

Note: Always include in your discussion any figures referred to in the text, if you feel these
are relevant to your company.

a. Parag. 1: How challenging do you think it would be for middle managers in your
company to give encouragement and support to QC Circles? What support would
the managers themselves need in doing this?

b. Parags. 2: Apply the RADAR questions to this list of functions of middle managers.
Figure 10.14a: This table describes the typical progress of QC Circles and the
changing involvement of middle managers. How would you apply it in your
company? Apply the RADAR questions
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d. Figure 10.14b gives a much more detailed description of the assistance that middle
managers can give to QC Circle activities. If you feel it would be useful to do so,
examine it and consider how you would apply it in your company.

Action plan

Take the ideas you have found useful in the text, and in your discussion, and present them in
a well-structured action plan for introducing improvements in your company. You might like
to follow the 6-Point Structure. Alternatively you may choose to prepare one action plan
when you have discussed several texts.
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1. A company-wide organization should be set up to promote and facilitate QC Circle
activities. Since the activities are conducted as a component of TQM, it is important to
establish three systems:

a.

A top-down system, by which corporate policies and TQM policies are
communicated accurately to QC Circle members.

A bottom-up system, by which the various problems that QC Circles confront are
communicated accurately to management.

A system by which QC Circles receive the instructions and assistance they need in
order to conduct their activities correctly and energetically.

2. To set up the promotional organisation:

a.

Establish a QC Circle promotional committee, chaired by a top executive and staffed
by department managers.

Establish a QC Circle promotional secretariat within the TQM promotional
secretariat.

Establish voluntary operational organizations for QC Circle activities (such as QC
Circle leaders’ councils).

Establish in-house registration and reporting systems for QC Circles.

Draft company-wide or operation-wide plans for promoting QC Circle activities.

Figure 10.15a Organisational chart for promoting QC Circle activities

Figure 10.15b Concrete roles of QC Circle facilitators (This table provides very detailed
guidelines.)

Role of the QC Circle Promotional Secretariat
3. The QC Circle promotional secretariat:

a.
b.
C.

Prepares the mechanism for getting QC Circle activities going within the company.
Communicates with external parties and collects and disseminates information.
Conveys the policies and decisions of CEOs and the promotional committee to
employees, and in language that is easy to understand.

Gets a good understanding of the policy for introducing QC Circle activities and
prepares detailed, concrete plans to implement it.

Gets a good understanding of QC Circle activities.

Together with the QC Circles, tries to grasp and resolve the problems presented by
the introduction of QC Circles.

Keeps up to date with QC Circle activities, provides whatever assistance is required,
and reports on the status of activities to management.

Helps to prepare an environment conducive to QC Circle development, and assists
circles to achieve their goals.
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i. Performs administrative duties for QC Circle committees and meetings.

i Plans and supports QC Circle education.

k. Prepares in-house reference materials, including handbooks and educational texts.

|.  Publishes QC Circle news and other relevant public relations materials.

m. Performs administrative duties for the appraisal of QC Circles and the
acknowledgment of meritorious service.

n. Provides indirect assistance by offering advice to managers, and to QC Circle
leaders and members.

Figure 10.15¢ This table gives a very detailed set of roles and tasks of the secretariat.

Discussion

The following questions ask you to think about how the ideas in the text could be applied in
your company. Some of these ideas may not be relevant to you. Concentrate on those that
are relevant. Keep notes of your conclusions — you will need them to prepare your action
plan afterwards. Where appropriate ask yourself the RADAR questions.

Note: Always include in your discussion any figures referred to in the text, if you feel these
are relevant to your company.

a. Parags. 1 and 2: Apply the RADAR questions to these guidelines for establishing a
company-wide organization to promote and facilitate QC Circle activities.

b. Parag. 3: Apply the RADAR questions to this list of functions of the QC Circle
promotional secretariat.

Action plan

Take the ideas you have found useful in the text, and in your discussion, and present them in
a well-structured action plan for introducing improvements in your company. You might like
to follow the 6-Point Structure. Alternatively you may choose to prepare one action plan
when you have discussed several texts.
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1. When QC Circles always remain within their own work places, members’ perspectives
may become limited, and their ideas lose freshness. Organize meetings periodically with
other circles both within the company and outside. Members of different circles can visit
each other, have discussions, and study QC Circle management together, and thereby
stimulate each other to further development.

2. Inter-company QC Circle exchange-meetings have several benefits:
a. They provide new ideas for activities, and for ways of carrying them out.
b. They provide new information, tips and techniques to help resolve management
problems and revitalize activities.
c. They facilitate communication, improve human relations, and remove the walls that
divide work places.

3. The basic procedure for inter-company QC Circle exchange-meetings:

a. Step 1: Clarify the objectives of the exchange and send written requests to those in
charge in the other circle.

b. Step 2: Select 5 to 10 participants, including leaders.

Step 3: Ask the secretariat to arrange the date, time, place and agenda of the

meeting. Decide who will be in charge of paperwork, and appoint delegation

leaders and individuals to be in charge of reception.

d. Step 4: In conducting exchange-meetings:

i. Greet each other.

ii. The receiving group describes the status of quality management implementation
in their company, and their promotional organizations for QC Circles, and the
status of their activities.

iii. Conduct a study tour of the business facilities.

iv. Hold discussions on the main themes. Observers should, as far as possible,
refrain from giving their opinions.

v. Express appreciation and close the meeting.

e. Step 5: After returning to the company, report the contents of the exchange-meeting
to superiors, and share them in QC Circle leaders’ councils and QC Circle meetings.
The secretariat should record the reports.

f. Step 6: Send an official letter of appreciation within about two days of the meeting.
The secretariat should mail minutes to its counterpart on the other side and express
their appreciation.
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Figure 10.16a Sample programme of an inter-company QC Circle exchange-meeting

Time

Mins

Contents

Individuals in charge

13:00-13:05

Greetings

Circle representatives of both

companies

13:05-13:20 15 Outline of the companies
and explanations of QC

Circle activities

Receiving party

13:20-14:00 40 Case presentations, questions One case per company

and answers

14:00-15:00 60 Study tour of business facilities
and related questions

and answers

Receiving party

15:00-16:35 95 Group discussions, presentation All participants

of discussions, contents

16:35-16:55 20 Questions and answers All participants

16:55-17:00 5

Circle representatives of both
companies

Closing addresses

(Note: Use a simpler procedure to conduct QC Circle exchange-meetings within your own company.)

Discussion

The following questions ask you to think about how the ideas in the text could be applied in
your company. Some of these ideas may not be relevant to you. Concentrate on those that
are relevant. Keep notes of your conclusions — you will need them to prepare your action
plan afterwards. Where appropriate ask yourself the RADAR questions.

Note: Always include in your discussion any figures referred to in the text, if you feel these
are relevant to your company.

a. Parag. 1: Does your company have much interaction of this kind with other
companies? Do you think it would be a good idea? What benefits could you see it
bringing to your company?

b. Parag. 2: Do you agree that these benefits would come from inter-company QC
Circle exchange-meetings? Do you see any obstacles that might have to be
overcome? Are there any other benefits that such meetings might bring?

c. Parag. 3: Apply the RADAR questions to these guidelines for holding meetings with
other companies. Include the sample programme in your discussion.

Action plan

Bring together all the action plans that you have written after previous texts in one final
action plan presenting your concrete proposals for introducing QC Circles in your company.
Folllow the 6-Point Structure.
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Answer these questions using only the information given in the text. For each question one,
two or all three answers may be correct. Tick the answer or answers you think are correct for
each question. Each question carries 3 points — you get one point for each correct answer
that you tick, and one point for each wrong answer that you do not tick.

10.1 QC Circle activities

1. The criteria against which improvement in the quality of work will be measured are:
O a. CEO demands.
O b. Supervisor demands.
O c. Customer demands.

2.  PDCA stands for;
O a. Plan, do, correct, act.
O b. Prepare, do, check, act.
O c. Plan, do check, act.

3.  Discussions at QC Circles help employees to:
O a. Understand their managers better.
O b. Build better relations with colleagues.
O c. Make the workplace more cheerful.

10.2 The human dimension to QC Circles
4.  The basic ideas behind QC Circle activities are to:
O a. Fully bring out employees’ latent capabilities.
O b. Contribute to the improvement of the company.
O c. Make the world a better place to live in.
5.  To make the most of QC Circle activities participants must resolve to:
O a. Bring out their potential through self-development.
O b. Seek opportunities for development as an individual and as a group.
O c. Come up with creative ideas to bring improvements in work.

10.3 Introducing QC Circle activities in your company
6.  Promoters of QC Circles should ... check how employees feel about them before
introducing them.
O a. Always.
O b. Sometimes.
O c. Never.
7.  The three principal ways to introduce QC Circles include:
O a. Introduction at each workplace in turn.
O b. Formation by leaders or supervisors.
O c. Inauguration by volunteers.
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10.4 How many employees in your company should take part in QC Circles?
8.  The three models of possible participation in QC Circle activities include:

O a. Participation by all departments and sections.

O b. Participation by everyone in the same workplace.

O c. Participation by those who belong to the same profession.

10.5 Select QC Circle leaders; roles of leaders and members
9. During the inauguration phase of QC Circle activities the most suitable leaders are:
O a. Middle managers.
O b. Foremen of workplaces.
O c. Persons with leadership abilities.
10. The five primary functions of QC Circle leaders include:
O a. Train successors.
O b. Instruct the participants on how best to meet the expectations of superiors.
O c. Educate QC Circle members.
11.  QC Circle members are expected to:
O a. Follow the leader’s instructions.
O b. Study engineering technology and quality control.
O c. Carry out the roles assigned to them.

10.6 The QC Story

12. The five priorities in the workplace include:
O a. Quality.
O b. Costs.
O c. Production.

10.7 QC Circle Meetings
13. To conduct QC Circle meetings effectively:

O a. All members should attend.

O b. A manager should always be present.

O c. Brainstorming sessions should be held to generate ideas.
14. An average meeting will last:

O a. 20 to 30 minutes.

O b. 30 to 60 minutes.

O c. 60 to 90 minutes.

10.8 QC Circle Assemblies
15.  Which of the following components of a QC Story are in the correct sequence?

O a. Reasons for selecting a theme, action plans, establishing targets.

O b. Introducing the company, understanding the present situation, action plans.

O c. Action plans, examining recurrence prevention measures, analysing key factors.
16. Presenters must:

O a. Rehearse their presentations.

O b. Avoid pauses.

O c. Keep their listeners engaged.
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17. Advisors should keep their comments on presentations to about:
O a. 1 minute.
O b. 2 minutes.
O c. 3 minutes.
18. Following a presentation managers, facilitators etc, should pay attention to:
O a. The potential profits that the company could achieve from the new ideas.
O b. Whether all circle members participated with a sense of awareness.
O c. How presentations relate to higher policies.

10.9 Evaluation of QC Circle activities
19.  Which of the following are used to evaluate QC Circle activities?
O a. Evaluation by CEOs.
O b. Self-evaluation by members.
O c. Evaluation by managers.
20. Evaluation by managers includes evaluation of:
O a. Problem-resolution procedures.
O b. QC Circle presentations.
O c. Activities carried out by the promotional secretariat.

10.10 The basic procedures for QC Circle activities
21. The basic requirements for keeping QC Circle activities going include:
O a. Meetings are always finished at the same time.
O b. Leaders and members keep the objectives of activities in mind as they carry them
out.
O c. Members are willing to work.

10.11 QC Circle training
22. The Seven QC Tools listed in this text include:
O a. Pareto diagram.
O b. Control chart.
O c. Graphic chart.
23. The study methods presented in this text for advancing and managing QC Circle
activities include:
O a. Read books.
O b. Learn from experience.
O c. Learn from practice.

10.12 Planning future QC Circle activities

24. The procedure for drafting plans for future QC Circle activities includes:
O a. Clearly define the type of QC Circle to be developed.
O b. Consider the problems that exist within the company, department or section.
O c. Decide the target level of QC Circle activities over a given period.
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10.13 Create the right environment for QC Circle activities: the role of the CEO
25. CEOs should:

O a. Take an interest in the introduction of QC Circle activities:

O b. Clarify the company’s policy for the introduction of QC Circles.

O c. Try to grasp the detailed problems posed by the introduction of QC

Circles.

26. CEOs should:

O a. Position QC Circle activities clearly within the company.

O b. Pro-actively provide instructions and assistance to QC Circle activities.

O c. Manage the promotional systems for QC Circle activities.

10.14 The role of middle management
27. The functions of middle managers in QC Circle activities include:
O a. Keep CEOs informed of the status of QC Circle activities.
O b. Allow as much time as is needed for giving instruction and assistance.
O c. Generate opportunities for members to work together to achieve
development.
28. Middle managers take the initiative in:
O a. The introductory period.
O b. The development period.
O c. The period in which spontaneity is established.

10.15 Set up a company-wide organisation to promote QC Circle activities
29. Setting up a company-wide organisation to promote QC Circle activities
includes establishing:
O a. A QC Circle promotional committee chaired by a department manager.
O b. A QC Circle promotional secretariat within the TQM promotional
secretariat.
O c. In-house registration and reporting systems.
30. The functions of the QC Circle promotional secretariat include:
O a. Preparing an environment conducive to QC Circle development.
O b. Selecting the QC Circle leader.
O c. Publishing QC Circle news and other public relations materials.

10.16 Hold QC Circle exchanges with other companies
31. The preferable number of members to visit another company is:
O a. 4 1o 6.
O b. 5to 8.
O c. 5to 10.
32. The date, time, place and agenda of the meeting should be arranged by:
O a. The members.
O b. The group leader.
O c. The secretariat.
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There are many problems that cannot be solved simply by examining equipment and
machinery. Data has to be collected, usually over a period of time, and then analysed and
interpreted. Data is numeric information that represents objective facts. When data has been
collected the statistical methods and tools presented in Unit 11 will help you to analyse and

interpret it.

11.1 Understanding data characteristics
11.1.1 Data for quality characteristics and process conditions
11.1.2 Data for process conditions

11.1.3 Approval of data by managers

11.1.4 Training in statistical techniques

11.2 Understanding data diversity
11.2.1 Ciriteria for collecting data

11.2.2 Analysing data with a characteristic diagram
11.2.3 Expressing mean values and dispersion
11.2.4 Analysing data with a scatter diagram
11.2.5 Using graphs to analyse data

11.3 The seven QC Tools
11.3.1 Pareto charts

11.3.2 Histograms

11.3.3 Process capability

11.3.4 Stratifying data

11.3.5 The QC story

11.4 The concept of dispersion
11.4.1 Control charts for each process

11.4.2 Control charts for continuous variables
11.4.3 Control charts for discrete values
11.4.4 Intrepreting control charts

11.4.5 Methods for using control charts

11.5 Applying various statistical techniques
11.5.1 Applying statistical techniques: The QC Tools

11.5.2 Appropriate applications for the QC Tools

11.5.3 Applying control charts to process control

11.5.4 Applying statistical techniques to defect ratio control
11.5.5 The process abnormality report sheet
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This text presents:

11.1.1 Data for quality characteristics and process conditions.
11.1.2 Data for process conditions.

11.1.3 Approval of data by managers.

11.1.4 Training in statistical techniques.

K] Data for quality characteristics and process conditions

Quality control in manufacturing deals with two categories of data:

a. Data that shows the quality conditions of a product: This data is drawn from the quality
characteristics of the product, and is used to check that these characteristics conform to the
standards or specifications, or how far they deviate or are dispersed from these targets.

b. Data that shows the conditions of the process that produces this product: This data
indicates which factors in the process are effecting the quality characteristics. It indicates
both the present conditions of the processes and the conditions in which the processes
have been set and maintained.

Getting data for quality characteristics from inspection records

Data for quality characteristics includes data from inspection records and reliability test data.
Inspection records include records of acceptance inspections, in-process quality inspections
(self-inspections), between-process inspections, finished goods inspections, and delivery
inspections. All these contain records of quality characteristics. In-process quality records
also contain data for process conditions.

a. Acceptance inspection record: The acceptance inspection confirms that delivered
inspection lots can be accepted and that delivered products conform to purchase
specifications. During this inspection, acceptance inspection data and the status of
acceptance (yes or no) are recorded. The test report and packing list attached to the
delivered product are also checked, and then filed as attachments to the acceptance
inspection data.

b. In-process quality record (self-inspection): The in-process quality record contains time
series quality control conditions and the resulting quality characteristics that help to ensure
product quality. It contains data for quality characteristics and process conditions, which is
used to verify smooth process functioning, maintaining the process under controlled
condition to judge whether the process is actually under controlled condition or not.

c. Between-process inspection record: The between-process inspection determines whether
partially-completed products are ready to be sent to the next process. This inspection is
carried out at predetermined points. Unacceptable items will not be sent on. The records
of this inspection are used to improve process control and reduce variance of quality in
the manufacturing of products. These records are particularly important in evaluating
quality characteristics that cannot be studied once the product has been passed to the
following process.
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d. Finished goods inspection record: The finished goods inspection verifies the quality of
finished goods. It contains data for quality characteristics examined according to the
company inspection standards and forms the basis of test reports submitted to the
customer whenever required. Products are inspected according to the company standards
in order to verify that they meet the conditions contracted with the particular customer
and the quality requirements specified in the product specification.

e. Delivery inspection record: The delivery inspection record is a quality record checked
immediately before shipping to make sure that packing conditions, markings, and
attached documents meet the specifications.

f.  Reliability test record: Destructive tests, accelerated tests, environment tests, and durability
tests are used to evaluate the stability over time of those product traits that tend to
deteriorate over time. Such tests play a vital role in the product development and design
stages. Even with products in mass production, routine reliability tests with accurate data
are crucial.

Data for quality characteristics may be replaced by data for alternative characteristics for

technical or economic reasons.

Remarks

a. Record of abnormalities, defects and claims: An abnormality report is issued when
defects are found in any of these inspections.

b. Record of disposal of in-company defects: A nonconformity (defect) report is issued,
together with data for quality characteristics, when a product is found to be defective in
relation to the specifications or the company standards in the inspections.

c. Record of reworked or repaired products: Reworking is the term for the actions taken to
make defective products meet the specifications. Records for reworking and repair also
provide data for product quality characteristics.

d. Record of complaint handling: Keep a record of quality problems that customers have
complained about, the conditions in which the product was used, the causes that were
investigated, the measures adopted, the preventive measures taken, and the results of
surveys on other products in the same lot, as well as the actions taken based on these
results.

Note: Although data is usually expressed as numeric values, it can also be expressed in
ordinary language. This is referred to as language data. (See Text 11.2.1.)

K1 Data for process conditions

To obtain accurate data for tracking processes, record the process conditions according to

the company standards. Keep a record of all data for process conditions in the different

steps of the process in the hope of improving the analysis of the process by clarifying the

relationship of this data to quality characteristics:

a. In-process quality record: The in-process quality record records data for process
conditions when quality measures are incorporated into products.

b. Process control: We cannot manufacture products or provide services at the quality levels
required by our customers without rigorous oversight of processes thus the importance of
in-process quality records in implementing quality in processes.
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c. The next process: In order to provide quality products or services, we must incorporate a
concern for quality into each of a product's processes. Think of the next process as your
customer.

Figure 11.1.2a Check sheet for investigating defects in copying machines

Table X Check sheet for investigating defects in copying machines
Product XX copying |Period of June 110 6
machine investigation
Product number FX-124 Section General Affairs Section
Date of purchase | April Recorder Bodhidharma circle members
Determine
methods Month/date 6/1 6/2 6/3 6/4 6/5 6/6 Total
used (day of the week) | Mon | Tue Wed | Thu Fri Sat ]
examine » | Defective item
fems Too dark M| e [ e | 37
Check items Too thin M| P I L I T 44
separately Dirt meofme | me | mo | 27
Displacement Il | M Il 1l 1l 16 %
Wrong size I I 0l Il Il M 12 _é
ey
Paper jamming I | I Il Il I 9 %
e
Other | Il | | 1] Il 9
Total check Total 24 19 26 25 35 25 154
result === | Nymber of copied| 1,808/ 1,615| 1,720( 1,900 | 2,010 | 1,345|10,398
sheets |
Remarks

a. ltis crucial to base management on indisputable facts, rather than to rely solely on
concepts, experience, or intuition. This requires accurate data for process and quality
conditions.

b. Before being filed as quality records, data should be recorded in a specified format on
specified media (whether paper, computer etc.) and checked and approved by a proper
authority.

c. Quality records should include data for each product or manufacturing lot in the form of
processes. These include graphs, control charts, histograms, or check sheets generated
by statistical techniques.

IERE&] Approval of data by managers

Managers should confirm that process data is reliable and correct and has been recorded
accurately in line with company standards. They should ensure that work is carried out
consistently and that control and improvement activities are promoted effectively. A key task
in achieving this is to inspect and verify daily data, and maintain daily management records.
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This will demonstrate to workers that using correct data is the basis of quality control.

To maintain daily management work records:

a. Record all necessary data in the standard recording sheets.

b. Avoid inaccurate descriptions, omissions, illegible writing, improper descriptions, or
improper corrections.

c. Submit record sheets to the manager responsible for the test without delay, according to
the prescribed procedures.

d. Record sheets should provide spaces for the employee responsible for the test to confirm
the results, insert comments or instructions, and enter the date of the record.

e. In the event of improper, incorrect, or ambiguous descriptions or of work records that do
not meet corporate standards, the manager responsible for the test must obtain an
explanation from the employee responsible for the record, confirm the contents, and
issue written instructions for corrective actions to be taken.

f.  After confirming that the record is correct, the manager responsible for the test must sign
it or mark it with a seal in the specified column.

Examples

Check sheet for recording each defective item

ltems that tend to have defects are entered in advance in the recording sheet, and this is
checked whenever a defect occurs. This check sheet shows the frequency of defects in each
item and identifies the most problematic items. Expressing the record as a Pareto diagram
makes it easy to see trends in defects. (See Figure 11.1.3a on page 8.)

Check sheet for recording the cause of each defect

This check sheet compiles data for different machines, work categories, and work times, and
is useful in finding the cause of a problem. Record different defect categories using such
symbols as: O, X, ® , ~ and O . (See Figure 11.1.3b on page 8.)

Check sheet for recording the distribution of data characteristics

This check sheet records measurements for dimension, mass, and other characteristics and
sorts them into relevant data segments to clarify the profile, centre, and dispersion of
distributed data. It makes it easier to record individual values and to process data because it
arranges the data in frequency charts and removes the need to do any writing. (See Figure
11.1.3c on page 9.)

Check sheet for recording defect positions

This check sheet marks defect locations on a product sketch, using marks such as O , X, ®
and 2. It is useful in determining defect positioning, clustering, defect categories, and
reasons for their concentration. (See Figure 11.1.3d on page 9.)
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Figure 11.1.3a Check list for defective items

Defective item check list for the paint process

Line Number: A Period: April 1to0 7
Product: B Inspector: Toda
ltem Total
Dust 1l 3
Improper gloss i 4
Uneven painting ) 1
Insufficient painting LT 6
Paint runs 1 2
Others 0
Grand total | 16
Method for recording defects: Enter a slash “fHl” for each defect, as shown in the above illustration
Figure 11.1.3b Check Sheet for recording each defect
Check Sheet for Defects in the Grinding Process Product:
Period: April 1 to 7
Date of the week Mon Tue Wed Thu Fri
Total
Machine AM | PM AM | PM AM | PM AM | PM AM | PM
Machine Number 1 @) A 2
A | Machine Number 2 | ® X 2
Machine Number 3 0
Machine Number 4 ® o 2
B | Machine Number 5 X 1
Machine Number 6 0
1 1 1 0 1 1 1 0 1 0 7
Total
2 1 2 1 1
(Symbols) O Scratch X Improper gloss ® Wrong size & Improper profile O Other
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Figure 11.1.3c Check sheet for recording the distribution of data characteristics

Date of
Product Shaft measurement April 1
Check sheet for outer diameter Standard 8.0+1.5 Instrument Micrometer
Unit mm Measurer Suzuki
No. Section Median 10 20 30 40 50 60 Frequency
1 7.775-7.825 7.80 0
2 7.825-7.875 7.85 I 5
3 7.875-7.925 7.90 M1 THL I 12
4 7.925-7.975 7.95 4 11 18
5 7.975-8.025 | 8.00 ItH PHL I T T I 31
6 8.025-8.075 | 8.05 M MW T ] 22
7 8.075-8.125 | 8.10 I TH 10
8 8.125-8.175 8.15 Il
9 8.175-8.225 | 8.20
10 8.225-8.275 8.25
Total 100
Remarks
Figure 11.1.3d Check list for recording defect positions
Check sheet for defect positions
Product A Date of inspection April 1
— Process B Inspector Yoshida
Line Number C Number of
inspected products 1,000
O Use the following symbols to mark defect positions
O Defective A X Defective C
® Defective B A Defective D
@

Remarks: Enter your observations
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Remarks
Be sure to record the following data items for process conditions and quality characteristics:

a. Title, number and version number of the applied standard.

b. Title and model number of the product.

c. Date and time.

d. Title of process.

e. Title of equipment.

f. Title of work.

g. Name of worker.

h. Name of recorder.

i. Lot number in the previous process.

i. Lot number of material.

k. Data for process conditions (temperature, speed, pressure, concentration, contents, time,
and other information).

|.  Title and number of jig or tool.

m. Title and number of measuring instrument.

n. Conditions of the sampling test and frequency of checks.

o. Data for quality characteristics, whether accepted or rejected.

p. Defects, detailed descriptions, report and actions taken for defects.

Record data for different work categories, machines, and work times, with the correct
descriptions of the measuring instruments, testers, inspection equipment, and test methods
used in the test. These measuring instruments must be checked and properly calibrated.
Data should be precise and accurate, and reliably expressed in significant digits, to allow
proper fests.

MTmining in statistical techniques

Employees may be sent to external seminars to learn statistical techniques and how to apply
them in their production processes. These techniques will enable them to increase their
control over these processes and make improvements to them. However, such seminars will
be useless unless full TQM training is scheduled and performed continuously for workers at
each organizational level.

The purpose of in-company training in statistical techniques is to provide all employees with
a working knowledge of quality control (QC) and other statistical techniques and how to

apply these effectively. Separate training should be provided for each organizational level.

In Unit 12, Education and Training, Text 12.3 gives detailed guidelines on providing training
in statistical techniques in the context of TQM training.
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This text presents:

11.2.1 Ciriteria for collecting data.

11.2.2 Analysing data with a characteristic diagram.
11.2.3 Expressing mean values and dispersion.
11.2.4 Analysing data with a scatter diagram.
11.2.5 Using graphs to analyse data.

IEFR] Criteria for collecting data

You should standardize methods for collecting data so that you can make judgements based
on it quickly and accurately and carry out appropriate improvements. The key terms in
collecting data are:

Population: A group of entities whose characteristics are to be investigated or studied or a
group of entities from which samples are to be taken.

Sample: Part of a population selected to find out its characteristics.

Variable: A quality characteristic value that can be measured as a continuous quantity, but
not counted as separate items, e.g. length, colour. Data derived from such values is referred
to as variable data.

Discrete value: A quality characteristic value that can be counted, e.g. the number of
defects or defective products. Data derived from such values is also referred to as
discontinuous data.

Population and sample

The purpose of data collection is to gain an understanding of user needs, the quality
characteristics of a product, the quality conditions of a process, and the quality of raw
materials. When we have collected data we are able to investigate or inspect a population.

Figure 11.2.1a Population, sample and data

Population Sample Data

Sampling Meoswemenf

Action on process
Process control
Process analysis

Action on lot Gmpllng Meosurement
Inspection
Estimation of

product quality, Action

A Roadmap to Quality 11  Unit 11 - Statistical Methods



The principle of sampling

Data to which statistical techniques are to be applied is obtained by measuring items
sampled from processes, lots, or populations. The data thus obtained has sampling and
measuring errors in addition to the dispersion that results from changes in production
elements. To give an accurate estimate of a population’s characteristics by applying statistical
techniques to the data, the unit entities and unit measurement values that compose the
population should be sampled at the same probability and a correct measuring method
used to obtain the data. Sampling at the same probability is called random sampling. At first
glance, random sampling may seem to provide a result governed only by chance but in fact
repeated random sampling results in increasing degrees of statistical regularity.

The four principles of random sampling

Principle 1: Products should not be sampled by the workers responsible for manufacturing
them (prevention of purposive selection).

Principle 2: Sampling should be witnessed by a person with authority (sampling cannot be
checked retrospectively).

Principle 3: Those taking the population sample should be well informed of the significance
and purpose of sampling.

Principle 4: Random sampling is based on a table of random numbers.

Remarks

Ideally, we would like to have all the information that applies to a population, but in practice

it is not possible to conduct such a thorough survey, so we sample part of the population

and extrapolate from this data. The following are important points in collecting data:

a. Data collection must have a purpose. Clarify the purpose of collecting data, and be sure
that the data collected is valid for this purpose and expresses objective facts.

b. Before you use data recorded in the past, confirm the purpose for which the data was
collected, and examine the context, history, and constraints in its collection. Do not use
data collected for different purposes, from different populations, or in different
measuring conditions. Do not use improperly sampled data or data measured using
different machines.

c. Use stratification. Record data for process conditions in a form that allows stratification
for different cause elements. This will allow analysis of the cause and effect relation
between process conditions and quality characteristics.

d. The information obtained from data will be used in actions on the population from which
the data was taken. Bear in mind that what we learn from the data is limited to this
population.

e. The sampling method used must be appropriate to the purpose of sampling. Sampling
methods include simple random sampling, two stage sampling, and stratified sampling.

f. In using data, be attentive to objectivity and reliability. Train the workers who collect data
in the precautions necessary for using the measuring instruments, and in ways of
maintaining instrument precision, measuring methods, and methods of rounding and
recording values. Check the conditions in which instruments are calibrated and kept
precise.

g. Confirm that correct data has been obtained. Be careful to avoid errors in recording and
calculating data. Be careful not to omit all or part of the data required.
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i¥¥] Analysing data with a characteristic diagram

Before you begin to analyse the data, identify the cause and effect relations. Characteristic
diagrams are useful for doing this. A characteristic diagram is a diagram like a fish bone
used to systematically identify the characteristics (the effects) and the factors (the causes) that
appear to effect the characteristics.

Characteristics

Characteristics are effects that result from work and processes. They include:

a. Quality (Q): Appearance, dimension, weight, purity, strength, flatness, number of
defective products, number of claims, ratio of defective products.

b. Cost (C): Cost of material cost, machining, labour, advertising, overtime, sales, loss due
to claims.

c. Quantity/delivery (D): man-hour, availability ratio, turnout, quantity of shipped products,
days of delayed delivery, ratio of products delivered on schedule.

d. Saofety (S): Disaster ratio, number of accidents, number of near miss incidents, operation
time without accidents.

e. Morale (M): Ratio of absenteeism, ratio of participation, number of proposals and
improvements made by employees.

In resolving problems at the workplace or in QC circles, when you wish to express poor
quality or conditions use expressions such as “Poor appearance of ...” “High material cost
of...” “Too many man-hours for...” in order to assess the factors involved.

Factors
Factors are causes identified as affecting results (characteristics). The large, medium, small,
and granddaughter bones in a characteristic diagram represent factors.

When the characteristic to be investigated is the quality of the product in production
departments, it is normally caused by dispersion in the 4M below. The 4M are normally
represented as large bones. Sometimes we speak of 5M to include measurement, but this is
not crucial. The 5M are:

a. Man: workers.

Material: materials and parts.

Machine: machines, facilities (equipment).

Method: method of work.

Measurement: measurement and sampling.

® o 0 o

Key Points in using a characteristic diagram

To get the most out of a characteristic diagram, extract what seem to be the important
factors (causes). To do this consider the opinions of your boss, staff members and experts.
To determine whether the extracted factors are real causes, study them at the production site
or collect data to evaluate their effects. This is called verification (or reconfirmation). Use the
following procedures to extract and verify factors:
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Extract factors

a. Examine products at the production site and study them.

b. Get the opinions of as many people as you can and extract as many potential factors as
possible.

c. Express factors in clear and concrete expressions in single words or short sentences.

d. Pursue factors with the question “why” until the proper actions to take are clear.

Verify factors

a. When you have completed a characteristic diagram, follow the relations between factors,
going from large, through medium and small to granddaughter bones, and then do it
again in reverse order.

b. Always ask the question “why” of an item, or “and so02” of a factor. If factors cannot be
linked, you may have erred in assigning bones, or you may have missed bones or cited
items that are not factors. Correct the diagram.

Figure 11.2.2a Example of characteristic diagram

Classify factors info four to eight large Classify fqdors info Place vgrying weights on the effects of vawing fodgrs to
bones and frame them . four fo eight large determine the order of prei*ference for analysis (verification)
*«. bones and frame them 2 o
~ ' - Frame the characteristic.
For medium or small bones, h — o Describe the characteristics in
don't use expressions such as @ i concrete terms.
“Yes or No,” “Large or small” or . E M ",' When you pursue a cause, for
“High or low” or other such Quohfy_of ' Grindst ® ¥ sexample, express poor
wording fo indicate different ==« material we === Lrindstone (Precision )ty ]1 + characteristics using phrases
. - i u
levels; as these expressions do ™ Hordness Fault Grain size ) ! sugh as Improper appearance of
not constitute factors by . Volume Jig I High material cost of...” or
themselves Profile ¢ "Too many man-hours for...”
N Check H
. Dimension Cutting oil ;
r
Method of supply > ‘ Improper finish of part xxx ‘
.
Draw a spine witha =" e Feed speed ) Skill
thickest line o =" Cutting Fatigue
-
P volume Experience "=

Physical conditions
Method of work

Lines at 60 to 80 angles

v Concentration
are easily viewed

Aptitude Don't forget to mark with an arrow

- ©) ==== (at each point)
] CCovton) ot 11

!
TEEEEEEEETEY

Rotating speed

'.r’ Work procedure

’
Express factors of ¢ . Enter the
deium bones or lower * ) ) Date of preparation: quth, day and year _ required
- Circle seemingly Prepared by: Ichikawa information

ranks in short phrases or

important factors
words mp

Pursue final factors
= 50 you can take
remedial actions

e

Write drawing number and

.+ fitle af the bottom center
.

Figure xxx Characteristic diagram for “Improper finish of part xxx” &
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IEWX] Expressing mean values and dispersion

We can use statistical techniques on collected data to estimate the mean and dispersion of
the population.

Parameters

The following values expressing features of a population are all regarded as parameters:

a. Population mean = u = E (X)

b. Population standard deviation = &

c. Population covariance = Cov (X, Y)
(ux = E (X), uy = E (Y))

d. Population coefficient of correlation

E[(X - ux) (Y - uy)]

p = Cov (X, Y) / [V(X) V(Y)]”2

Statistics
Functions and values calculated from data samples express their features. Statistics are
employed to estimate population parameters and to verify hypotheses.

Fundamental Statistics:
a. Mean value.

b. Standard deviation.
c. Range.

From these values we can estimate the features of a population distribution.

Random variables:

These are variables that take values according to the rules of probability. Random variables
are either discrete or continuous, depending on the nature of their values. The distribution
of the former is called a discrete distribution, and that of the latter is called a

continuous distribution.

Expected value:
When values of a random variable x are observed repeatedly, the ultimate mean value is
called the expected value of x.

Examples

Expression of Central Points

Mean Value (x)

The sum of n measurements divided by n is called the mean value (arithmetic mean value)
and is denoted by (x) where x;, x9, ..., x,, are measurements and n is the number of

measurements.
Xy txpt. X, X
X: =
n n

Example 1: Find the mean value of the length of a product from the five measurements 6.2,
5.7, 6.1, 6.3, and 6.0
X = (6.2+5.7+6.1+6.3+6.0)/5 = 30.3/5 = 6.06 (mm)
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Median ( X)
When measurements are arranged in size, the value at the centre of the sequence is called
the median and is denoted by X.
a. Use the measurement at the centre for an odd number of measurements.
Example 2: 5.7, 6.0, 6.1, 6.2 and 6.3 - X = 6.1 (mm)
b. Use the mean value of the two measurements at the centre for an even number of
measurements.

Example 3: 5.7, 6.0, 6.1, 6.2 X = (6.0+6.1)/2 = 6.05 (mm)

Although a median value is less precise than the mean value, you can obtain it directly
without performing a calculation for an odd number of measurements.

Expression of Dispersion

Range (R)

The difference between the maximum value (L) and the minimum value (S) of a data set is
called the range and is denoted by R.

R=L-S
The range cannot be a negative value.
R>0

The range is used for ten measurements or less, ideally for five or six measurements.

Example 4: Find the range of measurements 6.2, 5.7, 6.1, 6.3 and 6.0.
R=6.3-57=0.6(mm)

Sum of the Squares (S)
The sum of the squared differences between individual measurements and the mean value is
called the sum of the squares and is denoted by S.
S=(xg X2+ (x, -%X)2 + ... + (xn -X)2
= X(x; -X)2 ... Formula for definition
= Ix2 - (Zx)2/n ... Formula for calculation
where the term (£x)2/n is called a correction term (CT).

Example 5: Calculate the sum of the squares of the data in example 1.
S =(6.2-6.06)2 + (5.7-6.06)2 + (6.1-6.06)2 + (6.3-6.06)2 + (6.0-6.06)2
= (6.22 + 5.72 + 6.12 4+ 6.32 + 6.02) - (6.2+5.7+6.1+6.3+6.0)2/5 = 0.212

Variance (V)
The sum of the squares divided by (n-1) is called the variance or (unbiased variance) and is
denoted by V.

V = §/(n-1)
The sum of the squares is larger when the number of measurements is larger. However, the
variance gives a dispersion unrelated to the number of measurements.
The value (n-1) is called the degree of freedom.

Example 6: Calculate the variance (V) of the data in example 5.
V =0.212/(5-1) = 0.0530 (mm)
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Standard Deviation (s)
The square root of the variance is called the standard deviation and is denoted by s.

s = (\/m
Since the sum of the squares and variance are related to squared measurements, you
cannot compare values based on the measurement unit. The standard deviation doesn't
have this drawback, and allows us to use the measurement unit.

Example 7: Calculate the standard deviation (s) of the data in example 6.

s = (V0.0530 ) = 0.230 (mm)

Distribution of Mean Value (x)

When measurements of a population are normally distributed with a population mean value
U and a standard deviation o, the mean value x of n measurements sampled at random
from this population is also normally distributed, with a mean value y and a standard

deviation o/(Vn).

Figure 11.2.3a Distribution of mean value

Distribution of X

Distribution of X

o —>» X —>» X
Remarks
Statistics that indicate the centre of distribution
1. Mean (x)
2. Median (X)

Statistics that indicate the degree of dispersion

Sum of the squares
S=3"_:(xx)2

The sum of the squares (S) is a sum of the squared differences between individual
measurements and the mean value (x).
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Variance (V)
V = §/(n-1)

Standard Deviation (s)
The standard deviation (s) is the square root of variance (V).

s = (Y

Range (R)
The range (R) is the difference between the maximum (x,q,) and minimum (x
R

min) Values of the data.

= Xmax ~ *min

Expected value and variance of sample mean values

An important rule in the application of statistics to quality control gives the variance of the
mean value X of n measurements as 6?/n. The distribution of mean value x of n samples has
the following traits:

The expected value of the sample mean value X is equal to the population mean value u.
E(x) = u

The variance of the sample mean value X is equal to the population variance o multiplied by 1/n.
V(x) = 6’/n

IR ®] Analysing data with a scatter diagram

Scatter diagrams: Relations between characteristics

Scatter diagrams are used to determine whether a relation exists between two characteristics
by plotting pairs of data on an X-Y coordinate, or by plotting one characteristic on the Y-axis
and another on the X-axis. When a relation exists between the two characteristics, they are
said to be correlated. Where one characteristic increases as the other also increases, they
are said to be positively correlated (positive correlation). When one becomes smaller as
another becomes larger, they are said to be negatively correlated (negative correlation).
When two characteristics are positively correlated, data points scatter within an ellipse tilted
to its right. When they are negatively correlated, data points scatter within an ellipse ftilted to
the left. When no relation exists between the two characteristics, they are said to be not
correlated, and their data points are found to be scattered within a circle.

Coefficient of correlation

A coefficient of correlation represents the degree of correlation between two characteristics
and takes a value in the range from - 1 to + 1. A value close to - 1 indicates a strong
negative correlation. A value close to + 1 indicates a strong positive correlation. A value
close to O indicates that the correlation between the two characteristic is weak.
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Figure 11.2.4a

~«— Strong negative correlation Strong positive correlation —

Coefficient of correlation

Not correlated

Ne
-1

gative coefficient of correlation Positive coefficient of correlation

Figure 11.2.4b Conceptual diagram of equation for regression

y
A y=a+ bx
L]
o * | Increment of y
° L] L]
. o o o Increment of x Regression coefficient b
o . e (Gradient: Ratio of
y increments y to x)
o © L] °
e o L] L] L]
[ ) L] °
L] °
Constant a —> o

Example
Procedure 1:
Procedure 2:

Procedure 3:

Procedure 4:

Procedure 5:

|

Prepare a table to calculate the coefficient of correlation.

Calculate the sum of the squares of the characteristic x, S(xx).
S(xx) = 2x2 - (Zx;)2/n

Calculate the sum of the squares of the characteristic y, S(yy).
Slyy) = Zy? - (Zy)?/n

Calculate the deviation of the sum of the product of characteristics x and y,
S(xy).
Sxy) = Zxy; - (Zx)(Zy;)/n

Calculate the coefficient of correlation (r).

r2 = (S(xy))2/(S(xx).Slyy))
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a. Coefficients of correlation are normally rounded to three significant digits.

b. The value b in the equation for regression indicates the gradient of the regression line
rather than the degree of correlation.

c. To calculate the coefficient of correlation, be sure to assign the variable that results in an
effect upon x and another on y. This principle also holds in determining the equation for
the regression. Caution is called for here, as exchanging x and y will result in an entirely
different equation for regression.

Equation for regression
An equation for regression represents the relation between two characteristics y and x, where
y is called an objective variable and x an explanatory variable. The equation for regression
takes different forms depending on which variables are used, and the numbers of variables.
Here, we discuss a case where y is expressed by a linear equation of x, as shown by the
following generalized form:

y = a + bx
where a is a constant or intercept and b is called a regression coefficient.

[E¥¥] Using graphs to analyse data

It is important to know how to apply graphs to process control and improvement. This
involves creating well defined data by expressing raw data as numeric values and then
plotting these numeric values on a graph. What will appear on the graph is a figure rather
than simply numbers. This figure will show at once the relations of measurements with
lengths, areas and angles. You can use different types of graph to compare the magnitudes
of different measurements and see at a glance the measurement changes over time. This
allows you to quickly grasp the conditions of process control and the effects of improvement
and to communicate this information to others.

The advantages of using graphs are that:

a. Anyone can draw them quite easily.

b. They allow you to understand and judge the status and conditions of a process at a
glance.

c. They can present a great deal of information.

There are different types of graph: bar, polygonal line, circular, band, radar chart, Z, map,
triangular and picture graphs. Select the one that is best suited to your purpose. Design
expressions that are easy to understand.

Bar graphs

Bar graphs express data using the length of a bar to facilitate comparison between the
magnitudes of different data, such as inventories by product or plant, and sales in different
business units.
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Figure 11.2.5a Example of bar graph

. . Put scale lines inside th
Indicate the unit ut scale lines inside the

i .. dinate frame :

within brackets af =3 (days) | .. coordinate rrame - o Enter the data history (the

this position ( m%; | Data in... (month),... (year) < observation period and data total)
Q
g ---------- Put a space half the width of a bar between adjacent bars
s.. | | 1| |

Indicate the ... > z10~ “« Date: <«—— Enter the date and

characteristic 5 Prepared by: worker’s name
= 51
€
O
o]

, (¢
Don't forget fo putan 0 > 0 ) )
at this point s » Oita Toyama Gunma Osaka Saitama Tokyo (Business unif) —®seeeseeeee Indicate items

Fig. X Bar graph of the quantity of in\gntories of product xxx by business unit

Arrange items b magnitude.

If there is an order of attribute Record the number and title
among the items, such as the size R R of the graph at the bottom
or location of business unit from center

north to south, arrange them in

that order.

Polygonal line graphs

Polygonal line graphs plot time on the X-axis against a characteristic on the Y-axis. Adjacent
data points are connected by line segments to indicate trends or changes in the
characteristic over time, such as the quantity of manufactured products, sales, number of
defective products, or number of re-workings per month.

Figure 11.2.5b Example of polygonal graph

_Indicate the unit within brackets here _Enter the target

Put scale lines
inside the e >(,, (%) _’ .............. Indicate the characteristic .
coordinate frame £ 4 «

3 | ----- . Date: Enter the date and

e 5 4 Prepared by~ worker’s name
Clearl -2 L el Draw a slightly dark
mark the = Z - — raw a slightly darker
data points 3 2 (®R0”|'”9 ofjig stopped ) P solid line

| e N

2 Indicate the date

Where necessary, (@ Part setting criterion chonged)

i SN o 1 F and time
;gﬁ;? tti 2|C;|rci)fl;sfhe % ( ® Process changed due fo a jig improvement )
reason for changes “ 0 I l I I 1 1 1 1 1 ¥

in the frend 4 U4 s ¢ 7 8 9 10 11 12 (Month)

Dﬂr}:j forge;r to put 0~ . . . Write the number and
at this poin Fig. X Polygonal graph of the ratio of defects in the process xxx <€-fitle of the graph at

the bottom center
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Circular graphs

In circular graphs, a circle is sectioned along the circumference in proportion to the ratio of
each component. Expressing component magnitudes by the central angle and radially
spread sections makes it possible to view at a glance the relative sizes of the components.

Figure 11.2.5¢ Example of circular graph

Starts at the top of the circle  Arrange items clockwise in order of
- magnitude. If the items have an order,
The item “others” " arrange them in that order.

should be at the end

Enter items

Where necessary, enter the ratios

Turnout
(22%)

Fiscal xxxx Crosshatch the section of each item
Total= differently, from dark to light according to
1,050 - order of magnitude, for example. If the
cases items have an order, crosshatch sections
from dark to light in that order.

Record the history of
the data (the period of
observation and the
total)

The ratio of the
radii, inner circle to
outer circle, should
ideally be 1:3

Date: o )
Prepared by}d ------ Enter the required information

Write the number
and title of the
e graph at the

Fig. X Circular graph showing the ratios of solved themes bottom center

Band graphs

Band graphs appear rectangular, with the longer side sectioned according to the ratio of the
components. Band graphs are used to compare or note changes in the ratios of components
over time.

Figure 11.2.5d Example of band graph

Don't forget D le lines insid Record the unit here
to put 0 at raw scale fines inside within brackets.,
this p'c_>_!nf o Ratio of the components \
'-.\ ."'o'
0 A 20 40 60 80 100 (%) ltem ”ofhers"
d ! ! ! _ ! | . should be placed
Aoril. 1988 Determined through Determineod by the E;f:(;rg?qlned g?;zg by Others’ at the end
P ln' =185 consultations Q’V”h leader (28%] member in |the (5) —<=-Where necessary,
members (36%) turn (17%) | boss (14%) enter ratios
5\ 7 \\ ‘\ I TP Conned two
bands with
April, 1993 dotted lines or
e ‘] 48 (38%) (22%) (24%) (12%) | |4%)  Hoilines
A .
Enter the period of Date: Enter the required ™ Crosshatch each section
observation and the Prepared by: (<" information to enable quick
data totals H ) ) ) comprehension. For
Fig. X Band graph showing methods of selecting QC themes example, indicate
. o - important items with
Arrange items from left to right in order of darker crosshatching

magnitude. If the items have an order, arrange

them in that order. Dont modify the order after R )
once it has been determined b “Write the number and ftitle of the graph at the bottom center
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Radar charts

Radar charts feature lines radiating from the centre of a circle that section the circle into
portions of the same size according to the number of items. These lines are scaled. An item
value is plotted on each line, and data points on adjacent lines are connected with line
segments. Radar charts are useful in representing and comparing a large number of items,

and in tracking progress towards targets.

Figure 11.2.5e Example of radar chart

Frequency of

pdrﬂapahon

in social
When using two or more  gatherings
lines, use different colors
or bold lines of different

types

4" Frequency of
{ participation
1
\

\,
1

Place the most important
items at this position

e

Place similar
items close to
each other

The first workshop
(Month year)

y Frequenty ™

in study
\meehngs
Divide the central
angle info equal
sections using item
lines

,__\_-_--
- .

Undersfcmdlng .
of statistical \
y mefhods

- of participa- . Enter the
0 | fion in survey time
» i workshops | 4
"""" The second
Lo workshop

(Month, year)

/ Frequency of™
7 participation
oy in meetings ,/

~
-
———
——

(lRuho of expressing views in meetings/,,—"' Date: Enter the
Prepared by: < required

Radar chart of QC circle activity self-diagnosis =~ <o

information

Write the number
and title of the
drawing

at the bottom center
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This text presents:
11.3.1 Pareto Charts.
11.3.2 Histograms.
11.3.3 Process Capability.
11.3.4 Stratifying Data.
11.3.5 The QC Story.

IiFEN] Pareto Charts

Pareto charts use bars to express phenomena and causes, grouped by item, such as
defective parts, reworked parts, repaired parts, claims, accidents and failures. Polygonal
lines are added to show cumulative frequencies.

When we look at a Pareto chart with defect items on the X-axis by frequency and the number
of defects or amount of losses and their cumulative amounts on the Y-axis, we can see that it
is more effective to pick out a small number of vital items (vital few) than a large number of
trivial items (trivial many). This is called Pareto’s law. The Pareto chart is widely used to
choose problems and subjects for study and discussion at the planning stage for QC circles
and to confirm the results of an action once the action is performed.

Key points in drawing a Pareto chart

To draw a Pareto chart collect data stratified by cause (factor) or effect (characteristic,
phenomenon). Do not use data for items from different classifications, levels, or causes
(factors). Be sure to enter totals for cases, amounts and times, and the period of observation.

Key points in using a Pareto chart

a. Adopt the amount of loss along with the number of defects, defect ratios, and the
number of claims on the Y axis.

b. Determine a period of observation appropriate to the purpose.
When a Pareto chart indicates little difference between different items (strata), change the
method of classification or the characteristic on the Y-axis to bring out the important items.

d. After determining the most significant item, draw a secondary Pareto chart for that item
alone.

In 1897, the ltalian economist V. Pareto established that income distribution is biased toward
low-income workers and proved the law that governs this distribution. Applying this law, J.M.
Juran, an American management consultant, devised a diagram arranging defective items
on an X-axis by frequency, and the number of defects or the amount of losses and their
cumulative numbers on the two Y-axes respectively. Juran called this a Pareto chart. The
Pareto chart is most widely used as one of the Seven QC Tools, along with characteristic
diagrams.
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Figure 11.3.1a Example of Pareto chart

In this case, the number of
defects 210 is a total and

Enter the period of
observation, total, date,

not the number of samples March, o - draftsman and ofher
(n) Here, write “Total” Total =210 | .-~ information
insted of “Sample” —--ccmaeoaoo- -~ Date: April 5 -«
) ) Pi s, Prepared by: Write the unit at the top
Write the unit at the top of‘,( ieces) N |chikawa _ of the scale figures
the scale figures Pt 250 -
L Q’ (%)%
Draw scale lines inside fhe/,—% B 7100 Determine the lengths of
frame £ 200 80 = the X- and Y-axes to
Write a characteristic =----32 150 € - express the coordinate
- 5 > system as a rough square
Also draw a cumulative line _-E— 460 7% Write “Comulafi o
for the first item S T Yo 2 -_vyrie “Lumulative ratio
E 100 c dol 40 g" or “Cumulative ratio of
ar mode S
Crosshatch important items < 50 L Process } <q----Y-.., occupation .
or set apart using color =-------- > - 20 - ~Enter thg required
_|—|_'— information
Don't forget to put 0 =====---- >0 — ” — 0 <----- Don't forget to put O at
at this position £ A2 S [0} this position
P A'o 2 < P
E g = O Pace “Others” at the end
1 8 &L
1 C
1 0
10

Don't separate adjacent columns - - ----

Insufficient paint

Uneven painting

Write the number and
title of the chart at the

Fig.X Pareto chart of paint defects, by nature of defect  ___pottom center

EE®] Histograms

A histogram for the distribution of numeric statistics is used to enable users to grasp data at

a glance. It uses columns to express frequencies of data from different categories. The range

of distribution is divided into several sections. Histograms deal with variables such as length,

weight, temperature, and hardness, all of which can be obtained by measurement. They
clarify the following data features:
The profile of distribution of data.

a.

oo o

The centre of distribution of data.

The dispersion of data.

The relation of data to standards.

Drawing a histogram
You should have at least 50 data (n) points; 100 or more is even better. A small
number of data points produces a sketchy distribution profile.

a.

o

0

Figure 11.3.2a below suggests an appropriate number of sections (k). As a general rule,

the square root of the number of data points gives the appropriate number of sections.

Determine the scales of the Y and X axes so that the diagram is roughly square.

Enter the data history (names of product, process, standards, period of observation and

date) and the number of data points (n) in the margin of the diagram.
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Figure 11.3.2a Appropriate number of sections (k) according to the number of data (n)

Number of data (n) Number of sections (k)
50 - 100 6-10

100 - 250 7-12

250 - 10 - 20

(The equation k = \n provides a rule of thumb for determining the number of sections.)

Using a histogram

Check the following:

a. The profile of distribution. Is it deformed? Does it have isolated islands or a double
peak?

b. Position of the distribution centre.

Dispersion or bias from the relevant standard.

d. Does the data satisfy relevant standards? Is the process capability adequate?

o

Figure 11.3.2b Histogram of the outer diameter of the part X at the axis Y

Determine the scqles of the Y and X axes so Draw a line to indicate the mean value X
that the diagram is roughly square-shaped /
N ,'I Period: June Enter the required
‘\\ K 110 2' information. Period.
s y 5 = 100 Number of data (n)
5N~ S %=9.9925 ~-pear vajue ().
3 i S <—0.0934 tandard deviation
25~ = . 2 Co= 054 (s)Iindex of process
20l ® ! 5 cgk:dm capability (Cp, Cpk)
. o | <--------- -Draw a line to indicate
2 15k € | k= the standard
Enter the frequency_ 5.8 = | = Outside the
03' 10 g I @ standard _.Crosshaich the area
e E I = }" _.-~" outside the standard to
I . < make it stand out
Don't forget to putan 0 L1 T e e ML I B

ot the origin --->» 07968 978 988 998 10.08 10.18 10.28 (mm)(—----EnTerfhe measurement
of the Y axis 9.73 9.83 9.93 10.03 10.13 10.23 unit

Dimension of outer diameter <------ Enter a characteristic

Enter the history or
other required
information in the
diagram or in the
margin

Product: Part X Process: 2nd line Section

responsible for drafting the histogram

Manufacture Section number 2 Person -€------
drafting the histogram: Ichikawa

Date: Month, Day, Year

) ) ) Write the number and title
Histogram of the outer diameter of the part X at the axis A -€------ at the bottom center
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Figure 11.3.2c Interpretation of histogram distribution

Type Profile Description General remarks
Bell or hanging bell ] The frequency is highest at Appears when the
the center, decreasing process is stable.
toward both ends of the
() Bell type range. The profile is symmetrical.

Toothless or comb

(b) Toothless type

The frequency is low at
every other section,
producing a toothless
profile, or a comb.

Appears when the section
width is not an integral
multiple of the measuring
unit,or if the person taking
the data measurements
has a consistent tendency
toward skewing when
reading instrument
indications.

Right skirt drawn type
(left skirt drawn type)

(c) Right skirt drawn type

The mean value of the
histogram is biased to the left,
with the slope of the

profile somewhat steep

on the left side and sloping
gently on the right. The
profile is asymmetric.

Appears when
occurrence of data on
the lower side is

limited by theory or by
a standard, or with
certain data ranges,
including those without
negative values.

Left side wall type
(right side wall type)

The mean value of the
histiogram is biased sharply
to the left, with a steep
profile on the left and
sloping gently on the right.
The profile is asymmetric.

Appears when non-
standard data is
excluded, or when
measurements are
obscured or incorrect.

Plateau type

Il

e) Plateau type

il

Left side wall type
(

Frequencies in different
sections are almost the
same, producing a plateau
pattern.

Appears when several
distributions with
slightly different
mean values are
mixed.

Twin-peak type

il

(f) Twin-peak type

Frequencies at and around
the center are lower than at
other parts, producing two
peaks.

Appears when two
distributions with
different mean values
are mixed, as when
the data pertains to
two different machines
or materials.

Island type

..

(g) Island type

An island appears at the
right or left end of the
distribution.

When the distribution
contains a small
quantity of data

from a different
distribution,

or abnormal data.
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Comparing a histogram with standard values

We can confirm that the capability of the existing manufacturing process satisfies
technological requirements by comparing a histogram and standard values. Figure 11.3.2b
shows the relationship between histogram and standard values.

&) Process capability

This text presents the methods of calculating the process capability indices Cp and Cpk,
using the frequency table of a histogram and effective use of the indices.

Process capability is a qualitative capability for a process, a scale used to evaluate the
distribution of important product characteristics obtained through the process by comparison
with specifications or standard values.

Process capability is determined by the relationship between the dispersion of product
characteristics and standard values. It is usually expressed by the process capability index
(below). The process capability should be evaluated when the process is stable.

Calculating the process capability index (Cp or Cpk)

The process capability index (Cp or Cpk), compares a histogram with the standards to
evaluate whether a process has a capability that satisfies the standards. The methods below
are used to calculate the process capability index for two-sided standards with upper and
lower limits, and one-sided standards.

Two-sided standards with upper and lower limits
These standards set both the upper and lower limits of standard values. Process capability is
calculated with the following formula.

Cp = (SU-SL)/6s = (Upper limit - lower limit)/(6 X Standard deviation)
Even when the process capability index Cp is sufficiently large, characteristics do not satisfy a
standard if the difference between the centre (M) of the standard and the mean value x of
the characteristic is too large, or if the distribution of the characteristic is biased from the standard.

Figure 11.3.3a When the mean value is biased

St.(Lower limit of the standard) Su (Upper limit of the standard)

Width of

. standard
Bias

<

—

x|

s Stahdar deviatipn

Outside the
standard ‘::/%
\,. il

A N
-0 >
~<«—b—>| M Center of the standard
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To account for the biased mean value X while evaluating characteristics, use a process
capability index (Cpk) to evaluate the bias. When the mean value is biased, Cp > Cpk.
Otherwise, Cp = Cpk.

Cpk of a normal distribution is obtained by the following formula:

Cpk = (1-k)Cp = (1-k)(Sy-S,)/6s

= (1 - degree of bias)x(Upper limit - lower limit)/(é6 X Standard deviation)
where K is the degree of bias.

The degree of bias (K) is obtained by the following formula, in which M is the centre of the
standard value:

K =b/a = (|M-x|)/(T/2) = (|(Sy+S.)/2 - x|)/((Sy-S1)/2)

= |(Upper limit + lower limit)/2 - Mean value|/((Upper limit-lower limit)/2)
After drafting a histogram, you can obtain the same result by using the standard value on
the biased side alone for calculation, as for a one-sided standard.

One-sided standards
One-sided standards prescribe only one limit (upper or lower). When the standard has only
an upper limit (Sy), the process capability index (Cp) is obtained by the following formula.
Cp = (Sy - x)/3s = (Upper limit - Mean value)/(3 xStandard deviation)
When the standard has only the lower limit (S,), the process capability index (Cp) is obtained
by the following formula.
Cp = (x- S)/3s = (Mean value - lower limit)/(3 X Standard deviation)

Example
Use the table in Figure 11.3.3b to determine the degree of process capability.
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Figure 11.3.3b Judgement criteria for process capability

No. | Value of Cp (or Cpk) [ Relationship between the Judgement eciterion on
distribution and the standard process capability
S Su
1. Cp=1.67 Process capability is adequate,
s with room to spare.
+
St Su
s
2. 1.67>Cp>1.33 Process capability is adequate.
X
St Su
3. 1.33>Cp=1.00 Process capability is marginally
X adequate
SL SU
4. 1.00>Cp>0.67 5 Process capability is inadequate.
X
M Su
5. 0.67>Cp Process capabilitys is markedly
inadequate.
X

The standard value of the data for the product mass in Figure 11.3.3c is 80.0 = 1.5kg; the
mean value X = 80.182kg, and the standard deviation (s) = 0.756kg. In this case, the
process capability index (Cp) is:

Cp = (SU - SL)/6s = (81.5 - 78.5)/(6x0.756) = 3.0/4.536 = 0.66
The process capability is markedly inadequate.
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Figure 11.3.3c Data for product mass

Standard value 80.0+1.5 Unit kg n=100
Data
80.0 X78.4 79.7 O 81.6 X79.0 79.4 80.5 81.0 X 79.1 79.6
80.5 80.0 X 793 81.0 80.2 80.7 78.9 79.9 80.7 80.1
O 81.4 81.0 79.7 80.6 80.0 0381.3 80.0 80.9 ©O381.2 80.2
X 78.8 80.6 80.0 80.2 79.5 79.2 79.7 0O 81.5 80.2 79.9
80.5 81.1 0815 80.5 80.2 80.4 X78.6 X79.0 79.8 81.5
80.3 79.4 79.9 X 78.8 80.1 79.4 80.2 79.4 80.3 0820
80.7 80.5 80.0 79.8 O 80.8 80.0 80.5 79.1 79.7 80.5
80.6 80.3 80.5 80.8 80.5 X 78.9 80.3 80.0 80.5 X 79.4
81.2 79.4 81.1 80.1 80.3 79.8 O 81.7 79.5 80.0 80.4
81.0 O 81.2 80.1 80.7 © 80.8 79.7 80.4 79.2 79.8 79.5

Figure 11.3.3d shows the relationship between the process capability index (Cp) and the
mean process defect ratio of normal distribution with a mean value not biased to either of
two standards.

Figure 11.3.3d Relationship between the process capability index and the mean process defect ratio

Cp (Process capability index) P (Mean process defect ratio)
0.67 4.55%
1 0.3%
1.33 0.006%
1.67 0.00006%
2 0.0000002%

(Note) Percentages (%) are calculated from a normal distribution

11.3.4] Stratifying data

This text describes the methods of applying stratification to process control and improvement.
Stratification refers to the division of a population into different strata (groups). This should be
done when individuals composing sub-populations are similar to others within the same sub-

population, but differ markedly from individuals in other sub-populations.
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Dividing is understanding

By stratification, items in the data that has been collected or the objects of a survey are
divided into groups according to either cause or effect. Elements of a group will therefore
share characteristics that differ significantly from the characteristics of a different group.
Data for defective products can be divided into groups (strata) by, for example, worker,
machine, equipment, method of work. Each group will have a distinctive common feature.

Method of stratification

Procedure 1: Clarify the items to be solved or the contents you want to understand.
Procedure 2: Determine the items to be stratified.

Procedure 3: Collect data for stratification.

Procedure 4: Compare stratified items using an appropriate QC method. If a difference is
found, investigate the causes. If no difference is found, adopt other items for stratification
and start again from procedure 2.

Key Points of Stratification

a. Stratification by result (characteristic): This examines differences between factors by
stratifying data by result (characteristic). Example: Classify marketing units into those with
large and small sales and compare the difference.

b. Stratification by factor (cause): This examines differences between characteristics by
stratifying data by factor (cause). Draw a characteristic diagram to pick out a factor that
seems to significantly affect results and stratify data by that factor. If no difference is
found, select another factor. For example, if no differences are found between defect
ratios classified by treatment temperature, try classifying data by machine.

Example
See the example of stratum items normally used in finding the cause of defect in Figure
11.3.4a.

Remarks

a. Comparison of stratified data is a valuable way of checking data. This will clarify the
reasons for defects and the factors that affect characteristics.

b. It is also important to stratify qualitative information, and not just data expressed in
numeric values.

c. An effective way to analyze a process is to use QC methods to stratify data according to
various factors chosen on the basis of past experience.

d. Present the data stratified for different levels of factors in check sheets, histograms,
graphs, characteristic diagrams, scatter diagrams, and control charts to clarify the
differences between different strata. Once a difference is found between groups,
investigate its cause. This should help to solve the quality problem.
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Figure11.3.4a Example of stratum items normally used in finding the cause of defect

Stratum Example of stratum items
1. Product Product, name, manufacturer, design, class, size, weight, cost
2. Geography Town, muncipality, prefecture, city, region, country
3. Marketing unit Region, number of employee, sales, quantity of

products, advertising cost, number of claims

4. Phenomenon (quality) Appearance, size, condition of defect, weight, purity,

durability, strength, content

5. Distribution route Channel, marketing style, market, customer

6. Organization Team, group, section, division, operation unit, plant,

district, branch office, marketing unit

7. Ledger Product name, manufacturer, design, size, color,

filling, interval of recording

8. Time Hour, day, week, month, term, season, year,

morning, afternoon, day of the week, day-time, night

9. Worker Sex, job, age, experience, qualification, job rank,
character, hobby

10. Customer Sex, job, age, character, hobby, yearly income

11. Raw material and part Manufacturer, supplier, place of origin, brand,

product number, counting, material, content

12. Machine and equipment Machine type, model, performance, plant, line,

degree of adjustment, before or after repair

13. Method of work and condition Size, lot, place, purpose, method, speed, temperature,
pressure
14. Measurement and inspection Tester, measuring instrument, measurer, inspector
15. Environment, atmosphere and Noise, ventilation, illumination, wind, atmospheric
weather pressure, atmospheric temperature, humidity, weather
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[EFEN] The QC Story

A QC story is used to control and improve processes. It is composed of the following eight
steps:

Select a theme to work on.

Set targets.

Assess the present situation - the effects the problem has caused.

Analysis: investigate and analyse the causes.

Devise and implement recurrence prevention measures.

Confirm the effects of these measures.

Standardize, maintain and control the new methods.

Reflect on any problems left unsolved, and consider future countermeasures.

@ =0 a0 oo

QC Stories, Seven QC Tools and Seven New QC Tools

Once the QC story procedures have been used to solve a problem, use the Seven QC Tools
or Seven New QC Tools to report the results. This allows even those hearing the story for
the first time to easily understand the series of activities that were used to solve the problem.

Example
The QC story, with the Seven QC Tools and Seven New QC Tools may be used in a
presentation at a QC workshop:

Select a theme
Hold brainstorming, construct the diagrams, use a Pareto chart.

Set targets
Use a Gantt chart.

Assess the present situation

a. What are the problems? — Use Pareto chart.

b. What is the present status?¢ — Use a histogram, check sheet, scatter diagram, graph,
control chart.

c. What is the relationship between cause and effect? — Characteristic diagram,
correspondence diagram, matrix diagram, PDPC method.

Repeat steps a. to c. above to clarify the current problem.

Analysis: investigate and analyse the causes

a. Does it help to stratify the data? — Use histogram, scatter diagram, graph, control chart.
b. How are the characteristics related? — Use scatter diagram, graph, control chart.

c. Do characteristics change over time? — Use histogram, graph, control chart.

Devise and implement recurrence prevention measures
Use a characteristic diagram, PDPC, arrow diagram.

Confirm the effects of these measures
Use histogram, check sheet, scatter diagram, graph, control chart, Pareto chart.
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Standardize, maintain and control the new methods

a. Standardization (brake): Histogram, check sheet, scatter diagram, graph, control chart.

b. Maintenance and horizontal evolution of effects: Histogram, check sheet, scatter
diagram, graph, control chart.

Reflect on any problems left unsolved, and consider future countermeasures
Use Histogram, check sheet, scatter diagram, graph, control chart.

(See Unit 9, Texts 9.9, 9.10 and 9.11 for more detailed guidelines on using the QC Story.
Note that steps 2 and 3 are arranged a little differently in Unit 9, but the essence
is the same.)

Remarks

a. The QC story consists of logically linked steps, without leaps or contradictions between
them.

b. The Seven QC Tools and Seven New QC Tools are expressed in graphs and tables,
making it easy for workshop participants to quickly and accurately grasp the overall
picture of the activities.

c. Reporting the results of activities in QC circle workshops should strictly follow the QC
story.

d. Achievement at each step in the QC story and the application of the Seven QC Tools and
Seven New QC Tools are important elements in the evaluation score table.

e. The QC story is adopted not only in QC circles and other workplace control and
improvement activities, but in group discussions in QC seminars for executives and
managers both inside and outside the corporate organization in order to improve
training results.
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This text presents:

11.4.1 Control charts for each process.

11.4.2 Control charts for continuous variables.
11.4.3 Control charts for discrete values.
11.4.4 Interpreting control charts.

11.4.5 Methods for using control charts.

EER %] Control charts for each process

A control chart is a polygonal diagram for plotting the mean value of a characteristic, the
ratio of defects, or the number of defects. It shows changes in characteristics (control
characteristics) and can therefore be used to check for process abnormalities. It is used to
confirm that a process is stable, and to maintain its stability.

Control lines

A control chart has three lines:

a. A central line (CL) which represents the average value for all data collected.

b. Two lines that indicate control limits, the upper control limit (UCL) line and the lower
control limit (LCL) line.

Points representing quality or process conditions are plotted on the chart. When these points

fall between the control limit lines and do not show any particular trend, the process is

stable. When the plotted points fall outside the control limit lines or show a trend, something

unusual is causing this. When this happens find and eliminate the cause.

Control characteristics (values)

Control characteristics represent process results from which we learn the control status of the
process. They include quality, turnout, original units, quantity and amount of sold products,
rate of attendance, overtime work, number of claims and other quantities representing end
results (characteristics) and control status.

Variables or continuous data

Variables or continuous data include figures for length, mass, time, strength, content, yield,
and purity, and such data that can be measured in the usual way. Data of this kind can be
measured in as small a unit as you wish. A monetary amount is also regarded as a variable.

Discrete values or enumerated data

Discrete values or enumerated data include figures for the number of defective products, the
number of defects, the ratio of defective products, the average number of defects, and other
such countable values. A percentage indicating a ratio to a total is a variable if the
numerator is a variable, and a discrete value if the numerator is a discrete value.

Sub-groups

Sub-groups are sets of measurements divided into sections when differences appear in terms
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of time, product, or material while checking whether they are stable. The term used for
dividing measurements into groups is called sub-grouping. The number of measurements
included in a subgroup is called the group size. Ideally, group size is 2 to 6 for X-R control
charts and 100 to 1,000 for p control charts.

Types of dispersion

Two types of dispersion are found in data collected from a process. The first, dispersion by
chance, is inevitable even in well-controlled processes. The second, dispersion due to
abnormal causes, can be avoided through adequate process control. Calculate the standard
deviation due to dispersion by chance and set control limit lines at a distance three times the
standard deviation from the central line (the mean value of the distribution). If the process is
stable, data for the control characteristics will disperse between the two control lines.

If the control lines are drawn in this way, only three out of 1,000 measurements should fall
outside these lines, given unchanged process conditions or environmental conditions,
machine conditions and material specifications.

This is a concept derived from the probability theory related to normal distributions.
Processes are regarded as stable when the data points plotted between the control lines do
not exhibit a run, trend or periodicity, because the dispersion is within tolerance or an
allowable range under the set conditions. This is called dispersion by chance.

Figure 11.4.1a is a control chart of the daily defect ratio observed in a part manufacturing
process by an automatic press. The point B apparently indicates an out-of-control state. In
control charts, a run of seven measurements is regarded as an out-of-control state. A run of
five measurements is an indication of the likelihood of an abnormal change for which action
should be taken before an error actually occurs. In contrast to ordinary graphs, control
charts track the trend of data points plotted in the chart and produce a clear cut judgement
on process normalcy.

Figure 11.4.1a Control chart for defect ratio

Past status Present status
Example: Method of installing jigs Example: The mold fixing jig is
and tools Press operating loose due to the vibration
conditions Working of press at point A,
conditions Worker skill causing an out-of-control
(= Fig. 1.3) state at point B
A run of five Out-of-control
measurements (red signal for

(warning of change) abnormality)

Calculation of the o .
values of control limit lines | Upper control limit line | 1 BQ _ 5430
based on past conditions !

1

p

Lower control limit line
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Using a control chart

Controlling a process with a control chart calls for periodic observations. In order to confirm
that the process is normal, you must plot data on the chart and check that data points do
not fall outside the control limit lines or mark a trend (a special feature).

Types of control chart
There are two types of control charts. One is used for process analysis, and the other is
used for process control.

Control chart for process analysis

This chart is formed by drawing control lines based on the data already recorded, provided
that process conditions at the time of data collection are clear. If no data is recorded, record
the process conditions precisely and collect data for the control chart. (Initially a control
chart can be used to identify specific assignable causes of variation. These assignable
causes must then be eliminated to achieve a state of control).

Control chart for process control

This chart is used to determine the presence of abnormalities in a process. It is formed by
the daily plotting of data and makes use of the control lines of a control chart for process
analysis. (Once you have confirmed that the process is under control with the control chart
for process analysis, you can extend the chart's control lines and use them for a control
chart for process control.) The control lines of a control chart for process analysis are drawn
as broken lines (----), and those for process control as lines composed of dashes and dots
(- . -). The central line is a solid line in both charts. (After using the control chart for process
analysis, it can be used to maintain processes in a stable condition).

Categories of control chart

x-R Control Chart (Variables)

The x -R control chart consists of an X control chart used to check changes in the mean
value, and an R control chart used to check changes in dispersion. The %X-R control chart
represents the largest quantity of information among the different control chart categories.

X -R Control Chart (Variables)

This control chart uses the median X of X in place of X in the X-R control chart to eliminate
the calculation of X. However, compared to the X control chart, the X control chart is
somewhat less efficient in detecting abnormalities.

X Control Chart
This control chart uses individual measurements (X) without dividing them into subgroups.

pn Control Chart (Discrete Values)

pn control charts are used to control a process with the number of defective products (pn) in
the total samples by judging the quality of each product, whether it is accepted or rejected.
The sample size (quantity of products) should be the same for different groups. Since the pn
control chart is a particular case of a p control chart in which n is constant, the two control
chart types are fundamentally the same.
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Figure 11.4.1b pn chart

10 |~

------------------------------------------------------------ UCL=7.60

| /\ A
CL=2.72

OVV”V\/ .

25

pn Chart

p Control Chart (discrete values)
p control charts are used to control a process with the defect ratio (p). Sample size (n) does
not have to be equal for different groups.

¢ Control Chart (discrete values)

c control charts are used to control a process with the number of defects, accidents, or
failures in a certain unit or during a certain period of time, when the range of possible
defects is constant.

u Control Chart (discrete values)
u control charts are used to control a process with the number of defects in a certain unit of
products when the range of possible defects changes.

Selecting a control chart

Select one of these control charts according to the object or data to be controlled. Follow the
steps in Figure 11.4.1¢c on the next page.
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Figure 11.4.1c¢ Steps in selecting a control chart

Characteristics of data

Characteristics

of data
Continuous Discrete
variables values
|
; Defect Number of
Sample size ¢ h
phenomenon defects

n>2 n=2 Ratio of Number

defects of defects
| lculati Can the data

s calculating x .

& be sorted into

difficult? subgroups? n= n= Number Number

variable constant of defects of
| | defects
per unit

[Not difficalt | [Difficult] Can be Cannot be

subgrouped | | subgrouped p pn
control control
X-R control X -R control chart chart Y
chart chart X control chart ¢ control u control

X control chart  using range of chart chart
using subgroup ~ movement

data (Used
together with an

X-R control

chart)

IEFW] Control charts for continuous variables

This text describes how to draft a control chart for continuous variables and to apply it to
control and improve processes. These charts are used to assess quality conditions with a
small number of samples. There are three subtypes of control charts for continuous
variables:

x-R control chart

X -R control chart

X control chart (X-Rs control chart)

The x-R control chart is the one that is most widely used. If you have mastered drawing and
using a X-R control chart, you will find it relatively easy to understand the other control charts.

x-R Control Chart

The X-R control chart is composed of an X control chart, used to check changes in the mean
value, and an R control chart, used to cheek changes in dispersion. It represents the largest
volume of information among the different control charts.
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Figure 11.4.2a Concept of X-R control chart

Plot points outside the
S~ Upper control limit (UCL) control limit with a mark®

~

Unit of control Sso

ietic oo ‘\ —
characteristic --3 (mm) X n=5 UCL=218.489 ___ Value of
Plot data with a

------- fal line CL ~
mark(:) "““X /\ )/\ CL:Q]Z:.‘Z;E ine CL  control line
"{ F \/ \\/‘ Lommmmm—- Lower control limit (LCL)
X control chart +*~

LCL=210.821

Sample size >~

------------------------------------- UCL=13.95

Plot data points _

with a mark (X) -_--»/'\\ /\ //\ YA CL=6.61
(X) "

R control chart .-~
Sample number

x control chart:
Central line: CL = x
Upper control limit: UCL = Y—AZﬁ
Lower control limit: LCL = Y—Azﬁ

R control chart: 3
Central line: CL = R B
Upper control limit: UCL =D, R

Lower control limit: LCL = D; R
A,, D, and D are coefficients determined by subgroup size (n). (See Figure 11.4.2b.)

X -R Control Chart

The X -R control chart uses the median X in place of X for the groups in X-R control charts,
eliminating the calculation of x. Although not as efficient in detecting abnormalities as
control charts, its applications and method of use are the same as those for control charts.

X Control Chart (X-Rs Control Chart)

The X control chart uses individual measurements (X) in the following cases:

a. When only one measurement is available (e.g., power consumption per day).

b. When the process is almost the same, and a single data point is sufficient for
representing the process (e.g., the concentration of alcohol).

c.  When obtaining certain measurements is fime consuming and costly (e.g., some chemical analyses).

Control limit lines for X control charts:
o UCL = x+E9 Rs
o LCL = %-E9 Rs, where Eo= Vn A
Control limit lines for Rs control charts.
e UCL =Dy Rs, LCL is not applicable:
e (Whenn =2, Ep = 2.659 and D4 = 3.267)
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Figure 11.4.2b Control chart coefficients

Sample x control R control chart x control x control

size chart chart chart
n A, d, 1/d, D3 Dy m3 Ay E,

2 1.880 1.128 0.8862 - 3.267 1.880 2.659
3 1.023 1.693 0.5908 - 2.575 1.187 1.772
4 0.729 2.059 0.4857 - 2.282 0.796 1.457
5 0.577 2.326 0.4299 - 2.115 0.691 1.290
6 0.483 2.534 0.3946 - 2.004 0.549 1.184
7 0.419 2.704 0.3698 0.076 1.924 0.509 1.109
8 0.373 2.847 0.3512 0.136 1.864 0.432 1.054
9 0.337 2.970 0.3367 0.184 1.816 0.412 1.010
10 0.308 3.078 0.3249 0.223 1.777 0.363 0.975

Note:

d,: A coefficient indicating the relation of R to the standard deviation s for a specific value
of n. When the estimated s is denoted by G : cR/d,. Using this coefficient, s can be
estimated.

A,: A coefficient indicating the relationship between R and the distance 35/ Vn between CL
of the x control chart and the control limit.

D,: A coefficient indicating the relationship between R and LCL of the R control chart (CL —
three times the standard deviation of R). The line “-” in the column D; indicates that LCL is
not applicable.

D,: A coefficient indicating the relationship between X and UCL of the R control chart (CL +
three times the standard deviation of R).

[ER¥] Control charts for discrete values

This text describes how to draft a control chart for discrete values and to apply it to process
control. This chart allows control of statistics that are difficult to quantify.

Categories of control chart for discrete values

Control charts for discrete values are:

a. pn control chart

b. p control chart

c. c control chart

d. u control chart

pn control charts are a special case of p control charts in which n is constant. There are no
fundamental differences between these two control chart types. If you already understand pn
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and n control charts, you should have few problems understanding the other control charts.
Unlike the x-R control chart which combines two kinds of control charts, control charts for
discrete values use only one chart. The method of determining control lines differs from that
for continuous variables, but the basic concept is the same. Control charts for discrete values
are classified as shown in Figure 11.4.3a by characteristic.

Figure 11.4.3a Categories of control chart for discrete values

Control chart for the
number of defective
products

pn control chart

Group size is constant, so processes
are controlled by the number of
defective products

Control chart of
defect ratio

pn control chart

The group size is not constant — processes
can be controlled by the defect ratio,
rather than number of defective products

Control chart for the
number of defects

Discrete pn control chart

values

The group size is constant, so processes
are controlled with the number of defects

Contol chart of the
number of defects
per unit

pn control chart

Since group size is not constant, processes
can be controlled by the number of defects
per unit, rather than number of defect

How to draw a control chart for discrete

p Control Chart (Discrete Values)

Values of p control chart:
Central line: CL = P
Upper control limit line: UCL = P+3V P(1-P)/m
Lower control limit line: LCL = P- 3V P(1-P)/m

values

Figure 11.4.3b Control chart for discrete values (p control chart)

CL

w@ UCL for n=200  UCL for n=300 ,UCL for n=400
ok
6
Ratio of >
. 4
defective
P products 3=
P 21—
11— L - ———-
0 Tak IR T o i S WA RN ek il

|
f 1
i LCLforn 300

‘\\ Group number
LCL is not applicable to n=200

"LCL for n=400

3 5 7 9 1\11315171921 2325

UCL = 7.490 (n=200)

UCL = 6.769 (n=300)

UCL = 6.339 (n=400)

LCL = Not applicable (n = 200)
LCL = 0.351 (n=300)

LCL = 0.781 (n=400)

A Roadmap to Quality 43  Unit 11 - Statistical Methods



Key points in drawing a control chart
To use a control chart for discrete values to analyze and evaluate a process effectively, you
must collect data for at least twenty groups. The average ratio of defective products (P) used
for p control charts is not the average ratio of defective products in each group, but is
calculated using the following formula:

P = Total number of defective products/Total number of inspected products.

This provides an average weighted by sample size (n), which differs from group to group.

Although the values of control limits differ for different sample sizes (n) in p control charts,

they can be made constant in simplified p control charts that use the average of n which

differs from group to group. The average of n (n) is obtained using the following formula:
n = Total of the values of n/Number of groups (k)

When this method is used, the values of n should not differ significantly from group to
group, but should fall in the following range:

n/2 to 2n
The charts are relatively easy to use, since control limit lines do not fluctuate. However, to
evaluate data points close to a control line, you must determine control limit lines exactly,

using the correct value of n for the group in question.

Determining control limit lines for discrete values

Figure 11.4.3c Method of determining control limit lines for discrete values

Category of control chart CL UCL, LCL

pn control chart Pn Pn=+3x \/ﬁnﬂ—ﬁ)
p control chart P Pn+3x \/En(l—ﬁ)/n
c control chart c T +3+c

u control chart V] g +3V0
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pn Control Chart (Discrete Values)

pn Control charts are used to control a process with the number of defective products (pn) in
the total sample, by judging the quality of each product, whether accepted or rejected. In
this case, the sample size n (quantity of products) should be the same for different groups.
The pn control chart is a special case of the p control chart when n is constant. There are no
fundamental differences between these two control chart types.

¢ Control Chart

c Control charts are used to control a process using the number of defects in a certain unit
or number of accidents or failures during a certain period of time when the range of
possible defects is constant.

u Control Chart
As with ¢ control charts, u control charts are used to control a process using the number of
defects in a certain unit or number of products when the range of possible defects changes.

Examples

pn Control Chart

pn control charts are used to control a process with a constant sample size, using the
number of defective products (pn). For the pn value, you can use the number of normal
products in selected defective products, the number of second class products, or the number
of specific products with some other characteristic.

Procedure 1: Collecting data

a. Select 20 to 25 groups of data of the same sample size and count the number pn of
defective products in each group.

b. Estimate the ratio of defective products in the process being examined and determine a
sample size so that a group contains one to five defective products.

Namely:

Aspn=1to5,n=1/P to5/P

If the estimate is that P = 5%, for example, n = 1/0.05 to 5/0.05 = 20 to 100

Caution:

From P = 5%, take care not to assume that n = 1/5 to 5/5 = 0.2 to 1

Calculate n from P = 5% = 0.05.

Procedure 2: Determination of control limit lines

Central line
__ XZk_ypn_ (pn);+(pn)y+...+(pn);
pn= =
k k
Where:

pn: Number of defective products in a group
Yk_,pn : Total of the number of defective products in k groups
k: Number of groups
The values of control limits are calculated using the following formulae:
Upper control limit UCL=(pn+3 Vpn(1-p))
Lower control limit LCL=(pn-3 Vpn(1-p))
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Determine the values of control limits to one less significant digit than for measurements.
The average process defect ratio (P) is obtained using the following formula and the formula
for the central line pn.

So— Zk_ipn _ (pn)i+(pn)y+...+(pn),
P kn kn

When the calculated value is negative, LCL is not applicable.

Procedure 3: Drawing a control chart
a. Scale the Y axis for the number of defective parts (pn), and the X axis for the number of
groups (k).
b. Plot the number of defective parts for each group.
Draw control lines.
i. Draw a solid line with scale marks for 15n at the centre.
ii. Draw broken lines for UCL and LCL with scale marks.
iii. Enter the value of n.

Procedure 4: Confirmation of stability
Example 1
Assume that a process performs surface treatment for lots consisting of 200 parts. Figure

11.4.3d shows the number of parts with defective surface treatment in each lot, as observed
by inspection. Check whether the process is stable.

Figure 11.4.3d

No pn No pn No. pn No pn
1 4 6 3 11 1 16 0
2 5 7 5 12 2 17
3 0 8 5 13 2 18 1
4 1 9 6 14 3 19
5 2 10 1 15 5 20 4

Total 52

n =200
h
Z]:=p]n=52
_ 2pn 52
pn= —E = E=2.6
5— Zpn =32 _g013

Sh 20x200
3+pn (T-p) =4.8

UCL=pn+3 Vpn (1-p) =2.6+4.8=7.4
UCL=pn- 3 \pn (1-p) =2.6-4.8=Not applicable
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Figure 11.4.3e

8 n=200 UCL = 7.4
6_
4 —
— A‘)n—Qé
n
B
0 5 15 0 20

Group number

The data does not fall outside the control limits, but has a periodicity leading to increases
at pitches of 6 to 7 groups, before suddenly dropping, indicating instability. Investigate
the cause.

p Control Chart

p control charts are used to control a process. The sample size need not be equal for
different groups. Drawing a p control chart is the same as drawing a pn control chart,
except for the formulae needed to calculate control limits. Ranges differ for different
sample sizes (n).

Procedure 1: Data collection

Estimate the defect ratio for the process and determine a sample size so that a sample
includes 1 to 5 defective parts. Count the number of defective parts in approximately 20 to
25 samples.

Procedure 2: Calculating the value of p

Calculate the ratio p of defective parts in each group.
p = pn/n

where
pn: Number of defective parts in a sample,
n: Sample size for each group.

Procedure 3: Calculation of the values of control limits

Central line

Zk_ypn _ (pn)y+(pn)o+...+(pN)y
>n ni+ny+...+n

5:

where
Xk_ipn : Total number of defective parts
Xk_in : Total number of inspected parts
k: Number of groups
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Caution: The value of p is not the arithmetic mean of the ratios of defective parts in all
groups.

The control limits are calculated using the following formulae:
Upper control limit UCL = g+3V 5 (1-p)/n
Lower control limit LCL = 5-3V @ (1-p)/n

Calculate the values to one less significant digit than for p.

Remark 1: When the sample size differs from group to group, calculate the control limits
for each group and apply the results to each data point, with the central line unchanged.
When drawn in the control chart, the control limit lines exhibits a wave pattern; and the
larger the value of n, the smaller the range.

Remark 2: Even when the sample size differs from group to group, you can approximate
the control limits by using n, or the mean value of n, and applying the following method, if
the sample sizes n of different groups are within £50% of the mean value n.

For data close to a control line, do not use the above simplified method. Instead, evaluate
by calculating the control limit.

Example 2

Figure 11.4.3f shows the number of defective parts obtained by a complete inspection of lots
in a part machining process. Draw a control chart and determine whether the process

is stable.

Figure 11.4.3f

No n pn No n pn No n pn No n pn
1 100 0 6 100 3 11 100 3 16 72 4
2 90 1 7 100 2 12 64 2 17 90 0
3 81 0 8 81 1 13 90 5 18 81 3
4 100 4 9 90 4 14 64 2 19 81 2
5 90 2 10 72 0 15 | 100 3 20 100 6

kan Total (1746 47
1=1 47

p= T —— = 0.0269 (2.69%)
7o 1746

Vo (T-p)=16.18%

Calculation of the values of control limit lines

For the first group: as n=100 \/S= Z\/%OO = 0.30

X Vp(T5)=0.30 x 16.18=4.85%
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UCL 2.69 + 4.85 = 7.54%
LCL 2.69 - 4.85 = -2.16% (Not applicable)
Repeat the above calculations for other groups.

Figure 11.4.3¢g

R
(%) 8 ;e poq__ L L4 o=t LTI UCL
! r\/
4 -
"L /\ A A FM b =2.69%
TAL YV V
0 5 10 15 20

Group number

The figure shows that data does not fall outside the control limits.
[Using the simplified method.]

Since the maximum sample size is 100 and the minimum is 64, the sample sizes are within
50% of the mean value n therefore the simplified method can be used.

As n= 87, 3/\n = 0.3. As p= 0.0269%, \ p(1-p)= 0.1618=16.18%

3N nxVp(1-p)=0.32 x 16.18 = 5.18%

UCL = 2.69+5.18=7.87%

LCL = 2.69-5.18=-2.49%

Figure 11.4.3h

o UCL=7.87%

P .
T AN
N /\ /\ =
2 _/\/ Y \/ \/ o
] ] ]
0 5 10 15 20
Group number

Remarks: to obtain the value of 3/Y n, calculate Vnx 3/n using a hand-held calculator.
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Figure 11.4.3i Example of p control data sheet

Number UCL LCL
of Ratio of 3 3 _ .3 _ 3
Group | sample defective | defective N X Tp) [PHRYRT-P [P yVe(T-p)
number| gize n parts pn parts p

1 100 0 0% 0.30 4.85% 7.54% -
2 90 1 1.1 0.32 5.18 7.87 -
3 81 0 0 0.33 5.34 8.03

4 100 4 4.0 0.30 4.85 7.54 -
5 90 2 2.2 0.32 5.18 7.87 -
6 100 3 3.0 0.30 4.85 7.54 -
7 100 2 2.0 0.30 4.85 7.54 -
8 81 1 12 0.33 5.34 8.03 -
9 90 4 4.4 0.32 5.18 7.87 -
10 72 0 0 0.35 5.67 8.36 -
11 100 3 3.0 0.30 4.85 7.54 -
12 64 2 3.1 0.38 6.15 8.84 -
13 90 5 5.6 0.32 5.18 7.87 -
14 64 2 3.1 0.38 6.15 8.84 -
15 100 3 3.0 0.30 4.85 7.54 -
16 72 4 5.6 0.35 5.67 8.36 -
17 90 0 0 0.32 5.18 7.87 -
18 81 3 3.7 0.33 5.34 8.03 -
19 81 2 2.5 0.33 5.34 8.03 -
20 100 6 6.0 0.30 4.85 7.54 -

k k
= 2R
Total 1746 47

Unit 11 - Statistical Methods

k k
5=1;pn/§]n=47/1 746=0.0269 (2.69%)

\Vp (T-p) =16.18%
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¢ Control Chart

c control charts are used to control a process having a constant range in which defects may
appear. For example, design mistakes or drawing mistakes within a design department,
pinholes in the gold plating of wristwatch cases of a specific size, or the number of accidents
in a specific plant can be controlled by using ¢ control charts.

Procedure 1: Collecting data

a. Select 20 to 25 groups of data of the same sample size and count the number c of
defects in each group.

b. Estimate the number of process defects and set the sample size so that a sample has 1 to
5 defects. For example, when the estimated number of defects = 1 for products with the
same dimension, select a sample size (number of products in this case) n = 1 to 5.

Procedure 2: Calculation of the values of control limit lines

Central line:

Tkc  gte .t
k k

c=

where:
¢ : Number of defects in a group
>k _,c : Total number of defects
k : Number of groups

Calculate the value to one less significant digit than for the measurements. c is the average
number of process defects. Calculate the control limits using the following formulae:

Upper control limit UCL = €+3vc

Lower control limit LCL = €+3vc

Calculate the values to one less significant digit than for measurements.
Remark: If the calculated value is negative, the LCL is not applicable.

Procedure 3: Drawing a control chart.
a. Scale the Y axis for the number of defects (c), and the X axis for the number of groups (k).
b. Plot the number of defects for each group.
c. Draw control lines.
i. Draw a solid line with scale marks for c at the centre.
ii. Draw broken lines for UCL and LCL with scale marks.

Procedure 4: Confirmation of stability
Example 3
A ¢ control chart is used to confirm the stability of a machining process of glass substrates

(of the same dimension) for liquid crystal displays. Figure 11.4.3] shows the number of faults
and bubbles found by inspection for each glass substrate.
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Figure 11.4.3j Confirming the stability of a process

Group Number of defects Group Number of defects Group Number of defects
1 4 11 7 21 1
2 6 12 0 22 3
3 1 13 1 23 5
4 4 14 5 24 4
5 4 15 6 25 6
6 1 16 4 26 4
7 4 17 2 27 4
8 2 18 1 28 2
9 5 19 2 29 2
10 2 20 3 30 4
Total 99
k
2c=99
1=1
c=>c/k=99/30=3.3
1=1
3NE =5.4
VT =54
UCL=c+3Vc=3.3+5.4=8.7
UCL=c-3Vc=3.3-5.4=Not applicable
Figure 11.4.3k indicates the process is stable
10
--------------------------------------------------------------- UCL=8.7
sk
6 /\
AT NINAN A
/\ A [
\1 \// c=3.3
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u Control Chart

u control charts are used to control processes in which defects appear in different ranges,
such as a process where liquid crystal panels having different dimensions are manufactured
following the same steps. The process is controlled based on the number of defects. Note
that u control charts use the number of defects per unit.

Procedure 1: Collecting data

a. Count the sample size (e.g., dimension, length or time) and the number of defects c in
approximately 20 to 25 samples.

b. Estimate the number of defects in the process and set a sample size so that a sample has
an average of 1 to 5 defects.

Procedure 2: Calculation of the values of control limit lines

The sample size differs from group to group, so determine the sample size n by unit.
The sample size n is the number of units included in a group. When the unit is Tm?2, for
example, n=5 for a dimension of 5m2.

Central line:
_ Xkc
U= =

Zk_in
where

>k _,c: Total number of defects
Tk_,n: Total number of sample sizes n
Control limits are calculated using the following formulae:

Upper control limit UCL = G+3vVu/n
Lower control limit LCL = g-3Vu/n

Calculate the values to one less significant digit than for measurements. Calculate the
number of defects u per unit using the following formula.

u=c/n
where

c: number of defects in a sample.

n: Sample size.

Example 4

Assume a copper plate roll process that has a recorded productivity of 500, 380,and 250m,
and 20, 19 and 20 defects, respectively, over one day. When the unit is set to a length of
100m, the sample size and number of defects per unit are calculated as shown in Figure
11.4.3l.
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Figure 11.4.3l Explanatory illustration

Copper plate Number of Sample size Number of defects
500 m defects n per unit
I | ’
380 m 20 5.0 4
250 m 19 3.8 5
20 2.5 8

[ ]

Unit: 1T00m

n=500 + 100=5 u=20 = 5=4
n=380 + 100=3.8 u=19 +3.8=5 o= >7 _59
n= 25+ 100=2.5 u=20+2.5=8 1.3

When the sample size differs from group to group, calculate the control limits for each
group and apply the results to each data point. When drawn in the control chart, the control
limit lines exhibit a wave pattern; and the larger the value of n, the smaller the range.

Even when the sample size differs from group to group, you can approximate the control
limits by using n and applying it to all data points, if the sample sizes n of different groups
are within £50% of the mean value n. This is shown by:

U+3Vu/n

For data close to a control line, do not use the above simplified method. Instead evaluate by
calculating the control limit with the correct value of n.

Procedure 3: Drawing a control chart
a. Scale the Y axis for the number of defects per unit (u), and the X axis for the number of
groups (k).
b. Plot the number of defects for each group.
Draw control lines.
i. Draw a solid line with scale marks for U at the centre.
ii. Draw broken lines for UCL and LCL with scale marks.

Procedure 4: Confirmation of stability
Example 5
Figure 11.4.3m shows the number of defects in liquid crystal glass panels of varying sizes

manufactured for hand held calculator. Draw a control chart to confirm the stability of the
process. The value v in the table is the number of defects per unit dimension of a glass panel.
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Figure 11.4.3m

Sample Sample Number Number of
number size n of defects per 1 UCL LCL
defects unit Vn

1 1.2 3 2.50 0.913 7.26 -
2 1.2 6 5.00 0.913 7.26 -
3 1.2 4 3.33 0.913 7.26 -
4 2.0 3 1.50 0.707 6.23 -
5 2.0 2 1.00 0.707 6.23 -
6 2.0 7 3.50 0.707 6.23 -
7 2.0 6 3.00 0.707 6.23 -
8 1.5 3 2.00 0.816 6.77 -
9 1.5 5 3.33 0.816 6.77 -
10 1.5 3 2.00 0.816 6.77 -
11 1.0 4 4.00 1.0 7.69 -
12 1.0 2 2.00 1.0 7.69 -
13 1.0 0 0 1.0 7.69 -
14 1.0 1 1.00 1.0 7.69 -
15 1.7 4 2.35 0.767 6.53 -
16 1.7 7 4.12 0.767 6.53 -
17 1.7 3 1.76 0.767 6.53 -
18 1.5 4 2.67 0.816 6.77 -
19 1.5 6 4.00 0.816 6.77 -
20 1.5 8 5.33 0.816 6.77 -
Total 29.7 81 - - -
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Figure 11.4.3n
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11.4.4 Interpreting control charts

As we have seen, control charts are characterized by a central line, and upper and lower
control limit lines that are used as a scale to check data dispersion around the central line.
Circumstances for which a data point falls outside the control limit lines are referred to as
"out-of-control" states. Data points fall outside limit lines:

a. By chance, or

b. Due to a process abnormality.

Falling outside by chance has a probability of about 0.27% in the Shewhart chart (three
sigma chart), or three times per 1,000 plots. Because of this low probability, the
fundamental principle of using a control chart is to interpret an out of control incident as
being due to a process abnormality and to find the cause of the abnormality.

The criteria that are used to judge whether a process is controlled or stable are presented
below. Ideally, the status of a process should be evaluated with 25 or more measurements.

A process can be considered to be controlled in the following cases:

a. Data points do not fall on or outside the control limit lines, nor do they mark a trend.

b. 25 or more successive data points fall within the control limit lines.

c. Among 35 successive data points, only one data point for which an abnormality is not
detected falls outside the control limit lines.

d. Among 100 successive data points, only one or two data points for which an
abnormality is not detected fall outside the control limit lines.

A process is considered abnormal in the following cases:

a. Data points are on and outside the control limit lines.

b. Though all data points fall within the control lines, a run of seven data points falls on
one side of the central line (the median line). Pay close attention to the process if you
observe a run of five to six such data points.
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Figure 11.4.4a Runs

Run of five data points (caution)

Run of three Run of seven data points
Run of a'single data points (abnormal)
data point

c. Even for a run on one side of the central line of fewer than seven data points, the
process is abnormal if any of the following is true:
i. 10 of 11 successive data points fall on one side.
ii. At least 12 of 14 successive data points fall on one side.
iii. At least 14 of 17 successive data points fall on one side.
iv. At least 16 of 20 successive data points fall on one side.

Figure 11.4.4b Run of data points on one side of the central line

10 of 11 successive data points fall on one side (abnormal)

d. The process can be deemed abnormal when data points frequently appear close to the
control limit lines. On either side of the central line, divide the range between the central
line and the control limit line with another new line at a position two thirds of the way
from the central line. If data points fall between the new lines and the control limit line
on either side in the following manner, the process is abnormal:

i. 2 of 3 successive data points fall in the range.

ii. 3 of 7 successive data points fall in the range.

iii. 4 of 10 successive data points fall in the range.

In the above cases, the process can safely be considered abnormal, since only about 5%
of data points fall outside the =2s range from the central line in normal processes.
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Figure 11.4.4c Data points close to control limit lines

Limit line

] One sigma
9
] One sigma

] One sigma

] Central line

)
]

Limit line

e. The process can be deemed abnormal when at least seven successive points form an
upward or downward trend.

Figure 11.4.4d Trends

Downward trend of seven successive
data points (abnormal)

Upward trend

~ \
—— - N —————————

f.  If data points exhibit periodicity, the process is abnormal.

Figure 11.4.4e Periodicity

_K-N"K";f'\""" A daily periodicity is often seen with furnaces for
a V/ which the temperature is not controlled or automatic
/ N V lathes for special purposes

i

A weekly periodicity is seen in the ratios for attendance,

/ \/ 1Y defects, and yields

Mon.Tues Mon.Tues Mon.Tues

Wed.Thus Wed.Thus Wed.Thus
Fri-Sat Fri-Sat Fri-Sat . R T
- Se 2 U A sine wave periodicity does not necessarily indicate an
c abnormal process. If a cause can be located and the
_/ \_/ \_ phenomenon is found to recur, the process may be

normal

A saw-tooth wave periodicity is often seen with

automatic machining processes when tools are

\\[ \\/ \'\/ repeatedly adjusted. If a cause can be located and the

"""""""""""""""" phenomenon is found to recur, the process may be
normal by same judgement as (c)
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Figure 11.4.4f Concentration toward the central line

-> 3-sigma line

A\ /\ N N o AL )1.5-sigma line
<~

g. If data points suddenly begin to concentrate around the central line within the range or
from the central line — in a process that has been stable up to that point, the process is
abnormal. This phenomenon is seen when heterogeneous data is contained in a group.

Remarks
It is important to train all workers involved so they can perceive abnormal values. When
abnormal data is reported, take immediate action.

IR Methods for using control charts

This text describes how to use control charts to control and analyse processes.

Process control

Control charts for process control

Control charts are particularly effective in controlling processes. Draw a control chart for
process analysis for the characteristic to be controlled. When a process has been judged as
stable, extend the control lines and use it as a process control chart.

Revision of control lines

Control lines should be revised in the following cases:

a. When workers, methods of work, materials, or machines change.

b. When a control chart indicates a change in the process.

c. Even for a stable process, when a certain length of time (e.g. three months) has passed.

Abnormalities in a process

When an abnormality is seen in a process, find the cause immediately and correct it.
Systematise procedures for this purpose so that quick action can be taken when an
abnormality is confirmed. Use an Abnormality Report to report abnormalities promptly to the
authorities responsible for taking the first course of action.

Process analysis

Process analysis determines the factors that affect the characteristics of a process, and how
they affect it, and sets out the actions needed to improve the process. You should therefore
use process analysis when you want to find problems in the process. Set work standards and
decide on the process control method.
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To use control charts effectively:

a. Draw stratified control charts.

b. Devise an efficient method for sub-grouping.
c. Devise an efficient sampling method.

Draw stratified control charts

You can often locate the cause of a problem by drawing control charts stratified by time,
worker, or machine, comparing mean values and dispersions, and looking for differences in
defect ratios. (See Text 11.5.4 on stratification of data.) This requires data for each lot,
classified by raw material, machine, worker, day and time of work, working condition, and
other causal factors. Figure 11.4.5a is a control chart of defect ratio for entire production
lots. When stratified by machine, as shown in Figure 11.4.5b, it clearly shows that machine
number 1 is under control, while machine number 2 is problematic.

Devise an efficient sampling method

The method of sampling determines whether process conditions are reflected in X control
charts. Select a sampling method that gathers data points in the X chart representative of
each group. Clarify changes in process conditions from a technological viewpoint. Clarify
what you want to control. Determine a sampling interval and a sampling method.

Figure 11.4.5a
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central line
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Figure 11.4.5b

Machine number 1 Machine number 2
n=200 n=2000

------ e----p-t-----f---- UCL=7.3

AN
PN
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This text presents:

11.5.1 Applying statistical techniques: the QC Tools.

11.5.2 Appropriate applications for the QC tools.

11.5.3 Applying control charts to process control.

11.5.4 Applying statistical techniques to defect ratio control.
11.5.5 The process abnormality report sheet.

IEEER] Applying statistical techniques: the QC Tools

Modern quality control makes wide use of statistical techniques. It is essential to recognise
the value of these techniques in controlling and improving processes in a variety of company
activities, to be able to select those that are appropriate, and to apply them effectively. Key
statistical techniques required to promote TQM are found in the Seven QC Tools and the
New Seven Tools for QC. In addition to these, the following are also effective:

Test and estimation.

Correlation and regression analysis.

Design of experiments.

Multivariate analysis.

Statistical sampling.

Sensory test.

Reliability test.

@ =0 ap oo

Statistical techniques can be applied to:

Market analysis and product design.

Dependability specification and estimation of life and durability.
Process control and research of process capability.

Determination of quality level in planning sampling tests.

Data analysis, performance evaluation, and nonconformity analysis.
Process improvement.

Safety evaluation and risk analysis.

Claim analysis for shipped products.

S@ 0 a0 oo

These techniques are widely used to make improvements in quality and in costs, quantities,
and corporate structures closely related to product quality, and in other activities related to
TQM throughout the company.

Introducing and using statistical techniques

Statistical techniques should be introduced step by step for the following purposes:

To reduce product defects:

a. Instruct workers to become conscious of problems and be willing to make improvements.
Eliminate customer claims.

b. Study and introduce the Seven QC Tools and master the methods used to apply them.
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To eliminate product defects:
a. Apply the Seven QC Tools consistently to stabilize processes and keep them under control.
b. Master statistical techniques such as test and estimation.

To improve quality and achieve zero defects:
a. Pursue optimum conditions to attain the highest quality characteristics through
experiment design and multivariate analysis.

In developing new products and new technologies:
a. Apply statistical techniques to develop and introduce new technologies and to raise
product quality.

Applying statistical techniques

Base application on facts

Quality control expresses facts in the form of data, it processes dispersed phenomena using
statistical techniques, and it yields objective judgments of the results. Given accurate data
expressed in numeric values, we can use statistical techniques to implement control and
improvement measures.

Support statistical techniques with engineering technologies

Statistical techniques are incapable of solving problems without the aid of engineering
technologies. They provide clues to the essence of a problem while engineering technologies
provide actual problem-solving methods. Engineering technologies will be developed in this
process. Statistical techniques demonstrate their power only when backed up by excellent
engineering technologies.

Notice dispersions
When we apply statistical techniques to express quality characteristics we consider dispersion
as well as mean value.

Identify the causes
A control chart is a powerful statistical technique in determining whether dispersion of quality
characteristics results from chance or is due to an abnormality.

Analyse the relation between quality characteristics and process conditions

In seeking to raise product quality, we can use statistical techniques as an effective means of
examining the dispersion of a product’s quality characteristics and analyzing their relation to
process conditions.

Improve quality

In seeking optimized process conditions for quality improvement, we can draw scatter
diagrams and perform correlation and regression analyses of quality characteristic data for
different process conditions. Multivariate analysis (including multiple regression analysis and
principal component analysis) and experiment design are especially useful when
investigating several process conditions simultaneously.
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Perform actions on a population

To perform appropriate actions on a population, we estimate the conditions of the
population, based on data. This data must first be sampled and collected, and then
analyzed statistically.

Remarks

a. Keep in mind that statistical techniques are a means to an end.

b. Be familiar with the history of the data to which statistical techniques are applied. Use
accurate and appropriate data.

c. Make effective use of simple methods. Apply the Seven QC Tools first. Newer and more
sophisticated statistical methods do not necessarily provide better (or even adequate)
results.

d. Make sure you understand the characteristics of statistical techniques and methods
before using them. Avoid errors in applying them.

e. Use plain, everyday language to report the results obtained by using statistical
techniques.

[EF] Appropriate applications for the QC tools

This text shows how various TQM methods can be applied to a wide range of business
activities.

TQM is widely used in Japan and has produced successful results not only in the
manufacturing industry but also in the construction and service industries. Modern QC
techniques, including the Seven QC Tools and New Seven Tools for QC, have been widely
promulgated through QC education, and there is widespread familiarity with improvement
activities based on the QC story. The QC story, a positive data-based method, is regarded
as being the most reliable of the different problem-solving methods in quality control and
the one with the widest range of applications. The participation of employees in the
development of TQM can be strengthened by giving them the opportunity to give
presentations in QC workshops.

To use the Seven QC Tools and New Seven Tools for QC effectively in corporate problem
solving, one must understand the specific purposes and results of the various methods they
include. The problem-solving process in the QC Story should proceed through the following
activities, always keeping in mind their interdependence:

Select a theme.

Set targets.

Assess the present situation.

Analysis: Investigate and analyse the causes

Devise and implement recurrence prevention measures

Confirm the effects of these measures

Standardize, maintain and control the new methods.

@ =0 oo oo

Reflect on any problems left unsolved, and consider future countermeasures.
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Choose a suitable method from among the Seven QC Tools, New Seven Tools for QC, and
other statistical methods to objectively assess a specific situation and to find the most
effective means of solving a problem. Figure 11.5.2a shows the procedures and appropriate
statistical techniques that can be used.

Figure 11.5.2a Using the Seven QC Tools
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MApplying control charts to process control

This text describes how to use statistical techniques based on facts and data to control
processes effectively.

Outline of process
Here we take the example of a metal plate grinding process. This process grinds rectangular
metal plates to a standard thickness, using five sets of jigs, each receiving ten plates from
the previous process. The process measures the thickness of a plate and halts grinding on
attaining the standard value. The difference between the measured and 