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Quality Management Sectional Committee, MSD 2

NATIONAL FOREWORD

This Indian Standard which is identical with 1SO9004-4 : 1993 ‘Quality management and quality system
‘elements —- Part 4 : Guidelines for quality improvement’, issued by the International Orgamzatxon for
Standardization (ISO), was adopted by the Bureau of Indian Standards on the recommendation of the

Quality Management Sectional Committee (MSD 2), and approval of the Management and Systems
Division Council.

The text of the ISO Standard has been approved as suitable for publication as Indian Standard without
deviations. Certain conventions are, however, not identical to those used in Indian Standards. Attention is
particularly drawn to the following:

crauer tha wwnrle P nimimon s rafala o s io qtawndn axr ahosl
Wherever the words ‘International Standard’ appear referring to this standard, they should

‘Indian Standard’.

In the adopted standard, normative references appear to certain International Standards for which Indian
Standards also exist. The corresponding Indian Standard which is to be subsmuted in its place is listed
below along with its degree of equivalence for the edition indicated:

International Corresponding Indian Standard Degree of
Standard Equivalence
[SO 8402 : 1994 IS/ISC 8402 : 1994 Quality management and quality Identical

AT Vuaut_y Allallﬂbbllleﬂ

assurance — Vocabulary ( first revision )

In the adopted standard, informative reference appears to certain International Standards for which Indian
Standards also exist. The corresponding Indian Standards which.are to be substituted in their.place are listed
below aiong wiih their degree of equivalence for ihe editions indicaied:

International Corresponding Indian Standard Degree of
Standard Equivalence
1ISO 8258 : 1991 (IS 397 ( Part 1) : 1972 [Method for statistical quality ‘Not Equivalent
control dum\g produchon. Part 1 Control charts for
variables ( first revision )
ISO 9004-1 : 1994 IS/ISO 9004-1 : 1994 Quality managcmcnt and quality Identical
sysiem elemenis — Part 1 : Guidelines ( Uuurm revision )
IS0 9004-2 : 1991 IS/ISO 9004-2 : 1991 Quality management and quality Identical
system elements — Part 2 : Guidelines for services
IS0 9004-3 : 1993 IS/ISO 9004-3 : 1993 Quality management and quality Identical
system elements ~— Part 3 : Gundelmes for proccssed
materials

In the adopted standard, informative reference appears to ISO 7870 which has since been published as ISO

T70 - 3 4
7870 : 1993 ‘Control charts — General guide and introduction’ and for which

nnnnnnnnnnnnnnnnnnnnn
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Standard exists. The concerned Sectional Comunittee has reviewed its provisions and has decided that it is
also acceptable for use in conjunction with this standard.
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Indian Standard

QUALITY MANAGEMENT AND
QUALITY SYSTEM ELEMENTS

PART 4 GUIDELINES FOR QUALITY IMPROVEMENT

1 Scope

This part of 1ISO 9004 gives management guidelines
for implementing continuous gquality improvement
within an organization.

The ways of adopting and implementing these guide-
lines depend upon factors such as. the culture, size,
. nature of the organization, the types of products or
services offered, and the markets and customer
needs served. Therefore, an organization should de-
velop an improvement process suited to its own
needs and resources.

This part of ISO 9004 is not for contractual, regulatory
or certification use.

2 Normative reference

The following standard contains provisions which,
through reference in this text, constitute provisions
of this part of ISO 9004. At the time of publication, the
edition indicated was valid. All standards are subject
to revision, and parties to agreements based on this
part of ISO 9004 are encouraged to investigate the
possibility of applying the most recent edition of the
standard indicated below. Members of IEC and ISO
maintain registers of currently valid International
Standards.

ISO 8402:—", Quality management and quality as-
surance — Vocabulary.

1) To be published. {Revision of ISO 8402:1986)

3 Definitions

For the purposes of this part of ISO 9004, the defi-
nitions given in 1ISO 8402 and the following definitions
apply.

3.1 process: A set of inter-related resources and
activities which transforms inputs into outputs.

NOTE 1 Resources may include ‘personnel, facilities,
equipment, technology and methodoiogy.

3.2 supply chain: A set of inter-related processes
that accepts inputs from suppliers, adds value to
these inputs, and produces outputs for customers.

NOTES
2 Input and outputs can be either products or services.

3 Customers and suppliers can be either internal or ex-
ternal to the organization.

4 A unit of a supply chain is illustrated in figure 1.

3.3 quality improvement: Actions taken through-
out the organization to increase the effectiveness and
efficiency of activities and processes to provide added
benefits to both the organization and its customers.

3.4 quality losses: Losses caused by not realizing
the potential of resources in processes and activities.

NOTE & Some examples of quality losses are the loss of
customer satisfaction, loss of opportunity to add more value
for the customer, the organization or society, as well as a
waste of resources. Quality losses are a subset of quality
costs (see 4.3).
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Figure 1 — A unit of a supply chain

3.5 preventive action: An action taken to eiiminate
the causes of a potentlal nonconformny, defect or
b la
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other undesirable situation in ©

rence.

3.6 corrective action: An action. taken to eliminate
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other undesirable situation in order to prevent recur-
rence.

NOTE 6 Actions for correcting process outputs include
repair, rework or adjustment taken to rectify nonconforming,
defective or other undesirable process outputs.

ne quamy of an 1 Ofga iization's produc GIVICES
other outputs is determined by the satisfaction of the
h and

customers who use tt

[ P

tiveness and efficiency of the processes that create
and support them.

Quality improvement is achieved by improving pro-
cesses. Every activity or item of work in an organiz-
ation comprises one or more processes.

Quality improvement is a continuous activity, aiming
for ever higher process effectiveness and efficiency.

Quality-improvement efforts should be directed to-
wards constantly seeking opportunities for improve-
ment, ' rather than waiting for a problem to reveal

PeYelaTe e dila i a1
VUppUIIUnNIgS.

Correcting process outputs reduces or eliminates a
problem which has occurred. Preventive and correc-
tive actions eliminate or reduce the causes of a prob-
lem, and hence eliminate or reduce any future
occurrence. Thus, preventive and corrective actions
improve the processes of an organization and are
critical to quality improvement.

4.2 Environment for quaiity improvement

4.2.1 Management responsibility and leadership

The responsibility and leadership for creating the en-

nt far aantininiie aiality imnravamant halann
virgnment 1or continuous quuluy HIHIPIUVOITTITHIL WTIVITY

to the highest level of management. Managers con-
vey the leadership and commitment necessary for
creating the environment for quality improvement by
their own actions, constancy and deployment of re-
sources. Managers lead quality improvement by
communicating purpose and goals, by continuously
improving their own work processes, by fostering an
environment of open communication, teamwork and
respect for the individual, and by enabling and em-
powering everyone in the organization to improve
their work processes

422 Values, attitddes and behaviour

The environment for quality improvement often re-
quires a new set of shared values, attitudes and be-
haviour focusing on satisfying customer needs and
setting ever more challenging goals. Values, attitudes
and behaviour that are essential for continuous quality
improvement inciude:

— focusing attention on satisfying the needs of both
internal and external customers;

— involving the entire supply chain from suppliers to
customers in quality improvement;

— demonstrating management commitment, leader-
ship and involvement;

)
F=-\V/-1aV]
everyone's job

activities;
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— addressing problems by improving processes;
— continuously improving all processes;

- @stabiishing open communication with access to
data and information;



— promoting teamwork and respect for the individ-
ual;

— making decisions based on the analysis of data.

4.2.3 Quality-improvement goals

Quality-improvement goals should be established
throughout the organization. They should be closely
integrated with the overall business goals and provide
focus for increasing customer satisfaction and pro-
cess effectiveness and efficiency.  Quality-
improvement goals should be defined so that
progress can be measured. They should be clearly
understandable, challenging and pertinent. ‘Strategies
to achieve these goals should be understood and
agreed to by all who must work together to achieve
them. Quality-improvement goals should be regularly
reviewed and should reflect changing customer ex-
pectations.

4.2.4 Communications and teamwork

Open communication and teamwork remove organiz-
ational and personal barriers that interfere with effec-
tiveness, efficiency and continuous improvement of
processes. Open communication and teamwork
should be extended throughout the whole supply

chain, including suppliers and customers. Communi--

cation and teamwork require trust. Trust is essential
if everyone is to be involved in identifying and follow-
ing up on opportunities for improvement.

4.25 Recognition

The recognition process encourages actions consist-
ent with values, attitudes and behaviour necessary for
quality improvement (see 4.2.2).

Successful recognition processes emphasize the de-
velopment and growth of individuals and consider the
factors which influence an individual's work perform-
ance (e.g. opportunity, organization, environment).
Furthermore, successful recognition processes em-
phasize group performance and group recognition,
and encourage frequent and informal feedback.

NOTE 7 Reward systems should be consistent with the
recognition process. In particular, reward systems should
avoid promoting destructive internal competition.

4.2.6 Education and training

On-going education and training are essential- for
everyone. Education and training programmes are
important in creating and maintaining an environment
for quality improvement. All members of an organiz-
ation, including the highest levels of management,
should be educated and trained in quality principles
and practices and in 'the application of appropriate
methods for -quality improvement. This includes the
use of quality-improvement tools and techniques (see
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annex A). All education and training programmes
shoutld be reviewed for consistency with quality prin-
ciples and practices. The effectiveness of education
and training shouid be regularly assessed. Training
separated from apglication is rarely effective (see
7.3).

4.3 AQuality losses

Opportunities to reduce quality losses guide quality-
improvement efforts. Quality losses should be linked
with the processes causing them. It is important at
least to estimate even those quality losses which are
difficult to measure, such as the loss of customer
goodwill and the failure fully to utilize human potential.
Organizations should reduce quality losses by using
every opportunity to improve quality.

5 Managing for quality improvement

Although the application of any of the techniques de-
scribed in annex A will give some incremental im-
provement, their full potential can only be realized if
they are applied and coordinated within a structured
framework. This requires organizing, planning,
measuring for quality improvement, and reviewing all
quality-improvement activities.

5.1 Organizing for quality improvement

An effective way of organizing quality improvement
identifies opportunities for quality improvement both
vertically within the organizational hierarchy and hori-
zontally in the processes that flow -across organiz-
ational - boundaries. In organizing -- for quality
improvement, the following should be addressed:

— a means for providing policy, strategy, major
quality-improvement goals, overall guidance, sup-
port and broad coordination of the orgamzatlon ]
guality-improvement activities;

— a means of identifying cross-functional quality-
improvement needs and goals and assigning re-
sources to pursue them; -

— a means to pursue quality-improvement goals by
team activities within areas of direct responsi-
bilities and authorities;

— a means for encouraging every member of the or-
ganization to pursue quality-improvement activities
related to their work -and for coordinating these
activities;

— a means of reviewing and assessing the progress
of quality-improvement activities.

Within the organizational hierarchy, responsibilities for
quality improvement include:
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— management processes such as defining the
mission of the organization, strategic planning,
clarifying roles and responsibilities, acquiring and
assigning resources, providing education and
training, and recognition;

— identification and planning of continuous improve-
ment of the work processes of the organization;

— identification and planning of continuous improve-
ment of the administrative-support processes of
the organization;

— measurement and tracking of reduction of quality
losses;

— development and maintenance of an environment
that empowers, enables and charges all members
of the organization continuously to improve guality.

Within the processes that flow across organizational
boundaries, responsibilities for quality improvement
include;

— defining and agreeing on the purpose of each pro-
cess and its relationship with the objectives of the
organization;

— establishing and maintaining communication
among departments;

— identifying both internal and external customers
of the process and determining their needs and
expectations;

- translating customer needs and expectations into
specific customer requirements;

— identifying suppliers to the process and communi-
cating to them their customer needs and expec-
tations;

— searching for process-improvement opportunities,
allocating resources for improvement, and over-
seeing implementation of these improvements.

5.2 Planning for quality improvement

Quality-improvement goals and plans should be a part
of an organization's business plan.

Management should set quality-improvement goals in
the broadest sense including reducing quality losses.
Plans should be developed within the business plan-
ning cycle to -provide strategic guidance and direction
for meeting these quality-improvement goals and im-
plementing the quality policy. These plans should ‘ad-
dress the most important quality losses and should
be deployed throughout all functions and all levels of
the organization.

The development of quality-improvement plans
should involve everyone in the organization, together
with the suppliers and customers of the organization.
Involving everyone greatly increases the opportunities
for improvement.

Quality-improvement plans are often implemented

‘through a set a specific quality-improvement projects

or activities. Management should take care to monitor
and control such implementation activities to ensure
their integration into the overall goals and business
plans of the organization.

Plans for quality improvements focus on newly ident:
ified opportunities and on areas where insufficient
progress has been made. The planning process has
inputs from all levels of the organization, from reviews
of achieved results, and from customers and sup-
pliers.

5.3 Measuring quality improvement

An organization should develop a measurement sys-
tem that fits the nature of its operations. A system
of objective measurements should be established for
identifying and diagnosing improvement opportunities
and for measuring the results of quality-improvement
activities. A  well-developed system includes
measurements at unit, department, cross-functional
and total organizational levels. The measurements
should relate to quality losses associated with cus-
tomer satisfaction, process efficiencies and societal
losses.

a) Measures of guality losses associated with cus-
tomer satisfaction may be based on information
from surveys of current and potential customers,
surveys of competing products and services,
product or service performance records, changes
in revenues, routine inspections by service per-
sonnel, information from sales and service staff,
and customer complaints and claims.

b) Measures of quality losses associated with pro-
cess efficiency may be based on labour, capital
and material utilization, producing, sorting, cor-
recting or scrapping unsatisfactory process output,
process readjustments, waiting times, cycles
times, delivery performance, unnecessarily redun-
dant designs, size of inventories and statistical
measures of process capability and process stab-
ility.

¢) Measures of societal quality losses may be based
on failure to realize -human potential (e.g. as indi-
cated by employee satisfaction surveys), damage
caused by poliution and disposal of waste and de-
pletion of scarce resources.

The phenomenon of variability is common to all

measurements. Trends displayed by measurements
should be interpreted statistically.



Measuring and tracking trends from a “baseline” of
past performance are important, in addition to estab-
lishing and meeting numerically given targets.
Measuring enhances problem identification based on
fact.

The measurements should be reported and reviewed
as an integral part of the management accounting and
control practices of the organization. The people and
organizations involved in the improvement process
should be informed of their progress in terms that are
meaningful and measurable from their perspective.

5.4 Reviewing quality-improvement
activities

Regular reviews of gquality-improvement activities
should be conducted at all levels of management to
-ensure that:

— the organization for gquality improvement is func-
tioning effectively;

— plans for quality improvement are adequate and
are being followed;

— measurements for quality improvement are ap-
propriate and adequate, and indicate satisfactory
progress;

— results of the review are fed into the next planning
cycle.

Appropriate actions should be taken where any dis-
crepancies have been identified.

6 Methodology for quality improvement

Quality-improvement benefits will accumulate steadily
when an organization pursues quality-improvement
projects and activities in a consistent, disciplined se-
ries of steps based on data collection and analysis.

6.1 Involving the whole organization

When an organization is well motivated and managed
for quality improvement, a number of quality-
improvement projects or activities of varied complex-
ity will be continuously undertaken and implemented
by all members and levels of the organization.
Quality-improvement projects and activities will be-
come a normal part of everyone's work and will vary
from those necessitating cross-functional or manage-
ment teams to those which wili be selected and im-
plemented by either individual members or teams.

A-quality-improvement project or activity usually starts
with the recognition of an improvement opportunity.
This recognition can be based on measures of quality
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losses andfor on competitive comparisons (bench-
marks) against organizations recognized as leaders in
a particular field. Once defined, the quality-
improvement project or activity progresses through a
series of steps and is completed with the implemen-
tation of preventive or corrective actions taken on the
process in order to reach and maintain the new, im-
proved level of performance. As quality-improvement
projects or activities are completed, new quality-
improvement projects or activities are selected and
implemented.

6.2 Initiating quality-improvement projects
or activities

All members of the organization are involved in in-
itiating quality-improvement projects or activities. The
need, scope and importance -of a quality-improvement
project or activity should be clearly defined and dem-
onstrated. The definition should include the relevant
background and history, the associated quality losses
and the current status, if possible expressed in spe-
cific, numerical terms. A person or a team, including
the team leader, should be assigned to the project or
activity. It is necessary to establish a schedule and
allocate adequate resources. Provisions should be
made for periodic reviews of scope, schedule, re-
source allocation and progress.

6.3 Investigating possible causes

The purpose of this step is to increase the under-
standing of the nature of the process to be improved
by collection, validation and analysis of data. Data
collection should always be carried out according to
a carefully constructed plan. It is important to carry
out the investigation of the possible causes with the
utmost objectivity, without any preconceptions of
what the causes or preventive or corrective actions
might be. Decisions will then be based on facts.

6.4 Establishing cause-and-effect
relationships

The data are analysed to gain insight into the nature
of the process to be improved and to formulate
possible cause-and-effect relationships. It is essential
to distinguish between coincidence and cause-and-
effect relationships. The relationships that appear to
have a high degree of consistency with the data need
to be tested and confirmed based on new data col-
lected according to a carefully constructed plan. .

6.5 Taking preventive or corrective actions

After cause-and-effect relationships are established,
alternative proposals for preventive or corrective ac-
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tions to address the causes should be developed and
evaluated. Advantages and disadvantages of each
proposal should be examined by the members of the
organization who will be involved in implementing
these actions. Successful implementation depends on
the cooperation of all those involved.

NOTE 8 Quality improvements are obtained by taking
preventive or corrective actions on the process to produce
either more satisfactory outputs and/or reduce the fre-
quency of unsatisfactory outputs. Relying solely on correct-
ing process outputs such as repairing, reworking, or sorting
perpetuates quality losses.

6.6 Confirming the improvement

After implementing preventive or corrective actions,
appropriate data must be collected and analysed to
confirm that an improvement has been made. The
confirmatory data should be collected on the same
basis as the data collected to investigate and establish
cause-and-effect relationships. Investigations also
need to be made for side effects, either desirable or
undesirable, that may have been introduced.

If, after preventive or corrective actions are taken, the
undesirable results continue to occur at approximately
the same frequency as before, it will be necessary to
redefine the quality-improvement project or activity
by returning to the initiation step.

6.7 Sustaining the gains

After the quality improvement has been confirmed, it
~ needs to be sustained. This usually involves a change
of specifications andfor operating or administrative
procedures and practices, necessary education and
training, and making sure that these changes become
an integral part of the job content of everyone con-
cerned. The improved process then needs to be
controlled at the new level of performance.

6.8 Continuing the improvement

if the desired improvement is obtained, new quality-
improvement projects or activities should be selected
and implemented. Since additional quality improve-
ments are always possible, a quality-improvement
project or activity may be repeated based on new
objectives. It is advisable to set priorities, and to as-
sign time limits for each quality-improvement project
or activity. Time limits should not constrain effective
quality-improvement activities.

NOTES9 The “plan-do-check-act cycle” is used for con-
tinuous quality improvement. The quality-improvement
methodology in this part of ISO 9004 emphasizes the
check-act phases of this cycle.

7 Supporting tools and techniques

Decisions based on the analysis of situations and data
play a leading role in quality-improvement projects and
activities. Success of quality-improvement projects
and activities is -enhanced by proper application of
tools and technigues developed for these purposes.

7.1 Tools for numerical data

Where possible, quality-improvement decisions
should be based on numerical data. Decisions re-.
garding differences, trends and changes in numerical:
data should be based on proper statistical interpret-
ation.

7.2 Tools for non-numerical data

Some quality-improvement decisions may be based
on non-numerical data. Such data play an important
role in marketing, research and development, and in
management decisions. Appropriate tools should be
used to process properly this kind of data to transform
them into useful information for decision making.

7.3 Training in applying tools and
techniques

All members of the organization should receive train-
ing in applying quality-improvement tools and tech-
niqgues to improve their work processes. Training
separated from application is rarely effective.
Annex A describes some of the numerous toois and
techniques which have been developed. Table 1 lists
these tools and techniques and their applications in
quality improvement. Other tools or techniques may
be -appropriate for specific applications.
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Table 1 — Tools and techniques for quality improvement

Sub-clause | Tools and techniques Applications
A1 Data-collection form To gather data systematically to obtain a clear picture of the facts.
Tools and techniques for non-numerical data

A2 Affinity diagram To organize into groupings a large number-of ideas, opinions or con-
cerns about a particular topic.

A3 Benchmarking To compare a process against those of recognized leaders to identify
opportunities for quality improvement.

A4 Brainstorming To identify possible solutions to problems and potential opportunities
for quality improvement.

A5 Cause-and-effect diagram To analyse and communicate cause-and-effect diagram relationships.
To facilitate problem solving from symptom to cause to solution.

AB Flowchart To describe an existing process.
To design a new process.

A7 Tree diagram To show the relationships between a topic and its component el-
ements.

Tools and techniques for numerical data

AB Control chart Diagnosis: to evaluate process stability.
Control: to determine when a-process needs to be adjusted and when
it needs to be left as is.
Confirmation; to confirm an improvement to a process.

A9 Histogram To display the pattern of variation of data.
To communicate visually information about process behaviour.
To make decisions about where to focus improvement efforts.

A10 Pareto diagram To display, in order of importance, the contribution of each item to the
total effect.
To rank improvement opportunities.

A1l Scatter diagram To discover and confirm relationships between two associated sets of

data.

To confirm anticipated relationships between two associated sets of
data.
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Annex A
(normative)

Supporting tools and techniques

This annex introduces somes of the most common
tools and techniques for supporting quality improve-
ment. The following tools and techniques are pre-
sented for analysing both non-numerical and
numerical data. Data collection forms are presented
first since they apply to both types of data. Tools for
non-numerical data are then presented, followed by
tools for numerical data.

Each tool or technique is presented in the foilowing
format.

a) Application: The use of the tool or technigue in
quality improvement.

b) Description: A brief description of the tool or
technique. '

c) Procedure: The step-by-step procedure for using
the tool or technique.

d) Example: An example of use is given for some of
the tools or techniques.

A.1 Data-collection form

A.1.1 Application

A data-collection form is used to gather data system-
atically to obtain a clear picture of the facts.

A.1.2 Description

The data-collection form is a template for collecting
and recording data. it promotes the collection of data
in a consistent manner and facilitates analysis.

- A3 Procedure

a) Establish the specific purpose of collecting these
data (the questions to be addressed).

b) ldentify the data required to achieve the purpose
{address the questions).

c) Determine how the data will be.analysed and by
whom (statistical tools}.

d} Construct a form to record the data. Provide a
place to record information about

— who collected the data;
— where, when and how the data were collected.

e) Pretest the form by collecting and recording some
data.

f) Review and revise the form if necessary.
A.1.4 Example

The number of reproduction defects of each type at-
tributable to each cause may be collected on a form
as given in table A.1.
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Table A.1 — Data-collection form

Types of defect

Causes of defects N;I,i:;iensg llllot:::g;/ Showthrough Pa;g:: :::eof Tot a'v
Machine jamé
Humidity
| Toner
Condition of originals
Other (specify)
TOTAL

Who collected the data:
Date:
Where:

How.

A.2 Affinity diagram
A2.1 Application

An affinity diagram is used to organize into groupings
a large number of ideas, opinions or concerns about
a particular topic.

Description

When large numbers of ideas, opinions or other con-
cerns about a particular topic are being collected, this
tool organizes the information into groupings based
on the natural relationships that exist among them.
The process is designed to stimulate creativity and full
participation. It works best in groups of limited size (a
maximum of ejght members is recommended) in
which members are accustomed to working together.
This tool is often used to organize ideas generated by
brainstorming.

A.2.:2 Procedure

a) State the topic to be studied in broad terms (de-
tails may prejudice the response).

b) Record as many as possible individual ideas, opin-

ions or concerns on cards (one per card).

c) Mix the cards and spread them randomly on a
large table.

d) Group related cards together as follows:
— sort cards that seem to be related into groups;

— limit number of groupings to ten without forc-
ing single cards into groups;

— locate or create a header card that captures the
meaning of each group;

— place this header card on top.

e} Transfer the information from cards onto paper,
organized by groupings.
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Time and date stamp

Earphone jack

Easy to use

Easy to erase

Controts ctearly marked

Indicates number of messages

Can operate from
remote phone

Quick reference card

Variable length messages

Clear instructions

Erase “selected” messages

Secret access code

Doesn’t count “hang~ups”

Figure A.1 — Random display as per step c) of A.2.2

A.2.3 Example

Requirements for a telephone answering machine are
shown in figure A.1 and table A.2.

Table A.2 — Data organized by grouping as per
step e) of A.2.2

Variable length messages
Time and date stamp

Doesn't count “hang-ups”
Indicates number of messages

Incoming messages

Secret access code

Privacy
Earphane jack

Clear instructions
Quick reference card

Instructions

Controis clearly marked
Easy to use
Can operate from remote phone

Controls

Easy to erase

Erasing
Erase "selected” messages

10

A.3 Benchmarking

A.3.1 Application

Benchmarking is used to compare a process against
those of recognized leaders to identify opportunities
for quality improvement.

A.3.2 Description

Benchmarking compares processes and perform-
ances of products and services against those of rec-
ognized leaders. It allows the identification of targets
and the establishment of priorities for preparation of
plans that will lead to competitive advantages in the
marketplace.

A.3.3 Procedure
a) Determine the items to benchmark:

— the items should be key characteristics of pro-
cesses and their outputs;

— process-output benchmarks should be directly
related to customer needs.

b) Determine who to benchmark against:



— typical organizations may be direct competitors
and/or non-competitors who are recognized
leaders in the item of interest.

¢} Coilect data:

2

194+ ar arlil

ntacts and technlcal ournals
d) Organize and analyse data:

— the analysis is directed towards establishing
best practice targets for all relevant items.

e) Establish benchmarks:
— identify opportunities for quality improvement

based on customer needs and competitor and
non-competitor performances.

A.4 Brainstorming

A.4.1 Application

Brainstorming is used to identify possible solutions to
problems and potential opportunities for quality im-
provement.

A.4.2 Description

Brainstorming is a technique for tapping the creative
thinking of a team to generate and clarify a list of
ideas, problems or issues.

A.4.3 Procedure

wo phases are involived.

2)

The facilitator reviews the guidelines for brain-
storming and the purpose of the brainstorming
session, then the team members generate a list
of ideas. The objective is to generate as many
ideas as possible.

b) The clarification phase

The team reviews the list of ideas to make sure
that everyone understands all the ideas. The
evaluation of ideas will occur when the brain-
storming session is completed.

Guidelines for brainstorming include:
— a facilitator is identified;

— the purpose of the brainstorming session is clearly
stated;

1
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— each team member takes -a turn in sequence,
stating a single idea;

— where possible, team members build on others'
ideas;

nt blaian Abasmen
= dat tuo atayc,
discussed;

a
)
N
a
L
o
-

— ideas are recorded where all team members
see them;

— this process continues until no more ideas
generated;

are

Ty

— All ideas are reviewed for clarification.
A5 Cause-and-effect diagram
A.5.1 Application

A cause-and-effect diagram is used to

— facilitate problem solving from
to solution.

symptom to cause

A.5.2 Description

The cause-and-effect diagram is a tool used for think-
ing through and displaying relationships between a
given effect (e.g. variations in a quality characteristic)
and its potenual -causes. The many potentlal causes.
major categories and sub-

display resembles a skeleton
tool is also known as a fishhone

........ HOP

afe U!gdHlLb‘u ino
categories so that the

of a fish. Hence, the t

diagram.

A.5.3 Procedure
a) Define the effect clearly and concisely.

b) Define the major categories of possible causes.

environment,
equipment,
materials,
measurements,

methods,
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<)

d)

-— people.

Begin to construct the diagram, defining the effect
in a box on the right-hand side and positioning
major categories as “feeders” to the "Effect” box
{see figure A.2).

Develop the diagram by thinking through and
writing in all next-level causes and continue this
procedure to levels of higher order. A well-

developed diagram will have no branches of less
than two levels, and many with three or more
levels (see figure A.3).

e) Select and identify a small number (3 to 5) of
highest-level causes that are likely to have the
greatest influence on the effect and require further
action, such as collection of data, control effort,
etc.

Category Category
Category Category

//////, Effect

Figure A.2 — Initial cause-and-effect diagram

Category Category

Level 2
Cause

Level 1
Cause

Level 3
Cause

Effec
N~ i

Category

=

Category

Figure A.3 — Development of cause-and-effect diagram
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Materials
A

Handling Liquid

Original setting

Degree of Level

misalignment

Dry.ng
time

Contamination

Copying paper
Storage period

Storage period

Degree of
Newness exposure
Paper Storage method
quality

Poor-quality

photocopying
Transparency .
Dirtiness of hea Hardness of pencil
Paper quality Speed
Sharpness
Strength Condition of rotl
writing pressure
Curl
Dirtiness of Lamp
Dirtiness of table Brightness of Lamp
Operating hours
Environment Originat Copying machine
—_— —_———
Materials Machine
Y —_—
Causes Effect

Figure A.4 — Example of a cause-and-effect diagram

NOTES

10 An alternative method for constructing a cause-and-
effect diagram is to brainstorm all possible causes, then or-
ganize them into categories and sub-categories using an
affinity diagram.

11 In certain cases, listing the main steps pf a process as
major categories may be advantageous; e.g.! when the flow
of a process is the effect considered for improvement.
Flow-charting is-often useful in defining these steps.

12 Once constructed, the diagram can become a “living
tool” with further refinements being introduced as new
knowledge and experience are gained.

13 The diagram is often constructed by groups, but it may

be constructed by individuals possessing appropriate pro-
cess knowledge and experience.

A5.4 Example

FigureA.4 shows a cause-and-effect diagram for
poor-quality photocopying.
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A.6 Flowchart

A.6.1 Application
A flowchart is used to
— describe an existing process, or

— design a new process.

A.6.2 Description

A flowchart is a pictorial representation of the steps
in a process, useful for investigating opportunities for
improvement by gaining a detailed understanding of
how the process actually works. By examining how
various steps in a process relate to each other, one
may often uncover potential sources of troubles.
Flowcharts can be applied to all aspects of any pro-
cess from the flow of materials to the steps in making
a sale or servicing a product.
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Beginning and

ending steps

Recelve
document

Actlvity

description

Decision
box

To show the direction
of flow from one activity
to the next one in a sequence

Figure A.5 — Flowchart symbols

Restart
copying

Enter the
number of
copies in log

Start
topying

achine
operates
properly

Correct

tault

Bind
copies ?

Yes

Bind
documents

Figure A.6 — Example of a flowchart
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Call for
pick-up




easily recognized

il radratad
utstratea in

Flowcharts are constructed wth
symbols. Commonly u Y

figure A.5.

m

A.6.3 Procedure

A.6.3.1 Describing an existing process

a) ldentify the start and end of the process.

b} Observe the entire process from start to end.

c) Define the steps in the process (activities, de-
cisions, inputs, outputs).

d} Construct a draft flowchart to represent the pro-

e) Review the draft flowchart with the people in-
volved in the process.

f) Improve the flowchart based on this review.

g} Verify the flowchart against the actual process.

A.6.3.2 Designing a new process
a) ldentify the start and end of the process.

b) Visualize the steps to be made in the process (ac-
tivities, decisions, inputs, outputs).

¢) Define the steps in the process (activities, de-

d) Construct a draft flowchart to represent the pro-
cess.

e) Review the draft flowchart with the people ex-
pected to be involved in the process.

f) Improve the flowchart based on this review.

g) Date the chart for future reference and use. (It

serves as a record of how the orocess is desianed
WM VD U O Lt A R YY L PIV\JVUV 1w \J\l“ls

to operate, and can also be used to identify op-
portunities for improvements to the design.)

A64 Examnle

-

The flowchart shown in figure A.6 represents the
process for reproducing a document.

15
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A.7 Tree diagram
A.7.1 Application
A tree diagram is used to show the relationships be-
tween a topic and its components eiements
A T N At
RA.7.£ UBSC"PIIO"
A tree diagram systematically breaks down a topic

into its component elements. Ideas generated by
brainstorming and graphed or clustered with an -affin-
ity diagram can be converted into a tree diagram to
show logical and sequential links. This tool can be
used in planning and problem solving.

A.7.3 Procedure
a) Clearly and simply state the topic to be studied.
b} Define the major categories of the topic.

c. r
storm or use the header cards from the affinity

¢} Construct the diagram by placing the topic in a box
on the left-hand side. Branch the major categories
laterally to the right.

d} For each major category, define the component
elements and any sub-elements.

el Laterally branch -to the right the component ei-
ements and sub-elements for each major cat-
egory

f) Review the diagram to ensure that there are no
gaps in either sequence or logic.

A.7.4 Example

The tree diagram shown in figure A.7 represents a
telephone answering machine.

A.8 Control chart

A.8.1 Application
A control chart is used for the following purposes.

a) Diagnosis: to evaluate process stability.

b) Control: to determme when a process needs to be
adjusted and when it is to be left as is.

¢} Confirmation: to onfirm an |mnrnvnr_n nt to a
process
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{Topic] [Ma jor categories]

[Component elements]
Variabte-length

[Sub-etements]

Incoming message

message

';\dicﬁ;es ndmber' -

of messages

Time and date stamp

Privacy

Telephone answering

Secret access

Earphone jack

Instructions

machine

Clear instructions

Control easily

marked

Controls

Easy to use

Erasing

Easy to erase

Erase “selected”

messages

Figure A.7 — Example of a tree diagram

A control chart is a tool for distinguishing variations
due to assignable or special causes from the chance
variations inherent in the process. Chance variations
repeat randomly within predictable limits. Variations
due to assignable or special causes indicate that some
factors affecting the process need to be identified,
investigated and brought under control.

The construction of control charts is founded in
mathematical statistics. Control charts use operating
data for establishing limits within which future obser-
vations are to be expected if the process remains
unaffected by assignable or special causes. Appropri-
ate ‘International Standards (e.g. ISO 7870 and

ther information on control charts.
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NOTE 14 A great variety of control methods exist that

.can be applied to all kinds of measurable or countable

characteristics of a process, product or any output._An or-
ganization should acquire appropriate training and develop
an adequate expertise on how to construct and apply con-

trnl sharte
WG Chans.

b} Select the appropriate type of control chart.

¢) Decide on the sub-group (a small collection of
items, within which variations are assumed to be
due to chance alone), its size, and the frequency
of sub-group sampling.
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d) Collect and record data on at least 20 to 25 sub- h) Examine the plot for points outside control limits
groups, or use previously recorded data. and for patterns indicating the presence of as-
signable (special) causes.
e) Calculate statistics which characterize each sub-
group sample. i) Decide on future action.
f) Calculate control limits based on the statistics A.8.4 Example
from sub-group samples.
. The data given in table A.3 are plotted to give the
g) Construct a chart and plot the sub-group statistics. control chart shown in figure A.8.
Table A.3 — Overfill data and sample statistics (X, R)
Values are in grams
Sub-group No. X, X, X, X, X X X R
1 47 32 44 35 20 178 35,6 27
2 19 37 31 25 34 146 29,2 18
3 19 11 16 1" 44 101 20,2 33
4 29 29 42 59 38 197 39,4 30
5 28 12 45 36 25 - 146 29,2 33
6 40 35 1" 38 33 157 31,4 29
7 15 30 12 33 26 116 23,2 21
8 35 44 32 11 38 160 32,0 33
9 27 37 26 20 35 145 - 29,0 17
10 23 45 26 37 32 163 32,6 22
11 28 10 31 18 161 32,2 26
12 31 25 24 32 22 134 26,8 10
13 22 37 19 47 14 ’ 139 278 33
14 27 32 12 38 30 149 29,8 26
15 25 40 24 50 19 158 31,6 31
16 7 31 23 18 32 111 22,2 25
17 38 0 41 40 37 156 31,2 - 41
18 35 12 29 48 20 144 28,8 36
19 31 20 35 24 47 157 31,4 27
20 12 27 38 40 31 148 29,6 28
21 52 42 52 24 25 195 39,0 28
22 20 31 15 3 28 97 19,4 28
23 29 47 41 32 22 171 34,2 25
24 28 27 22 32 54 163 32,6 32
25 42 34 15 29 21 141 28,2 27
Total 746,6 686
Average X= 29,86
R = 27,44

17
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UCL = 45,69
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40 —
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a 60 —
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N A .
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20 — y
| | 1 | l

0 5 10 15 20 25
Sub-group number
Figure A.8 — X and R charts for overfill data

A.9 Histogram

A.9.1; Application

A histogram is used to

— display the pattern of variation;

— communicate visually information about process
behaviour;

33

ake decisions about where to focus improve-
ment efforts

A.9.2 Description

The data are displayed as a series of rectangles of
equal width and varying heights. The width represents
an interval within the range -of data. The height rep-
resents the number of dafa values within a given in-
terval. The pattern of varying heights shows the
distribution of data values. Figure A.9 shows four
commoniy occurring patterns of variation. By examin-
ing these patterns, one can obtain insights into pro-

cess behaviour.

18

A.9.3 Procedure

a) Collect the data values.

b) Determine the range of the data by subtracting the
smallest data value from the largest.

Determine the number of intervals in the
hnefnnmme lnffnn between 6 and 12) and divide

the range [step b)] by the number of intervals to
determine the width of each interval.

c)

d) Mark the horizontal axis with the scale of the data

values.
e) Mark the vertical axis with the frequency scale
(number or percent of observations).

f) Draw the heigh

number o
numper o1

f each interval equal to the

s that fall within the interval,

13818 -1

NOTE 15 It is possible to design a data-collection form
so that a histogram is generated as the data are collected.
Such a form is often called a “tally sheet”.

A.9.4 Example

The hastogram shown in figure A.10 represents the
overfill data Tor the control chart exampls {table A3).
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Figure A.9 — Commonly occurring patterns in histograms

10 20 30 40 50 60
Welght, in grams

Figure A.10 — Example of a histogram

19
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A.10 Pareto diagram

A.10.1 Application
A Pareto diagram is used to

— display the contribution of each item to the total
effect in order of importance;

— rank improvement opportunities.

A.10.2 Description

A Pareto diagram is a simple graphical technique for
ranking items from the most frequent to the least
frequent. The Pareto diagram is based on the Pareto
principle, which states that just a few of the items
often-account for most of the effect. By distinguishing
the most important items from the less important
ones, the greatest improvement will be obtained with
the least effort.

The Pareto diagrarn displays, in decreasing order, the
relative contribution of each item to the total effect.
The relative contribution may be based on the number
of occurrences, the cost associated with each item,
or other measures of impact on the effect. Blocks are
used to show the relative contribution -of each item.
A cumulative frequency line is used to show the
cumulative contribution of items.

A.10.3 Procedure
a) Select the items to be analysed.
b} Select the unit of measurement for analysis, such

as the number of occurrences, costs or another
measure of impact.

¢) Select the time-period of the data to be analysed.
d) List the items from left to right on the horizontal
axis in order of decreasing magnitude of the unit
of measurement. Categories containing the least
items can be combined into an “other” category.
Place this category on the extreme right-hand side.
e) Construct two vertical axes, one at each end of the
horizontal axis. The left-hand scale should be cali-

20

brated in the unit of measurement, and its height
must equal the sum of the magnitudes of all
items. The right-hand scale must have the same
height and is calibrated from 0 to 100 %.

f) Above each item, draw a rectangle whose height
represents the magnitude of the unit of measure-
ment for that item.

g) Construct the cumulative frequency line by sum-
ming the magnitudes of each item from left to
right (see figure A.11).

h} Use the Pareto diagram 1o identify the most im-

portant items for quality improvement.

A.10.4 Example

Figure A.11 represents a Pareto -diagram for reports
of troubles with telephones.

A.11 Scatter diagram
A.11.1 Application

A scatter diagram is used to discover and display re-
lationships between two associated sets of data, and
to confirm anticipated relationships between two as-
sociated sets of data.

A.11.2 Description

A scatter diagram is a graphical technique for studying
relationships between two associated sets of data
which occur in pairs [e.g. {x, y), one from each set].
The scatter diagram displays the pairs as a cloud of
points. Relationships between the associated sets of
data are inferred from the shape of the clouds. A
positive relationship between x and y means increas-
ing values of x are associated with increasing values
of y. A negative relationship means increasing values
of x are associated with decreasing values of y.

Six commonly occurring shapes of these clouds are
shown in figure A.12. By examining these shapes one
can obtain insights into the relationships between
these sets of data.
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NOTE — The above diagram shows that noisy lines and open lines account for 72 % of the
telephone-trouble reports and that these indicate the greatest opportunities for improvement.

Figure A.11 — Example of a Pareto diagram

L
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Figure A.12 — Commonly occurring scatter diagrams
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A.11.3 Procedure

a)

b)

c)

d)

e

Collect paired data {x, y} from two associated sets
of data whose relationship is to be studied. It is
desirable to have about 30 pairs of data.

Label the x and y axes.

Find the minimum and maximum values for both
x and y and use these values to scale the horizon-
tal (x) and vertical (y} axes. Both axes should be of
about equal length.

Plot the paired {x, y) data. When two pairs of data
have the -same values, either draw concentric cir-
cles around the plotted point or plot the second
point nearby.

Examine the shape of the cloud of points to dis-
cover the types and strengths of relationships.

A.11.4 Example

Data for the amount of an additive and the resultant
yield are given in table A.4. The scatter diagram plot-
ted from these data is shown in figure A.13.

23
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Table A.4 — Amount of additive “A” and
associated yield

Batch | ~Opn'® | Vield || Batch | A%Re"° | Vield
No. No.

g % g %
1 8,7 88,7 || 16 8,4 89,4
2 9,2 91,1 17 8,2 86,4
3 8,6 91,2 || 18 9,2 92,2
4 9,2 89,5 || 19 8,7 90,9
5 8,7 89,6 || 20 9,4 90,5
6 8,7 89,2 || 21 8,7 89,6
7 8,5 877 || 22 8,3 88,1
8 9,2 885 || 23 8,9 90,8
9 8,5 866 || 24 8,9 88,6
10 8,3 89,6 || 25 9,3 92,8
11 8,6 889 || 26 8,7 87,2
12 8,9 884 || 27 9,1 92,5
13 8.8 874 || 28 8,7 91,2
14 8,4 87,4 || 29 8,7 88,2
165 8.8 89,1 30 8,9 90,4
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L | 1 1
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NOTE — This scatter diagram shows a weak-to-positive relationship between the amount of the
additive “A” and the resultant yield.

Figure A.13 — Example of a scatter diagram

24



IS/ISO 9004-4 : 1993

Annex B
(informative)

Bibliography
[1] 1SO 7870:—2, Control charts — General guide [4] ISO 9004-2:1991, Quality management and
and introduction, quality system elements — Part 2: Guidelines
for services.

[2] 1SO 8258:1991, Shewhart control charts.
[5] ISO 9004-3:1993, Quality management and
[3] 1SO 9004:1987, Quality management and quality quality system elements — Part 3: Guidelines
system elements — Guidelines. for processed materials.

25



Bureau of Indian Standards

BIS is a statutory institution established under the Bureau of Indian Standards Act, 1986 to promote
barmonious development of the activities of standardization, marking and quality certification of goods and
attending to connected matters in the country.

Copyright

BIS has the copynght of all its pubhwtlons No part of these publications may be reproduced in any form
without the prior permission in writing of BIS. This does: not preclude the free use, in the course of
implementing the standard, of necessary details, such as symbols and sizes, type or grade designations.
Enquiries relating to copyright be addressed to the Director (Publication), BIS.

Review of Indian Standards

Amendments are issued to standards as the need arises on the basis of comments. Standards are also reviewed
periodically; a standard along with amendments is reaffirmed when such review indicates that-no changes are
needed; if the review indicates that changes are needed, it is taken up for revision. Users of Indian Standards
should ascertain that they are in possession of the latest amendments or edition by referring to the latest issue
of “‘BIS Handbook’ and ‘Standards Monthly Additions’. ' '

This Indian Standard has been developed from Doc: No. : MSD 2 (80)

Amendments Issued Since Publication

Amend No. Date of Issue Text Affécted
BUREAU OF INDIAN STANDARDS
Headquarters:
Manak Bhavan, 9 Bahadur Shah Zafar Marg, New Delhi 110002 Telegrams: Manaksanstha
Telephones: 323 01 31, 323 33 75,323 94 02 (Common to all offices)
Regional Offices: Telephone
Central : Manak Bhavan, 9 Bahadur Shah Zafar Marg 32376 17,3233841
NEW DELHI 110002 '
Eastern : 1/14 C.I.T. Scheme VII M, V.LP. Road, Maniktola 33784 99, '337,8561
CALCUTTA 700054 33786 26,3379120
Northern : SCO 335-336, Sector 34-A, CHANDIGARH 160022 60 38 43
602025
Southern : C.IT. Campus, IV Cross Road, CHENNAI 600113 23502 16,23504 42
2351519,2352315
Western : Manakalaya, E9 MIDC, Marol, Andheri (East) 8329295, 832 78 58
MUMBAI 400093 8327891,8327892
Branches : AHMADABAD. BANGALORE. BHOPAL. BHUBANESHWAR.

COIMBATORE. FARIDABAD. GHAZIABAD. GUWAHATI.
HYDERABAD. JAIPUR. KANPUR. LUCKNOW. NAGPUR.

PATNA. PUNE. THIRUVANANTHAPURAM.

Printed at Dee Kay Printers, New Delhi, India



AMENDMENT NO. 1 JULY 1996
TO
1S 14004 (Part 4) : 1994/ISO 9004-4 : 1993 QUALITY MANAGEMENT AND
QUALITY SYSTEM ELEMENTS — PART 4 : GUIDELINES FOR QUALITY
IMPROVEMENT

[ The designation of the standard IS 14004 ( Part4) : 1994/ISO 9004-4 : 1993 is replaced by
IS/ISO 9004-4 : 1993. Wherever the designation IS 14004 ( Part 4 ) : 1994/ISO 9004-4 : 1993 is occurring
in the standard, it will be read as IS/ISO 9004-4 : 1993.]

( Second cover page, National Foreword ) — Substitute the following for the existing;
"NATIONAL FOREWORD

This Indian Standard which is identical with ISO 9004-4 : 1993 ‘Quality management and quality system
elements — Part 4 : Guidelines for quality improvement’, issued by the International Organization for
Standardization (ISO), was adopted by the Bureau of Indian Standards on the recommendation of the

Quality Management Sectional Committee (MSD 2), and approval of the Management and Systems
Division Council.

The text of the ISO Standard has been approved as suitable for publication as Indian Standard without
deviations. Certain conventions are, however, not identical to those used in Indian Standards. Attention is
particularly drawn to the following:

Wherever the words ‘International Standard’ appear referring to this standard, they should be read as
‘Indian Standard’.

In the adopted standard, normative references appear to certain International Standards for which Indian
Standards also exist. The corresponding Indian Standard which is to be substituted in its place is listed
below along with its degree of equivalence for the edition indicated:

International Corresponding Indian Standard Degree of
Standard Equivalence
ISO 8402 : 1994 IS/ISO 8402 : 1994 Quality management and quality Identical

-assurance — Vocabulary ( first revision )

In the adopted standard, informative reference appears to certain International Standards for which Indian
Standards also exist. The corresponding Indian Standards which are to be substituted in their.place are listed
below along with their degree of equivalence for the editions indicated:

International Corresponding Indian Standard Degree of
Standard Equivalence
ISO 8258 : 1991 IS 397 ( Part 1) : 1972 Method for statistical quality ‘Not Equivalent

control during production: Part 1 Control charts for
‘variables ( first revision)

1SO 9004-1 : 1994 IS/ISO 9004-1 : 1994 Quality management and quality Identical
system elements — Part 1 : Guidelines ( fourth revision )

ISO 9004-2 : 1991 IS/ISO 9004-2 : 1991 Quality management and quality Identical
system elements — Part 2 : Guidelines for services

ISO 9004-3 : 1993 IS/ISO 9004-3. : 1993 Quality management -and quality Identical
system elements — Part 3 : Guidelines for processed
materials

In the adopted standard, informative reference appears to ISO 7870 which has since been published as ISO
7870 : 1993 ‘Control charts — General guide and introduction’ and for which no corresponding Indian

Standard exists. The concerned Sectional Committee has reviewed its provisions and has decided that it is
also acceptable for use in conjunction with this standard.”’

(MSD 02)

Reprography Unit, BIS, New Delhi, India
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